
 
 

 
 
 

 

 
 

 

 

 

 
 

 
 

 

 

 

 
 

  

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
OFFICE OF AIR AND RADIATION 

NATIONAL VEHICLE AND FUEL EMISSIONS LABORATORY 
2000 TRAVERWOOD DRIVE 

ANN ARBOR, MI  48105-2498 

December 19, 2022 

MEMORANDUM 

SUBJECT: Redline Version of EPA’s Final Regulation for Heavy-Duty Highway Standards 
and other Amendments 

FROM: Alan Stout 
Assessment and Standards Division 

TO: Docket EPA-HQ-OAR-2019-0055 

EPA is adopting new emission standards for heavy-duty highway engines, along with a wide 
range of amendments to the emission control program for those highway engines and many other 
types of engines, vehicles, and equipment. The attached files highlight the changes in the final 
rule. The drafting is presenting with two different methods. 

 Attachment 1 includes regulatory text for 40 CFR parts 1036, 1037, 1065, and 1066. This 
shows changes from the proposed rule in blue font, with additional changes shown in 
purple font to represent changes made after the proposal. In several cases where we chose 
not to finalize new regulatory provisions that we had proposed, the proposed text is 
simply omitted from the redline file to avoid confusion. The redline markings to the 
amendatory instructions (in red font) generally indicate these broader changes between 
proposed and final rules. 

 Attachment 2 includes regulatory text for the remaining parts of the rule. This shows only 
the changes made to these regulatory provisions after the proposal. Where the regulatory 
text was not part of the proposed rule at all, the amendatory instructions generally 
indicate the change from the proposal, and redline markings are shown relative to the 
existing text in the Code of Federal Regulations. 

The regulations in the attached files are intended to be the same as what will be published in the 
Federal Register. However, there will likely be some minor differences as a result of preparing 
the document for publication. The document published in the Federal Register is the official 
copy. 
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92. Revise part 1036 to read as follows: 

PART 1036—CONTROL OF EMISSIONS FROM NEW AND IN-USE HEAVY-DUTY 
HIGHWAY ENGINES 
Subpart A—Overview and Applicability 
Sec. 
1036.1 Applicability.Does this part apply for my engines? 
1036.2 Compliance responsibility.Who is responsible for compliance? 
1036.5 Excluded engines.Which engines are excluded from this part’s requirements? 
1036.10 Organization of this part.How is this part organized? 
1036.15 Other applicable regulations.Do any other regulation parts apply to me? 
1036.30 Submission of information. 
Subpart B—Emission Standards and Related Requirements  
1036.1010 Overview of exhaust emission standards. 
1036.104 Criteria pollutant emission standards—NOx, HC, PM, and CO. 
1036.108 Greenhouse gas emission standards—CO2, CH4, and N2O. 
1036.110 Diagnostic controls. 
1036.111 Inducements related to SCR. 
1036.115 Other requirements.rm 
1036.120 Emission-related warranty requirements. 
1036.125 Maintenance instructions and allowable maintenance. 
1036.130 Installation instructions for vehicle manufacturers. 
1036.135 Labeling. 
1036.136 Clean Idle sticker. 
1036.140 Primary intended service class and engine cycle. 
1036.150 Interim provisions. 
Subpart C—Certifying Engine Families 
1036.201 General requirements for obtaining a certificate of conformity. 
1036.205 Requirements for an application for certification.What must I include in my 
application? 
1036.210 Preliminary approval before certification. 
1036.225 Amending my applications for certification. 
1036.230 Selecting engine families. 
1036.235 Testing requirements for certification. 
1036.240 Demonstrating compliance with criteria pollutant emission standards. 
1036.241 Demonstrating compliance with greenhouse gas emission standards. 
1036.245 Deterioration factors for exhaust emission standards. 
1036.246 Verifying deterioration factors. 
1036.250 Reporting and recordkeeping for certification.  
1036.255 What decisions may EPA make regarding my aoversight on certificates of 
conformity?. 
Subpart D—Testing Production Engines and Hybrid Powertrains 
1036.301 Measurements related to GEM inputs in a selective enforcement audit. 
Subpart E—In-use Testing 
1036.401 Testing requirements for in-use engines.In-use testing. 
1036.405 Overview of the manufacturer-run field-testing program. 
1036.410 Selecting and screening vehicles and engines for testing. 
1036.415 Preparing and testing engines. 
1036.420 Pass criteria for individual engines. 
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1036.425 Pass criteria for engine families. 
1036.430 Reporting requirements. 
1036.435 Recordkeeping requirements. 
1036.440 Warranty obligations related to in-use testing. 
Subpart F—Test Procedures 
1036.501 How do I run a valid emission test?General testing provisions. 
1036.5053 Engine data and information for to support vehicle certification. 
1036.5105 Supplemental Emission Testemission test. 
1036.5120 Federal Test ProcedureTransient testing. 
1036.5142 Low Load Cycle. 
1036.5207 Determining power and vehicle speed values for powertrain testingPowertrain system 
rated power determination. 
1036.52154 Clean Idle test. 
1036.51530 Test procedures for off-cycle testing. 
1036.535 Determining steady-state engine fuel maps and fuel consumption at idle. 
1036.540 Determining cycle-average engine fuel maps. 
1036.543 Carbon balance error verification. 
1036.5530 Calculating greenhouse gas emission rates. 
1036.55520 Test procedures to verify deterioration factors. 
1036.52280 Infrequently regenerating aftertreatment devices.1036.525 Hybrid engines. 
Subpart G—Special Compliance Provisions 
1036.601 Overview of compliance provisions.What compliance provisions apply? 
1036.605 Alternate emission standardsGHG exemption for engines used in specialty vehicles. 
1036.610 Off-cycle technology credits and adjustments for reducing greenhouse gas emissions. 
1036.615 Engines with Rankine cycle waste heat recovery and hybrid powertrains. 
1036.620 Alternate CO2 standards based on model year 2011 compression-ignition engines. 
1036.625 In-use compliance with CO2 family emission limits (FELs). 
1036.630 Certification of engine GHG greenhouse gas emissions for powertrain testing. 
1036.655 Special provisions for diesel-fueled engines sold in American Samoa or the 
Commonwealth of the Northern Mariana Islands. 
Subpart H—Averaging, Banking, and Trading for Certification 
1036.701 General provisions. 
1036.705 Generating and calculating emission credits. 
1036.710 Averaging. 
1036.715 Banking. 
1036.720 Trading. 
1036.725 Required information for certification.What must I include in my application for 
certification? 
1036.730 ABT reports. 
1036.735 Recordkeeping. 
1036.740 Restrictions for using emission credits. 
1036.741 Using emission credits from electric vehicles and hydrogen fuel-cell vehicles. 
1036.745 End-of-year CO2 credit deficits. 
1036.750 Consequences for noncompliance.What can happen if I do not comply with the 
provisions of this subpart? 
1036.755 Information provided to the Department of Transportation. 
Subpart I—Definitions and Other Reference Information 
1036.801 Definitions. 
1036.805 Symbols, abbreviations, and acronyms. 
1036.810 Incorporation by reference. 
1036.815 Confidential information. 
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1036.820 Requesting a hearing. 
1036.825 Reporting and recordkeeping requirements. 
Appendix A to of Part 1036—Summary of Previous Emission Standards 
Appendix B to of Part 1036—Transient Duty Cycles 
Appendix C to of Part 1036—Default Engine Fuel Maps for § 1036.540 

Authority: 42 U.S.C. 7401 - 7671q. 

Subpart A—Overview and Applicability 

§ 1036.1 Applicability.Does this part apply for my engines? 
(a) Except as specified in § 1036.5, the provisions of this part apply for engines that will be 
installed in heavy-duty vehicles (including glider vehicles) above 14,000 pounds GVWR for 
propulsion. These provisions also apply for engines that will be installed in incomplete heavy-
duty vehicles at or below 14,000 pounds GVWR unless the engine is installed in a vehicle that is 
covered by a certificate of conformity under 40 CFR part 86, subpart S. 
(b) Heavy-duty engines produced before December 20, 2026 model year 2027 are subject to 
greenhouse gas emission standards and related provisions under this part as specified in 
§ 1036.108; these engines are subject This part does not apply with respect to exhaust emission 
standards for NOx, HC, PM, and CO, NOx, andor PM and related provisions under 40 CFR part 
86, subpart A and subpart N, instead of this part, except as follows: 

(1) The provisions of §§ 1036.115, 1036.501(df), and 1036.601 apply. 
(2) 40 CFR parts 85 and/or 86 may specify that certain provisions in this part apply. 
(3) The provisions of § 1036.501(h)(1) apply. This part describes how several individual 
provisions are optional or mandatory before model year 2027. For example, § 1036.150(a) 
describes how you may generate emission credits by meeting the standards of this part before 
model year 2027. 

(bc) The provisions of this part also apply for fuel conversions of all engines described in 
paragraph (a) of this section as described in 40 CFR 85.502. 
(cd) Gas turbine heavy-duty engines and other heavy-duty engines not meeting the definition 
compression-ignition or spark-ignition are deemed to be compression-ignition engines for 
purposes of this part. 
(de) For the purpose of applying the provisions of this part, engines include all emission-related 
components and any components or systems that should be identified in your application for 
certification, such as hybrid components for engines that are certified as hybrid engines or hybrid 
powertrains. 

§ 1036.2 Compliance responsibility.Who is responsible for compliance? 
The regulations in this part 1036 contain provisions that affect both engine manufacturers and 
others. However, the requirements of this part are generally addressed to the engine 
manufacturer(s). The term "you" generally means the engine manufacturer(s), especially for 
issues related to certification.  Additional requirements and prohibitions apply to other persons as 
specified in subpart G of this part and 40 CFR part 1068.  

§ 1036.5 Excluded engines.Which engines are excluded from this part’s requirements? 
(a) The provisions of this part do not apply to engines used in medium-duty passenger vehicles 
or other heavy-duty vehicles that are subject to regulation under 40 CFR part 86, subpart S, 
except as specified in 40 CFR part 86, subpart S, and § 1036.150(j).  For example, this exclusion 
applies for engines used in vehicles certified to the standards of 40 CFR 86.1818 and 86.1819. 
(b) An engine installed in a heavy-duty vehicle that is not used to propel the vehicle is not a 
heavy-duty engine. The provisions of this part therefore do not apply to these engines.  Note that 
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engines used to indirectly propel the vehicle (such as electrical generator engines that provide 
power to batteries for propulsion) are subject to this part.  See 40 CFR part 1039, 1048, or 1054 
for other requirements that apply for these auxiliary engines.  See 40 CFR part 1037 for 
requirements that may apply for vehicles using these engines, such as the evaporative and 
refueling emission requirements of 40 CFR 1037.103. 
(c) The provisions of this part do not apply to aircraft or aircraft engines.  Standards apply 
separately to certain aircraft engines, as described in 40 CFR part 87. 
(d) The provisions of this part do not apply to engines that are not internal combustion engines, 
except as specified in § 1036.741. For example, the provisions of this part generally do not 
apply to fuel cells. Note that gas turbine engines are internal combustion engines. 
(e) The provisions of this part do not apply for model year 2013 and earlier heavy-duty engines 
unless they were:  

(1) Voluntarily certified to this part. 
(2) Installed in a glider vehicle subject to 40 CFR part 1037. 

§ 1036.10 Organization of this part. How is this part organized? 
This part 1036 is divided into the following subparts: 
(a) Subpart A of this part defines the applicability of this part 1036 and gives an overview of 
regulatory requirements. 
(b) Subpart B of this part describes the emission standards and other requirements that must be 
met to certify engines under this part.  Note that § 1036.150 describes certain interim 
requirements and compliance provisions that apply only for a limited time. 
(c) Subpart C of this part describes how to apply for a certificate of conformity. 
(d) Subpart D of this part addresses testing of production engines. 
(e) Subpart E of this part describes provisions for testing in-use engines. 
(f) Subpart F of this part describes how to test your engines (including references to other parts 
of the Code of Federal Regulations). 
(g) Subpart G of this part describes requirements, prohibitions, and other provisions that apply to 
engine manufacturers, vehicle manufacturers, owners, operators, rebuilders, and all others. 
(h) Subpart H of this part describes how you may generate and use emission credits to certify 
your engines. 
(i) Subpart I of this part contains definitions and other reference information. 

§ 1036.15 Other applicable regulations.Do any other regulation parts apply to me? 
(a) Parts 85 and 86 of this chapter describes additional provisions requirements that apply to 
engines that are subject to this part 1036. See § 1036.601. This part extensively references 
portions of 40 CFR part 86. For example, the regulations of part 86 specify emission standards 
and certification procedures related to criteria pollutants. 
(b) Part 1037 of this chapter describes requirements for controlling evaporative and refueling 
emissions and greenhouse gas emissions from heavy-duty vehicles, whether or not they use 
engines certified under this part.  It also includes standards and requirements that apply instead 
of the standards and requirements of this part in some cases. 
(c) Part 1065 of this chapter describes procedures and equipment specifications for testing 
engines to measure exhaust emissions.  Subpart F of this part 1036 describes how to apply the 
provisions of part 1065 of this chapter to determine whether engines meet the exhaust emission 
standards in this part. 
(d) Certain provisions of pThe requirements and prohibitions of part 1068 of this chapter apply 
as specified in § 1036.601 to everyone, including anyone who manufactures, imports, installs, 
owns, operates, or rebuilds any of the engines subject to this part 1036, or vehicles containing 
these engines.  Part 1068 of this chapter describes general provisions that apply broadly, but do 
not necessarily apply for all engines or all persons.  See § 1036.601 to determine how to apply 

A-4 

https://regulations.Do


 

 

 

 

 

 
 

   
 

 
     

  

 

the part 1068 regulations for heavy-duty engines.  The issues addressed by these provisions 
include these seven areas: 

(1) Prohibited acts and penalties for engine manufacturers, vehicle manufacturers, and others. 
(2) Rebuilding and other aftermarket changes. 
(3) Exclusions and exemptions for certain engines. 
(4) Importing engines. 
(5) Selective enforcement audits of your production. 
(6) Recall. 
(7) Procedures for hearings. 

(e) Other parts of this chapter apply if referenced in this part.  

§ 1036.30 Submission of information. 
Unless we specify otherwise, send all reports and requests for approval to the Designated 
Compliance Officer (see § 1036.801). See § 1036.825 for additional reporting and recordkeeping 
provisions. 

Subpart B—Emission Standards and Related Requirements  

§ 1036.1010  Overview of exhaust emission standards. 
Engines used in vehicles certified to the applicable chassis standards for greenhouse gases 
described in 40 CFR 86.1819 are not subject to the standards specified in this part. All other 
engines subject to this part must meet the greenhouse gas standards in § 1036.108 in addition to 
the criteria pollutant standards of 40 CFR part 86.(a) You must show that engines meet the 
following exhaust emission standards:  

(1) Criteria pollutant standards for NOX, HC, PM, and CO apply as described in § 1036.104. 
(2) Greenhouse gas (GHG) standards for CO2, CH4, and N2O apply as described in 
§ 1036.108. 

(b) You may optionally demonstrate compliance with the emission standards of this part by 
testing hybrid engines and hybrid powertrains, rather than testing the engine alone. Except as 
specified, provisions of this part that reference engines apply equally to hybrid engines and 
hybrid powertrains. 

§ 1036.104 Criteria pollutant emission standards—NOx, HC, PM, and CO. 
This section describes the applicable NOx, HC, CO, and PM standards for model years 2027 and 
later. These standards apply equally for all primary intended service classes unless otherwise 
noted. 
(a) Emission standards. Exhaust emissions may not exceed the standards in this section for the 
specified duty cycle, as follows: 

(1) Measure emissions over the specified duty cycles using the test procedures described in 
subpart F of this part.(1) The following emission standards apply for Light HDE, Medium 
HDE, and Heavy HDE over the FTP, SET, and LLC duty cycles using the test procedures 
described in subpart F of this part: 

TABLE 1 TO PARAGRAPH (a)(1) OF § 1036.104— COMPRESSION-IGNITION STANDARDS FOR 

DUTY CYCLE TESTING 

Duty Cycle 
NOx 

mg/hp∙hr 
HC 

mg/hp∙hr 
PM 

mg/hp∙hr 
CO 

g/hp∙hr 
SET and FTP 35 60 5 6.0 

LLC 50 140 5 6.0 

(2) The following emission standards apply for Spark-ignition HDE over the FTP and SET 
duty cycles using the test procedures described in subpart F of this part: 
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TABLE 2 TO PARAGRAPH (a)(2) OF § 1036.104— SPARK-IGNITION STANDARDS FOR DUTY 

CYCLE TESTING 

Duty Cycle 
NOx 

mg/hp∙hr 
HC 

mg/hp∙hr 
PM 

mg/hp∙hr 
CO 

g/hp∙hr 
SET 35 60 5 14.4 

FTP 35 60 5 6.0 

(3) The following off-cycle emission standards apply for Light HDE, Medium HDE, and 
Heavy HDE using the procedures specified in § 1036.530, as follows: 

TABLE 3 TO PARAGRAPH (a)(3) OF § 1036.104— COMPRESSION-IGNITION STANDARDS FOR 

OFF-CYCLE TESTING 

Off-Cycle Bin NOX Temperature adjustment a HC 
mg/hp∙hr 

PM 
mg/hp∙hr 

CO 
g/hp∙hr 

Bin 1 10.0 g/hr ሺ25.0 െ 𝑇തୟ୫ୠሻ  0.25 — — — 

Bin 2 
58 
mg/hp∙hr 

ሺ25.0 െ 𝑇തୟ୫ୠሻ  2.2 120 7.5 9 

a 𝑇തୟ୫ୠ  is the mean ambient temperature over a shift-day, or equivalent. Adjust the off-cycle 
NOx standard for 𝑇തୟ୫ୠ  below 25.0 °C by adding the calculated temperature adjustment to the 
specified NOx standard. Round the temperature adjustment to the same precision as the NOx 

standard for the appropriate bin. If you declare a NOx FEL for the engine family, do not apply 
the FEL scaling calculation from paragraph (c)(3) of this section to the calculated temperature 
adjustment.  

(b) Clean Idle. You may optionally certify compression-ignition engines to the Clean Idle NOx 

emission standard using the Clean Idle test specified in § 1036.51425. The optional Clean Idle 
NOx emission standard is 30.0 g/h before model year 2024, 130.0 g/h for model years 2024 
through 2026, and 510.0 g/hr for model year 2027 and later. The standard applies separately to 
each mode of the Clean Idle test.The mass emission rate of HC, CO, and PM in g/hr during the 
Clean Idle test may not exceed the emission results from the idle modes of the SET duty cycle as 
described in § 1036.505(h) or the idle segments of the FTP duty cycle as described in 
§ 1036.510(g). The standard applies separately to each mode of the Clean Idle test. If you certify 
an engine family to the Clean Idle standards, it is subject to all these voluntary standards as if 
they were mandatory. 
(c) Averaging, banking, and trading. You may generate or use emission credits under the
averaging, banking, and trading (ABT) program described in subpart H of this part for 
demonstrating compliance with NOx emission standards in paragraph (a) of this section.  You
must meet the PM, HC, and CO emission standards in § 1036.104(a) without generating or using 
emission credits. 

(1) To generate or use emission credits, you must specify a family emission limit for each 
engine family. Declare the family emission limit corresponding to full useful life for engine 
operation over the FTP duty cycle, FELFTP, expressed to the same number of decimal places 
as the emission standard. Use FELFTP to calculate emission credits in subpart H of this part.  
(2) The following NOx FEL caps are the maximum value you may specify for FELFTP: 

(i) 65150 mg/hpꞏhr for model years 2027 through 2030 Spark-ignition HDE, Light HDE, 
Medium HDE, and Heavy HDE. 
(ii) 50 mg/hpꞏhr for model year 2031 and later Spark-ignition HDE, Light HDE, and 
Medium HDE. 
(iii) 70 mg/hpꞏhr for model year 2031 and later Heavy HDE. 

(3) Calculate the NOx family emission limit, FEL[cycle]NOx, that applies for each duty-cycle or 
off-cycle standard using the following equation, noting that you must also use this approach 
to determine the FEL for each cycle that applies for Heavy HDE at intermediate useful life: 
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𝐹𝐸𝐿୶𝐹𝐸𝐿ሾୡ୷ୡ୪ୣሿ୶ ൌ 𝑆𝑡𝑑ሾୡ୷ୡ୪ୣሿ୶  𝑆𝑡𝑑୶ 
Eq. 1036.104-1 

Where: 
Std[cycle]NOx = the NOx emission standard that applies for the applicable cycle or for off-
cycle testing under paragraph (a) of this section for engines not participating in the ABT 
program. 
FELFTPNOx = the engine family’s declared FEL for NOx over the FTP duty cycle from 
paragraph (c)(1) of this section. 
StdFTPNOx = the NOx emission standard that applies for the FTP duty cycle under 
paragraph (a) of this section for engines not participating in the ABT program. 

Example for model year 2029 Medium HDE for the SET: 
StdSETNOx = 35 mg/hpꞏhr 
FELFTP = 121 mg/hpꞏhr 
StdFTPNOx = 35 mg/hpꞏhr

121
𝐹𝐸𝐿ୗ୶ ൌ 35  

35 
ൌ 121 mg/hp  hr 

𝐹𝐸𝐿ୗ୶ ൌ 121 mg/hp  hr 

(4) The family emission limits you select underin this paragraph (c) serve as the emission 
standards for compliance testing instead of the standards specified in this section. 

(d) Fuel types. The exhaust emission standards in this section apply for engines using the fuel 
type on which the engines in the engine family are designed to operate. You must meet the 
numerical emission standards for HC in this section based on the following types of hydrocarbon 
emissions for engines powered by the following fuels: 

(1) Alcohol-fueled engines: NMHCE emissions. 
(2) Gaseous-fueled engines: NMNEHC emissions. 
(3) Other engines: NMHC emissions. 

(e) Useful life. The exhaust emission standards of this section apply for the useful life, expressed 
in vehicle miles, or hours of engine operation, or years in service, whichever comes first, as 
follows: 

TABLE 4 TO PARAGRAPH (e) OF § 1036.104—USEFUL LIFE BY PRIMARY INTENDED SERVICE CLASS 

Primary Intended 
Service Class 

Model year 
2026 and earlier 

Model year 
2027 and later 

Miles Years Hours Miles Years Hours 
Spark-ignition 
HDE 

110,000 10 - 200,000 15 10,000 

Light HDE 110,000 10 - 270,000 15 13,000 
Medium HDE 185,000 10 - 350,000 12 17,000 
Heavy HDE 435,000 10 22,000 650,000 11 32,000 

(f) Applicability for testing. The emission standards in this subpart apply to all testing, including 
certification, selective enforcement audits, and in-use testing.  For selective enforcement audits, 
we may require you to perform the appropriate duty-cycle testing as specified in §§ 1036.5105, 
1036.5120, and 1036.5142. The off-cycle standards in this section apply for duty-cycle testing 
you perform for a selective enforcement audit. We may direct you to do additional testing to 
show that your engines meet the off-cycle standards. 

A-7 



 

 

  

   

 

 

§ 1036.108 Greenhouse gas emission standards—CO2, CH4, and N2O. 
This section contains standards and other regulations applicable to the emission of the air 
pollutant defined as the aggregate group of six greenhouse gases: carbon dioxide, nitrous oxide, 
methane, hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride.  This section describes 
the applicable CO2, N2O, and CH4 standards for engines.  These standards do not apply for 
engines used in vehicles subject to (or voluntarily certified to) the CO2, N2O, and CH4 standards 
for vehicles specified in 40 CFR 86.1819. 
(a) Emission standards. The eEmission standards in this paragraph (a) apply for engines and 
optionally powertrains measured using the test procedures specified in subpart F of this part as 
follows: 

(1) CO2 emission standards in this paragraph (a)(1) apply based on testing as specified in 
subpart F of this part. The applicable test cycle for measuring CO2 emissions differs 
depending on the engine family’s primary intended service class and the extent to which the 
engines will be (or were designed to be) used in tractors.  For Mmedium HDE and Hheavy 
heavy-duty enginesHDE certified as tractor engines, measure CO2 emissions using the SET 
steady-state duty cycle specified in § 1036.51051 (referred to as the Supplemental Emission 
Test, or SET, even though emission sampling involves measurements from discrete modes). 
This testing with the SET duty cycle is intended for engines designed to be used primarily in 
tractors and other line-haul applications.  Note that the use of some SET-certified tractor 
engines in vocational applications does not affect your certification obligation under this 
paragraph (a)(1); see other provisions of this part and 40 CFR part 1037 for limits on using 
engines certified to only one cycle. For Mmedium HDE and Hheavy heavy-duty 
enginesHDE certified as both tractor and vocational engines, measure CO2 emissions using 
the steady-stateSET duty cycle specified in § 1036.5015105 and the FTP transient duty cycle 
specified in § 1036.5120. Testing with both SET and FTP duty cycles is intended for engines 
that are designed for use in both tractor and vocational applications.  For all other engines 
(including Spark-ignition HDE), measure CO2 emissions using the appropriate FTP transient 
duty cycle specified in § 1036.51201. 

(i) The Phase 1 CO2 standard is 627 g/hpꞏhr for all spark-ignition engines for model years 
2016 through 2020. This standard continues to apply in later model years for all spark-
ignition engines that are not Hheavy HDEheavy-duty engines. 
(ii) The following Phase 1 CO2 standards apply for compression-ignition engines (in 
g/hpꞏhr): 

TABLE 1 TO PARAGRAPH (a)(1)(ii) OF § 1036.108—COMPRESSION-IGNITION ENGINE STANDARDS 

FOR MODEL YEARSMY 2014 – 2020 

Model years 
Light Heavy-

DutyHDE 

Medium 
Heavy-

DutyHDE -
Vocational 

Heavy 
Heavy-

DutyHDE -
Vocational 

Medium 
Heavy-

DutyHDE -
Tractor 

Heavy 
Heavy-

DutyHDE -
Tractor 

2014-2016 600 600 567 502 475 
2017-2020 576 576 555 487 460 

(iii) The following Phase 2 CO2 standards apply for compression-ignition engines and all 
Hheavy HDEheavy-duty engines (in g/hpꞏhr): 
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TABLE 2 TO PARAGRAPH (a)(1)(iii) OF § 1036.108—COMPRESSION-IGNITION ENGINE STANDARDS 

FOR MODEL YEARSMY 2021 AND LATER 

Model Years 
Light Heavy-

DutyHDE 

Medium 
Heavy-

DutyHDE -
Vocational 

Heavy 
Heavy-

DutyHDE -
Vocational 

Medium 
Heavy-

DutyHDE -
Tractor 

Heavy 
Heavy-

DutyHDE -
Tractor 

2021-2023 563 545 513 473 447 
2024-2026 555 538 506 461 436 
2027 and later 552 535 503 457 432 

(iv) You may certify spark-ignition engines to the compression-ignition standards for the 
appropriate model year under this paragraph (a).  If you do this, those engines are treated 
as compression-ignition engines for all the provisions of this part. 

(2) The CH4 emission standard is 0.10 g/hpꞏhr when measured over the applicable FTP 
transient duty cycle specified in § 1036.512040 CFR part 86, subpart N. This standard 
begins in model year 2014 for compression-ignition engines and in model year 2016 for 
spark-ignition engines. Note that this standard applies for all fuel types just like the other 
standards of this section. 
(3) The N2O emission standard is 0.10 g/hpꞏhr when measured over the applicable FTP 
transient duty cycle specified in § 1036.512040 CFR part 86, subpart N. This standard begins 
in model year 2014 for compression-ignition engines and in model year 2016 for spark-
ignition engines. 

(b) Family Certification Levels. You must specify a CO2 Family Certification Level (FCL) for 
each engine family expressed to the same number of decimal places as the emission standard. 
The FCL may not be less than the certified emission level for the engine family.  The CO2 

fFamily eEmission lLimit (FEL) for the engine family is equal to the FCL multiplied by 1.03.   
(c) Averaging, banking, and trading. You may generate or use emission credits under the 
averaging, banking, and trading (ABT) program described in subpart H of this part for 
demonstrating compliance with CO2 emission standards. Credits (positive and negative) are 
calculated from the difference between the FCL and the applicable emission standard.  As 
described in § 1036.705, you may use CO2 credits to certify your engine families to FELs for 
N2O and/or CH4, instead of the N2O/CH4 standards of this section that otherwise apply. Except 
as specified in §§ 1036.150 and 1036.705, you may not generate or use credits for N2O or CH4 

emissions. 
(d) Useful life. The exhaust emission standards of this section apply for the full useful life, 
expressed as vehicle miles, or hours of engine operation, or years in service, whichever comes 
first, as follows:in service miles, operating hours, or calendar years, whichever comes first.  The
useful life values applicable to the criteria pollutant standards of 40 CFR part 86 apply for the 
standards of this section, except that the spark-ignition standards and the standards for model 
year 2021 and later light heavy-duty engines apply over a useful life of 15 years or 150,000 
miles, whichever comes first. 

A-9 



 

  

   

 

 
 

 

 

 

 

 

 

TABLE 3 TO PARAGRAPH (d) OF § 1036.108—USEFUL LIFE BY PRIMARY INTENDED SERVICE CLASS 

FOR MODEL YEAR 2021 AND LATER 

Primary intended 
service class 

Miles Years 

Spark-ignition HDEa 150,000 15 
Light HDEa 150,000 15 
Medium HDE 185,000 10 
Heavy HDEab 435,000 10 
a Useful life for Spark-ignition HDE and Light HDE 
before model year 2021 is 110,000 miles or 10 years, 
whichever occurs first. 
bUseful life for Heavy HDE is also expressed as 22,000 
operating hours. For an individual engine, the useful life 
is no shorter than 10 years or 100,000 miles, whichever 
occurs first, regardless of operating hours. 

(e) Applicability for testing. The emission standards in this subpart apply as specified in this 
paragraph (e) to all duty-cycle testing (according to the applicable test cycles) of testable 
configurations, including certification, selective enforcement audits, and in-use testing.  The CO2 

FCLs serve as the CO2 emission standards for the engine family with respect to certification and 
confirmatory testing instead of the standards specified in paragraph (a)(1) of this section.  The 
FELs serve as the emission standards for the engine family with respect to all other duty-cycle 
testing. See §§ 1036.235 and 1036.241 to determine which engine configurations within the 
engine family are subject to testing.  Note that engine fuel maps and powertrain test results also 
serve as standards as described in §§ 1036.535, § 1036.540, and§ 1036.630, and 40 CFR 
1037.550. 
(f) Multi-fuel engines. For dual-fuel, multi-fuel, and flexible-fuel engines, perform exhaust 
testing on each fuel type (for example, gasoline and E85).   

(1) This paragraph (f)(1) applies where you demonstrate the relative amount of each fuel type 
that your engines consume in actual use.  Based on your demonstration, we will specify a 
weighting factor and allow you to submit the weighted average of your emission results.  For
example, if you certify an E85 flexible-fuel engine and we determine the engine will produce 
one-half of its work from E85 and one-half of its work from gasoline, you may apply a 50 
percent weighting factor to each of your E85 and gasoline emission results. 
(2) If you certify your engine family to N2O and/or CH4 FELs the FELs apply for testing on 
all fuel types for which your engine is designed, to the same extent as criteria emission 
standards apply. 

§ 1036.110 Diagnostic controls.
Onboard diagnostic (OBD) systems must generally detect malfunctions in the emission control 
system, store trouble codes corresponding to detected malfunctions, and alert operators 
appropriately. Starting in model year 2027, new engines must have OBD systems as described in 
this section. You may optionally comply with any or all of the requirements of this section 
instead of 40 CFR 86.010-18 in earlier model years. 
(a) Chassis-based OBD requirements apply instead of the requirements of this section for certain 
engines as follows: 

(1) Heavy-duty engines intended to be installed in heavy duty vehicles at or below 14,000 
pounds GVWR must meet the requirements in 40 CFR 86.1806. Note that 40 CFR 86.1806 
allows for using later versions of specified OBD requirements from the California Air 
Resources Board, which includes meeting the 2019 heavy-duty OBD requirements adopted 
for California and updated emission thresholds as described in this section. 
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(2) Heavy-duty spark-ignition engines intended to be installed in heavy-duty vehicles above 
14,000 pounds GVWR may meet the requirements in 40 CFR 86.1806 if the same engines 
are also installed in share essential design characteristics with engines that the engine 
manufacturer also installs in vehicles certified under 40 CFR part 86, subpart S, where both 
sets of vehicles share similar emission controls. 

(b) Engines must comply with the 2019 heavy-duty OBD requirements adopted for California as 
described in this paragraph (b). California's 2019 heavy-duty OBD requirements are part of 13 
CCR 1968.2, 1968.5, 1971.1, and 1971.5 (incorporated by reference in § 1036.810). We may 
approve your request to certify an OBD system meeting alternative specifications if you submit 
information as needed to demonstrate that it meets the intent of this section. For example, we 
may approve your request for a system that meets a later version of California’s OBD 
requirements if you demonstrate that it meets the intent of this section; the demonstration must 
include identification of any approved deficiencies and your plans to resolve such deficiencies. 
To demonstrate that your engine meets the intent of this section, the OBD system meeting 
alternative specifications must address all the provisions described in this paragraph (b) and in 
paragraph (c) of this section. The following clarifications and exceptions apply for engines 
certified under this part: 

(1) We may approve a small manufacturer’s request to delay complying with the 
requirements of this section for up to three model years if that manufacturer has not certified 
those engines or other comparable engines in California for those model years. 
(2) For engines not certified in California, references to vehicles meeting certain California 
Air Resources Board emission standards are understood to refer to the corresponding EPA 
emission standards for a given family, where applicable. Use good engineering judgment to 
correlate the specified standards with the EPA standards that apply under this part. You must 
describe in your application for certification how you will perform testing to demonstrate 
compliance with OBD requirements to represent all your engine families over five or fewer 
model years. 
(3) Engines must comply with OBD requirements throughout the useful life as specified in 
§ 1036.104(e). 
(4) The purpose and applicability statements in 13 CCR 1971.1(a) and (b) do not apply. 
(5) Emission thresholds apply as follows: 

(i) Spark-ignition engines are subject to a NOx threshold of 0.35 g/hp∙hr for catalyst 
monitoring and 0.30 g/hp∙hr in all other cases. Spark-ignition engines are subject to a PM 
threshold of 0.015 g/hp∙hr. Thresholds apply for operation on the FTP and SET duty 
cycles. 
(ii) Compression-ignition engines are subject to a NOx threshold of 0.40 g/hp∙-hr and a 
PM threshold of 0.03 g/hp∙-hr for operation on the FTP and SET duty cycles. 
(iii) All engines are subject to HC and CO thresholds as specified in 13 CCR 1968.2 and 
1971.1, except that the “applicable standards” for determining these thresholds are 0.14 
g/hp∙hr for HC, 14.4 g/hp∙hr for CO from spark-ignition engines, and 15.5 g/hp∙hr for CO 
from compression-ignition engines. 
(iv) Compression-ignition engines may be exempt from certain monitoring in 13 CCR 
1968.2 and 1971.1 based on specified test-out criteria. To calculate these test-out criteria, 
the “applicable standards” are 0.20 g/hp∙hr for NOx, 0.14 g/hp∙hr for HC, 0.01 g/hp∙hr for 
PM, 14.4 g/hp∙hr for CO from spark-ignition engines, and 15.5 g/hp∙hr for CO from 
compression-ignition engines. 
Spark-ignition engines are subject to the following thresholds:  
(i) 0.015 g/hp-hr for PM emissions. 
(ii) 0.30 g/hp-hr for monitors detecting a malfunction before NOx emissions exceed 1.5 
times the applicable standard.  
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(iii) 0.35 g/hp-hr for monitors detecting a malfunction before NOx emissions exceed 1.75 
times the applicable standard.  
(iv) 0.60 g/hp-hr for monitors detecting a malfunction before NOx emissions exceed 3.0 
times the applicable standard.  

(6) The provisions related to verification of in-use compliance in 13 CCR 1971.1(l) do not 
apply. The provisions related to manufacturer self-testing in 13 CCR 1971.5(c) also do not 
apply. 
(7) The deficiency provisions described in paragraph (d) of this section apply instead of 13 
CCR 1971.1(k). 
(8) Include the additional data-stream signals in 13 CCR 1971.1(h)(4.2.3)(E), (F), and (G) as 
freeze-frame conditions as required in 13 CCR 1971.1(h)(4.3).Capture the following 
elements as freeze frame data: 
(i) Data parameters specified in 13 CCR 1971.1(h)(4.2) and (4.3). 
(ii) System health monitor parameters specified in paragraph (c)(3) of this section.    
(9) Design compression-ignition engines to make the following additional data-stream 
signals available on demand following parameters available for reading with a generic scan 
tool according to 13 CCR 1971.1(h)(4.2), if the engine is so equipped: 

(i) Engine and vehicle parameters. Status of parking brake, neutral switch, brake switch, 
and clutch switch, wastegate control solenoid output, wastegate position (commanded 
and actual), speed and output shaft torque consistent with § 1036.115(d). 
(ii) Diesel oxidation catalyst parameters. Include inlet and outlet pressure and 
temperature for the diesel oxidation catalyst. 
(iii) Particulate filter parameters. Include filter soot load and ash load for all installed 
particulate filters. 
(iv) EGR parameters. Include differential pressure for exhaust gas recirculation. 
(v) SCR parameters. Include DEF quality-related signals, output of aftertreatment doser 
system (pump and injectors), DEF coolant control valve position (commanded and 
actual), DEF tank temperature, DEF system pressure, DEF pump commanded percentage, 
DEF doser control status, DEF line heater control outputs, aftertreatment dosing quantity 
commanded and actual. 
(vi) Additional Derating parameters. Include any additional parameters if they are related 
to engine derating or other used to apply inducements under § 1036.111 or any other 
SCR-related or DPF-related engine derates under § 1036.125. 

(10) Design spark-ignition engines to make the following additional parameters available for 
reading with a generic scan tool, if applicable:   

(i) Air-fuel enrichment parameters. Percent of time in enrichment, both for each trip 
(key-on to key-off) and as a cumulative lifetime value. Track values separately for 
enrichment based on throttle, engine protection, and catalyst protection. Include all time 
after engine warm-up when the engine is not operating at the air-fuel ratio designed for 
peak three-way catalyst efficiency. Peak efficiency typically involves closed-loop 
feedback control. 
(ii) [Reserved]Component temperature parameters. Include component temperatures 
(measured and modeled, if applicable) used for catalyst protection. 

(11) If you have an approved Executive order from the California Air Resources Board for a 
given engine family, we may rely on that Executive order to evaluate whether you meet 
federal OBD requirements for that same engine family or an equivalent engine family. 
Engine families are equivalent if they are identical in all aspects material to emission 
characteristics; for example, we would consider different inducement strategies and different 
warranties not to be material to emission characteristics relevant to these OBD testing 
requirements. EPA would count two equivalent engine families as one for the purposes of 
determining OBD demonstration testing requirements. Send us the following information: 
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(i) You must submit additional information as needed to demonstrate that you meet the 
requirements of this section that are not covered by the California Executive order. 
(ii) Send us results from any testing you performed for certifying engine families 
(including equivalent engine families) with the California Air Resources Board, including 
the results of any testing performed under 13 CCR 1971.1(l) for verification of in-use 
compliance and 13 CCR 1971.5(c) for manufacturer self-testing within the deadlines set 
out in 13 CCR 1971.113 CCR 1971.1(i)(2.3) and (2.4), 13 CCR 1971.1(l), and 13 CCR 
1971.5(b). 
(iii) We may require that you send us additional information if we need it to evaluate 
whether you meet the requirements of this paragraph (b)(11)section. This may involve 
sending us copies of documents you send to the California Air Resources Board. 

(12) You may ask us to approve conditions for which the diagnostic system may disregard 
trouble codes, as described in 13 CCR 1971.1(g)(5.3)-(5.6). 
(13) References to the California ARB Executive Officer are deemed to be the EPA 
Administrator. 

(c) The following additional provisions apply:(1) Design the diagnostic system to display the 
following information in the cab: 
(i) The health monitoring information specified in paragraph (c)(3) of this section. 

(1) For inducements specified in § 1036.111 and any other AECD that derates engine output 
related to SCR or DPF systems, indicate the fault code for the detected problem, a 
description of the fault code, and the current speed restriction. For inducement faults under 
§ 1036.111, identify whether the fault condition is for DEF quantity, DEF quality, or 
tampering; for other faults, identify whether the fault condition is related to SCR or DPF 
systems. If there are additional derate stages, also indicate the next speed restriction and the 
time remaining until starting the next restriction. If the derate involves something other than 
restricting vehicle speed, such as a torque derate, adjust the information to correctly identify 
any current and pending restrictions. 
(2) Identify on demand the total number of diesel particulate filter regeneration events that 
have taken place since installing the current particulate filter.  
(3) Identify on demand the historical and current rate of DEF consumption, such as gallons of 
DEF consumed per mile or gallons of DEF consumed per gallon of diesel fuel consumed. 
Design the system to allow the operator to reset the current rate of DEF consumption.The 
information related to inducements as specified in § 1036.111(f). 
(2) Diagnostic testing to measure the effectiveness of DEF dosing must be made available for 
use with either a generic scan tool or an equivalent alternative method (such as an option 
commanded through a vehicle system menu). 
(3) The following provisions related to system health monitors apply: 

(i) Provide the following information related to particulate filters: 
(A) An indicator of general system wear, such as the total number of regeneration 
events that have taken place since installing the current particulate filter. 
(B) Indicator of historical and current active and passive regeneration frequency. 
(C) The estimated mileage until the particulate filter needs cleaning to remove 
accumulated ash. 
(D) Information describing any disabled regeneration if this is accompanied by 
engine derating. Also include the reason for disabling. 

(ii) Provide the following information related to SCR: 
(A) An indicator of historical and current DEF consumption. 
(B) Information describing any disabled DEF dosing if this is accompanied by engine 
derating. Also include the reason for disabling. 
(C) Information describing any detected flow obstruction in DEF lines or dosing 
valve in anticipation of triggering an inducement under § 1036.111(b)(2). 
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(iii) Provide an indication of EGR valve health, such as by comparing commanded 
and actual EGR position. 
(iv) Provide an indicator of EGR cooler performance, such as by displaying 
parameters described in 13 CCR 1971.1(e)(3.2.5). 
(v) Provide current data under paragraphs (c)(3)(i) and (ii) of this section based on a 
default method of updating or resetting collected data. For example, the current data 
may include information from the Active 100-Hour Array or Stored 100-Hour Array. 
The system must allow the operator to perform a manual reset to start collecting new 
data on demand. 

(d) You may ask us to accept as compliant an engine that does not fully meet specific 
requirements under this section. The following provisions apply regarding OBD system 
deficiencies: 

(1) We will not approve a deficiency for gasoline-fueled or diesel-fueled engines if it 
involves the complete lack of a major diagnostic monitor, such as monitors related to exhaust 
aftertreatment devices, oxygen sensors, air-fuel ratio sensors, NOx sensors, engine misfire, 
evaporative leaks, and diesel EGR (if applicable). We may approve such deficiencies for 
engines using other fuels if you demonstrate that the alternative fuel causes these monitors to 
be unreliable. 
(2) We will approve a deficiency only if you show us that full compliance is infeasible or 
unreasonable considering any relevant factors, such as the technical feasibility of a given 
monitor, or the lead time and production cycles of vehicle designs and programmed 
computing upgrades. 
(3) Our approval for a given deficiency applies only for a single model year, though you may 
continue to ask us to extend a deficiency approval in renewable one-year increments. We 
may approve an extension if you demonstrate an acceptable level of progress toward 
compliance and you show that the necessary hardware or software modifications would pose 
an unreasonable burden. We will approve a deficiency for more than twothree years only if 
you further demonstrate that you need the additional lead time to make substantial changes to 
engine hardware. 
(4) We will not approve deficiencies retroactively. 

§ 1036.111 Inducements related to SCR. 
Engines using SCR to control emissions depend on a constant supply of diesel exhaust fluid 
(DEF). This section describes how manufacturers must design their engines to derate power 
output to induce operators to take appropriate actions to ensure the SCR system is working 
properly. The requirements of this section apply equally for engines installed in heavy-duty 
vehicles at or below 14,000 lbs GVWR. The requirements of this section apply starting in model 
year 2027, though you may comply with the requirements of this section in earlier model years. 
(a) General provisions. The following terms and general provisions apply under this section: 

(1) As described in § 1036.110, this section relies on terms and requirements specified for 
OBD systems by California ARB in 13 CCR 1968.2 and 1971.1 (incorporated by reference in 
§ 1036.810). 
(2) The provisions of this section apply differently based on an individual vehicle’s speed 
historyfor low-speed vehicles. A vehicle’s speed category is based on the OBD system’s 
recorded value for average speed A low-speed vehicle is one whose OBD system has 
recorded an average speed below 20 miles per hour for the preceding 30 hours of non-idle 
engine operation. The vehicle speed category applies at the point that the engine first detects 
a fault condition identified under paragraph (b) of this section and continues to apply until 
the fault condition is fully resolved as specified in paragraph (e) of this section. Non-idle 
engine operation includes all operating conditions except those that qualify as idle based on 
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OBD system controls as specified in 13 CCR 1971.1(h)(5.4.10). Apply speed derates based 
on the following categories: 

TABLE 1 TO PARAGRAPH (a)(2) OF § 1036.111—VEHICLE CATEGORIES 

Vehicle category Average speed (mi/hr) 
Low-speed speed < 15 
Medium-speed 15 < speed < 25 
High-speed speed > 25 

(3) Where engines derate power output as specified in this section, the derate must decrease 
vehicle speed by 1 mi/hr for every five minutes of engine operation until reaching the 
specified derate speed. This requirement applies at the onset of an inducement, at any 
transition to a different step of inducement, and for any derate that recurs under paragraph 
(e)(3) of this section. 

(b) Fault conditions. Create derate strategies that monitor for and trigger an inducement based on 
the following conditions: 

(1) DEF supply falling to a level corresponding to three hours of engine operation, based on 
available information on DEF consumption rates. 
(2) Blocked DEF lines or dosing valves. 
(23) DEF quality failing to meet your concentration specifications. 
(35) Any signal indicating that a catalyst is missing.Monitor for a missing catalyst. 
(4) Open circuit faults related to the following: DEF tank level sensor, DEF pump, DEF 
quality sensor, SCR wiring harness, NOx sensors, DEF dosing valve, DEF tank heater, DEF 
tank temperature sensor, and aftertreatment control module. 

(c) [Reserved]NOx override. Reset the Active 100 Hour Array in the OBD system when the 
engine detects a fault condition identified in paragraph (b)of this section (but do not reset the 
Active 100 Hour Array if an additional fault occurs before the fault condition is resolved). Use 
NOx sensor data to override engine derates as described in this paragraph (c) after the engine 
detects the fault condition. Override the onset of derating associated with a fault condition if the 
NOx conversion efficiency in the Active 100 Hour Array is within 10 percent of the NOx 

conversion efficiency stored in the lifetime array for OBD REAL Bin 13 and 14. The Active 100 
Hour Array and the Lifetime Array are referenced in 13 CCA 1971.1(h)(5.3.2)(A) and (C), 
respectively. Calculate the NOx conversion efficiency relative to the lifetime value using the 
following equation and override inducements if the calculated override factor is at or below 0.10: 

𝑂𝑣𝑒𝑟𝑟𝑖𝑑𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 ൌ 
𝜂Life െ 𝜂100

𝜂Life 
Where: 

inିoutη = NOx conversion efficiency = . Use appropriate values from OBD REAL Bin 13 and 
in 

14 from the Lifetime Array for ηLife and from the Active 100 Hour Array for η100. 
min = NOx mass entering the catalyst. Use “NOx mass – engine out” from 13 CCA 1971.1 
(h)(5.3.1)(A). 
mout = NOx mass exiting catalyst. Use “NOx mass – tailpipe” from 13 CCA 1971.1 (h)(5.3.1)(B). 
(d) Derate schedule. Engines must follow the derate schedule described in this paragraph (d) if 
the engine detects a fault condition identified in paragraphs (b) and (c) of this section. The derate 
takes the form of a maximum drive speed for the vehicle. This maximum drive speed decreases 
over time based on hours of non-idle engine operation without regard to engine starting  or mode 
of operation. 

(1) Apply speed-limiting derates according to the following schedule: 
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TABLE 1 TO PARAGRAPH (D) OF § 1036.111—DERATE SCHEDULE FOR DETECTED FAULTS 

NON-IDLE HOURS OF 

ENGINE OPERATIONA 

DEFAULT MAXIMUM 

SPEED (MI/HR) 

MAXIMUM SPEED 

FOR LOW-SPEED 

VEHICLES (MI/HR) 
0 65 50 
6 60 45 
12 55 40 
60 50 35 

TABLE 2 TO PARAGRAPH (d)(1) OF § 1036.111—DERATE SCHEDULE FOR DETECTED FAULTS 

High-speed vehicles Low-speed vehicles Low-speed vehicles 
Hours of non-
idle engine 
operation 

Maximum 
speed 
(mi/hr) 

Hours of non-
idle engine 
operation 

Maximum 
speed 
(mi/hr) 

Hours of non-
idle engine 
operation 

Maximum 
speed 
(mi/hr) 

0 65 0 55 0 45 
6 60 6 50 5 40 
12 55 12 45 10 35 
20 50 45 40 30 25 
86 45 70 35 — — 
119 40 90 25 — — 
144 35 — — — — 
164 25 — — — — 
aHours start counting when the engine detects a fault condition specified in paragraph (b) of this 
section and the override factor for NOx conversion efficiency is above 0.10. For DEF supply, you 
may program the engine to reset the timer to three hours when the engine detects an empty DEF 
tank. 

(2) You may design and produce engines that will be installed in motorcoaches with an 
alternative derate schedule that starts with a 65 mi/hr derate when a fault condition is first 
detected, steps down to 50 mi/hr after 80 hours, and concludes with a final derate speed of 25 
mi/hr after 180 hours of non-idle operation. 

(e) Multiple and continuing faults. The following provisions apply if the engine detects fault 
conditions after starting with the derate schedule specified in paragraph (d) of this section:  

(1) The determination to qualify a low-speed vehicle in paragraph (a)(2) of this section 
applies at the point that the engine first detects a fault condition and continues to apply until 
the fault condition is fully resolved, as specified in paragraph (g) of this section. 
(2) Apply the provisions of this section independently for each fault, except as specified in 
this section. 

(f) In-cab display. The in-cab display required in § 1036.110(c)(1) must indicate the condition 
that triggered the pending or active derate. The display must indicate “inducement pending” as 
long as the system is evaluating NOx conversion efficiency without finding that the override 
factor is above 0.10. Once calculated NOx conversion efficiency confirms the fault condition, the 
display must identify the current stage of derating and show a countdown timer to estimate the 
time or distance remaining before the next stage.  
(eg) Deactivating derates. Program the engine to deactivate derates as follows: 

(1) Evaluate whether the detected fault condition continues to apply and reset the Active 100 
Hour Array in the OBD system when the fault condition no longer exists. Deactivate derates 
if the engine confirms that the detected fault condition is resolved and the override factor for 
NOx conversion efficiency is at or below 0.10 for a full inducement drive schedule. 
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(2) Allow a generic scan tool to tentatively deactivate inducement-related fault codes while 
the vehicle is not in motion. Reactivate the derate at the same point in the derate schedule if 
the engine detects the same fault condition during a full inducement drive schedule. 
(3) Treat any detected fault condition that recurs within 480 hours of engine operation as the 
same detected fault triggering condition, which would restart the derate at the same point in 
the derate schedule that the system last deactivated the derate. 

§ 1036.115 Other requirements. 
(a) The warranty and maintenance requirements, adjustable parameter provisions, and defeat 
device prohibition of 40 CFR part 86 apply with respect to the standards of this part.  
Engines that are required to meet the emission standards of this part must meet the following 
requirements, except as noted elsewhere in this part: 
(a) Crankcase emissions. Engines may not discharge crankcase emissions into the ambient 
atmosphere throughout the useful life, other than those that are routed to the exhaust upstream of 
exhaust aftertreatment during all operation, except as follow: Crankcase emissions may not be 
discharged directly into the ambient atmosphere from any engine throughout its useful life 

(1) Engines equipped with turbochargers, pumps, blowers, or superchargers for air induction 
may discharge crankcase emissions to the ambient atmosphere if the emissions are added to 
the exhaust emissions (either physically or mathematically) during all emission testing.  
(2) If you take advantage of this exception, you must manufacture the engines so that all 
crankcase emissions can be routed into the applicable sampling systems specified in 40 CFR 
part 1065. You must also account for deterioration in crankcase emissions when determining 
exhaust deterioration factors as described in § 1036.240(c)(5). For purposes of this paragraph 
(a), crankcase emissions that are routed to the exhaust upstream of exhaust aftertreatment 
during all operation are not considered to be discharged directly into the ambient atmosphere. 

(b) Fuel mapping. You must perform fuel mapping for your engine as described in 
§ 1036.5105(b). 
(c) Evaporative and refueling emissions. You must design and produce your engines to comply 
with evaporative and refueling emission standards as follows: 

(1) For complete heavy-duty vehicles you produce, you must certify the vehicles to emission 
standards as specified in 40 CFR 1037.103. 
(2) For incomplete heavy-duty vehicles, and for engines used in vehicles you do not produce, 
you do not need to certify your engines to evaporative and refueling emission standards or 
otherwise meet those standards. However, vehicle manufacturers certifying their vehicles 
with your engines may depend on you to produce your engines according to their 
specifications. Also, your engines must meet applicable exhaust emission standards in the 
installed configuration. 

(d) Torque broadcasting. Electronically controlled engines must broadcast their speed and 
output shaft torque (in newton-meters).  Engines may alternatively broadcast a surrogate value 
for determining torque. Engines must broadcast engine parameters such that they can be read 
with a remote device or broadcast them directly to their controller area networks.  This 
information is necessary for testing engines in the field (see § 1036.515). 
(e) EPA access to broadcast information. If we request it, you must provide us any hardware, 
tools, and information we would need to readily read, interpret, and record all information 
broadcast by an engine's on-board computers and electronic control modules. If you broadcast a 
surrogate parameter for torque values, you must provide us what we need to convert these into 
torque units. We will not ask for hardware or tools if they are readily available commercially. 
(f) Adjustable parameters. Engines that have adjustable parameters must meet all the 
requirements of this part for any adjustment in the practically physically adjustable range. 
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(1) We may require that you set adjustable parameters to any specification within the 
practically adjustable range during any testing, including certification testing, selective 
enforcement auditing, or in-use testing. 
(2) General provisions apply for adjustable parameters as specified in 40 CFR 1068.50. 
(3) DEF supply and DEF quality are adjustable parameters. The physically adjustable range 
includes any amount or quality of DEF for which that the engine’s diagnostic system does 
not trigger inducement provisions under § 1036.111. 

(g) Prohibited controls. (1) General provisions. You may not design your engines with emission
control devices, systems, or elements of design that cause or contribute to an unreasonable 
risk to public health, welfare, or safety while operating.  For example, this would apply if the 
engine emits a noxious or toxic substance it would otherwise not emit that contributes to such 
an unreasonable risk. 
(2) Vanadium sublimation in SCR catalysts. For engines equipped with vanadium-based SCR 
catalysts, you must design the engine and its emission controls to prevent vanadium 
sublimation and protect the catalyst from high temperatures. We will evaluate your engine 
design based on the following information that you must include in your application for 
certification: 

(i) Identify the threshold temperature for vanadium sublimation for your specified SCR 
catalyst formulation as described in 40 CFR 1065.1113 through 1065.1121. 
(ii) Describe how you designed your engine to prevent catalyst inlet temperatures from 
exceeding the temperature you identify in paragraph (g)(2)(i) of this section, including 
consideration of engine wear through the useful life. Also describe your design for 
catalyst protection in case catalyst temperatures exceed the specified temperature.  In
your description, include how you considered elevated catalyst temperature resulting 
from sustained high-load engine operation, catalyst exotherms, particulate filter 
regeneration, and component failure resulting in unburned fuel in the exhaust stream. 

(h) Defeat devices. You may not equip your engines with a defeat device.  A defeat device is an
auxiliary emission control device (AECD) that reduces the effectiveness of emission controls 
under conditions that may reasonably be expected in normal operation and use.  This does not 
apply to auxiliary emission control devices However, an AECD is not a defeat device if you 
identify it in your application for certification ifand any of the following is true: 

(1) The conditions of concern were substantially included in the applicable procedure for 
duty-cycle testing as described in subpart F of this part. 
(2) You show your design is necessary to prevent engine (or vehicle) damage or accidents. 
Preventing engine damage includes preventing damage to aftertreatment or other emission-
related components. 
(3) The reduced effectiveness applies only to starting the engine. 
(4) The AECD applies only for engines that will be installed in emergency vehicles, and the 
need is justified in terms of preventing the engine from losing speed, torque, or power due 
abnormal conditions of the emission control system, or in terms of preventing such abnormal 
conditions from occurring, during operation related to emergency response. Examples of 
such abnormal conditions may include excessive exhaust backpressure from an overloaded 
particulate trap, and running out of diesel exhaust fluid for engines that rely on urea-based 
selective catalytic reduction. 

(i) DEF tanks. Diesel exhaust fluid tanks must be sized to require refilling no more frequently 
than the vehicle operator will need to refill the fuel tank, even for worst-case assumptions related 
to fuel efficiency and refueling volumes. 
(j) Special provisions for spark-ignition engines. The following provisions apply for spark-
ignition engines that control air-fuel ratios at or near stoichiometry starting with model year 
2027: 
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(1) Catalyst bed temperature during extended idle may not fall below 350 °C, or a lower 
temperature that we approve during extended idle. Describe how you designed your engine to 
meet this requirement in your application for certification. You may ask us to approve 
alternative strategies to prevent emissions from increasing during idle. 
(2) In addition to the information requirements of § 1036.205(b), describe why you rely on 
any AECDs instead of other engine designs for thermal protection of catalyst or other 
emission-related components. Also describe the accuracy of any modeled or measured 
temperatures used to activate the AECD. We may ask you to submit a second-by-second 
comparison of any modeled and measured component temperatures as part of your 
application for certification.You may use modeled exhaust component temperatures to 
protect the catalyst instead of designing the engine to continuously monitor exhaust 
component temperatures as described in this paragraph (j)(2). Measure and record component 
temperatures during engine mapping and during emission measurements with each required 
duty cycle. You may use modeled exhaust temperatures under this paragraph (j)(2) only if all 
modeled and actual temperatures differ by 5 °C or less.  Submit a second-by-second 
comparison of the modeled and actual component temperatures as part of your application 
for certification. 

§ 1036.120 Emission-related warranty requirements. 
(a) General requirements. You must warrant to the ultimate purchaser and each subsequent 
purchaser that the new engine, including all parts of its emission control system, meets two 
conditions: 

(1) It is designed, built, and equipped so it conforms at the time of sale to the ultimate 
purchaser with the requirements of this part. 
(2) It is free from defects in materials and workmanship that may keep it from meeting these 
requirements. 

(b) Warranty period. Your emission-related warranty must be valid for at least as long as the 
minimum warranty periods listed in this paragraph (b) in vehicle miles, or hours of engine 
operation, or years in service, whichever comes first.  You may offer an emission-related 
warranty more generous than we require. The emission-related warranty for the engine may not 
be shorter than any published warranty you offer with or without charge for the engine.  
Similarly, the emission-related warranty for any component may not be shorter than any 
published warranty you offer without charge for that component.  If an extended warranty 
requires owners to pay for a portion of repairs, those terms apply in the same manner to the 
emission-related warranty. The warranty period begins when the vehicle is placed into service.  
The following minimum warranty periods apply: 

TABLE 1 TO PARAGRAPH (b) OF § 1036.120—WARRANTY BY PRIMARY INTENDED SERVICE 

CLASSA 

Primary intended 
service class 

Model year 
2026 and earlier 

Model year 
2027 and later 

Mileage Years Hours Mileage Years Hours 
Spark-Ignition 
HDE 

50,000 5 - 160,000 10 8,000 

Light HDE 50,000 5 - 210,000 10 10,000 
Medium HDE 100,000 5 - 280,000 10 14,000 
Heavy HDE 100,000 5 - 450,000 10 22,000 

(c) Components covered. The emission-related warranty covers all components whose failure 
would increase an engine's emissions of any regulated pollutant, including components listed in 
40 CFR part 1068, appendix A, and components from any other system you develop to control 
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emissions.  The emission-related warranty covers these any components, regardless of the 
company that produced them, that are the original components or the same design as components 
from the certified configurationcomponents even if another company produces the component. 
(d) Limited applicability. You may deny warranty claims under this section if the operator 
caused the problem through improper maintenance or use, subject to the provisions in 
§ 1036.125 and 40 CFR 1068.115. 
(e) Owners manual. Describe in the owners manual the emission-related warranty provisions 
from this section that apply to the engine. 

§ 1036.125 Maintenance instructions and allowable maintenance. 
Maintenance includes any inspection, adjustment, cleaning, repair, or replacement of 
components and is classified as either emission-related or non not emission-related and each of 
these can be classified as either scheduled or unscheduled. Further, some emission-related 
maintenance is also classified as critical emission-related maintenance. Give the ultimate 
purchaser of each new engine written instructions for maintaining and using the engine. As 
described in paragraph (h) of this section, these instructions must identify how owners properly 
maintain and use engines to clarify responsibilities for regulatory requirements such as emission-
related warranty and defect reporting. 
(a) Critical emission-related maintenance. Critical emission-related maintenance includes any 
adjustment, cleaning, repair, or replacement of components listed in paragraph (a)(2) of this 
section. Critical emission-related maintenance This may also include other maintenance that you 
determine is critical, including maintenance on other critical emission-related components as 
defineddescribed in 40 CFR part 1068, appendix A, if we approve it in advance. You may 
perform scheduled critical emission-related maintenance during service accumulation on your 
emission-data engines at the intervals you specify. 

(1) Maintenance demonstration. You must demonstrate that the maintenance is reasonably 
likely to be done at theyour recommended intervals on in-use engines.  We will accept DEF 
replenishment and other SCR-related maintenance as reasonably likely to occur if your 
engine meets the specifications in § 1036.111. We will accept other scheduled maintenance 
as reasonably likely to occur if you satisfy any of the following conditions: 

(i) You present data showing that, if a lack of maintenance increases emissions, it also 
unacceptably degrades the engine’s performance. 
(ii) You design and produce your engines with a system we approve that displays a 
visible signal to alert drivers that maintenance is due, either as a result of component 
failure or the appropriate degree of engine or vehicle operation.  The signal must clearly
display “maintenance needed”, “check engine”, or a similar message that we approve.  
The signal must be continuous while the engine is operating and not be easily eliminated 
without performing the specified maintenance. Your maintenance instructions must 
specify resetting the signal after completing the specified maintenance. We must approve 
the method for resetting the signal. You may not design the system to be less effective at 
the end of the useful life or after any other degree of operation. If others install your
engine in their vehicle, you may rely on installation instructions to ensure proper 
mounting and operation of the display. Disabling or improperly resetting the system for 
displaying these maintenance-related signals without performing the indicated 
maintenance violates the tampering prohibition in 42 U.S.C. 7522(a)(3). 
(iii) You present survey data showing that at least 80 percent of engines in the field get 
the maintenance you specify at the recommended intervals.   
(iv) You provide the maintenance free of charge and clearly say so in your maintenance 
instructions. 
(v) You otherwise show us that the maintenance is reasonably likely to be done at the 
recommended intervals. 
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(2) Minimum scheduled maintenance intervals. You may not schedule replacement of 
catalyst beds or particulate filters during an engine’s useful life. You may not schedule other 
critical emission-related maintenance more frequently than the minimum intervals specified 
in Table 1 and Table 2 of this section or otherwise allowed in this paragraph (a), except as 
specified in paragraph (g) of this section. The minimum intervals specified for each 
component applies to actuators, sensors, tubing, valves, and wiring associated with that 
component, except as specified. 

TABLE 1 TO PARAGRAPH (a)(2) OF § 1036.125—MINIMUM SCHEDULED MAINTENANCE INTERVALS 

FOR REPLACEMENT IN MILES (OR HOURS) 

Component 

Accumulated Miles (Hours) for Components 

Spark-Ignition  

HDE 
Light HDE Medium HDE Heavy HDE 

Spark plugs 25,000 (750) NA NA NA 

DEF filters NA 
100,000 
(3,000) 

120,000 
(3,600) 

175,000 (5,250) 

Crankcase ventilation valves 
and filters 

60,000 (1,800) 60,000 (1,800) 60,000 (1,800) 60,000 (1,800) 

Ignition wires 100,000 (3,000) NA NA NA 

Oxygen sensors 80,000 (2,400) NA NA NA 

Air injection system 
components 

110,000 (3,300) NA NA NA 

Particulate filtration system 
(other than filters) 

100,000 (3,000) 
100,000 
(3,000) 

250,000 
(7,500) 

250,000 (7,500) 

Catalyst systems (other than 
catalyst beds) 

Fuel injectors 

Electronic control modules 

Evaporative emission canisters 

Turbochargers 

EGR system components 
(including filters and 
coolers) 

110,000 (3,300) 
110,000 
(3,300) 

185,000 
(5,550) 

435,000 (13,050) 

Components 
Spark-Ignition 
HDE 

Light HDE Medium HDE Heavy HDE 

Spark plugs .............................. 
25,000 

(750) 
- - -

DEF filters ............................... -
100,000 
(3,000) 

100,000 
(3,000) 

100,000 
(3,000) 

Crankcase ventilation valves 
and filters ................................. 

60,000 
(1,800) 

60,000 
(1,800) 

60,000 
(1,800) 

60,000 
(1,800) 

Ignition wires and coils ........... 
50,000 
(1,500) 

- - -

Oxygen sensors ........................ 
80,000 
(2,400) 

- - -
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Air injection system 
components .............................. 

110,000 
(3,300) 

- - -

Sensors, actuators, and related 
control modules that are not 
integrated into other systems ... 

100,000 
(3,000) 

100,000 
(3,000) 

150,000 
(4,500) 

150,000 
(4,500) 

Particulate filtration systems 
(other than filter substrates) .... 

100,000 
(3,000) 

100,000 
3,000) 

250,000 
7,500) 

250,000 
(7,500) 

Catalyst systems (other than 
catalyst substrates), fuel 
injectors, electronic control 
modules, hybrid system 
components, turbochargers, 
and EGR system components 
(including filters and coolers) .. 

110,000 
(3,300) 

110,000 
(3,300) 

185,000 
5,550) 

435,000 
(13,050) 

Catalyst substrates and 
particulate filter substrates ....... 

200,000 
(10,000) 

270,000 
(13,000) 

350,000 
(17,000) 

650,000 
(32,000) 
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TABLE 2 TO PARAGRAPH (a)(2) OF § 1036.125—MINIMUM SCHEDULED MAINTENANCE INTERVALS 

FOR ADJUSTMENT OR CLEANING 

Component 
Accumulated miles (hours) for components 
Spark-ignition 
HDE 

Light HDE Medium HDE Heavy HDE 

Spark plugs ................................... 
25,000 

(750) 
- - -

EGR-related filters and coolers, 
fuel injectors, and crankcase 
ventilation valves and filters ........ 

50,000 
(1,500) 

50,000 
(1,500) 

50,000 
(1,500) 

50,000 
(1,500) 

DEF filters .................................... - 50,000 (1,500) 50,000 (1,500) 50,000 (1,500) 

Ignition wires and coils ................ 
50,000 
(1,500) 

- - -

Oxygen sensors ............................ 
80,000 
(2,400) 

- - -

Air injection system components . 
100,000 
(3,000) 

- - -

Catalyst system components, 
EGR system components (other 
than filters or coolers), particulate 
filtration system components, and 
turbochargers ................................ 

100,000 
(3,000) 

100,000 
(3,000) 

100,000 (3,000), 
then 

150,000 (4,500) 

100,000 (3,000), 
then 

150,000 (4,500) 

Component 
Accumulated Miles (Hours) for Components 

Spark-ignition 
HDE 

Light HDE Medium HDE Heavy HDE 

Spark plugs 25,000 (750) NA NA NA 
EGR-related filters and coolers 
Fuel injectors 
Crankcase ventilation valves and 

filters 

50,000 (1,500) 50,000 (1,500) 50,000 (1,500) 50,000 (1,500) 

DEF filters NA 50,000 (1,500) 50,000 (1,500) 50,000 (1,500) 
Ignition wires 
Idle mixture 

50,000 (1,500) NA NA NA 

Oxygen sensors 80,000 (2,400) NA NA NA 
Air injection system components 100,000 (3,000) NA NA NA 
Catalyst system components 
EGR system components (other 

than filters or coolers) 
Particulate filtration system 

components 
Turbochargers 

100,000 (3,000) 100,000 (3,000) 150,000 (4,500) 150,000 (4,500) 

(3) New technology. You may ask us to approve scheduled critical emission-related 
maintenance of components not identified in paragraph (a)(2) of this section that is a direct 
result of the implementation of new technology not used in model year 2020 or earlier 
engines, subject to the following provisions:  

(i) Your request must include your recommended maintenance interval, including data to 
support the need for the maintenance, and a demonstration that the maintenance is likely 
to occur at the recommended interval using one of the conditions specified in paragraph 
(a)(1) of this section. 
(ii) For any such new technology, we will publish a Federal Register notice based on 
information you submit and any other available information to announce that we have 
established new allowable minimum maintenance intervals. Any manufacturer objecting 
to our decision may ask for a hearing (see § 1036.820). 
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(4) System components. The following provisions clarify which components are included in 
certain systems: 

(i) Catalyst system refers to the aftertreatment assembly used for gaseous emission 
control and generally includes catalyst substrates, substrate housings, exhaust gas 
temperature sensors, gas concentration sensors, and related control modules. SCR-based 
catalyst systems also include DEF level sensors, DEF quality sensors, and DEF 
temperature sensors. 
(ii) Particulate filtration system refers to the aftertreatment assembly used for exhaust PM 
filtration and generally includes filter substrates, substrate housings, pressure sensors, 
pressure lines and tubes, exhaust gas temperature sensors, fuel injectors for active 
regeneration, and related control modules.  

(b) Recommended additional maintenance. You may recommend any amount of critical 
emission-related maintenance that is additional to what we approve for critical emission-related 
components in paragraph (a) of this section for those components, as long as you state clearly 
that the recommended additional maintenance steps are not necessary to keep the emission-
related warranty valid. If operators do the maintenance specified in paragraph (a) of this section, 
but not the recommended additional maintenance, this does not allow you to disqualify those 
engines from in-use testing or deny a warranty claim.  Do not take these maintenance steps 
during service accumulation on your emission-data engines. 
(c) Special maintenance. You may specify more frequent maintenance to address problems 
related to special situations, such as atypical engine operation. For example, you may specify 
more frequent maintenance if operators fuel the engine with an alternative fuel such as biodiesel. 
You must clearly state that this special maintenance is associated with the special situation you 
are addressing. We may disapprove your maintenance instructions if we determine that you have 
specified special maintenance steps to address engine operation that is not atypical, or that the 
maintenance is unlikely to occur in use. If we determine that certain maintenance items do not 
qualify as special maintenance under this paragraph (c), you may identify them as recommended 
additional maintenance under paragraph (b) of this section.  
(d) Noncritical emission-related maintenance. You may specify any amount of emission-related 
inspection or other maintenance that is not approved critical emission-related maintenance under 
paragraph (a) of this section, subject to the provisions of this paragraph (d).  Noncritical
emission-related maintenance generally includes maintenance on the components we specify in 
40 CFR part 1068, appendix A, that is not covered in paragraph (a) of this section.  You must
state in the owners manual that these steps are not necessary to keep the emission-related 
warranty valid. If operators fail to do this maintenance, this does not allow you to disqualify 
those engines from in-use testing or deny a warranty claim.  Do not take these inspection or other 
maintenance steps during service accumulation on your emission-data engines. 
(e) Nonemission-related maintenanceMaintenance that is not emission-related. You may 
schedule any amount of maintenance unrelated to emission controls that is needed for proper 
functioning of the engine. This might include adding engine oil; changing air, fuel, or oil filters; 
servicing engine-cooling systems; adjusting idle speed, governor, engine bolt torque, valve lash, 
injector lash, timing, or tension of air pump drive belts; and lubricating the heat control valve in 
the exhaust manifold. You may perform nonemission-related maintenanceFor maintenance that
is not emission-related, you may perform the maintenance during service accumulation on your 
emission-data engines at the least frequent intervals that you recommend to the ultimate 
purchaser (but not the intervals recommended for special situations).   
(f) [Reserved]Source of parts and repairs. State clearly on the first page of your written 
maintenance instructions that a repair shop or person of the owner's choosing may maintain, 
replace, or repair emission control devices and systems.  Your instructions may not require 
components or service identified by brand, trade, or corporate name. Also, do not directly or 
indirectly condition your warranty on a requirement that the engine be serviced by your 

A-24 



 

 

 

 
 

 

 

 

franchised dealers or any other service establishments with which you have a commercial 
relationship. You may disregard the requirements in this paragraph (f) if you do one of two 
things: 
(1) Provide a component or service without charge under the purchase agreement.   
(2) Get us to waive this prohibition in the public’s interest by convincing us the engine will work 
properly only with the identified component or service. 
(g) Payment for scheduled maintenance. Owners are responsible for properly maintaining their 
engines, which generally includes paying for scheduled maintenance.  However, you may
commit to paying for scheduled maintenance as described in paragraph (a)(1)(iv) of this section 
to demonstrate that the maintenance will occur. You may also schedule maintenance not 
otherwise allowed by paragraph (a)(2) of this section if you pay for it.  You must pay for
scheduled maintenance on any component during the useful life if it meets all the following 
conditions: 

(1) Each affected component was not in general use on similar engines before 1980. 
(2) The primary function of each affected component is to reduce emissions. 
(3) The cost of the scheduled maintenance is more than 2 percent of the price of the engine. 
(4) Failure to perform the maintenance would not cause clear problems that would 
significantly degrade the engine’s performance. 

(h) Owners manual. Include the following maintenance-related information in the owners 
manual , consistent with the requirements of this sectionto clarify maintenance instructions and 
the owner’s responsibilities: 

(1) Clearly describe the scheduled maintenance steps, consistent with the provisions of this 
section, using nontechnical language as much as possible.  Include a list of components for 
which you will cover scheduled replacement costs. 
(2) Identify steps owners must take to qualify their engines as properly maintained, consistent 
with the requirements of this section. Also identify types of engine operation that would not 
qualify their engines as being properly used. Identify all maintenance you consider necessary 
for the engine to be considered properly maintained for purposes of making valid warranty 
claims. Describe what documentation you consider appropriate for making these 
demonstrations. Note that you may identify failure to repair critical emission-related 
components as improper maintenance if the repairs are related to an observed defect. Your 
maintenance instructions under this section may not require components or service identified 
by brand, trade, or corporate name. Also, do not directly or indirectly require that the engine 
be serviced by your franchised dealers or any other service establishments with which you 
have a commercial relationship. However, you may disregard these limitations on your 
maintenance requirements if you do one of the following things: 

(i) Provide a component or service without charge under the purchase agreement.   
(ii) Get us to waive this prohibition in the public’s interest by convincing us the engine 
will work properly only with the identified component or service. 

(3) Describe how the owner can access the OBD system to troubleshoot problems and find 
emission-related diagnostic information and codes stored in onboard monitoring systems as 
described in § 1036.110(b) and (c). These instructions must at a minimum include 
identification of the OBD communication protocol used, location and type of OBD 
connector, brief description of what OBD is (including type of information stored, what a 
MIL is, and explanation that some MILs may self-extinguish), and a note that generic scan 
tools can provide engine maintenance information.The instructions should identify the 
communication protocol and any other information the owner would need to read and 
understand stored codes. 
(4) Describe the elements of the emission control system and provide an overview of how 
they function. Include a general description of how the emission control systems operate. 
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(5) Include one or more diagrams of the engine and its emission-related components with the 
following information: 

(i) The flow path for intake air and exhaust gas.  
(ii) The flow path of evaporative and refueling emissions for spark-ignition engines, and 
DEF for compression-ignition engines, as applicable.  
(iii) The flow path of engine coolant if it is part of the emission control system described 
in the application for certification.  
(iv) The identity, location, and arrangement of relevant sensors, wiring, DEF heater and 
other DEF delivery components, and other critical emission-related components in the 
diagram. Terminology to identify components must be consistent with codes you use for 
the OBD system. 
(v) Expected pressures at the particulate filter and exhaust temperatures throughout the 
aftertreatment system. 

(6) Include one or more exploded-view drawings that allow the owner to identify  the
following components: EGR valve, EGR actuator, EGR cooler, all emission sensors (such as 
NOx sensors and soot sensors), temperature and pressure sensors (such as sensors related to 
EGR, DPF, DOC, and SCR and DEF), quality sensors, DPF filter, DOC, SCR catalyst, fuel 
(DPF-related) and DEF dosing units and components (e.g., pumps, metering units, filters, 
nozzles, valves, injectors), aftertreatment-related control modules, any other DEF delivery-
related components (such as delivery lines and freeze-protection components), and separately 
replaceable aftertreatment-related wiring harnesses. Terminology to identify components 
must be consistent with codes you use for the OBD system. Include part numbers for sensors 
and filters related to SCR and DPF systems for the current model year or any earlier model 
year.Include exploded-view drawings to allow the owner to identify the part numbers and 
basic assembly requirements for turbochargers, aftercoolers, and all components required for 
proper functioning of EGR and aftertreatment devices. Include enough detail to allow a 
mechanic to replace any of those components. 
(7) Include basic wiring diagrams for aftertreatment-related components. Include enough 
detail to allow a mechanic to detect improper functioning of those components.  
(78) Include the following statement: “Technical service bulletins, emission-related recalls, 
and other information for your engine may be available at www.nhtsa.gov/recalls.” 
(89) Include a troubleshooting guide to address the following warning signals related to SCR 
inducement: 

(i) The inducement derate schedule (including indication that inducements will begin 
prior to the DEF tank being completely empty). 
(ii) The meaning of any trouble lights that indicate specific problems (e.g., DEF level). 
(iii) A description of the three types of SCR-related derates (DEF quality, DEF quality 
and tampering) and that further information on the inducement cause (e.g., trouble codes) 
is available using the OBD system. 

(9) Describe how to access OBD fault codes related to DPF-related derates.   
(10) Identify a web site for the service information required in 40 CFR 86.010-38(j). DEF 

dosing and particulate filter regeneration that would be displayed in the cab or in a generic 
scan tool. The troubleshooting guide must describe the fault condition, the potential causes, 
the remedy, and the consequence of continuing to operate without remedy, this would 
include a list of all codes that cause derate or inducement (e.g., list SPN/FMI combinations) 
and associated operating restrictions (e.g., percent torque derate). 
(10) Note that § 1036.135(c)(10) requires the owners manual for an engine to be accessible 
electronically from a QR Code on the emission control information label. 
(11) Include the following information for engines with particulate filters: 
(i) Instructions on removing the particulate filter for cleaning. 
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(ii) Criteria for establishing that a particulate filter has been cleaned, including maximum 
clean filter weight and pressure drop across the filter. We recommend that you also specify a 
pre-installation filter weight to represent a like-new configuration. 
(iii) A statement that particulate filter inlet and outlet pressures are available with a generic 
scan tool. 
(iv) Suggested maintenance practices to prevent damage to particulate filters. 

§ 1036.130 Installation instructions for vehicle manufacturers.  
(a) If you sell an engine for someone else to install in a vehicle, give the engine installer 
instructions for installing it consistent with the requirements of this part.  Include all information 
necessary to ensure that an engine will be installed in its certified configuration. 
(b) Make sure these instructions have the following information: 

(1) Include the heading: “Emission-related installation instructions”. 
(2) State: “Failing to follow these instructions when installing a certified engine in a heavy-
duty motor vehicle violates federal law, subject to fines or other penalties as described in the 
Clean Air Act.” 
(3) Provide all instructions needed to properly install the exhaust system and any other 
components. Include any appropriate instructions for configuring the exhaust system in the 
vehicle to allow for collecting emission samples for in-use testing where that is practical. 
(4) Describe any necessary steps for installing any diagnostic system required under 
§ 1036.11040 CFR part 86. 
(5) Describe how your certification is limited for any type of application.  For example, if 
you certify Hheavy heavy-duty enginesHDE to the CO2 standards using only transient FTP 
testing, you must make clear that the engine may not be installed in tractors.   
(6) Describe any other instructions to make sure the installed engine will operate according to 
design specifications in your application for certification.  This may include, for example, 
instructions for installing aftertreatment devices when installing the engines. 
(7) Give the following instructions if you do not ship diesel exhaust fluid tanks with your 
engines: 

(i) Specify that vehicle manufacturers must install diesel exhaust fluid tanks meeting the 
specifications of § 1036.115(i). 
(ii) Describe how vehicle manufacturers must install diesel exhaust fluid tanks with 
sensors as needed to meet the requirements of §§ 1036.110 and 1036.111. 

(87) State: “If you install the engine in a way that makes the engine’s emission control 
information label hard to read during normal engine maintenance, you must place a duplicate 
label on the vehicle, as described in 40 CFR 1068.105.” 
(9) Describe how vehicle manufacturers need to apply stickers to qualifying vehicles as 
described in § 1036.136 if you certify engines to the Clean Idle NOx standard of 
§ 1036.104(b). 

(c) Give the vehicle manufacturer fuel map results as described in § 1036.505310(b). 
(d) You do not need installation instructions for engines that you install in your own vehicles.  
(e) Provide instructions in writing or in an equivalent format.  For example, you may post 
instructions on a publicly available website for downloading or printing.  If you do not provide 
the instructions in writing, explain in your application for certification how you will ensure that 
each installer is informed of the installation requirements.  

§ 1036.135 Labeling. 
Label your engines as described in 40 CFR 86.007-35(a)(3), with the following additional 
information: 
(a) Assign each engine a unique identification number and permanently affix, engrave, or stamp 
it on the engine in a legible way.[Reserved] 
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(b) Identify the emission control system. Use terms and abbreviations as described in 40 CFR 
1068.45 or other applicable conventions. At the time of manufacture, affix a permanent and 
legible label identifying each engine. The label must meet the requirements of 40 CFR 1068.45. 
(c) Identify any limitations on your certification.  For example, if you certify heavy heavy-duty 
engines to the CO2 standards using only transient cycle testing, include the statement 
“VOCATIONAL VEHICLES ONLY”.The label must – 

(1) Include the heading "EMISSION CONTROL INFORMATION". 
(2) Include your full corporate name and trademark.  You may identify another company and
use its trademark instead of yours if you comply with the branding provisions of 40 CFR 
1068.45. 
(3) Include EPA’s standardized designation for the engine family.  
(4) Identify the primary intended service class. 
(5) State the engine’s displacement (in liters); however, you may omit this from the label if 
all the engines in the engine family have the same per-cylinder displacement and total 
displacement. 
(6) State the date of manufacture [DAY (optional), MONTH, and YEAR]; however, you may 
omit this from the label if you stamp, engrave, or otherwise permanently identify it elsewhere 
on the engine, in which case you must also describe in your application for certification 
where you will identify the date on the engine. 
(7) State the NOx FEL(s) to which the engines are certified if certification depends on the 
ABT provision of subpart H of this part applicable. Identify the Clean Idle standard if you 
certify the engine to the NOx standard of § 1036.104(b). 
(8) State: "THIS ENGINE COMPLIES WITH U.S. EPA REGULATIONS FOR [MODEL 
YEAR] HEAVY-DUTY HIGHWAY ENGINES." 
(9) Identify any limitations on your certification.  For example, if you certify Heavy HDE to 
the CO2 standards using only steady-state testing, include the statement “TRACTORS 
ONLY”. Similarly, for engines with one or more approved AECDs for emergency vehicle 
applications under § 1036.115(h)(4), the statement: “THIS ENGINE IS FOR 
INSTALLATION IN EMERGENCY VEHICLES ONLY”. 
(10) Include a field on the label to allow for accessing interactive information with mobile 
electronic devices. To do this, include an image of a QR code that will direct mobile 
electronic devices to a public Web site that you maintain. Generate the QR code as specified 
in ISO/IEC 18004 (incorporated by reference in § 1036.810). To the left of the QR code, 
include the vertically oriented caption “Smartphone QR CodeTM”. The Web site associated 
with the QR code for a given engine must include a link to a public copy of the owners 
manual and the following information for that engine: 

(i) Include EPA’s standardized designation for the engine family. This may include 
multiple engine families in a given model year and it may include multiple model years 
for those families as long as the appropriate information is available for each engine. 
(ii) Identify the emission control system.  Use terms and abbreviations as described in 40 
CFR 1068.45. 
(iii) Identify any requirements for fuel and lubricants that do not involve fuel-sulfur 
levels. 

(d) You may add information to the emission control information label as follows: 
(1) You may identify other emission standards that the engine meets or does not meet. You 
may add the information about the other emission standards to the statement we specify, or 
you may include it in a separate statement. 
(2) You may add other information to ensure that the engine will be properly maintained and 
used. 
(3) You may add appropriate features to prevent counterfeit labels. For example, you may 
include the engine's unique identification number on the label. 
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(e) You may ask us to approve modified labeling requirements in this part 1036 if you show that 
it is necessary or appropriate. We will approve your request if your alternate label is consistent 
with the requirements of this part. We may also specify modified labeling requirements to be 
consistent with the intent of 40 CFR part 1037. 
(f) If you obscure the engine label while installing the engine in the vehicle such that the label 
cannot be read during normal maintenance, you must place a duplicate label on the vehicle.  If
others install your engine in their vehicles in a way that obscures the engine label, we require 
them to add a duplicate label on the vehicle (see 40 CFR 1068.105); in that case, give them the 
number of duplicate labels they request and keep the following records for at least five years: 

(1) Written documentation of the request from the vehicle manufacturer. 
(2) The number of duplicate labels you send for each engine family and the date you sent 
them. 

§ 1036.136 Clean Idle sticker.
(a) Design and produce stickers showing that your engines meet the federal Clean Idle standard 
if you certify engines to the Clean Idle NOx standard of § 1036.104(b). The sticker must–  

(1) Meet the requirements of 40 CFR 1068.45 for permanent labels. The preferred location 
for sticker placement is on the driver’s side of the hood. 
(2) Include one or both of your corporate name and trademark. 
(3) Identify that the engine is qualified to meet the federal Clean Idle NOx standard. 
(4) Include a serial number or other method to confirm that stickers have been properly 
applied to vehicles. 

(b) The following provisions apply for placing Clean Idle stickers on vehicles with installed 
engines that have been certified to the NOx standard of § 1036.104(b): 

(1) If you install engines in vehicles you produce, you must apply a sticker to each vehicle 
certified to the Clean Idle standard.  
(2) If you ship engines for others to install in vehicles, include in your purchasing 
documentation the manufacturer’s request for a specific number of labels corresponding to 
the number of engines ordered. Supply the vehicle manufacturer with exactly one sticker for 
each shipped engine certified to the Clean Idle standard. Prepare your emission-related 
installation instructions to ensure that vehicle manufacturers meet all application 
requirements. Keep the following records for at least five years: 

(i) Written documentation of the vehicle manufacturer’s request for stickers. 
(ii) Tracking information for stickers you send and the date you sent them. 

(c) The provisions in 40 CFR 1068.101 apply for the Clean Idle sticker in the same way that 
those provisions apply for emission control information labels. 

§ 1036.140 Primary intended service class and engine cycle.  
You must identify a single primary intended service class for each engine family that best 
describes vehicles for which you design and market the engine, as follows: 
(a) Divide compression-ignition engines into primary intended service classes based on the 
following engine and vehicle characteristics: 

(1) Light HDE includes engines that heavy-duty engines usually are not designed for rebuild 
and do not have cylinder liners. Vehicle body types in this group might include any heavy-
duty vehicle built from a light-duty truck chassis, van trucks, multi-stop vans, and some 
straight trucks with a single rear axle. Typical applications would include personal 
transportation, light-load commercial delivery, passenger service, agriculture, and 
construction. The GVWR of these vehicles is normally at or below 19,500 pounds. 
(2) Medium HDE includes engines that heavy-duty engines may be designed for rebuild and 
may have cylinder liners. Vehicle body types in this group would typically include school 
buses, straight trucks with single rear axles, city tractors, and a variety of special purpose 
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vehicles such as small dump trucks, and refuse trucks. Typical applications would include 
commercial short haul and intra-city delivery and pickup. Engines in this group are normally 
used in vehicles whose GVWR ranges from 19,501 to 33,000 pounds. 
(3) Heavy HDE includes engines thatheavy-duty engines are designed for multiple rebuilds 
and have cylinder liners. Vehicles in this group are normally tractors, trucks, straight trucks 
with dual rear axles, and buses used in inter-city, long-haul applications. These vehicles 
normally exceed 33,000 pounds GVWR. 

(b) Divide spark-ignition engines into primary intended service classes as follows: 
(1) Spark-ignition engines that are best characterized by paragraph (a)(1) or (2) of this 
section are in a separate “sSpark-ignition” HDE primary intended service class.  
(2) Spark-ignition engines that are best characterized by paragraph (a)(3) of this section are 
included in the Heavy HDE primary intended service class along with compression-ignition 
engines. Gasoline-fueled engines are presumed not to be characterized by paragraph (a)(3) of 
this section; for example, vehicle manufacturers may install some number of gasoline-fueled 
engines in Class 8 trucks without causing the engine manufacturer to consider those to be 
Hheavy HDEheavy-duty engines. 

(c) References to “spark-ignition standards” in this part relate only to the spark-ignition engines 
identified in paragraph (b)(1) of this section. References to “compression-ignition standards” in 
this part relate to compression-ignition engines, to spark-ignition engines optionally certified to 
standards that apply to compression-ignition engines, and to all engines identified under 
paragraph (b)(2) of this section as Hheavy HDEheavy-duty engines. 

§ 1036.150 Interim provisions. 
The provisions in this section apply instead of other provisions in this part. This section describes 
when these interim provisions expire, if applicable. 
(a) Transitional ABT credits for NOx emissions. You may generate NOx credits from model year 
2026 and earlier engines and use those as transitional credits for model year 2027 and later 
engines using any of the following methods: 

(1) Discounted credits. Generate discounted credits by certifying any model year 2022 
through 2026 engine family to meet all the requirements that apply under 40 CFR part 86, 
subpart A. Calculate discounted credits for certifying engines in model years 2027 through 
2029 as described in § 1036.705 relative to a NOx emission standard of 200 mg/hpꞏhr and 
multiply the result by 0.6. You may not use discounted credits for certifying model year 2030 
and later engines. 
(2) Partial credits. Generate partial credits by certifying any model year 2024 through 2026 
compression-ignition engine family as described in this paragraph (a)(2). You may not use 
partial credits for certifying model year 2033 and later engines. Certify engines for partial 
credits to meet all the requirements that apply under 40 CFR part 86, subpart A, with the 
following adjustments: 

(i) Calculate credits as described in § 1036.705 relative to a NOx emission standard of 
200 mg/hpꞏhr using the appropriate useful life mileage from 40 CFR 86.004-2. Your 
declared NOx family emission limit applies for the FTP and SET duty cycles.  
(ii) Engines must meet a NOx standard when tested over the Low Load Cycle as 
described in § 1036.514. Engines must also meet an off-cycle NOx standard as specified 
in § 1036.104(a)(3). Calculate the NOx family emission limits for the Low Load Cycle 
and for off-cycle testing as described in § 1036.104(c)(3) with StdFTPNOx set to 35 
mg/hp∙hr and Std[cycle]NOx set to the values specified in § 1036.104(a)(2) or (3), 
respectively. No standard applies for HC, PM, and CO emissions for the Low Load Cycle 
or for off-cycle testing, but you must record measured values for those pollutants and 
include those measured values where you report NOx emission results. 
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(iii) For engines selected for in-use testing, we may specify that you perform testing as 
described in 40 CFR part 86, subpart T, or as described in subpart E of this part.  
(iv) Add the statement “Partial credit” to the emission control information label. 

(3) Full credits. Generate full credits by certifying any model year 2024 through 2026 engine 
family to meet all the requirements that apply under this part. Calculate credits as described 
in § 1036.705 relative to a NOx emission standard of 200 mg/hpꞏhr. You may not use full
credits for certifying model year 2033 and later engines. 
(4) 2026 service class pull-ahead credits. Generate credits from diesel-fueled engines under 
this paragraph (a)(4) by certifying all your model year 2026 diesel-fueled Heavy HDE to 
meet all the requirements that apply under this part, with a NOx family emission limit for 
FTP testing at or below 50 mg/hpꞏhr. Calculate credits as described in § 1036.705 relative to 
a NOx emission standard of 200 mg/hpꞏhr. You may use credits generated under this 
paragraph (a)(4) through model year 2034, but not for later model years. Credits generated by 
Heavy HDE may be used for certifying Medium HDE after applying a 10 percent discount 
(multiply credits by 0.9). Engine families using credits generated under this paragraph (a)(4) 
are subject to a NOx FEL cap of 50 mg/hpꞏhr for FTP testing.(a) Early banking of 
greenhouse gas emissions. You may generate CO2 emission credits for engines you certify in 
model year 2013 (2015 for spark-ignition engines) to the standards of § 1036.108.  

(1) Except as specified in paragraph (a)(2) of this section, to generate early credits, you must 
certify your entire U.S.-directed production volume within that averaging set to these 
standards. This means that you may not generate early credits while you produce engines in 
the averaging set that are certified to the criteria pollutant standards but not to the greenhouse 
gas standards. Calculate emission credits as described in subpart H of this part relative to the 
standard that would apply for model year 2014 (2016 for spark-ignition engines).   
(2) You may generate early credits for an individual compression-ignition engine family 
where you demonstrate that you have improved a model year 2013 engine model’s CO2 

emissions relative to its 2012 baseline level and certify it to an FCL below the applicable 
standard. Calculate emission credits as described in subpart H of this part relative to the 
lesser of the standard that would apply for model year 2014 engines or the baseline engine’s 
CO2 emission rate. Use the smaller U.S.-directed production volume of the 2013 engine 
family or the 2012 baseline engine family.  We will not allow you to generate emission 
credits under this paragraph (a)(2) unless we determine that your 2013 engine is the same 
engine as the 2012 baseline or that it replaces it. 
(3) You may bank credits equal to the surplus credits you generate under this paragraph (a) 
multiplied by 1.50. For example, if you have 10 Mg of surplus credits for model year 2013, 
you may bank 15 Mg of credits. Credit deficits for an averaging set prior to model year 2014 
(2016 for spark-ignition engines) do not carry over to model year 2014 (2016 for spark-
ignition engines). We recommend that you notify us of your intent to use this provision 
before submitting your applications.Banked premium credits can only be used to certify 
Medium HDE or Heavy HDE to a FEL for FTP testing at or below 50 mg/hpꞏhr. 

(a) Transitional and early credits for NOx emissions. You may generate and use transitional and 
early credits for NOx emissions according to § 1036.104(c) and subpart H of this part subject to 
the following provisions: 
(1) Transitional credits. Model year 2024 through 2026 engines may generate transitional credits 
that can be used to certify model year 2027 and later engines as follows: 
(i) Calculate transitional credits as described in § 1036.705(b) relative to the NOx emission 
standard for FTP testing in 40 CFR 86.007-11 or 86.008-10 using the useful life mileages of 40 
CFR 86.004-2. 
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(ii) Engines must also comply with NOx family emission limits for each duty-cycle standard 
other than the FTP duty cycle in § 1036.104(a) using the test procedures in subpart F of this part. 
Calculate these NOx family emission limits, FEL[cycle]NOx, using the following equation:

𝐹𝐸𝐿୶𝐹𝐸𝐿ሾୡ୷ୡ୪ୣሿ୶ ൌ 𝑆𝑡𝑑ሾୡ୷ୡ୪ୣሿ୶ଶଶ  𝑆𝑡𝑑୶ଶଶ
Eq. 1036.150-1 
Where: 
Std[cycle]NOx2027 = the NOx emission standard that applies for the applicable duty cycle under 
§ 1036.104 for model year 2027 engines not participating in the ABT program. 
FELFTPNOx = the engine family’s declared FEL for NOx over the FTP duty cycle from 
§ 1036.104(c)(1). 
StdFTPNOx2027 = the NOx emission standard that applies for the FTP duty cycle under § 1036.104 
for model year 2027 engines not participating in the ABT program. 

Example for LLC: 
StdLLCNOx2027 = 90 mg/hpꞏhr 
FELFTPNOx = 100 mg/hpꞏhr 
StdFTPNOx2027 = 35 mg/hpꞏhr

100
𝐹𝐸𝐿େ୶ ൌ 90  

35 
ൌ 257 mg/hp  hr 

(iii) The family emission limits in this paragraph (a)(1) serve as the emission standards to 
determine compliance for all testing instead of the standards specified in 40 CFR 86.007-11 or 
86.008-10. 
(iv) Record PM, HC, and CO emission levels during all testing. Demonstrate that you comply 
with applicable PM, HC, and CO emission standards in 40 CFR 86.007-11 or 86.008-10. 
(2) Early credits. Model year 2024 and later engines may generate early credits under this 
paragraph (a)(2) only if they comply with all the requirements that apply under this part for the 
model year to which you are certifying. Calculate early credits as described in § 1036.705(b) 
with the following adjustments and clarifications: 
(i) Calculate early credits for all model year 2030 and earlier engines relative to the NOx standard 
for FTP testing in 40 CFR 86.007-11 or 86.008-10 or § 1036.104 that applies for an engine 
family’s model year. 
(ii) Replace the FL term in Eq. 1036.705-1 with:

𝑈𝐿ଢ଼𝐹𝐿ୣୟ୰୪୷ୡ୰ୣୢ୧୲ ൌ 𝐹𝐸𝐿  𝑈𝐿 
Eq. 1036.150-2 
Where: 
FELFTP = the engine family’s declared FEL for NOx over the FTP duty cycle from 
§ 1036.104(c)(1). 
ULMY = the required useful life, in miles, that applies for that model year. 
UL = the useful life, in miles, for the future model year standard that applies for the applicable 
primary intended service class. 

Example for model year 2026 Heavy HDE generating early credits for a model year 2028 Heavy 
HDE: 
FELFTP = 35 mg/hpꞏhr 
ULMY = 435,000 miles 
UL = 600,000 miles 

435,000
𝐹𝐿ୣୟ୰୪୷ୡ୰ୣୢ୧୲ ൌ 131  

600,000 
ൌ 95 mg/hp  hr 
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(3) Limitations on using banked emission credits in model years 2027 and later. You must use 
one of the methods described in paragraphs (a)(1) and (2) of this section for using NOx emission 
credits generated by model year 2026 and earlier engines when certifying model year 2027 and 
later engines. Similarly, you must use the method described in paragraph (a)(2) of this section for 
using NOx emission credits generated by model year 2027 through 2030 engines when certifying 
model year 2031 and later engines. 
(b) Model year 2014 N2O standards. In model year 2014 and earlier, manufacturers may show 
compliance with the N2O standards using an engineering analysis.  This allowance also applies 
for later families certified using carryover CO2 data from model 2014 consistent with 
§ 1036.235(d). 
(c) Engine cycle classification. Through model year 2020, engines meeting the definition of 
spark-ignition, but regulated as compression-ignition diesel engines under § 1036.14040 CFR 
part 86, must be certified to the requirements applicable to compression-ignition engines under 
this part. Such engines are deemed to be compression-ignition engines for purposes of this part.  
Similarly, through model year 2020, engines meeting the definition of compression-ignition, but 
regulated as Otto-cycle under 40 CFR part 86 must be certified to the requirements applicable to 
spark-ignition engines under this part.  Such engines are deemed to be spark-ignition engines for 
purposes of this part. See § 1036.140 for provisions that apply for model year 2021 and later.   
(d) Small manufacturers. The greenhouse gas standards of this part apply on a delayed schedule 
for manufacturers meeting the small business criteria specified in 13 CFR 121.201.  Apply the 
small business criteria for NAICS code 336310 for engine manufacturers with respect to 
gasoline-fueled engines and 333618 for engine manufacturers with respect to other engines; the 
employee limits apply to the total number employees together for affiliated companies.  
Qualifying small manufacturers are not subject to the greenhouse gas emission standards in 
§ 1036.108 for engines with a date of manufacture on or after November 14, 2011 but before 
January 1, 2022. In addition, qualifying small manufacturers producing engines that run on any 
fuel other than gasoline, E85, or diesel fuel may delay complying with every later greenhouse 
gas standard under this part by one model year.  Small manufacturers may certify their engines 
and generate emission credits under this part 1036 before standards start to apply, but only if 
they certify their entire U.S.-directed production volume within that averaging set for that model 
year. Note that engines not yet subject to standards must nevertheless supply fuel maps to 
vehicle manufacturers as described in paragraph (n) of this section.  Note also that engines 
produced by small manufacturers are subject to criteria pollutant standards. 
(e) Alternate phase-in standards for greenhouse gas emissions. Where a manufacturer certifies 
all of its model year 2013 compression-ignition engines within a given primary intended service 
class to the applicable alternate standards of this paragraph (e), its compression-ignition engines 
within that primary intended service class are subject to the standards of this paragraph (e) for 
model years 2013 through 2016. This means that once a manufacturer chooses to certify a 
primary intended service class to the standards of this paragraph (e), it is not allowed to opt out 
of these standards.  Engines certified to these standards are not eligible for early credits under 
paragraph (a) of this section. 
TABLE 1 TO PARAGRAPH (e) OF § 1036.150—ALTERNATE PHASE-IN STANDARDS (g/hp∙hr) 

Vehicle type Model years 
Light HDE 

Engines 
Medium HDE 

Engines 
Heavy HDE 

Engines 

Tractors 
2013-2015 NA 512 g/hpꞏhr 485 g/hpꞏhr. 
2016 and latera NA 487 g/hpꞏhr 460 g/hpꞏhr. 

Vocational 
2013-2015 618 g/hpꞏhr 618 g/hpꞏhr 577 g/hpꞏhr. 
2016 through 2020a1 576 g/hpꞏhr 576 g/hpꞏhr 555 g/hpꞏhr. 

a1Note: these alternate standards for 2016 and later are the same as the otherwise applicable 
standards for 2017 through 2020. 
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(f) [Reserved] Separate OBD families. This paragraph (f) applies where you separately certify 
engines for the purpose of applying OBD requirements (for engines used in vehicles under 
14,000 pounds GVWR) from non-OBD engines that could be certified as a single engine family.  
You may treat the two engine families as a single engine family in certain respects for the 
purpose of this part, as follows: 
(1) This paragraph (f) applies only where the two families are identical in all respects except for 
the engine ratings offered and the inclusion of OBD. 
(2) For purposes of this part and 40 CFR part 86, the two families remain two separate families 
except for the following: 
(i) Specify the testable configurations of the non-OBD engine family as the testable 
configurations for the OBD family. 
(ii) Submit the same CO2, N2O, and CH4 emission data for both engine families. 
(g) Default Assigned deterioration factors for greenhouse gas standards. You may use default 
assigned deterioration factors (DFs) without performing your own durability emission tests or 
engineering analysis as follows: 

(1) You may use an default assigned additive DF of 0.0 g/hpꞏ-hr for CO2 emissions from 
engines that do not use advanced or off-cycle technologies.  If we determine it to be 
consistent with good engineering judgment, we may allow you to use an default assigned 
additive DF of 0.0 g/hpꞏ-hr for CO2 emissions from your engines with advanced or off-cycle 
technologies. 
(2) You may use an default assigned additive DF of 0.010 g/hpꞏhr for N2O emissions from 
any engine through model year 2021, and 0.020 g/hp∙-hr for later model years. 
(3) You may use an default assigned additive DF of 0.020 g/hpꞏ-hr for CH4 emissions from 
any engine. 

(h) Advanced-technology credits. If you generate CO2 credits from model year 2020 and earlier 
engines certified for advanced technology, you may multiply these credits by 1.5, except that you 
may not apply this multiplier and the early-credit multiplier of paragraph (a) of this section. 
(i) CO2 credits for low N2O emissions. If you certify your model year 2014, 2015, or 2016 
engines to an N2O FEL less than 0.04 g/hpꞏ-hr (provided you measure N2O emissions from your 
emission-data engines), you may generate additional CO2 credits under this paragraph (i). 
Calculate the additional CO2 credits from the following equation instead of the equation in 
§ 1036.705: 

CO2 Ccredits (Mg) = (0.04 – FELN2O) ꞏ (CF) ꞏ (Volume) ꞏ (UL) ꞏ (10-6) ꞏ (298) 
Eq. 1036.150-1 

(j) Alternate standards under 40 CFR part 86. This paragraph (j) describes alternate emission 
standards for loose engines certified under 40 CFR 86.1819-14(k)(8).  The standards of 
§ 1036.108 do not apply for these engines. The standards in this paragraph (j) apply for 
emissions measured with the engine installed in a complete vehicle consistent with the 
provisions of 40 CFR 86.1819-14(k)(8)(vi).  The only requirements of this part that apply to 
these engines are those in this paragraph (j), §§ 1036.115 through 1036.135, 1036.535, and 
1036.540. 
(k) [Reserved] Limited production volume allowance under ABT. You may produce a limited 
number of Heavy HDE that continue to meet the standards that applied under 40 CFR 86.007-11 
in model years 2027 through 2029. The maximum number of engines you may produce under 
this limited production allowance is 5 percent of the annual average of your actual U.S.-directed 
production volume of Heavy HDE in model years 2023-2025. Engine certification under this 
paragraph (k) is subject to the following conditions and requirements: 

(1) Engines must meet all the standards and other requirements that apply under 40 CFR part 
86 for model year 2026. Engine must be certified in separate engine families that qualify for 
carryover certification as described in § 1036.235(d). 
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(2) The NOx FEL must be at or below 200 mg/hpꞏhr. Calculate negative credits as described 
in § 1036.705 by comparing the NOx FEL to the FTP emission standard specified in 
§ 1036.104(a)(1), with a value for useful life of 650,000 miles. Meet the credit reporting and 
recordkeeping requirements in §§ 1036.730 and 1036.735. 
(3) Label the engine as described in 40 CFR 86.095-35, but include the following alternate 
compliance statement: “THIS ENGINE CONFORMS TO U.S. EPA REGULATIONS FOR 
MODEL YEAR 2026 ENGINES UNDER 40 CFR 1036.150(k).” 

(l) Credit adjustment for spark-ignition engines and light heavy-duty compression-ignition 
engines. For greenhouse gas emission credits generated from model year 2020 and earlier spark-
ignition and light heavy-duty engines, multiply any banked CO2 credits that you carry forward to 
demonstrate compliance with model year 2021 and later standards by 1.36. 
(m) Infrequent regeneration. For model year 2020 and earlier, you may invalidate any test 
interval with respect to CO2 measurements if an infrequent regeneration event occurs during the 
test interval. Note that § 1036.5802230 specifies how to apply infrequent regeneration 
adjustment factors for later model years. 
(n) Supplying fuel maps. Engine manufacturers not yet subject to standards under § 1036.108 in 
model year 2021 must supply vehicle manufacturers with fuel maps (or powertrain test results) 
as described in § 1036.130 for those engines. 
(o) Engines used in glider vehicles. For purposes of recertifying a used engine for installation in 
a glider vehicle, we may allow you to include in an existing certified engine family those engines 
you modify (or otherwise demonstrate) to be identical to engines already covered by the 
certificate. We would base such an approval on our review of any appropriate documentation. 
These engines must have emission control information labels that accurately describe their 
status. 
(p) Transition to Phase 2 CO2 standards. If you certify all your model year 2020 engines within 
an averaging set to the model year 2021 FTP and SET standards and requirements, you may 
apply the provisions of this paragraph (p) for enhanced generation and use of emission credits. 
These provisions apply separately for Mmedium HDEheavy-duty engines and Hheavy 
HDEheavy-duty engines. 

(1) GHG Greenhouse gas emission credits you generate with model year 2018 through 2024 
engines may be used through model year 2030, instead of being limited to a five-year credit 
life as specified in § 1036.740(d). 
(2) You may certify your model year 2024 through 2026 engines to the following alternative 
standards: 
TABLE 2 TO PARAGRAPH (p)(2) OF § 1036.150—ALTERNATIVE STANDARDS FOR MODEL 

YEARS 2024 THROUGH 2026 

Model years 
Medium heavy-
duty-vocational 

Heavy heavy-
duty-vocational 

Medium heavy-
duty-tractor 

Heavy heavy-
duty-tractor 

2024-2026 542 510 467 442 

(q) Confirmatory testing of fuel maps defined in § 1036.5053(b). For model years 2021 and 
later, where the results from Eq. 1036.235-1 for a confirmatory test are at or below is less than or 
equal to 2.0 %, we will not replace the manufacturer’s fuel maps. 
(r) Fuel maps for the transition to updated GEM. (1) You may use fuel maps from model year 

2023 and earlier engines for certifying model year 2024 and later engines using carryover 
provisions in § 1036.235(d). 
(2) Compliance testing will be based on the GEM version you used to generate fuel maps for 
certification. For example, if you perform a selective enforcement audit with respect to fuel 
maps, use the same GEM version that you used to generate fuel maps for certification. 
Similarly, we will use the same GEM version that you used to generate fuel maps for 
certification if we perform confirmatory testing with one of your engine families.  
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(s) Greenhouse gas compliance testing. Select duty cycles and measure emissions to 
demonstrate compliance with greenhouse gas emission standards before model year 2027 as 
follows: 

(1) For model years 2016 through 2020, measure emissions using the FTP duty cycle 
specified in § 1036.5120 and the SET duty cycle specified in 40 CFR 86.1362, as applicable. 
(2) The following provisions apply for model years 2021 through 2026: 

(i) Determine criteria pollutant emissions during any testing used to demonstrate 
compliance with greenhouse gas emission standards; however, the duty-cycle standards 
of § 1036.104 apply for measured criteria pollutant emissions only as described in 
subpart F of this part. 
(ii) You may demonstrate compliance with SET-based greenhouse gas emission 
standards in § 1036.108(a)(1) using the SET duty cycle specified in 40 CFR 86.1362 if 
you collect emissions with continuous sampling. Integrate the test results by mode to 
establish separate emission rates for each mode (including the transition following each 
mode, as applicable). Apply the CO2 weighting factors specified in 40 CFR 86.1362 to 
calculate a composite emission result. 

(t) Model year 2027 compliance date. The following provisions describe when this part 1036
starts to apply for model year 2027 engines: 

(1) Split model year. Model year 2027 engines you produce before December 20, 2026 are 
subject to the criteria standards and related provisions in 40 CFR part 86, subpart A, as 
described in § 1036.1(a). Model year 2027 engines you produce on or after December 20, 
2026 are subject to all the provisions of this part. 
(2) Optional early compliance. You may optionally certify model year 2027 engines you 
produce before December 20, 2026 to all the provisions of this part.  
(3) Certification. If you certify any model year 2027 engines to 40 CFR part 86, subpart A, 
under paragraph (t)(1) of this section, certify the engine family by dividing the model year 
into two partial model years. The first portion of the model year starts when it would 
normally start and ends when you no longer produce engines meeting standards under 40 
CFR part 86, subpart A, on or before December 20, 2026. The second portion of the model 
year starts when you begin producing engines meeting standards under this part 1036, and 
ends on the day your model year would normally end. The following additional provisions 
apply for model year 2027 if you split the model year as described in this paragraph (t):  

(i) You may generate emission credits only with engines that are certified under this part 
1036. 
(ii) In your production report under § 1036.250(a), identify production volumes 
separately for the two parts of the model year. 
(iii) OBD testing demonstrations apply singularly for the full model year.[Reserved] 

(u) Crankcase emissions. The provisions of 40 CFR 86.007-11(c) for crankcase emissions 
continue to apply through model year 2026.Through model year 2026, compression-ignition 
engines may discharge crankcase emissions to the ambient atmosphere if the emissions are added 
to the exhaust emissions (either physically or mathematically) during all emission testing.  If you
take advantage of this exception, you must do the following things: 
(1) Manufacture the engines so that all crankcase emissions can be routed into the applicable 
sampling systems specified in 40 CFR part 1065. 
(2) Account for deterioration in crankcase emissions when determining exhaust deterioration 
factors. 
(v) OBD communication protocol. We may approve the alternative communication protocol 
specified in SAE J1979-2 (incorporated by reference in § 1036.810) if the protocol is approved 
by the California Air Resources Board. The alternative protocol would apply instead of SAE 
J1939 and SAE J1979 as specified in 40 CFR 86.010-18(k)(1). Engines designed to comply with 
SAE J1979-2 must meet the freeze-frame requirements in § 1036.110(b)(8) and in 13 CCR 
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1971.1(h)(4.3.2) (incorporated by reference in § 1036.810). This paragraph (v) also applies for 
model year 2026 and earlier engines. 
(w) Greenhouse gas warranty. For model year 2027 and later engines, you may ask us to 
approve the model year 2026 warranty periods specified in § 1036.120 for components or 
systems needed to comply with greenhouse gas emission standards if those components or 
systems do not play a role in complying with criteria pollutant standards. 
(x) Schedule for migrating provisions from 40 CFR part 86. This part included provisions that 
applied uniquely for complying with greenhouse gas standards before [INSERT DATE 30 
DAYS AFTER DATE OF PUBLICATION IN THE FEDERAL REGISTER]. The following 
provisions apply through model year 2026: 
(1) Subpart F of this part applies except as specified in this section; otherwise, you may continue 
to comply with the earlier version of the provisions of this part if those provisions are modified 
to apply for complying with both criteria pollutant standards and greenhouse gas standards. 
(2) Engines exempted from the applicable standards of 40 CFR part 86 under the provisions of 
40 CFR part 1068 are exempt from the standards of this part without request. 
(y) Powertrain testing for criteria pollutants. You may apply the powertrain testing provisions of 
§ 1036.101(b) for demonstrating compliance with criteria pollutant emission standards in 40 
CFR part 86 before model year 2027. 
(y) NOx compliance allowance for in-use testing. A NOx compliance allowance of 15 mg/hpꞏhr 
applies for any in-use testing of Medium HDE and Heavy HDE as described in subpart E of this 
part. Add the compliance allowance to the NOx standard that applies for each duty cycle and for 
off-cycle testing, with both field testing and laboratory testing. The NOx compliance allowance 
does not apply for the bin 1 off-cycle standard. As an example, for manufacturer-run field-testing 
of a Heavy HDE, add the 15 mg/hpꞏhr compliance allowance and the 5 mg/hpꞏhr accuracy 
margin from § 1036.420 to the 58 mg/hp∙hr bin 2 off-cycle standard to calculate a 78 mg/hpꞏhr 
NOx standard. 
(z) Alternate family pass criteria for in-use testing. The following family pass criteria apply for 
manufacturer-run in-use testing instead of the pass criteria described in § 1036.425 for model 
years 2027 and 2028: 

(1) Start by measuring emissions from five engines using the procedures described in subpart 
E of this part and § 1036.530. If four or five engines comply fully with the off-cycle bin 
standards, the engine family passes and you may stop testing. 
(2) If exactly two of the engines tested under paragraph (z)(1) of this section do not comply 
fully with the off-cycle bin standards, test five more engines. If these additional engines all 
comply fully with the off-cycle bin standards, the engine family passes and you may stop 
testing. 
(3) If three or more engines tested under paragraphs (z)(1) and (2) of this section do not 
comply fully with the off-cycle bin standards, test a total of at least 10 but not more than 15 
engines. Calculate the arithmetic mean of the bin emissions from all the engine tests as 
specified in § 1036.530(g) for each pollutant. If the mean values are at or below the off-cycle 
bin standards, the engine family passes. If the mean value for any pollutant is above an off-
cycle bin standard, the engine family fails. 

Subpart C—Certifying Engine Families 

§ 1036.201 General requirements for obtaining a certificate of conformity. 
(a) You must send us a separate application for a certificate of conformity for each engine 
family. A certificate of conformity is valid from the indicated effective date until December 31 
of the model year for which it is issued. 
(b) The application must contain all the information required by this part and must not include 
false or incomplete statements or information (see § 1036.255).   
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(c) We may ask you to include less information than we specify in this subpart, as long as you 
maintain all the information required by § 1036.250. 
(d) You must use good engineering judgment for all decisions related to your application (see 40 
CFR 1068.5). 
(e) An authorized representative of your company must approve and sign the application. 
(f) See § 1036.255 for provisions describing how we will process your application. 
(g) We may require you to deliver your test engines to a facility we designate for our testing (see 
§ 1036.235(c)). Alternatively, you may choose to deliver another engine that is identical in all 
material respects to the test engine, or another engine that we determine can appropriately serve 
as an emission-data engine for the engine family. 
(h) For engines that become new after being placed into service, such as rebuilt engines installed 
in new vehicles, we may specify alternate certification provisions consistent with the intent of 
this part. See 40 CFR 1068.120(h) and the definition of “new motor vehicle engine” in 
§ 1036.801. 

§ 1036.205 Requirements for an application for certification.What must I include in my 
application? 
This section specifies the information that must be in your application, unless we ask you to 
include less information under § 1036.201(c). We may require you to provide additional 
information to evaluate your application.Submit an application for certification as described in 
40 CFR 86.007-21, with the following additional information: 
(a) Identify the engine family’s primary intended service class and describe how that conforms to 
the specifications in §1036.140. Also, dDescribe the engine family’s specifications and other 
basic parameters of the engine’s design and emission controls with respect to compliance with 
the requirements of this part. List the fuel type on which your engines are designed to operate 
(for example, gasoline, diesel fuel, or natural gas).  For engines that can operate on multiple 
fuels, identify whether they are dual-fuel or flexible-fuel engines; also identify the range of 
mixtures for operation on blended fuels, if applicable.  List each distinguishable engine 
configuration in the engine family.  List the rated power for each engine configuration. 
(b) Explain how the emission control system operates.  Describe in detail all system components 
for controlling greenhouse gas and criteria pollutant emissions, including all auxiliary emission 
control devices (AECDs) and all fuel-system components you will install on any production or 
test engine. Identify the part number of each component you describe.  For this paragraph (ab), 
treat as separate AECDs any devices that modulate or activate differently from each other. 
Include all the following: 

(1) Give a general overview of the engine, the emission control strategies, and all AECDs. 
(2) Describe each AECD’s general purpose and function. 
(3) Identify the parameters that each AECD senses (including measuring, estimating, 
calculating, or empirically deriving the values).  Include engine-based parameters and state 
whether you simulate them during testing with the applicable procedures. 
(4) Describe the purpose for sensing each parameter. 
(5) Identify the location of each sensor the AECD uses. 
(6) Identify the threshold values for the sensed parameters that activate the AECD. 
(7) Describe the parameters that the AECD modulates (controls) in response to any sensed 
parameters, including the range of modulation for each parameter, the relationship between 
the sensed parameters and the controlled parameters and how the modulation achieves the 
AECD’s stated purpose. Use graphs and tables, as necessary. 
(8) Describe each AECD’s specific calibration details.  This may be in the form of data 
tables, graphical representations, or some other description. 
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(9) Describe the hierarchy among the AECDs when multiple AECDs sense or modulate the 
same parameter. Describe whether the strategies interact in a comparative or additive 
manner and identify which AECD takes precedence in responding, if applicable. 
(10) Explain the extent to which the AECD is included in the applicable test procedures 
specified in subpart F of this part. 
(11) Do the following additional things for AECDs designed to protect engines or vehicles: 

(i) Identify any engine and vehicle design limits that make protection necessary and 
describe any damage that would occur without the AECD. 
(ii) Describe how each sensed parameter relates to the protected components’ design 
limits or those operating conditions that cause the need for protection. 
(iii) Describe the relationship between the design limits/parameters being protected and 
the parameters sensed or calculated as surrogates for those design limits/parameters, if 
applicable. 
(iv) Describe how the modulation by the AECD prevents engines and vehicles from 
exceeding design limits. 
(v) Explain why it is necessary to estimate any parameters instead of measuring them 
directly and describe how the AECD calculates the estimated value, if applicable. 
(vi) Describe how you calibrate the AECD modulation to activate only during conditions 
related to the stated need to protect components and only as needed to sufficiently protect 
those components in a way that minimizes the emission impact. 

(c) Explain in detail how the engine diagnostic system works, describing especially the engine 
conditions (with the corresponding diagnostic trouble codes) that cause the malfunction indicator 
to go on. You may ask us to approve Propose the conditions under which the diagnostic system 
should disregards trouble codes as described in § 1036.110. 
(d) Describe the engines you selected for testing and the reasons for selecting them. 
(be) Describe any test equipment and procedures that you used if you performed any tests that 
did not also involve measurement of criteria pollutants. Describe, including any special or 
alternate test procedures you used (see § 1036.50140 CFR 1065.10(c)). 
(f) Describe how you operated the emission-data engine before testing, including the duty cycle 
and the number of engine operating hours used to stabilize emission levels. Explain why you 
selected the method of service accumulation. Describe any scheduled maintenance you did. 
(g) List the specifications of the test fuel to show that it falls within the required ranges we 
specify in 40 CFR part 1065. 
(h) Identify the engine family's useful life. 
(i) Include the warranty statement and maintenance instructions warranty statement you will give 
to the ultimate purchaser of each new engine (see §§ 1036.120 and 1036.125). 
(cj) Include the emission-related installation instructions you will provide if someone else installs 
your engines in their vehicles (see § 1036.130). 
(dk) Describe your emission control the label information label (seespecified in § 1036.135). We 
may require you to include a copy of the label. 
(el) Identify the duty-cycle emission standards from §§ 1036.104(a) and (b) and 1036.108(a) that 
apply for the engine family. Also identify FELs and FCLs as follows: 

(1) Identify the NOX FEL over the FTP for the engine family. 
(2) Identify the CO2 FCLs for with which you are certifying engines in the engine family; 
also identify any FELs that apply for CH4 and N2O. The actual U.S.-directed production 
volume of configurations that have CO2 emission rates at or below the FCL and CH4 and 
N2O emission rates at or below the applicable standards or FELs must be at least one percent 
of your actual (not projected) U.S.-directed production volume for the engine family.  
Identify configurations within the family that have emission rates at or below the FCL and 
meet the one percent requirement. For example, if your U.S.-directed production volume for 
the engine family is 10,583 and the U.S.-directed production volume for the tested rating is 
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75 engines, then you can comply with this provision by setting your FCL so that one more 
rating with a U.S.-directed production volume of at least 31 engines meets the FCL.  Where 
applicable, also identify other testable configurations required under 
§ 1036.230(f)(2)(ii)(b)(2). 

(fm) Identify the engine family’s deterioration factors and describe how you developed them (see 
§§ 1036.240 and 1036.241). Present any test data you used for this. For engines designed to 
discharge crankcase emissions to the ambient atmosphere, use the deterioration factors for 
crankcase emission to determine deteriorated crankcase emission levels of NOx, HC, PM, and 
CO as specified in § 1036.240(e). 
(n) State that you operated your emission-data engines as described in the application (including 
the test procedures, test parameters, and test fuels) to show you meet the requirements of this 
part. 
(go) Present emission data from all valid tests on an emission-data engine to show that you meet 
emission standards,. Note that § 1036.235 allows you to submit an application in certain cases 
without new emission data.  Present emission data as follows: 

(1) For hydrocarbons (such as NMHC or NMHCE), NOx, PM, and CO, as applicable, show 
your engines meet the applicable exhaust emission standards we specify in § 1036.104. Show 
emission figures for duty-cycle exhaust emission standards before and after applying 
adjustment factors for regeneration and deterioration factors for each engine. 
(2) Present exhaust emission data fFor CO2, CH4, and N2O on an emission-data engine to, 
show that your engines meet the applicable emission standards we specify in § 1036.108.  
Show emission figures before and after applying deterioration factors for each engine.  In 
addition to the composite results, show individual measurements for cold-start testing and 
hot-start testing over the transient test cycle.  For each of these tests, also include the 
corresponding exhaust emission data for criteria emissions. Note that § 1036.235 allows you 
to submit an application in certain cases without new emission data. 
(32) [Reserved] If we specify more than one grade of any fuel type (for example, a summer 
grade and winter grade of gasoline), you need to submit test data only for one grade, unless 
the regulations of this part specify otherwise for your engine. 

(p) State that all the engines in the engine family comply with the off-cycle emission standards 
we specify in § 1036.104 for all normal operation and use when tested as specified in 
§ 1036.53015. Describe any relevant testing, engineering analysis, or other information in 
sufficient detail to support your statement. We may direct you to include emission measurements 
representing typical engine in-use operation at a range of ambient conditions. For example, we 
may specify certain transient and steady-state engine operation that is typical for the types of 
vehicles that use your engines. See § 1036.210. 
(q) We may ask you to send information to confirm that the emission data you submitted were 
from valid tests meeting the requirements of this part and 40 CFR part 1065. You must indicate 
whether there are test results from invalid tests or from any other tests of the emission-data 
engine, whether or not they were conducted according to the test procedures of subpart F of this 
part. We may require you to report these additional test results.  
(r) Describe all adjustable operating parameters (see § 1036.115(f)), including production 
tolerances. For any operating parameters that do not qualify as adjustable parameters, include a 
description supporting your conclusion (see 40 CFR 1068.50(c)).  Include the following in your
description of each adjustable parameter: 

(1) For practically adjustable operating mechanically controlled parameters, include the 
nominal or recommended setting, the intended practically physically adjustable range, and 
the limits or stops used to establish adjustable ranges. Also include information showing why 
State that the limits, stops, or other means of inhibiting adjustment are effective in preventing 
adjustment of parameters on in-use engines to settings outside your intended practically 
physically adjustable ranges and provide information to support this statement. 
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(2) For programmable operating electronically controlled parameters, state that you have 
restricted access to electronic controls to prevent parameter adjustment on in-use engines that 
would allow operation outside the practically adjustable range. dDescribe how your engines 
are designed to prevent unauthorized adjustments. 

(s) Provide the information to read, record, and interpret all the information broadcast by an 
engine's onboard computers and ECMs as described in § 1036.115(d). State that, upon request, 
you will give us any hardware, software, or tools we would need to do this.  
(t) Confirm that your emission-related installation instructions specify how to ensure that 
sampling of exhaust emissions will be possible after engines are installed in equipment and 
placed in service. If this cannot be done by simply adding a 20-centimeter extension to the 
exhaust pipe, show how to sample exhaust emissions in a way that prevents diluting the exhaust 
sample with ambient air. 
(hut) State whether your certification is limited for certain engines. For example, you might 
certify engines only for use in tractors, in emergency vehicles, or in vehicles with hybrid 
powertrains. If this is the case, describe how you will prevent use of these engines in vehicles for 
which they are not certified.For example, if you certify heavy heavy-duty engines to the CO2 

standards using only transient testing, the engines may be installed only in vocational vehicles. 
(ivu) Unconditionally certify that all the engines in the engine family comply with the 
requirements of this part, other referenced parts of the CFR, and the Clean Air Act.  Note that 
§ 1036.235 specifies which engines to test to show that engines in the entire family comply with 
the requirements of this part.   
(wv) Include good-faith estimates of nationwide U.S.-directed production volumes. Include a 
justification for the estimated production volumes if they are substantially different than actual 
production volumes in earlier years for similar models. 
(jxw) Include the information required by other subparts of this part. For example, include the 
information required by § 1036.725 if you participate in the ABT program.(k) Include the 
warranty statement and maintenance instructions if we request them. 
(lyx) Include other applicable information, such as information specified in this part or 40 CFR 
part 1068 related to requests for exemptions. 
(zy) Name an agent for service located in the United States. Service on this agent constitutes 
service on you or any of your officers or employees for any action by EPA or otherwise by the 
United States related to the requirements of this part. 
(maaz) For imported engines or equipment, identify the following: 

(1) Describe your normal practice for importing engines. For example, this may include 
identifying the names and addresses of anyone agents you have authorized to import your 
engines. Engines imported by nonauthorized agents are not covered by your certificate. 
(2) The location of a test facility in the United States where you can test your engines if we 
select them for testing under a selective enforcement audit, as specified in 40 CFR part 1068, 
subpart E. 

(nbbaa) Include information needed to certify vehicles to GHG greenhouse gas standards under 
40 CFR part 1037 as described in § 1036.505310. 

§ 1036.210 Preliminary approval before certification. 
If you send us information before you finish the application, we may review it and make any 
appropriate determinations, especially for questions related to engine family definitions, 
auxiliary emission control devices, adjustable parameters, deterioration factors, testing for 
service accumulation, and maintenance. Decisions made under this section are considered to be 
preliminary approval, subject to final review and approval. We will generally not reverse a 
decision where we have given you preliminary approval, unless we find new information 
supporting a different decision. If you request preliminary approval related to the upcoming 
model year or the model year after that, we will make best-efforts to make the appropriate 
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determinations as soon as practicable. We will generally not provide preliminary approval 
related to a future model year more than two years ahead of time. 

§ 1036.225 Amending my applications for certification. 
Before we issue you a certificate of conformity, you may amend your application to include new 
or modified engine configurations, subject to the provisions of this section. After we have issued 
your certificate of conformity, you may send us an amended application any time before the end 
of the model year requesting that we include new or modified engine configurations within the 
scope of the certificate, subject to the provisions of this section. You must also amend your 
application if any changes occur with respect to any information that is included or should be 
included in your application. 
(a) You must amend your application before you take any of the following actions: 

(1) Add an engine configuration to an engine family.  In this case, the engine configuration 
added must be consistent with other engine configurations in the engine family with respect 
to the design aspects criteria listed in § 1036.230. 
(2) Change an engine configuration already included in an engine family in a way that may 
affect emissions, or change any of the components you described in your application for 
certification. This includes production and design changes that may affect emissions any 
time during the engine's lifetime. 
(3) Modify an FEL and or FCL for an engine family as described in paragraph (f) of this 
section. 

(b) To amend your application for certification, send the relevant information to the Designated 
Compliance Officer. 

(1) Describe in detail the addition or change in the engine model or configuration you intend 
to make. 
(2) Include engineering evaluations or data showing that the amended engine family 
complies with all applicable requirements. You may do this by showing that the original 
emission-data engine is still appropriate for showing that the amended family complies with 
all applicable requirements. 
(3) If the original emission-data engine for the engine family is not appropriate to show 
compliance for the new or modified engine configuration, include new test data showing that 
the new or modified engine configuration meets the requirements of this part.  
(4) Include any other information needed to make your application correct and complete. 

(c) We may ask for more test data or engineering evaluations.  You must give us these within 30 
days after we request them.  
(d) For engine families already covered by a certificate of conformity, we will determine whether 
the existing certificate of conformity covers your newly added or modified engine.  You may ask 
for a hearing if we deny your request (see § 1036.820). 
(e) The amended application applies starting with the date you submit the amended application, 
as follows: 

(1) For engine families already covered by a certificate of conformity, you may start 
producing a new or modified engine configuration any time after you send us your amended 
application and before we make a decision under paragraph (d) of this section.  However, if 
we determine that the affected engines do not meet applicable requirements in this part, we 
will notify you to cease production of the engines and may require you to recall the engines 
at no expense to the owner. Choosing to produce engines under this paragraph (e) is deemed 
to be consent to recall all engines that we determine do not meet applicable emission 
standards or other requirements in this part and to remedy the nonconformity at no expense 
to the owner. If you do not provide information required under paragraph (c) of this section 
within 30 days after we request it, you must stop producing the new or modified engines. 
(2) [Reserved] 
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(f) You may ask us to approve a change to your FEL in certain cases after the start of production, 
but before the end of the model year.  If you change an FEL for CO2, your FCL for CO2 is 
automatically set to your new FEL divided by 1.03.  The changed FEL may not apply to engines 
you have already introduced into U.S. commerce, except as described in this paragraph (f).  You 
may ask us to approve a change to your FEL in the following cases: 

(1) You may ask to raise your FEL for your engine family at any time before the end of the 
model year. In your request, you must show that you will still be able to meet the emission 
standards as specified in subparts B and H of this part.  Use the appropriate FELs/FCLs with 
corresponding production volumes to calculate emission credits for the model year, as 
described in subpart H of this part. 
(2) You may ask to lower the FEL for your engine family only if you have test data from 
production engines showing that emissions are below the proposed lower FEL (or below the 
proposed FCL for CO2). The lower FEL/FCL applies only to engines you produce after we 
approve the new FEL/FCL. Use the appropriate FELs/FCLs with corresponding production 
volumes to calculate emission credits for the model year, as described in subpart H of this 
part. 

(g) You may produce engines or modify in-use engines as described in your amended application 
for certification and consider those engines to be in a certified configuration if we approve a new 
or modified engine configuration during the model year under paragraph (d) of this section. 
Similarly, you may modify in-use engines as described in your amended application for 
certification and consider those engines to be in a certified configuration if we approve a new or 
modified engine configuration at any time under paragraph (d) of this section.  Modifying a new 
or in-use engine to be in a certified configuration does not violate the tampering prohibition of 40 
CFR 1068.101(b)(1), as long as this does not involve changing to a certified configuration with a 
higher family emission limit. 

§ 1036.230 Selecting engine families.  
See 40 CFR 86.001-24 for instructions on how to divide your product line into families of 
engines that are expected to have similar emission characteristics throughout the useful life. You 
must certify your engines to the standards of § 1036.108 using the same engine families you use 
for criteria pollutants under 40 CFR part 86. The following provisions also apply: 
(a) For purposes of certification to the standards of this part, divide your product line into 
families of engines that are expected to have similar characteristics for criteria emissions 
throughout the useful life as described in this section.  Your engine family is limited to a single 
model year. 
(b) Group engines in the same engine family if they are the same in all the following design 
aspects: 

(1) The combustion cycle and fuel.  See paragraph (g) of this section for special provisions 
that apply for dual-fuel and flexible-fuel engines. 
(2) The cooling system (water-cooled vs. air-cooled). 
(3) Method of air aspiration, including the location of intake and exhaust valves or ports and 
the method of intake-air cooling, if applicable. 
(4) The number, location, volume, arrangement and composition of catalytic converters or 
and other aftertreatment devices. 
(5) Cylinder arrangement (such as in-line vs. vee configurations), number of cylinders, and 
bore center-to-center dimensions. 
(6) Method of control for engine operation other than governing (i.e., mechanical or 
electronic). 
(7) The numerical level of the applicable criteria emission standards.  For example, an engine
family may not include engines certified to different family emission limits for criteria 

A-43 



 

 

 

 

 

 

emission standards, though you may change family emission limits without recertifying as 
specified in § 1036.225(f). 

(c) You may subdivide a group of engines that is identical under paragraph (b) of this section 
into different engine families if you show the expected criteria emission characteristics are 
different during the useful life. 
(d) In unusual circumstances, you may group engines that are not identical with respect to the 
design aspects listed in paragraph (b) of this section in the same engine family if you show that 
their criteria emission characteristics during the useful life will be similar. 
(ea) Engine configurationss certified as hybrid engines or hybrid powertrains may not be 
included in an engine family with engines that have nonhybrid with conventional powertrains. 
Note that this does not prevent you from including engines in a nonhybrid conventional family if 
they are used in hybrid vehicles, as long as you certify them based on engine 
testingconventionally. 
(fb) You must certify your engines to the greenhouse gas standards of § 1036.108 using the same 
engine families you use for criteria pollutants. The following additional provisions apply with 
respect to demonstrating compliance with the standards in § 1036.108: 

(1) You may subdivide an engine family into subfamilies that have a different FCL for CO2 

emissions. These subfamilies do not apply for demonstrating compliance with criteria 
standards in § 1036.104. 
(2) If you certify engines in the family for use as both vocational and tractor engines, you 
must split your family into two separate subfamilies. Indicate in the application for 
certification that the engine family is to be split. 

(1i) Calculate emission credits relative to the vocational engine standard for the number 
of engines sold into vocational applications and relative to the tractor engine standard for 
the number of engines sold into non-vocational tractor applications. You may assign the 
numbers and configurations of engines within the respective subfamilies at any time 
before submitting the end-of-year report required by § 1036.730. If the family 
participates in averaging, banking, or trading, you must identify the type of vehicle in 
which each engine is installed; we may alternatively allow you to use statistical methods 
to determine this for a fraction of your engines. Keep records to document this 
determination. 
(ii2) If you restrict use of the test configuration for your split family only to only tractors, 
or only to vocational vehicles, you must identify a second testable configuration for the 
other type of vehicle (or an unrestricted configuration). Identify this configuration in your 
application for certification. The FCL for the engine family applies for this configuration 
as well as the primary test configuration. 

(3e) If you certify both engine fuel maps and powertrain fuel maps for an engine family, you 
may split the engine family into two separate subfamilies. Indicate this in your application 
for certification, and identify whether one or both of these sets of fuel maps applies for each 
group of engines. If you do not split your family, all engines within the family must conform 
to the engine fuel maps, including any engines for with the powertrain maps also apply. 
(4c) If you certify in separate engine families engines that could have been certified in 
vocational and tractor engine subfamilies in the same engine family, count the two families 
as one family for purposes of determining your obligations with respect to the OBD 
requirements and in-use testing requirements of 40 CFR part 86. Indicate in the applications 
for certification that the two engine families are covered by this paragraph (cf)(4). 
(5d) Except as described in this paragraph (f) of this section, engine configurations within 
an engine family must use equivalent greenhouse gas emission controls. Unless we approve 
it, you may not produce nontested configurations without the same emission control 
hardware included on the tested configuration. We will only approve it if you demonstrate 
that the exclusion of the hardware does not increase greenhouse gas emissions. 
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(f) Engine families may be divided into subfamilies with respect to compliance with CO2 

standards. 
(g) You may certify dual-fuel or flexible-fuel engines in a single engine family.  You may
include dedicated-fuel versions of this same engine model in the same engine family, as long as 
they are identical to the engine configuration with respect to that fuel type for the dual-fuel or 
flexible-fuel version of the engine.  For example, if you produce an engine that can alternately 
run on gasoline and natural gas, you can include the gasoline-only and natural gas-only versions 
of the engine in the same engine family as the dual-fuel engine if engine operation on each fuel 
type is identical with or without installation of components for operating on the other fuel. 

§ 1036.235 Testing requirements for certification.  
This section describes the emission testing you must perform to show compliance with the 
greenhouse gas emission standards in §§ 1036.104 and 1036.108.  When testing hybrid 
powertrains, substitute “hybrid powertrain” for “engine” as it applies to requirements for 
certification. 
(a) Select and configure one or two a single emission-data engines from each engine family as 
specified in 40 CFR part 86. 
as follows: 

(1) You may use one engine for criteria pollutant testing and a different engine for 
greenhouse gas emission testing, or you may use the same engine for all testing. 
(21) For criteria pollutant emission testing, select the engine configuration with the highest 
volume of fuel injected per cylinder per combustion cycle at the point of maximum torque - 
unless good engineering judgment indicates that a different engine configuration is more 
likely to exceed (or have emissions nearer to) an applicable emission standard or FEL. If two 
or more engines have the same fueling rate at maximum torque, select the one with the 
highest fueling rate at rated speed. In making this selection, consider all factors expected to 
affect emission-control performance and compliance with the standards, including emission 
levels of all exhaust constituents, especially NOx and PM. select the engine configuration 
most likely to exceed (or have emissions nearer to) an applicable emission standard or FEL 
identified in § 1036.205(l)(1). To the extent we allow it for establishing deterioration factors, 
select for testing those engine components or subsystems whose deterioration best represents 
the deterioration of in-use engines. 
(32) For greenhouse gas emission testing, tThe standards of this part apply only with respect 
to emissions measured from this the tested configuration and other configurations identified 
in § 1036.205(el)(2). Note that configurations identified in § 1036.205(el)(2) are considered 
to be “tested configurations”. W whether or not you actually tested them for certification. 
However, you must apply the same (or equivalent) emission controls to all other engine 
configurations in the engine family.  In other contexts, the tested configuration is sometimes 
referred to as the “parent configuration”, although the terms are not synonymous. 

(b) Test your emission-data engines using the procedures and equipment specified in subpart F of 
this part. In the case of dual-fuel and flexible-fuel engines, measure emissions when operating 
with each type of fuel for which you intend to certify the engine. (Note: measurement of criteria 
emissions from flexible-fuel engines generally involves operation with the fuel mixture that best 
represents in-use operation, or with the fuel mixture with the highest emissions.) 

(1) For criteria pollutant emission testing, measure NOx, PM, CO, and NMHC emissions 
using each duty cycle specified in § 1036.104. 
(2) For greenhouse gas emission testing, measure CO2, CH4, and N2O emissions using the 
specified duty cycle(s), including cold-start and hot-start testing as specified in 40 CFR part 
86, subpart N;. t The following provisions apply regarding test cycles for demonstrating 
compliance with tractor and vocational standards: 
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(i1) If you are certifying the engine for use in tractors, you must measure CO2 emissions 
using the applicable SET duty cycle specified in § 1036.5105, taking into account the 
interim provisions in § 1036.150(s)1, and measure CH4 and N2O emissions using the 
specified FTP transient cycle. 
(ii2) If you are certifying the engine for use in vocational applications, you must measure 
CO2, CH4, and N2O emissions using the specified appropriate FTP transient duty cycle, 
including cold-start and hot-start testing as specified in § 1036.512001. 
(3iii) You may certify your engine family for both tractor and vocational use by 
submitting CO2 emission data and specifying FCLs from both SET and FTP transient 
duty cycles testing and specifying FCLs for both duty cycles. 
(iv4) Some of your engines certified for use in tractors may also be used in vocational 
vehicles, and some of your engines certified for use in vocational may be used in tractors.  
However, you may not knowingly circumvent the intent of this part (to reduce in-use 
emissions of CO2) by certifying engines designed for tractors or vocational vehicles (and 
rarely used in the other application) to the wrong cycle.  For example, we would 
generally not allow you to certify all your engines to the SET duty cycle without 
certifying any to the FTP transient cycle. 

(c) We may perform confirmatory testing by measuring emissions from any of your emission-
data engines. If your certification includes powertrain testing as specified in § 1036.630, this 
paragraph (c) also applies for the powertrain test results. 

(1) We may decide to do the testing at your plant or any other facility.  If we do this, you 
must deliver the engine to a test facility we designate.  The engine you provide must include 
appropriate manifolds, aftertreatment devices, electronic control unitsECMs, and other 
emission-related components not normally attached directly to the engine block.  If we do the 
testing at your plant, you must schedule it as soon as possible and make available the 
instruments, personnel, and equipment we need. 
(2) If we measure emissions on your engine, the results of that testing become the official 
emission results for the engine as specified in this paragraph (c).  Unless we later invalidate 
these data, we may decide not to consider your data in determining if your engine family 
meets applicable requirements in this part.  
(3) Before we test one of your engines, we may set its adjustable parameters to any point 
within the practicallyphysically adjustable ranges (see § 1036.115(f)). 
(4) Before we test one of your engines, we may calibrate it within normal production 
tolerances for anything we do not consider an adjustable parameter.  For example, we may 
calibrate it within normal production tolerances for an engine parameter that is subject to 
production variability because it is adjustable during production, but is not considered an 
adjustable parameter (as defined in § 1036.801) because it is permanently sealed.  For 
parameters that relate to a level of performance that is itself subject to a specified range (such 
as maximum power output), we will generally perform any calibration under this paragraph 
(c)(4) in a way that keeps performance within the specified range. 
(5) For greenhouse gas emission testing, wWe may use our emission test results for steady-
state, idle, cycle-average and powertrain fuel maps defined in § 1036.5053(b) as the official 
emission results. We will not replace individual points from your fuel map. 

(i) We will determine fuel masses, mfuel[cycle], and mean idle fuel mass flow rates, 𝑚ሜሶ fuelidle, 
if applicable, using both direct and indirect measurement. We will determine the result 
for each test point based on carbon balance error verification as the method described in 
§ 1036.535(g)(3)(i) and (ii)(h). 
(ii) We will perform this comparison using the weighted results from GEM, using 
vehicles that are appropriate for the engine under test.  For example, we may select 
vehicles that the engine went into for the previous model year. 
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(iii) If you supply cycle-average engine fuel maps for the highway cruise cycles instead 
of generating a steady-state fuel map for these cycles, we may perform a confirmatory 
test of your engine fuel maps for the highway cruise cycles by either of the following 
methods: 

(A) Directly measuring the highway cruise cycle-average fuel maps. 
(B) Measuring a steady-state fuel map as described in this paragraph (c)(5) of this 
section and using it in GEM to create our own cycle-average engine fuel maps for the 
highway cruise cycles. 

(iv) We will replace fuel maps as a result of confirmatory testing as follows: 
(A) Weight individual duty cycle results using the vehicle categories determined in 
paragraph (c)(5)(i) of this section and respective weighting factors in Table 1 of 40 
CFR 1037.510(c) to determine a composite CO2 emission value for each vehicle 
configuration; then repeat the process for all the unique vehicle configurations used to 
generate the manufacturer’s fuel maps. 
(B) The average percent difference between fuel maps is calculated using the 
following equation: 

𝑒CO2compEPA െ 𝑒CO2compManu∑ே
ୀଵ 𝑒CO2compManu

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 ൌ ൮ ൲ ⋅ 100 %
𝑁 

Eq. 1036.235-1 

Where: 
i = an indexing variable that represents one individual weighted duty cycle result 
for a vehicle configuration. 
N = total number of vehicle configurations. 
eCO2compEPAi = unrounded composite mass of CO2 emissions in g/ton-mile for 
vehicle configuration i for the EPA confirmatory test. 
eCO2compManui = unrounded composite mass of CO2 emissions in g/ton-mile for 
vehicle configuration i for the manufacturer-declared map. 

(C) Where the unrounded average percent difference between our composite 
weighted fuel map and the manufacturer’s is greater than or equal to at or below 0 %, 
we will not replace the manufacturer’s maps, and we will consider an individual 
engine to have passed the fuel map confirmatory test. 

(6) We may perform confirmatory testing with an engine dynamometer to simulate normal 
engine operation to determine whether your emission-data engine meets off-cycle emission 
standards.  The accuracy margins described in § 1036.420(a) do not apply for such laboratory 
testing. 

(d) You may ask to use carryover emission data from a previous model year instead of doing 
new tests, but only if all the following are true: 

(1) The engine family from the previous model year differs from the current engine family 
only with respect to model year, items identified in § 1036.225(a), or other characteristics 
unrelated to emissions.  We may waive this criterion for differences we determine not to be 
relevant. 
(2) The emission-data engine from the previous model year remains the appropriate 
emission-data engine under paragraph (ab) of this section. 
(3) The data show that the emission-data engine would meet all the requirements that apply 
to the engine family covered by the application for certification. 

(e) We may require you to test a second engine of the same configuration in addition to the 
engines tested under paragraph (a) of this section. 
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(f) If you use an alternate test procedure under 40 CFR 1065.10 and later testing shows that such 
testing does not produce results that are equivalent to the procedures specified in subpart F of 
this part, we may reject data you generated using the alternate procedure. 
(g) We may evaluate or test your engines to determine whether they have a defeat device before 
or after we issue a certificate of conformity. We may test or require testing on any vehicle or 
engine at a designated location, using driving cycles and conditions that may reasonably be 
expected in normal operation and use to investigate a potential defeat device. If we designate an 
engine’s AECD as a possible defeat device, you must demonstrate to us that that the AECD does 
not reduce emission control effectiveness when the engine operates under conditions that may 
reasonably be expected in normal operation and use, unless one of the specific exceptions 
described in § 1036.115(h) applies. 

§ 1036.240 Demonstrating compliance with criteria pollutant emission standards. 
(a) For purposes of certification, your engine family is considered in compliance with the duty-
cycle emission standards in § 1036.104(a)(1) and (2) if all emission-data engines representing 
that family have test results showing official emission results and deteriorated emission levels at 
or below these standards (including all corrections and adjustments).  This also applies for all test 
points for emission-data engines within the family used to establish deterioration factors.  Note
that your FELs are considered to be the applicable emission standards with which you must 
comply if you participate in the ABT program in subpart H of this part. Use good engineering 
judgment to demonstrate compliance with off-cycle standards throughout the useful life. 
(b) Your engine family is deemed not to comply if any emission-data engine representing that 
family has test results showing an official emission result or a deteriorated emission level for any 
pollutant that is above an applicable emission standard (including all corrections and 
adjustments). Similarly, your engine family is deemed not to comply if any emission-data 
engine representing that family has test results showing any emission level above the applicable 
off-cycle emission standard for any pollutant.  This also applies for all test points for emission-
data engines within the family used to establish deterioration factors. 
(c) To compare emission levels from the emission-data engine with the applicable duty-cycle 
emission standards, apply deterioration factors to the measured emission levels for each 
pollutant. Section 1036.245 specifies how to test your engines and engine components to 
develop deterioration factors that represent the deterioration expected in emissions over your 
engines’ useful life (or intermediate useful life, as applicable). Section 1036.246 describes how 
to confirm or modify deterioration factors based on in-use verification testing. Your deterioration 
factors must take into account any available data from other in-use testing with similar engines. 
Small manufacturers may use assigned deterioration factors that we establish.  Apply
deterioration factors as follows: 

(1) Additive deterioration factor for exhaust emissions. Except as specified in paragraph
(c)(2) of this section, use an additive deterioration factor for exhaust emissions.  An additive 
deterioration factor is the difference between exhaust emissions at the end of the useful life 
and exhaust emissions at the low-hour test point. In these cases, adjust the official emission 
results for each tested engine at the selected test point by adding the factor to the measured 
emissions.  If the factor is less than zero, use zero.  Additive deterioration factors must be 
specified to one more decimal place than the applicable standard. 
(2) Multiplicative deterioration factor for exhaust emissions. Use a multiplicative 
deterioration factor if good engineering judgment calls for the deterioration factor for a 
pollutant to be the ratio of exhaust emissions at the end of the useful life to exhaust emissions 
at the low-hour test point. For example, if you use aftertreatment technology that controls 
emissions of a pollutant proportionally to engine-out emissions, it is often appropriate to use 
a multiplicative deterioration factor.  Adjust the official emission results for each tested 
engine at the selected test point by multiplying the measured emissions by the deterioration 
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factor. If the factor is less than one, use one.  A multiplicative deterioration factor may not be 
appropriate in cases where testing variability is significantly greater than engine-to-engine 
variability.  Multiplicative deterioration factors must be specified to one more significant 
figure than the applicable standard. 
(3) Sawtooth and other nonlinear deterioration patterns. The deterioration factors described
in paragraphs (c)(1) and (2) of this section assume that the highest useful life emissions occur 
either at the end of useful life or at the low-hour test point.  The provisions of this paragraph 
(c)(3) apply where good engineering judgment indicates that the highest useful life emissions 
will occur between these two points.  For example, emissions may increase with service 
accumulation until a certain maintenance step is performed, then return to the low-hour 
emission levels and begin increasing again.  Such a pattern may occur with battery-based
electric hybrid engines. Base deterioration factors for engines with such emission patterns on 
the difference between (or ratio of) the point at which the highest emissions occur and the 
low-hour test point. Note that this applies for maintenance-related deterioration only where 
we allow such critical emission-related maintenance. 
(4) Dual-fuel and flexible-fuel engines. In the case of dual-fuel and flexible-fuel engines, 
apply deterioration factors separately for each fuel type.  You may accumulate service hours 
on a single emission-data engine using the type of fuel or the fuel mixture expected to have 
the highest combustion and exhaust temperatures; you may ask us to approve a different fuel 
mixture if you demonstrate that a different criterion is more appropriate. 
(5) Deterioration factor for crankcase emissions. If engines route crankcase emissions into 
the ambient atmosphere or into the exhaust downstream of exhaust aftertreatment, you must 
account for any increase in crankcase emissions throughout the useful life using good 
engineering judgment. Use separate deterioration factors for crankcase emissions of each 
pollutant (either multiplicative or additive). 

(d) Determine the official emission result for each pollutant to at least one more decimal place 
than the applicable standard.  Apply the deterioration factor to the official emission result, as 
described in paragraph (c) of this section, then round the adjusted figure to the same number of 
decimal places as the emission standard. Compare the rounded emission levels to the emission 
standard for each emission-data engine. 
(e) You do not need deterioration factors to demonstrate compliance with off-cycle standards. 
However, for engines designed to discharge crankcase emissions to the ambient atmosphere, you 
must determine deteriorated emission levels to represent crankcase emissions at the end of useful 
life for purposes of demonstrating compliance with off-cycle emission standards. Determine an 
official brake-specific crankcase emission result for each pollutant based on operation over the 
FTP duty cycle. Also determine an official crankcase emission result for NOx in g/hr from the 
idle portion of any of the duty cycles specified in subpart F of this part. Apply crankcase 
deterioration factors to all these official crankcase emission results as described in paragraph (c) 
of this section, then round the adjusted figures to the same number of decimal places as the off-
cycle emission standards in § 1036.104(a)(3). 

§ 1036.241 Demonstrating compliance with greenhouse gas emission standards.  
(a) For purposes of certification, your engine family is considered in compliance with the 
emission standards in § 1036.108 if all emission-data engines representing the tested 
configuration of that engine family have test results showing official emission results and 
deteriorated emission levels at or below the standards.  Note that your FCLs are considered to be 
the applicable emission standards with which you must comply for certification. 
(b) Your engine family is deemed not to comply if any emission-data engine representing the 
tested configuration of that engine family has test results showing an official emission result or a 
deteriorated emission level for any pollutant that is above an applicable emission standard 
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(generally the FCL). Note that you may increase your FCL if any certification test results exceed 
your initial FCL. 
(c) Apply deterioration factors to the measured emission levels for each pollutant to show 
compliance with the applicable emission standards.  Your deterioration factors must take into 
account any available data from in-use testing with similar engines.  Apply deterioration factors 
as follows: 

(1) Additive deterioration factor for greenhouse gas emissions. Except as specified in 
paragraphs (c)(2) and (3) of this section, use an additive deterioration factor for exhaust 
emissions.  An additive deterioration factor is the difference between the highest exhaust 
emissions (typically at the end of the useful life) and exhaust emissions at the low-hour test 
point. In these cases, adjust the official emission results for each tested engine at the selected 
test point by adding the factor to the measured emissions.  If the factor is less than zero, use 
zero. Additive deterioration factors must be specified to one more decimal place than the 
applicable standard. 
(2) Multiplicative deterioration factor for greenhouse gas emissions. Use a multiplicative 
deterioration factor for a pollutant if good engineering judgment calls for the deterioration 
factor for that pollutant to be the ratio of the highest exhaust emissions (typically at the end 
of the useful life) to exhaust emissions at the low-hour test point.  Adjust the official 
emission results for each tested engine at the selected test point by multiplying the measured 
emissions by the deterioration factor.  If the factor is less than one, use one.  A multiplicative 
deterioration factor may not be appropriate in cases where testing variability is significantly 
greater than engine-to-engine variability.  Multiplicative deterioration factors must be 
specified to one more significant figure than the applicable standard.  
(3) Sawtooth and other nonlinear deterioration patterns. The deterioration factors described 
in paragraphs (c)(1) and (2) of this section assume that the highest useful life emissions occur 
either at the end of useful life or at the low-hour test point.  The provisions of this paragraph 
(c)(3) apply where good engineering judgment indicates that the highest useful life emissions 
will occur between these two points.  For example, emissions may increase with service 
accumulation until a certain maintenance step is performed, then return to the low-hour 
emission levels and begin increasing again.  Such a pattern may occur with battery-based 
electric hybrid engines. Base deterioration factors for engines with such emission patterns on 
the difference between (or ratio of) the point at which the highest emissions occur and the 
low-hour test point. Note that this applies for maintenance-related deterioration only where 
we allow such critical emission-related maintenance.   
(4) [Reserved] 
(5) Dual-fuel and flexible-fuel engines. In the case of dual-fuel and flexible-fuel engines, 
apply deterioration factors separately for each fuel type by measuring emissions with each 
fuel type at each test point. You may accumulate service hours on a single emission-data 
engine using the type of fuel or the fuel mixture expected to have the highest combustion and 
exhaust temperatures; you may ask us to approve a different fuel mixture if you demonstrate 
that a different criterion is more appropriate. 

(d) Calculate emission data using measurements to at least one more decimal place than the 
applicable standard. Apply the deterioration factor to the official emission result, as described in 
paragraph (c) of this section, then round the adjusted figure to the same number of decimal 
places as the emission standard. Compare the rounded emission levels to the emission standard 
for each emission-data engine. 
(e) If you identify more than one configuration in § 1036.205(le)(2), we may test (or require you 
to test) any of the identified configurations. We may also require you to provide an engineering 
analysis that demonstrates that untested configurations listed in § 1036.205(el)(2) comply with 
their FCL. 
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§ 1036.245 Deterioration factors for exhaust emission standards. 
This section describes how to determine deterioration factors, either with an engineering 
analysis, with pre-existing test data, or with new emission measurements. Apply these 
deterioration factors to determine whether your engines will meet the duty-cycle emission 
standards throughout the useful life as described in § 1036.240. These standards generally apply 
throughout the useful life; a separate deterioration factor applies starting in model year 2031 for 
intermediate useful life for Heavy HDE. The provisions of this section and the verification 
provisions of § 1036.246 apply for all engine families starting in model year 2027; you may 
optionally use these provisions to determine and verify deterioration factors for earlier model 
years. 
(a) You may ask us to approve deterioration factors for an engine family based on an engineering 
analysis of emission measurements from similar highway or nonroad engines if you have already 
given us these data for certifying the other engines in the same or earlier model years. Use good 
engineering judgment to decide whether the two engines are similar. We will approve your 
request if you show us that the emission measurements from other engines reasonably represent 
in-use deterioration for the engine family for which you have not yet determined deterioration 
factors. 
(b) [Reserved] 
(bc) If you are unable to determine deterioration factors for an engine family under paragraph (a) 
of this section, select engines, subsystems, or components for testing. Determine deterioration 
factors based on service accumulation and related testing to represent the deterioration expected 
from in-use engines over the useful life, including crankcase emissions. You may perform 
maintenance on emission-data engines as described in § 1036.125 and 40 CFR part 1065, subpart 
E. Use good engineering judgment for all aspects of the effort to establish deterioration factors 
under this paragraph (bc). Send us your test plan for our preliminary approval under § 1036.210. 
You may apply deterioration factors based on testing under this paragraph (bc) to multiple 
engine families, consistent with the provisions in paragraph (a) of this section. Determine 
deterioration factors based on a combination of minimum required engine dynamometer aging 
hours and accelerated bench-aged aftertreatment as followsusing one of the following 
procedures: 

(1) Select an emission-data engine and aftertreatment devices and systems that can be 
assembled into a certified configuration to represent the engine family. Stabilize the engine 
and aftertreatment devices and systems, together or separately, to prepare for emission 
measurements. Perform low-hour emission measurement once the engine has operated with 
aftertreatment long enough to stabilize the emission control. Measure emissions of all 
regulated pollutants while the engine operates over all applicable duty cycles on an engine 
dynamometer as described in subpart F of this part.  
(2) Perform additional service accumulation as described in paragraph (c)(3) of this section 
on an engine dynamometer meeting at least the following minimum specifications:  

TABLE 1 TO PARAGRAPH (c)(2) OF § 1036.245—MINIMUM REQUIRED ENGINE DYNAMOMETER 

AGING HOURS BY PRIMARY INTENDED SERVICE CLASS 

Primary Intended 
Service Class 

Minimum Engine 
Dynamometer Hours 

Spark-ignition HDE 300 
Light HDE 1,250 
Medium HDE 1,500 
Heavy HDE 1,500 

(3) Perform service accumulation in the laboratory by operating the engine repeatedly over 
one of the following test sequences, or a different test sequence that we approve in advance: 
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(i) Use duty-cycle sequence 1 for operating any engine on an engine dynamometer, as 
follows: 

(A) Operate at idle for 2 hours. 
(B) Operate for 105 ± 1 hours over a repeat sequence of one FTP followed by one 
RMC. 
(C) Operate over one LLC. 
(D) Operate at idle for 2 hours. 
(E) Shut down the engine for cooldown to ambient temperature. 

(ii) Duty-cycle sequence 2 is based on operating over the LLC and the vehicle-based duty 
cycles from 40 CFR part 1037. Select the vehicle subcategory and vehicle configuration 
from § 1036.540 with the highest reference cycle work for each vehicle-based duty cycle. 
Operate the engine as follows for duty-cycle sequence 2:  

(A) Operate at idle for 2 hours. 
(B) Operate for 105 ± 1 hours over a repeat sequence of one Heavy-duty Transient 
Test Cycle, then one 55 mi/hr highway cruise cycle, and then one 65 mi/hr highway 
cruise cycle. 
(C) Operate over one LLC. 
(D) Operate at idle for 2 hours. 
(E) Shut down the engine for cooldown to ambient temperature. 

(4) Perform all the emission measurements described in paragraph (c)(1) of this section when 
the engine has reached the minimum service accumulation specified in paragraph (c)(2) of 
this section, and again after you finish service accumulation in the laboratory if your service 
accumulation exceeds the values specified in paragraph (c)(2) of this section.  
(5) Determine the deterioration factor based on a combination of actual and simulated service 
accumulation represented by a number of hours of engine operation calculated using the 
following equation:

𝑈𝐿  𝑘 
𝑡୲୭୲ୟ୪ ൌ 

�̅�ୟ୧୬ୡ୷ୡ୪ୣ
Eq. 1036.245-1 

Where: 
UL = useful life mileage from § 1036.104(e). 
k = 1.15 for Heavy HDE and 1.0 for all other primary intended service classes. 
�̅�ୟ୧୬ୡ୷ୡ୪ୣ = average speed of aging cycle in paragraph (c)(3) of this section. Use 40.26 
mi/hr for duty-cycle sequence 1 and 44.48 mi/hr for duty-cycle sequence 2. 

Example for Heavy HDE for duty-cycle sequence 1: 
UL = 650,000 miles 
k = 1.15
�̅�ୟ୧୬ୡ୷ୡ୪ୣ = 40.26 mi/hr 

ൌ 
650,000  1.15

𝑡୲୭୲ୟ୪ 40.26 
ttotal = 18,567 hr 

(1) Operate the emission-data engine in the certified configuration on an engine 
dynamometer to represent the useful life. 

(i) You may accelerate the service accumulation using higher-load operation based on 
equivalent total fuel flow. However, the engine operation for service accumulation must 
also include light-load operation (or alternating light-load and high-load operation) 
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representing in-use behavior that may contribute to aging of aftertreatment devices or 
systems. 
(ii) Calculate deterioration factors by comparing exhaust emissions at the end of the 
useful life and exhaust emissions at the low-hour test point. For Heavy HDE starting in 
model year 2031, also calculate deterioration factors by comparing exhaust emissions at 
the end of intermediate useful life and exhaust emissions at the low-hour test point. 
Create a linear curve fit if testing includes intermediate test points. Calculate 
deterioration factors based on measured values, without extrapolation.  

(2) Determine deterioration factors based on bench-aged aftertreatment. If you use this 
option, you must verify deterioration factors based on emission measurements with in-use 
engines as described in § 1036.246. 
(i6) Perform accelerated bench aging of aftertreatment devices in a way that accounts for 
thermal and chemical degradation to represent normal engine operation over the useful life 
using the service accumulation hours determined in paragraph (c)(5) of this section. Design 
your bench aging to represent 10,000 hours of in-use engine operation for every 1,000 hours 
of accelerated bench aging. For Heavy HDE starting in model year 2031, also account for 
thermal and chemical degradation to represent normal engine operation over the intermediate 
useful life. Use the accelerated an EPA-approved bench-aging procedure in 40 CFR 
1065.1131 through 1065.1145 or get our advance approval to use a different procedure that 
adequately that accounts for thermal and chemical degradationpropose an equivalent 
procedure. For example, this might involve testing consistent with the analogous procedures 
that apply for light-duty vehicles under 40 CFR part 86, subpart S. 
(ii7) After bench-aging aftertreatment devices, install or reinstall those aftertreatment devices 
and systems on an emission-data engine (or an equivalent engine) that has been stabilized 
without aftertreatment (or an equivalent engine). Ensure that the aftertreatment is installed 
such that the engine is in an appropriate certified configuration to represent the engine 
family. 
(iii8) Measure all criteria pollutants after operatingOperate the engine with the bench-aged 
aftertreatment devices to stabilize emission controls for at least 100 hours on an engine 
dynamometer. 
(9) Once stabilization is complete, repeat the low-hour emission measurements. 
(iv10) Calculate deterioration factors by comparing exhaust emissions with the bench-aged 
aftertreatment at the useful life and exhaust emissions at the low-hour test point. For Heavy 
HDE starting in model year 2031, also calculate deterioration factors by comparing exhaust 
emissions with the bench-aged aftertreatment at the intermediate useful life and exhaust 
emissions at the low-hour test point. Create a linear curve fit if testing includes intermediate 
test points. Calculate deterioration factors based on measured values, without extrapolation. 

(cd) If you determine deterioration factors as described in paragraph (bc)(2) of this section, you 
may apply those deterioration factors in later years for engine families that qualify for carryover 
certification as described in § 1036.235(d), subject to the conditions described in § 1036.246. 
You may also apply those deterioration factors for additional engine families as described in 
paragraph (a) of this section. 
(de) Include the following information in your application for certification: 

(1) If you use test data from a different engine family, explain why this is appropriate and 
include all the emission measurements on which you base the deterioration factors. If the 
deterioration factors for the new engine family are not identical to the deterioration factors 
for the different engine family, describe your engineering analysis to justify the revised 
values and state that all your data, analyses, evaluations, and other information are available 
for our review upon request. 
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(2) If you determined deterioration factors based on testing under paragraph (b)(1) of this 
section, describe your procedure for service accumulation, including a supporting rationale 
for any accelerated aging.  
(3) If you determined deterioration factors under paragraph (bc)(2) of this section, include the 
following information in the first year that you use those deterioration factors:  

(i) Describe your accelerated bench aging or other procedures to represent full-life 
service accumulation for the engine’s emission controls. 
(ii) D Also describe how you prepared the test engine before and after installing 
aftertreatment systems to determine deterioration factors. 
(iii) Identify the power rating of the emission-data engine used to determine deterioration 
factors. 
(ii) Describe your plan for verification testing under § 1036.246. Include at least the 
following information: 

(A) Identify whether you intend to test using procedures specified in § 1036.246(d)(1), (2), or 
(3). 
(B) Describe how you intend to identify candidate vehicles for testing, including consideration of 
how you will identify or prioritize specific vehicle types and vehicle applications to represent the 
engine family. 
(C) Describe your intended schedule for recruiting and testing vehicles. 
(D) Describe any steps you will take to ensure that selected vehicles have been properly 
maintained and used. 
(4) If you determined deterioration factors under paragraph (b)(2) of this section, include the 
following information in any later year that you use those deterioration factors: 
(i) Identify any changes or updates to your verification test plan that you have made in your most 
recent testing, or that you plan to make for later years. 

(ii) Submit a report to describe any verification testing you have performed under 
§ 1036.246 as described in § 1036.246(e). Include previously submitted results in 
addition to information related to new testing you performed for the current submission. 

§ 1036.246 Verifying deterioration factors. 
We may require you to test in-use engines as described in this section to verify that the 
deterioration factors you determined under § 1036.245 are appropriate.This section describes 
how to perform in-use testing to verify that your deterioration factors are appropriate. This 
applies for deterioration factors you determine based on testing with bench-aged aftertreatment 
devices or other procedures as described in § 1036.245(b)(2). You may continue to use those 
deterioration factors for later model years with carryover engines if in-use engines meet the 
verification requirements of this section.  

(a) Paragraph (d) of this section describes three different verification procedures you may use for 
measuring emissions. We may also approve your request to use an alternative verification 
procedure if you demonstrate that it is at least as effective as one of the specified verification 
procedures. 
(b) Verify deterioration factors based on bench-aged aftertreatment as follows:  

(1) You may use the original deterioration factors for the original model year and one 
additional model year, prior to the start of the year three production verification, without 
restriction. 
(2) You must verify the original deterioration factors with testing that starts in the third year 
of production and continues in later production years up to and including the eighth year of 
production. 
(3) As long as your verification test has a passing result, you may continue to use the original 
deterioration factors for the upcoming model year without restriction. 
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(4) The provisions of paragraph (h) of this section apply if your verification testing has a fail 
result. 

(ca) Select and prepare in-use engines representing the engine family we identify for verification 
testing under this section as follows: 

(1) You may recruit candidate engines any time before testing. This may involve creating a 
pool of candidate engines and vehicles in coordination with vehicle manufacturers and 
vehicle purchasers to ensure availability and to confirm a history of proper maintenance. You 
may meet the testing requirements of this section by repeating tests on a given engine as it 
ages, or you may test different engines over the course of verification testing; however, you 
may not choose whether to repeat tests on a given engine at a later stage based on its 
measured emission levels. ThisWe generally requires that you describe your plan for 
selecting engines in advance and justify any departures from that plan. 
(2) Selected vehicles must come from independent sources, unless we approve your request 
to select vehicles that you own or manage. In your request, you must describe how you will 
ensure that the vehicle operator will drive in a way that represents normal in-use operation 
for the engine family. 
(3) Select vehicles with installed engines from the same engine family and with the same 
power rating as the emission-data engine used to determine the deterioration factors. 
However, if the test engine does not have the specified power rating, yYou may ask for our 
approval to either test in the as-received condition or modify engines in selected vehicles by 
reflashing the ECM or replacing parts to change the engines to be in a different certified 
configuration for proper testing. We may approve your request to modify the engines or we 
may waive test specifications to allow you to test in the as-received condition. 
(4) Selected engines must meet the screening criteria described in § 1036.410(b)(2) through 
(4). You may exclude selected engines from testing if you determine that they have not been 
properly maintained or used. Selected engines may not have maintenance exceeding your 
instructions for the maintenance items specified in § 1036.125(a). Selected engines must also 
have their original aftertreatment components and be in a certified configuration. Do not 
perform verification testing with an engine if its critical emission-related components had a 
major repair other than what we allow under § 1036.125(a). You may ask us to approve 
replacing a critical emission-related component with an equivalent part that has undergone a 
comparable degree of aging. 
(5) Select vehicles meeting the mileage specifications specified in Table 1 of this section for 
each stage of the verification testing program. If you are unable to find enough test vehicles 
that meet the mileage specifications, perform testing as described in this section using 
vehicles with the highest available mileage and describe how you will attempt to test 
properly qualified vehicles for later years. If this occurs in the eighth year, continue testing in 
future years until all tested vehicles have mileage that is at least 85 percent of the engine’s 
useful life. 
Table 1 of § 1036.246—Minimum Age Required for Obtaining In-use Engines 

Year of production following the 
initial model year that relied on the 

deterioration factors 

Minimum mileage for selected vehicles as a 
percentage of the engine’s useful life 

1 — 
2 — 
3 35 % 
4 45 % 
5 55 % 
6 65 % 
7 75 % 
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8 85 % 
(5) 
(6) You may accelerate the testing schedule specified in paragraph (c)(5) of this section if all 
your test vehicles in a given year meet the mileage specifications for a later year of testing. 
We may direct you to preferentially select certain types of vehicles, vehicles from certain 
model years. or vehicles within some range of service accumulation. We will not direct you 
to select vehicles that are 10 or more years old, or vehicles with an odometer reading 
exceeding 85 percent of the engine’s useful life. We will specify a time frame for completing 
required testing. 

(db) Perform verification testing each year with one of the following procedures, or with an 
alternative procedure that you demonstrate to be equally effective: 

(1) Engine dynamometer testing. Measure emissions from engines equipped with in-use 
aftertreatment systems on an engine dynamometer as follows:  

(i) Test the aftertreatment system from at least two engines using the procedures specified 
in subpart F of this part and 40 CFR part 1065. Install the aftertreatment system from the 
selected in-use vehicle, including all associated wiring, sensors, and related hardware and 
software, on one of the following partially complete engines: 

(A) The in-use engine from the same vehicle. 
(B) The emission-data engine used to determine the deterioration factors. 
(C) A different emission-data engine from the same engine family that has been 
stablized as described in 40 CFR 1065.405(c).  

(ii) Perform testing on all certification duty cycles with brake-specific emission standards 
(g/hpꞏhr) to determine whether the engine meets all the duty-cycle emission standards, 
including any compliance allowance, for criteria pollutants. Apply infrequent 
regeneration adjustment factors as included in your application for certification or 
develop new factors if we request itspecified in § 1036.522. 
(iii) Evaluate verification testing for each pollutant independently. You pass the 
verification test if at least 70 percent of tested engines meet standards for each pollutant 
over all duty cycles. You fail the verification test if fewer than 70 percent or fewerof  
engines meet standards for a given pollutant over all duty cycles.  

(2) PEMS testing. Measure emissions using PEMS with in-use engines that remain installed 
in selected vehicles as follows: 

(i) Test at least five engines using the procedures specified in § 1036.52055 and 40 CFR 
part 1065, subpart J. 
(ii) Measure emissions of NOx, HC, and CO as the test vehicle’s normal operator drives 
over a regular shift-day to determine whether the engine meets all the off-cycle emission 
standards that applied for the engine’s original certification. Apply infrequent 
regeneration adjustment factors as included in your application for certificationspecified 
in § 1036.522. For Spark-ignition HDE, calculate off-cycle emission standards for 
purposes of this subpart by multiplying the FTP duty-cycle standards in § 1036.104(a) by 
2.01.5 in model years 2027 through 2030 and by 1.5 in model years 2031 and later, and 
rounding to the same number of decimal places.  
(iii) Evaluate verification testing for each pollutant independently. You pass the 
verification test if at least 70 percent of tested engines meet the off-cycle standards 
including any compliance allowance and accuracy margin, for each pollutant. You fail 
the verification test if fewer than 70 percent or fewerof tested engines do not meet 
standards for a given pollutant.  
(iv) You may reverse a fail determination under paragraph (db)(2)(iii) of this section by 
restarting and successfully completing the verification test for that year using the 
procedures specified in paragraph (db)(1) of this section. If you do this, you must use the 
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verification testing procedures specified in paragraph (db)(1) of this section for all 
remaining years of the verification testing for the engine familyprogram. 

(3) Onboard NOx measurement. Collect on-board NOx data from in-use engines that remain 
installed in selected vehicles as follows: 

(i) Test at least 50 percent of engines produced using the procedures specified in 
§ 1036.520 and 40 CFR part 1065, subpart J. Perform the overall verification of your 
onboard NOx measurement system as described in 40 CFR 1065.920(b) using an engine 
that emits NOx at levels at or below the off-cycle NOx emission standard that applied for 
the engine’s original certification. The onboard NOx measurement system must be 
functional within 100 seconds of engine starting and must remain functional over the 
entire shift-day. 
(ii) Collect NOx data as the test vehicle’s normal operator drives over a regular shift-day 
to determine whether the engine meets the off-cycle NOx emission standards that applied 
for the engine’s original certification. Apply infrequent regeneration adjustment factors 
as specified in § 1036.522. For Spark-ignition HDE, calculate off-cycle emission 
standards as described in paragraph (d)(2)(ii) of this section. 
(iii) You pass the verification test if at least 70 percent of tested engines meet the off-
cycle NOx emission standard. You fail the verification test if 70 percent or fewer engines 
do not meet standards for a given pollutant.  
(iv) You may reverse a fail determination under paragraph (d)(3)(iii) of this section by 
restarting and successfully completing the verification test for that year using the 
procedures specified in paragraph (d)(1) of this section.  If you do this, you must use the 
verification testing procedures specified in paragraph (d)(1) of this section for all 
remaining years of the verification testing program. 

(ec) You may stop testing before you meet all the requirements of this section in the following 
circumstances: 
(1) In a given year, you may discontinueunder the verification test program and concede a fail 
result before you meet all the testing requirements of this section. However, we may require you 
to do more testing before we approve revised deterioration factors under paragraph (h)(2) of this 
section. 
(2) You may stop testing before the eight-year period specified in paragraph (c)(5) of this section 
if you meet all the requirements with vehicles that had mileage accumulation representing at 
least 85 percent of the engine family’s useful life. 
(fd) Prepare a report to describe your verification testing each year. Include at least the following 
information: 

(1) Identify whether you tested using the procedures specified in § 1036.246paragraph 
(db)(1), or (2), or (3) of this section. 
(2) Describe how the test results support a pass or fail decision for the verification test. For 
in-field measurements, include continuous 1 Hz data collected over the shift-day and binned 
emission values determined under § 1036.51530. 
(3) If your testing included invalid test results, describe the reasons for invalidating the data. 
Give us the invalid test results if we ask for them. 
(4) Describe the types of vehicles selected for testing. If you determined that any selected 
vehicles with enough mileage accumulation were not suitable for testing, describe why you 
chose not to test them. 
(5) For each tested engine, identify the vehicle’s VIN, the engine’s serial number, the 
engine’s power rating, and the odometer reading and the engine’s lifetime operating hours at 
the start of testing (or engine removal). 
(6) State that the tested engines have been properly maintained and used and describe any 
noteworthy aspects of each vehicle’s maintenance history. Describe the steps you took to 
prepare the engines for testing. 
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(7) For testing with engines that remain installed in vehicles, identify the date and location of 
testing. Also describe the ambient conditions and the driving route over the course of the 
shift-day. 

(ge) Send electronic reports to the Designated Compliance Officer using an approved 
information format. If you want to use a different format, send us a written request with 
justification. 

(1) You may send us reports as you complete testing for an engine instead of waiting until 
you complete testing for all engines. 
(2) We may ask you to send us less information in your reports than we specify in this 
section. 
(3) We may require you to send us more information to evaluate whether your engine family 
meets the requirements of this part. 
(4) Once you send us information under this section, you need not send that information 
again in later reports. 
(5) We will review your test report to evaluate the results of the verification testing at each 
stage. We will notify you if we disagree with your conclusions, if we need additional 
information, or if you need to revise your testing plan for future testing. 

(h) The following provisions apply if your verification test has a fail result for any deterioration 
factor: 
(1) You may certify affected engine families for one additional model year based on the original 
deterioration factors. We may require you to certify with family emission limits that are at the 
maximum values we allow in § 1036.104(c)(2), or at some lower value corresponding to your 
measured emission results. You may not generate emission credits from affected engine families 
for any pollutant. We may require you to apply the revised family emission limits to recalculate 
emission credits and credit balances from previous model years based on your test results. 
(2) You may ask us to approve revised deterioration factors for future model years based on your 
measured emission results. You may use such revised deterioration factors and continue 
verification testing under this section if the engine family still meets emission standards (or 
family emission limits) after applying the revised deterioration factors to the low-hour test results 
from an emission-data engine. 
(3) Unless we approve revised deterioration factors under paragraph (h)(2) of this section, you 
must do new testing to establish deterioration factors after the one additional model year 
described in paragraph (h)(1) of this section. 

(4) The provisions of this paragraph (h) apply for all engine families relying on the 
deterioration factors that failed to pass verification testing. 

§ 1036.250 Reporting and recordkeeping for certification. 
(a) Within 90 days after By September 30 following the end of the model year, send the 
Designated Compliance Officer a report including the total nationwide U.S.-directed production 
volume of engines you produced in each engine family during the model year (based on 
information available at the time of the report).  Report the production by serial number and 
engine configuration. Small manufacturers may omit this requirement.  You may combine this 
report with reports required under subpart H of this part. We may waive the reporting 
requirements of this paragraph (a) for small manufacturers. 
(b) Organize and maintain the following records: 

(1) A copy of all applications and any summary information you send us. 
(2) Any of the information we specify in § 1036.205 that you were not required to include in 
your application. 
(3) A detailed history of each emission-data engine. For each engine, describe all of the 
following:  
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(i) The emission-data engine’s construction, including its origin and buildup, steps you 
took to ensure that it represents production engines, any components you built specially 
for it, and all the components you include in your application for certification. 
(ii) How you accumulated engine operating hours (service accumulation), including the 
dates and the number of hours accumulated. 
(iii) All maintenance, including modifications, parts changes, and other service, and the 
dates and reasons for the maintenance. 
(iv) All your emission tests, including documentation on routine and standard tests, as 
specified in part 40 CFR part 1065, and the date and purpose of each test. 
(v) All tests to diagnose engine or emission control performance, giving the date and time 
of each and the reasons for the test. 
(vi) Any other significant events. 

(4) Production figures for each engine family divided by assembly plant. 
(5) Engine identification numbers for all the engines you produce under each certificate of 
conformity. 

(c) Keep routine data from emission tests required by this part (such as test cell temperatures and 
relative humidity readings) for one year after we issue the associated certificate of conformity.  
Keep all other information specified in this section for eight years after we issue your certificate. 
(d) Store these records in any format and on any media, as long as you can promptly send us 
organized, written records in English if we ask for them.  You must keep these records readily 
available. We may review them at any time.   

§ 1036.255 What decisions may EPA make regarding aoversight on certificates of 
conformity.? 
(a) If we determine an application is complete and shows that the engine family meets all the 
requirements of this part and the Act, we will issue a certificate of conformity for the engine 
family for that model year. We may make the approval subject to additional conditions.   
(b) We may deny an application for certification if we determine that an engine family fails to 
comply with emission standards or other requirements of this part or the Clean Air Act.  We will 
base our decision on all available information.  If we deny an application, we will explain why in 
writing. 
(c) In addition, we may deny your application or suspend or revoke a certificate of conformity if 
you do any of the following: 

(1) Refuse to comply with any testing or reporting requirements in this part. 
(2) Submit false or incomplete information.  This includes doing anything after submitting an 
application that causes submitted information to be false or incomplete. 
(3) Cause any test data to become inaccurate. 
(4) Deny us from completing authorized activities (see 40 CFR 1068.20).  This includes a 
failure to provide reasonable assistance. 
(5) Produce engines for importation into the United States at a location where local law 
prohibits us from carrying out authorized activities. 
(6) Fail to supply requested information or amend an application to include all engines being 
produced. 
(7) Take any action that otherwise circumvents the intent of the Act or this part. 

(d) We may void a certificate of conformity if you fail to keep records, send reports, or give us 
information as required under this part or the Act.  Note that these are also violations of 40 CFR 
1068.101(a)(2). 
(e) We may void a certificate of conformity if we find that you intentionally submitted false or 
incomplete information. This includes doing anything after submitting an application that causes 
submitted information to be false or incomplete after submission.  
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(f) If we deny an application or suspend, revoke, or void a certificate, you may ask for a hearing 
(see § 1036.820). 

Subpart D— Testing Production Engines and Hybrid Powertrains  

§ 1036.301 Measurements related to GEM inputs in a selective enforcement audit. 
(a) Selective enforcement audits apply for engines as specified in 40 CFR part 1068, subpart E.  
This section describes how this applies uniquely in certain circumstances. 
(b) Selective enforcement audit provisions apply with respect to your fuel maps as follows:  

(1) A selective enforcement audit for an engine with respect to fuel maps would consist of 
performing measurements with production engines to determine fuel-consumption rates as 
declared for GEM simulations, and running GEM for the vehicle configurations specified in 
paragraph (b)(2) of this section based on those measured values.  The engine is considered 
passing for a given configuration if the new modeled emission result for each applicable duty 
cycle is at or below the modeled emission result corresponding to the declared GEM inputs.  
The engine is considered failing if we it is determined that its fuel map test result for a given 
configuration if the new modeled emission result for any applicable duty cycle is above the 
modeled emission result corresponding to the declared GEM inputsresult using the
manufacturer-declared fuel maps, as specified in § 1036.235(c)(5). 
(42) Because your cycle-average map may have more or fewer test points, you may have 
more than or fewer than the number of audit points shown in Figure 1 of this section.  If the 
audit includes fuel-map testing in conjunction with engine testing relative to exhaust 
emission standards, the fuel-map simulations for the whole set of vehicles and duty cycles 
counts as a single test result for purposes of evaluating whether the engine family meets the 
pass-fail criteria under 40 CFR 1068.420.  If the audit includes only fuel-map testing, 
determine emission results from at least three different engine configurations simulated with 
each applicable vehicle configuration identified in § 1036.540; the fuel-map simulation for 
each vehicle configuration counts as a separate test for the engine. 

Figure 1 of § 1036.301 – Sample of SEA Test Points 

Class 8 High‐Roof Sleeper Cab 

Class 8 Mid‐Roof Day Cab 

Class 7 Mid‐Roof Day Cab 

Test 1 Test 4 Test 7 

Test 2 Test 5 Test 8 

Test 3 Test 6 Test 9 

W
or

k 

2  2.5  3  3.5  4  4.5  5  

Axle Ratio 
Test Vehicles from Table 3 of §1036.540 SEA Test Vehicles 

(c) If your certification includes powertrain testing as specified in 40 CFR 1036.630, these 
selective enforcement audit provisions apply with respect to powertrain test results as specified 
in 40 CFR part 1037, subpart D, and 40 CFR 1037.550.  We may allow manufacturers to instead 
perform the engine-based testing to simulate the powertrain test as specified in 40 CFR 
1037.551. 
(d) We may suspend or revoke certificates for any appropriate configurations within one or more 
engine families based on the outcome of a selective enforcement audit. 
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Subpart E—In-use Testing 

§ 1036.401 Testing requirements for in-use enginesIn-use testing. 
(a) We may perform in-use testing of any engine family subject to the standards of this part, 
consistent with the Clean Air Act and the provisions of § 1036.235.  Note that this provision 
does not affect your obligation to test your in-use engines as described in 40 CFR part 86, 
subpart T. 
(b) This subpart describes a manufacturer-run field-testing program that applies for model year 
2027 and later compression-ignition engines subject to compression-ignition standards under 
§ 1036.104. Note that the testing requirements of 40 CFR part 86, subpart T, continue to apply 
for model year 2026 and earlier enginesengines subject to exhaust emission standards under 40 
CFR part 86. 
(c) In-use test procedures for spark-ignition engines subject to spark-ignition standards apply as 
described in § 1036.53015. We won’t require routine manufacturer-run field testing for Sspark-
ignition enginesHDE, but the procedures of this subpart describe how to use field-testing 
procedures to measure emissions from engines installed in vehicles. Use good engineering 
judgment to apply the measurement procedures for fuels other than gasoline. 
(d) We may void your certificate of conformity for an engine family if you do not meet your 
obligations under this subpart. We may also void individual tests and require you to retest those 
vehicles or take other appropriate measures in instances where you have not performed the 
testing in accordance with the requirements described in this subpart. 

§ 1036.405 Overview of the manufacturer-run field-testing program. 
(a) You must test in-use engines from the families we select. We may select the following 
number of engine families for testing, except as specified in paragraph (b) of this section: 

(1) We may select up to 25 percent of your engine families in any calendar year, calculated 
by dividing the number of engine families you certified in the model year corresponding to 
the calendar year by four and rounding to the nearest whole number. We will consider only 
engine families with annual nationwide U.S.-directed production volumes above 1,500 units 
in calculating the number of engine families subject to testing each calendar year under the 
annual 25 percent engine family limit. If you have only three or fewer families that each 
exceed an annual nationwide U.S.-directed production volume of 1,500 units, we may select 
one engine family per calendar year for testing.  
(2) Over any four-year period, we will not select more than the average number of engine 
families that you have certified over that four-year period (the model year when the selection 
is made and the preceding three model years), based on rounding the average value to the 
nearest whole number. 
(3) We will not select engine families for testing under this subpart from a given model year 
if your total nationwide U.S.-directed production volume was less than 100 engines.  

(b) If there is clear evidence of a nonconformity with regard to an engine family, we may select 
that engine family without counting it as a selected engine family under paragraph (a) of this 
section. For example, there may be clear evidence of a nonconformity if you certify an engine 
family using carryover data after reaching a fail decision under this subpart in an earlier model 
year without modifying the engine to remedy the problem.  
(c) We may select any individual engine family for testing, regardless of its production volume 
except as described in paragraph (a)(3) of this section, as long as we do not select more than the 
number of engine families described in paragraph (a) of this section. We may select an engine 
family from model year 2027 or any later model year. 
(d) You must complete all the required testing and reporting under this subpart (for all ten test 
engines, if applicable), within 18 months after we approvereceive your proposed plan for 
recruiting, screening, and selecting vehicles. We will typically select engine families for testing 
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and notify you in writing by June 30 of the applicable calendar year. If you request it, we may 
allow additional time to send us this information. 
(e) If you make a good-faith effort to access enough test vehicles to complete the testing 
requirements under this subpart for an engine family, but are unable to do so, you must ask us 
either to modify the testing requirements for the selected engine family or to select a different 
engine family. 
(f) We may select an engine family for repeat testing in a later calendar year. Such a selection for 
repeat testing would count as an additional engine family for that year under paragraph (a) of this 
section. 
(g) You may ask for approval to meet requirements under this subpart for an engine family based 
on information from onboard NOx sensors that have been shown to comply with the on-board 
NOx measurement system verification described in 40 CFR 1065.920(b) using an engine that 
emits NOx at levels at or below the applicable standard.  Any on-board NOx measurement system 
must be functional within 100 seconds of engine starting and must remain functional during the 
entire shift-day. An alternative test program would need to rely on telematic methods to collect 
NOx emission values broadly from engines in the fleet to evaluate whether emission controls are 
working properly across a wide range of engine operation. The alternative test program must 
include PEMS field-testing of at least two engines as described in this subpart, including 
measurement of all regulated pollutants. In your request, you must show us that the alternative 
program gives comparable assurance that your engines meet the NOx standards of this part. We 
may waive some or all of this subpart’s requirements for the engine family if we approve your 
alternative test program. 

§ 1036.410 Selecting and screening vehicles and engines for testing. 
(a) Send us your proposed plan for recruiting, screening, and selecting vehicles. Identify the 
types of vehicles, location, and any other relevant criteria. We will approve your plan if it 
supports the objective of measuring emissions to represent a broad range of operating 
characteristics. 
(b) Select vehicles and engines for testing that meet the following criteria: 

(1) The vehicles come from at least two independent sources. 
(2) Powertrain, drivetrain, emission controls, and other key vehicle and engine systems have 
been properly maintained and used. See § 1036.125. 
(3) The engines have not been tampered with, rebuilt, or undergone major repair that could 
be expected to affect emissions. 
(4) The engines have not been misfueled. Do not consider engines misfueled if they have 
used fuel meeting the specifications of § 1036.415(c). 
(5) The vehicles are likely to operate for at least three hours of non-idle operation over a 
complete shift-day, as described in § 1036.415(f). 
(6) The vehicles have not exceeded the applicable useful life, in miles, hours, or years; you 
may otherwise not exclude engines from testing based on their age or mileage. 
(7) The vehicle has appropriate space for safe and proper mounting of the portable emission 
measurement system (PEMS) equipment. 

(c) You must notify us before disqualifying any vehicle based on the owner declining to 
participate, illuminated MIL or stored OBD trouble codes as described in § 1036.415(b)(2), or 
for any other reasons not specified in paragraph (b) of this section. For example, notify us if you 
disqualify any vehicle because the engine does not represent the engine family or the vehicle’s 
usage is atypical for the particular application. You do not need to notify us in advance if the 
owner declines to participate in the test program. 
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§ 1036.415 Preparing and testing engines.
(a) You must limit maintenance to what is in the owners manual for engines with that amount of 
service and age. For anything we consider an adjustable parameter (see § 1036.115(f)), you may 
adjust that parameter only if it is outside its adjustable range. You must then set the adjustable 
parameter to your recommended setting or the mid-point of its adjustable range, unless we 
approve your request to do otherwise. You must get our approval before adjusting anything not 
considered an adjustable parameter. You must keep records of all maintenance and adjustments, 
as required by § 1036.435. You must send us these records, as described in § 1036.430(a)(2)(ix), 
unless we instruct you not to send them. 
(b) You may treat a vehicle with an illuminated MIL or stored trouble code as follows: 

(1) If a candidate vehicle has an illuminated MIL or stored trouble code, either test the 
vehicle as received or repair the vehicle before testing. You may disqualify the vehicle only 
if MIL illumination or trouble code storage exceeds 12 hours. Once testing is initiated on the 
vehicle, you accept that the vehicle has been properly maintained and used. 
(2) If a MIL illuminates or a trouble code appears on a test vehicle during a field test, stop the 
test and repair the vehicle. Determine test results as specified in § 1036.53015 using one of 
the following options: 

(i) Restart the testing and use only the portion of the full test results without the MIL 
illuminated or trouble code set.   
(ii) Initiate a new test and use only the post-repair test results. 

(3) If you determine that repairs are needed but they cannot be completed in a timely manner, 
you may disqualify the vehicle and replace it with another vehicle. 

(c) Use appropriate fuels for testing, as follows: 
(1) You may use any diesel fuel that meets the specifications for S15 in ASTM D975 
(incorporated by reference in § 1036.810). You may use any commercially available 
biodiesel fuel blend that meets the specifications for ASTM D975 or ASTM D7467 
(incorporated by reference in § 1036.810) that is either expressly allowed or not otherwise 
indicated as an unacceptable fuel in the vehicle’s owner or operator manual or in the engine 
manufacturer's published fuel recommendations. You may use any gasoline fuel that meets 
the specifications in ASTM D4814 (incorporated by reference in § 1036.810). For other fuel 
types, you may use any commercially available fuel. 
(2) You may drain test vehicles’ fuel tanks and refill them with diesel fuel conforming to the 
specifications in paragraph (c)(1) of this section. 
(3) Any fuel that is added to a test vehicle’s fuel tanks must be purchased at a local retail 
establishment near the site of vehicle recruitment or screening, or along the test route. 
Alternatively, the fuel may be drawn from a central fueling source, as long as the fuel 
represents commercially available fuel in the area of testing. 
(4) No post-refinery fuel additives are allowed, except that specific fuel additives may be 
used during field testing if you can document that the test vehicle has a history of normally 
using the fuel treatments and they are not prohibited in the owners manual or in your 
published fuel-additive recommendations. 
(5) You may take fuel samples from test vehicles to ensure that appropriate fuels were used 
during field testing. If a vehicle fails the vehicle-pass criteria and you can show that an 
inappropriate fuel was used during the failed test, that particular test may be voided. You 
may drain vehicles’ fuel tanks and refill them with diesel fuel conforming to the 
specifications described in paragraph (c)(1) of this section. You must report any fuel tests 
that are the basis of voiding a test in your report under § 1036.430. 

(d) You must test the selected engines using the test procedure described in § 1036.53015 while 
they remain installed in the vehicle. Testing consists of characterizing emission rates for moving 
average 300 second windows while driving, with those windows divided into bins representing 
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different types of engine operation over a shift-day. Use one of the following methods to 
mMeasure emissions as follows: 

(1) Perform all testing with PEMS and field-testing procedures referenced in 40 CFR part 
1065, subpart J. Measure emissions of HC, NOx, CO, NOx, PM, and CO2. We may require 
you to also measure emissions of HC and PM. You may determine HC emissions by any 
method specified in 40 CFR 1065.660(b). 
(2) [Reserved]If the engine’s crankcase discharges emissions into the ambient atmosphere, as 
allowed by § 1036.115(a), you must either route all crankcase emissions into the exhaust for 
a combined measurement or add the crankcase emission values specified in § 1036.240(e) to 
represent emission levels at full useful life instead of measuring crankcase emissions in the 
field. 

(e) Operate the test vehicle under conditions reasonably expected during normal operation. For 
the purposes of this subpart, normal operation generally includes the vehicle’s normal routes and 
loads (including auxiliary loads such as air conditioning in the cab), normal ambient conditions, 
and the normal driver. 
(f) Once an engine is set up for testing, test the engine for at least one shift-day, except as 
allowed in § 1036.420(d). To complete a shift-day’s worth of testing, start sampling at the 
beginning of a shift and continue sampling for the whole shift, subject to the calibration 
requirements of the PEMS. A shift-day is the period of a normal workday for an individual 
employee. Evaluate the emission data as described in § 1036.420 and include the data in the 
reporting and record keeping requirements specified in §§ 1036.430 and 1036.435. 
(g) For stop-start and automatic engine shutdown systems meeting the specifications of 40 CFR 
1037.660, override idle-reduction features if they are adjustable under 40 CFR 1037.520(j)(4). If 
those systems are tamper-resistant under 40 CFR 1037.520(j)(4), set the 1-Hz emission rate to 
zero for all regulated pollutants when the idle-reduction feature is active. Do not exclude these 
data points under § 1036.530(c)(3)(ii).(g) You may ask us to waive testing relative to one or 
more emission standards if you can show that field testing for such emissions is not necessary. 

§ 1036.420 Pass criteria for individual engines.
Perform the following steps to determine whether an engine meets the binned emission standards 
in § 1036.104(a)(3)(4): 
(a) Determine the binned or shift-day emission standard, as applicable, for each regulated 
pollutant for each bin by adding the following accuracy margins for PEMS to the off-cycle 
standards in § 1036.104(a)(3)(4): 
(1) HC: 10 mg/hpꞏhr. 
(2) CO: 0.025 g/hpꞏhr. 
(3) PM: 6 mg/hpꞏhr. 
(4) NOx: 10 % of the standard. 

TABLE 1 TO PARAGRAPH (a) OF § 1036.420—ACCURACY MARGINS FOR IN-USE TESTING 
NOX HC PM CO 

Bin 1 0.4 g/hr - - -
Bin 2 5 mg/hp∙hr 10 mg/hp∙hr 6 mg/hp∙hr 0.025 g/hp∙hr 

(b) Calculate the mass emission rate for each pollutant as specified in 40 CFR part 1065, subpart 
G, for use in the calculations in § 1036.53015. 
(c) For engines subject to compression-ignition enginesstandards, determine the number of 
windows in each bin. A bin is valid under this section only if it has more thanat least 2,400 
windows for bin 1 and. 10,000 windows for bin 2. 
(d) If the 2,400 valid windows in any bin is not achieved, cContinue testing additional shift-
days as necessary to achieve the minimum window requirements for each bin.  You may idle the
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engine anytime duringat the end of the shift day to increase the number of windows in the idle 
bin 1.  If the vehicle has tamper-resistant idle-reduction technology that prevents idling, populate 
bin 1 with additional windows by setting the 1-Hz emission rate for all regulated pollutants to 
zero as described in § 1036.415(g) to achieve exactly 2,400 bin 1 windows. 
(de) An engine passes if the result for each valid bin is at or below the standard determined in 
paragraph (a) of this section. An engine fails if the result for any valid bin for any pollutant is 
above the standard determined in paragraph (a) of this section.  Having no valid bins for a bin 
category over a shift-day does not disqualify an engine from pass-fail determinations under this 
paragraph (d). 

§ 1036.425 Pass criteria for engine families. 
For testing with PEMS under § 1036.415(d)(1), determine the number of engines you must test 
from each selected engine family and the family pass criteria as follows: 
(a) Start by measuring emissions from five engines using the procedures described in this subpart 
E and § 1036.53015. If all five engines comply fully with the off-cycle bin standards, the engine 
family passes, and you may stop testing. 
(b) If only one of the engines tested under paragraph (a) of this section does not comply fully 
with the off-cycle bin standards, test one more engine. If this additional engine complies fully 
with the off-cycle bin standards, the engine family passes, and you may stop testing. 
(c) If two or more engines tested under paragraphs (a) and (b) of this section do not comply fully 
with the off-cycle bin standards, test additional engines until you have tested a total of ten 
engines. Calculate the arithmetic mean of the sum-over-sumbin emissions from the ten engine 
tests as specified in § 1036.53015(g) for each pollutant. If the resultsmean values are at or below 
the off-cycle bin standards, the engine family passes. If the resultmean value for any pollutant is 
above an off-cycle bin standard, the engine family fails. 
(d) You may accept a fail result for the engine family and discontinue testing at any point in the 
sequence of testing the specified number of engines. 

§ 1036.430 Reporting requirements.
(a) Report content. Prepare test reports as follows: 

(1) Include the following for each engine family: 
(i) Describe how you recruited vehicles. Describe how you used any criteria or thresholds 
to narrow your search or to screen individual vehicles. 
(ii) Include a summary of the vehicles you have disqualified and the reasons you 
disqualified them, whether you base the disqualification on the criteria in § 1036.410(b), 
owner nonparticipation, or anything else. If you disqualified a vehicle due to misfueling, 
include the results of any fuel sample tests. If you reject a vehicle due to tampering, 
describe how you determined that tampering occurred. 
(iii) Identify how many engines you have tested from the applicable engine family and 
how many engines still need to be tested. Identify how many tested engines have passed 
or failed under § 1036.420. 
(iv) After the final test, report the results and state the outcome of testing for the engine 
family based on the criteria in § 1036.425. 
(v) Describe any incomplete or invalid tests that were conducted under this subpart. 

(2) Include the following information for the test vehicle: 
(i) The EPA engine-family designation, and the engine’s model number, total 
displacement, and power rating. 
(ii) The date EPA selected the engine family for testing. 
(iii) The vehicle’s make and model and the year it was built. 
(iv) The vehicle identification number and engine serial number. 
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(v) The vehicle’s type or application (such as delivery, line haul, or dump truck). Also, 
identify the type of trailer, if applicable. 
(vi) The vehicle’s maintenance and use history. 
(vii) The known status history of the vehicle’s OBD system and any actions taken to 
address OBD trouble codes or MIL illumination over the vehicle’s lifetime. 
(viii) Any OBD codes or MIL illumination that occur after you accept the vehicle for 
field testing under this subpart. 
(ix) Any steps you take to maintain, adjust, modify, or repair the vehicle or its engine to 
prepare for or continue testing, including actions to address OBD trouble codes or MIL 
illumination. Include any steps you took to drain and refill the vehicle’s fuel tank(s) to 
correct misfueling, and the results of any fuel test conducted to identify misfueling. 

(3) Include the following data and measurements for each test vehicle: 
(i) The date and time of testing, and the test number. 
(ii) Number of shift-days of testing (see § 1036.415(f)). 
(iii) Route and location of testing. You may base this description on the output from a 
global-positioning system (GPS). 
(iv) The steps you took to ensure that vehicle operation during testing was consistent with 
normal operation and use, as described in § 1036.415(e). 
(v) Fuel test results, if fuel was tested under § 1036.410 or § 1036.415. 
(vi) The vehicle’s mileage at the start of testing. Include the engine’s total lifetime hours 
of operation, if available. 
(vii) The number of windows in each bin (see § 1036.420(c)). 
(viii) The bin emission value per vehicle for each pollutant. Describe the method you 
used to determine HC as specified in 40 CFR 1065.660(b). 
(ix) Recorded 1 Hz test data for at least the following parameters, noting that gaps in the 
1 Hz data file over the shift-day are only allowed during analyzer zero and span 
verifications and during engine shutdown when the engine is keyed off: 

(A) Ambient temperature. 
(B) Ambient pressure. 
(C) Ambient humidity. 
(D) Altitude. 
(E) Emissions of HC, CO, CO2, and NOx. Report results for PM if it was measured in
a manner that provides 1 Hz test data.   
(F) Differential backpressure of any PEMS attachments to vehicle exhaust. 
(G) Exhaust flow. 
(H) Exhaust aftertreatment temperatures. 
(I) Engine speed. 
(J) Engine brake torque. 
(K) Engine coolant temperature 
(L) Intake manifold temperature. 
(M) Intake manifold pressure. 
(N) Throttle position. 
(O) Any parameter sensed or controlled, available over the Controller Area Network 
(CAN) network, to modulate the emission control system or fuel-injection timing. 

(4) Include the following summary information after you complete testing with each engine: 
(i) State whether the engine meets the off-cycle standards for each bin for each pollutant 
as described in § 1036.420(e)(d). 
(ii) Describe if any testing or evaluations were conducted to determine why a vehicle 
failed the off-cycle emission standards described in § 1036.420. 
(iii) Describe the purpose of any diagnostic procedures you conduct. 

A-66 



 

 

 

 

 

 

 

 

 
 

(iv) Describe any instances in which the OBD system illuminated the MIL or set trouble 
codes. Also describe any actions taken to address the trouble codes or MIL. 
(v) Describe any instances of misfueling, the approved actions taken to address the 
problem, and the results of any associated fuel sample testing. 
(vi) Describe the number and length of any data gaps in the 1 Hz data file, the reason for 
the gap(s), and the parameters affected. 

(b) Submission. Send electronic reports to the Designated Compliance Officer using an approved 
information format. If you want to use a different format, send us a written request with 
justification. 

(1) You may send us reports as you complete testing for an engine instead of waiting until 
you complete testing for all engines.  
(2) We may ask you to send us less information in your reports than we specify in this 
section. 
(3) We may require you to send us more information to evaluate whether your engine family 
meets the requirements of this part. 
(4) Once you send us information under this section, you need not send that information 
again in later reports. 

(c) Additional notifications. Notify the Designated Compliance Officer describing progress 
toward completing the required testing and reporting under this subpart, as follows: 

(1) Notify us once you complete testing for an engine.  
(2) Notify us if your review of the test data for an engine family indicates that two of the first 
five tested engines have failed to comply with the vehicle-pass criteria in § 1036.420(e)(d). 
(3) Notify us if your review of the test data for an engine family indicates that the engine 
family does not comply with the family-pass criteria in § 1036.425(c).   

(4) Describe any voluntary vehicle/engine emission evaluation testing you intend to conduct with 
PEMS on the same engine families that are being tested under this subpart, from the time that 
engine family was selected for field testing under § 1036.405 until the final results of all testing 
for that engine family are reported to us under this section. 

§ 1036.435 Recordkeeping requirements.
Keep the following paper or electronic records of your field testing for five years after you 
complete all the testing required for an engine family: 
(a) Keep a copy of the reports described in § 1036.430. 
(b) Keep any additional records, including forms you create, related to any of the following: 

(1) The recruitment, screening, and selection process described in § 1036.410, including the 
vehicle owner’s name, address, phone number, and e-mail address. 
(2) Pre-test maintenance and adjustments to the engine performed under § 1036.415. 
(3) Test results for all void, incomplete, and voluntary testing described in § 1036.430. 
(4) Evaluations to determine why an engine vehicle failed any of the bin standards described 
in § 1036.420. 

(c) Keep a copy of the relevant calibration results required by 40 CFR part 1065. 

§ 1036.440 Warranty obligations related to in-use testing. 
Testing under this subpart that finds an engine exceeding emission standards under this subpart is 
not by itself sufficient to show a breach of warranty under 42 U.S.C. 7541(a)(1). A breach of 
warranty would also require that engines fail to meet one or both of the conditions specified in 
§ 1036.120(a).one of the following:
(a) That the engine or vehicle, as designed, built, and equipped at the time of sale, does not 
conform in all material respects reasonably related to emission controls to the engine as 
described in the application for certification and covered by the certificate. 
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(b) A defect in a component’s materials or workmanship causes the vehicle or engine to fail to 
conform to the applicable regulations for its useful life. 

Subpart F—Test Procedures 

§ 1036.501 General testing provisions.How do I run a valid emission test? 
(a) Use the equipment and procedures specified in this subpart and 40 CFR 86.1305part 1065 to 
determine whether engines meet the emission standards in §§ 1036.104 and 1036.108. 
(b) Use the fuels specified in 40 CFR part 1065 to perform valid tests, as follows:  

(1) For service accumulation, use the test fuel or any commercially available fuel that is 
representative of the fuel that in-use engines will use.  
(2) For diesel-fueled engines, use the ultra-low-sulfur diesel fuel specified in 40 CFR part 
1065.703 and 40 CFR 1065.710(b)(3) for emission testing. 
(3) For gasoline-fueled engines, use the appropriate E10 fuel specified in 40 CFR part 1065. 

(cd) For engines that use aftertreatment technology with infrequent regeneration events, apply 
infrequent regeneration adjustment factors for each duty cycle as described in § 1036.5802230. 
(df) If your engine is intended for installation in a vehicle equipped with stop-start technology 
meeting the specifications of 40 CFR 1037.660 to qualify as tamper-resistant under 40 CFR 
1037.520(j)(4), you may turn the engine off shut the engine down during idle portions of the duty 
cycle to represent in-use operation.  We recommend installing a production engine starter motor 
and letting the engine’s ECM manipulate the starter motor to control the engine stop and start 
events. Use good engineering judgment to address the effects of dynamometer inertia on 
restarting the engine by, for example, using a larger starter motor or declutching the engine from 
the dynamometer during restart. 
(eb) You may use special or alternate procedures to the extent we allow them under 40 CFR 
1065.10. 
(fc) This subpart is addressed to you as a manufacturer, but it applies equally to anyone who does 
testing for you, and to us when we perform testing to determine if your engines meet emission 
standards. 
(e) Test hybrid engines as described in § 1036.525 and 40 CFR part 1065. 
(fe) Determine engine fuel maps as described in § 1036.5103(b).(g) The following additional 
provisions apply for testing to demonstrate compliance with the emission standards in § 
1036.108 for model year 2016 through 2020 engines: 
(1) Measure CO2, CH4, and N2O emissions using the transient cycle specified in either 40 CFR 
86.1333 or § 1036.510. 
(2) For engines subject to SET testing under § 1036.108(a)(1), measure CO2 emissions using the 
SET specified in 40 CFR 86.1362. 
(h) The following additional provisions apply for testing to demonstrate compliance with the 
emission standards in § 1036.108 for model year 2021 and later engines: 
(1) If your engine is intended for installation in a vehicle equipped with stop-start technology, 
you may turn the engine off during the idle portions of the duty cycle to represent in-use 
operation, consistent with good engineering judgment.  We recommend installing an engine 
starter motor and allowing the engine’s Electronic Control Unit (ECU) to control the engine stop 
and start events. 
(2) For engines subject to SET testing under § 1036.108(a)(1), use one of the following methods 
to measure CO2 emissions: 
(i) Use the SET duty cycle specified in § 1036.505 using either continuous or batch sampling.   
(ii) Measure CO2 emissions over the SET duty cycle specified in 40 CFR 86.1362 using 
continuous sampling. Integrate the test results by mode to establish separate emission rates for 
each mode (including the transition following each mode, as applicable).  Apply the CO2 

weighting factors specified in 40 CFR 86.1362 to calculate a composite emission result. 
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(3) Measure CO2, CH4, and N2O emissions over the transient cycle specified in either 40 CFR 
86.1333 or § 1036.510. 
(4) Measure or calculate emissions of criteria pollutants corresponding to your measurements to 
demonstrate compliance with CO2 standards in subpart B of this part. These test results are not 
subject to the duty-cycle standards of 40 CFR part 86, subpart A. 

§ 1036.5053  Engine data and information for to support vehicle certification. 
You must give vehicle manufacturers information as follows so they can certify their model year 
2021 and later vehicles to greenhouse gas emission standards under 40 CFR part 1037: 
(a) Identify engine make, model, fuel type, combustion type, engine family name, calibration 
identification, and engine displacement.  Also identify whether the engines meet CO2 standards 
for tractors, vocational vehicles, or bothwhich standards the engines meet. 
(b) This paragraph (b) describes four different methods to generate engine fuel maps. For 
engines without hybrid components and for mild hybrid engines where you do not choose not to 
include hybrid components in the test, you must generate fuel maps using either paragraph (b)(1) 
or (2) of this section. For mild other hybrid engines, where you choose to include the hybrid 
components in the test and for hybrid engines, you must generate fuel maps using paragraph 
(b)(43) of this section. For all other hybrids, hybrid and nonhybrid powertrains, and for vehicles 
where the transmission is not automatic, automated manual, manual, or dual-clutch, generate fuel 
maps using you must use paragraph (b)(34) of this section. 

(1) Combined steady-state and cycle-average. Determine steady-state engine fuel maps as 
described in § 1036.535(b). Determine and fuel consumption at idle as described in 
§ 1036.535(b) and (c) respectively, and d. Determine cycle-average engine fuel maps as 
described in § 1036.540, excluding cycle-average fuel maps for highway cruise cycles.  
(2) Cycle-average. Determine steady-state fuel maps as described in either § 1036.535(b) or 
(d). Determine fuel consumption at idle as described in § 1036.535(c). Dand (d), and 
determine cycle-average engine fuel maps as described in § 1036.540, including cycle-
average engine fuel maps for highway cruise cycles.  , you do not need to determine steady-
state engine fuel maps under § 1036.535(b).  Fuel mapping for highway cruise cycles using 
cycle-average testing is an alternate method, which means that wWe may do confirmatory 
testing by creating cycle-average fuel maps from based on steady-state fuel maps created in 
paragraph (b)(1) of this sectionping for highway cruise cycles even if you do not; however, 
we will use the steady-state fuel maps to create cycle-average fuel maps. In § 1036.540 we 
define the vehicle configurations for testing; we may add more vehicle configurations to 
better represent your engine’s operation for the range of vehicles in which your engines will 
be installed (see 40 CFR 1065.10(c)(1)). 
(3) Additional parameters. Determine fuel consumption at idle as described in § 1036.535(c) 
and (d) and determine cycle-average engine fuel maps as described in 40 CFR 1037.550, 
including cycle-average engine fuel maps for highway cruise cycles.  Set up the test to apply 
accessory load for all operation by primary intended service class as described in the 
following table: 

TABLE 1 TO PARAGRAPH (b)(3) OF § 1036.5053—ACCESSORY LOAD 

Primary Intended 
Service Class 

Power Representing 
Accessory Load (kW) 

Light HDV 1.5 
Medium HDV 2.5 
Heavy HDV 3.5 
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(4) Powertrain. Generate powertrain fuel maps as described in 40 CFR 1037.550 instead of 
fuel mapping under § 1036.535 or § 1036.540. Note that the option in 40 CFR 
1037.550(b)(2) is allowed only for hybrid engine testing.  Disable automatic stop-start 
systems and automatic engine shutdown systems when conducting powertrain fuel map 
testing using 40 CFR 1037.550. 

(c) Provide the following information if you generate engine fuel maps using either paragraph 
(b)(1), (2), or (34) of this section: 

(1) Full-load torque curve for installed engines, and the full-load torque curve of the engine 
(parent engine) with the highest fueling rate that shares the same engine hardware, including 
the turbocharger, as described in 40 CFR 1065.510.  You may use 40 CFR 1065.510(b)(5)(i) 
for engines subject to Sspark-ignition HDEstandards. Measure the torque curve for hybrid 
engines that have an RESS as described in 40 CFR 1065.510(g)(2) with the hybrid system 
active.  Test hybrid engines with no RESS as described inFor hybrid engines that do not 
include an RESS follow 40 CFR 1065.510(b)(5)(ii). 
(2) Motoring torque map curve as described in 40 CFR 1065.510(c)(2) and (5) for nonhybrid 
conventional and hybrid engines, respectively. For engines with a low-speed governor, 
remove data points where the low- speed governor is active. If you don’t know when the 
low-speed governor is active, we recommend removing all points below 40 r/min above the 
low warm low-idle speed. 
(3) Declared engine idle speed.  For vehicles with manual transmissions, this is the engine 
speed with the transmission in neutral. For all other vehicles, this is the engine’s idle speed 
when the transmission is in drive. 
(4) The engine idle speed during the transient cycle-average fuel map. 
(5) The engine idle torque during the transient cycle-average fuel map. 

(d) If you generate powertrain fuel maps using paragraph (b)(34) of this section, determine the 
system continuous rated power according to § 1036.5207. 

§ 1036.5105  Supplemental Eemission Ttest. 
(a) Starting in model year 2021, you must mMeasure CO2 emissions using the steady-state SET 
duty cycle in 40 CFR 86.1362 as described in § 1036.501, or using the SET duty cycle as 
described in this section. Note that the SET duty cycle is operated as a ramped-modal cycle 
rather than discrete steady-state test points. 
(b) Perform SET testing with one of the following procedures: 

(1) For testing nonhybrid engines testing, the SET duty cycle is based on normalized speed 
and torque values relative to certain maximum values.  Denormalize speed as described in 40 
CFR 1065.512. Denormalize torque as described in 40 CFR 1065.610(d).  Note that idle 
points are to be run at conditions simulating neutral or park on the transmission.  
Denormalize speed as described in 40 CFR 1065.512. 
(2) For Test hybrid powertrain engines and hybrid enginepowertrains as described in testing, 
follow 40 CFR 1037.550, except as specified in this paragraph (b)(2). to carry out the test, 
but dDo not compensate the duty cycle for the distance driven as described in 40 CFR 
1037.550(g)(4), f. For hybrid engines, select the transmission from Table 1 of § 1036.540, 
substituting “engine” for “vehicle” and “highway cruise cycle” for “SET”, and cycles do not 
follow. Disregard duty cycles in 40 CFR 1037.550(j). For cycles that begin with a set of 
contiguous idle points, leave the transmission in neutral or park for the full initial idle 
segment.  Place the transmission into drive within no earlier than 5 seconds of before the first 
nonzero vehicle speed setpoint. For SET testing only, pPlace the transmission into park or 
neutral when the cycle reaches the final idle segmentSET mode 14. Use the following 
vehicle parameters instead place of those in 40 CFR 1037.550 to define the vehicle model in 
40 CFR 1037.550(a)(3): 

(i) Determine the vehicle test mass, M, as follows: 
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ଵ.ଷଵ𝑀 ൌ  15.1 ⋅ 𝑃contrated 
Eq. 1036.5105-1 

Where: 
Pcontrated = the continuous rated power of the hybrid system determined in 
§ 1036.5207. 

Example: 
Pcontrated = 350.1 kW 
M = 15.1ꞏ350.11.31 = 32499 kg 
M = 32499 kg 

(ii) Determine the vehicle frontal area, Afront, as follows: 
(A) For M ≤ 18050 kg:

𝐴front ൌ െ1.69 ⋅ 10ି଼ ⋅ 𝑀ଶ  6.33 ⋅ 10ିସ ⋅ 𝑀    1.67 
Eq. 1036.5105-2 

Example: 
M = 16499 kg
𝐴front ൌ െ1.69 ⋅ 10ି଼ ⋅ 16499ଶ  6.33 ⋅ 10ିସ ⋅ 16499  1.67 ൌ 7.51 mଶ 

𝐴front ൌ 7.51 mଶ

 (B) For M > 18050 kg, Afront = 7.59 m2 

(iii) Determine the vehicle drag area, CdA, as follows: 

𝐶ୢ𝐴 ൌ  
ሺ0.00299 ⋅ 𝐴front െ 0.000832ሻ ⋅ 2 ⋅ 𝑔  ⋅  3. 6ଶ 

𝜌 
Eq. 1036.5105-3 

Where: 
g = gravitational constant = 9.80665 m/s2. 
ρ = air density at reference conditions. Use ρ = 1.1845 kg/m3. 

Example: 

𝐶ୢ𝐴 ൌ  
ሺ0.00299 ⋅ 7.59 െ 0.000832ሻ ⋅ 2 ⋅ 9.80665 ⋅ 3. 6ଶ 

ൌ 3.08 mଶ
1.1845 

CdA = 3.08 m2 

(iv) Determine the coefficient of rolling resistance, Crr, as follows: 

𝐶rr ൌ 0.005.13  
17
𝑀
.600 

Eq. 1036.5105-4 

Example: 

32499 
ൌ 0.005.7 kgN/kgN=0.0057 N/N𝐶rr ൌ 0.005.13  

17.600

Crr = 5.7 N/kN = 0.0057 N/N 

(v) Determine the vehicle curb mass, Mcurb, as follows:
𝑀curb ൌ െ0.000007376537 ⋅ 𝑀ଶ  0.6038432 ⋅ 𝑀  
Eq. 1036.5105-5 
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Example:
𝑀curb ൌ െ0.000007376537 ⋅ 32499ଶ  0.6038432 ⋅ 32499 ൌ 11833 kg 
Mcurb = 11833 kg 

(vi) Determine the linear equivalent mass of rotational moment of inertias, Mrotating, as 
follows:

𝑀rotating ൌ 0.07 ⋅ 𝑀curb 

Eq. 1036.5105-6 

Example:
𝑀rotating ൌ 0.07 ⋅ 11833 ൌ 828.3 kg 
Mrotating = 828.3 kg 

(vii) Select a drive axle ratio, ka, that represents the worst-case combination of final gear 
ratio, drive axle ratio, and tire size for CO2 expected for vehicles in which the hybrid 
powertrain or hybrid engine will be installed. This is typically the highest numeric axle 
ratio. 
(viii) Select a tire radius, r, that represents the worst-case pair of tire size and drive axle 
ratio for CO2 expected for vehicles in which the hybrid powertrain or hybrid engine will 
be installed. This is typically the smallest tire radius. 
(ix) If you are certifying a hybrid powertrain system without the transmissionengine, use 
a default transmission efficiency of 0.95. If you certify with this configuration, you must
use 40 CFR 1037.550(a)(3)(ii) to and create the vehicle model along with its default 
transmission shift strategy as described in 40 CFR 1037.550(a)(3)(ii). Use the 
transmission parameters defined in Table 1 of § 1036.540 to determine transmission type 
and gear ratio. For Light HDV and Medium HDVs, use the Light HDV and Medium 
HDV parameters for the FTP, LLC, and SET duty cycles. For Tractors and Heavy 
HDVs, use the Tractor and Heavy HDV transient cycle parameters for the FTP and LLC 
duty cycles and the Tractor and Heavy HDV highway cruise cycle parameters for the 
SET duty cycle. 
(x) Select axle efficiency, Effaxle, according to 40 CFR 1037.550. 

(c) Measure emissions using the SET duty cycle shown in Table 1 of this section to determine 
whether engines and hybrid powertrains meet the steady-state compression-ignition standards 
specified in subpart B of this part.  Table 1 of this section specifies test settings for engine and 
hybrid powertrain testing, as follows: 

(1) The duty cycle for testing nonhybrid engines (including hybrid engines) involves a 
schedule of normalized engine speed and torque values. Note that nonhybrid powertrains are 
generally tested as engines, so this section does not describe separate procedures for that 
configuration. 
(2) The duty cycle for testing hybrid engines and hybrid powertrains testing involves a 
schedule of vehicle speeds and road grade as follows:. 

(i) Determine road grade at each point based on the continuous rated power of the hybrid 
powertrain system, Pcontrated, in kW determined in § 1036.5207, the vehicle speed (A, B, 
or C) in mi/hr for a given SET mode, vref[speed], and the specified road- grade coefficients 
using the following equation:

ଷ ଶ ଶ ଶ𝑅𝑜𝑎𝑑𝑔𝑟𝑎𝑑𝑒 ൌ 𝑎 ⋅ 𝑃contrated  𝑏  ⋅ 𝑃contrated ⋅ 𝑣refሾspeedሿ  𝑐  ⋅ 𝑃contrated  𝑑  ⋅ 𝑣refሾspeedሿ  𝑒  
⋅ 𝑃contrated ⋅ 𝑣refሾspeedሿ  𝑓  ⋅ 𝑃contrated  𝑔  ⋅ 𝑣refሾspeedሿ  ℎ  

Eq. 1036.5105-7 
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Example for SET mode 3a in Table 1 to of this section: 
This example is for SET mode 3a in Table 1 to § 1036.505. 
Pcontrated = 345.2 kW 
vrefB = 59.3 mi/hr 
𝑅𝑜𝑎𝑑 𝑔𝑟𝑎𝑑𝑒 ൌ 8.296 ⋅ 10ିଽ ⋅ 345. 2ଷ  ሺെ4.752 ⋅ 10ିሻ ⋅ 345. 2ଶ ⋅ 59.3  1.291

⋅ 10ିହ ⋅ 345. 2ଶ  2.88 ⋅ 10ିସ ⋅ 59. 3ଶ  4.524 ⋅ 10ିସ ⋅ 345.2 ⋅ 59.3
 ሺെ1.802 ⋅ 10ିଶሻ ⋅ 345.2  ሺെ1.83 ⋅ 10ିଵሻ ⋅ 59.3  8.81 ൌ 0.53 % 

Road grade = 0.53% 

(ii) Use the vehicle C speed determined in § 1036.5207 and d. Determine the vehicle A 
and B speeds as follows: 

(A) Determine vehicle A speed using the following equation:
55.0

𝑣refA ൌ 𝑣refC ⋅ 75.0 
Eq. 1036.5105-8 

Example: 
VrefC vrefC = 68.42 mi/hr 

55.0
𝑣refA ൌ 68.4 ⋅ 

75.0 
ൌ 50.2 mi/hr 

vrefA = 50.2 mi/hr 

(B) Determine vehicle B speed using the following equation:
65.0

𝑣refB ൌ 𝑣refC ⋅ 75.0 
Eq. 1036.5105-9 

Example: 
65.0

𝑣refB ൌ 68.4 ⋅ 
75.0 

ൌ 59.3 mi/hr 

vrefB = 59.3 mi/hr 

(3) Table 1 follows: 
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TABLE 1 TO PARAGRAPH (c)(3) TO OF § 1036.5105—SUPPLEMENTAL EMISSION TEST RAMPED-MODAL DUTY CYCLE 

SET mode 

Engine testing Hybrid powertrain testing 
Time in 
mode
 (seconds) 

Engine 
speeda b 

Torque 
(percent)b c 

Vehicle 
speed 
(mi/hr) 

Road-grade coefficients 

a b c d e f g h 

1a Steady-
state 

124 
Warm 
Idle 

0 
Warm 
Idle0 

0 0 0 0 0 0 0 0 

1b 
Transitiond 20 

Linear 
Transition 

Linear 
Transition 

Linear 
Transition 

-1.898E-
08 

-5.895E-
07 

3.780E-
05 

4.706E-
03 

6.550E-
04 

-2.679E-
02 

-
1.027E+0 
0 

1.542E+0 
1 

2a Steady-
state 

196 A 100 vrefA 
-1.227E-
08 

-5.504E-
07 

3.946E-
05 

1.212E-
03 

5.289E-
04 

-3.116E-
02 

-3.227E-
01 

1.619E+0 
1 

2b 
Transitiond 20 

Linear 
Transition 

Linear 
Transition 

Linear 
Transition 

-2.305E-
09 

-4.873E-
07 

2.535E-
05 

8.156E-
04 

4.730E-
04 

-2.383E-
02 

-2.975E-
01 

1.277E+0 
1 

3a Steady-
state 

220 B 50 vrefB 
8.296E-
09 

-4.752E-
07 

1.291E-
05 

2.880E-
04 

4.524E-
04 

-1.802E-
02 

-1.830E-
01 

8.810E+0 
0 

3b 
Transition 

20 B 
Linear 
Transition 

vrefB 
4.642E-
09 

-5.143E-
07 

1.991E-
05 

3.556E-
04 

4.873E-
04 

-2.241E-
02 

-2.051E-
01 

1.068E+0 
1 

4a Steady-
state 

220 B 75 vrefB 
1.818E-
10 

-5.229E-
07 

2.579E-
05 

5.575E-
04 

5.006E-
04 

-2.561E-
02 

-2.399E-
01 

1.287E+0 
1 

4b 
Transitiond 20 

Linear 
Transition 

Linear 
Transition 

Linear 
Transition 

5.842E-
10 

-4.992E-
07 

2.244E-
05 

4.700E-
04 

4.659E-
04 

-2.203E-
02 

-1.761E-
01 

1.072E+0 
1 

5a Steady-
state 

268 A 50 vrefA 
3.973E-
09 

-4.362E-
07 

1.365E-
05 

4.846E-
04 

4.158E-
04 

-1.606E-
02 

-1.908E-
01 

8.206E+0 
0 

5b 
Transition 

20 A 
Linear 
Transition 

vrefA 
-2.788E-
10 

-4.226E-
07 

1.812E-
05 

6.591E-
04 

4.158E-
04 

-1.846E-
02 

-2.201E-
01 

1.001E+0 
1 

6a Steady-
state 

268 A 75 vrefA 
-4.216E-
09 

-4.891E-
07 

2.641E-
05 

8.796E-
04 

4.692E-
04 

-2.348E-
02 

-2.595E-
01 

1.226E+0 
1 

6b 
Transition 

20 A 
Linear 
Transition 

vrefA 
3.979E-
09 

-4.392E-
07 

1.411E-
05 

2.079E-
04 

4.203E-
04 

-1.658E-
02 

-1.655E-
01 

7.705E+0 
0 

7a Steady-
state 

268 A 25 vrefA 
1.211E-
08 

-3.772E-
07 

6.209E-
07 

1.202E-
04 

3.578E-
04 

-8.420E-
03 

-1.248E-
01 

4.189E+0 
0 

7b 
Transitiond 20 

Linear 
Transition 

Linear 
Transition 

Linear 
Transition 

1.659E-
09 

-4.954E-
07 

2.103E-
05 

4.849E-
04 

4.776E-
04 

-2.194E-
02 

-2.551E-
01 

1.075E+0 
1 

8a Steady-
state 

196 B 100 vrefB 
-8.232E-
09 

-5.707E-
07 

3.900E-
05 

8.150E-
04 

5.477E-
04 

-3.325E-
02 

-2.956E-
01 

1.689E+0 
1 

8b 
Transition 

20 B 
Linear 
Transition 

vrefB 
4.286E-
09 

-5.150E-
07 

2.070E-
05 

5.214E-
04 

4.882E-
04 

-2.291E-
02 

-2.271E-
01 

1.157E+0 
1 
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9a Steady-
state 

196 B 25 vrefB 
1.662E-
08 

-4.261E-
07 

-2.705E-
07 

2.098E-
05 

4.046E-
04 

-1.037E-
02 

-1.263E-
01 

4.751E+0 
0 

9b 
Transitiond 20 

Linear 
Transition 

Linear 
Transition 

Linear 
Transition 

7.492E-
09 

-5.451E-
07 

1.950E-
05 

2.243E-
04 

5.114E-
04 

-2.331E-
02 

-2.270E-
01 

1.062E+0 
1 

10a 
Steady-
state 

28 C 100 vrefC 
-1.073E-
09 

-5.904E-
07 

3.477E-
05 

5.069E-
04 

5.647E-
04 

-3.354E-
02 

-2.648E-
01 

1.651E+0 
1 

10b 
Transition 

20 C 
Linear 
Transition 

vrefC 
9.957E-
09 

-5.477E-
07 

1.826E-
05 

2.399E-
04 

5.196E-
04 

-2.410E-
02 

-2.010E-
01 

1.128E+0 
1 

11a 
Steady-
state 

4 C 25 vrefC 
1.916E-
08 

-5.023E-
07 

3.715E-
06 

3.634E-
05 

4.706E-
04 

-1.539E-
02 

-1.485E-
01 

6.827E+0 
0 

11b 
Transition 

20 C 
Linear 
Transition 

vrefC 
1.474E-
08 

-5.176E-
07 

1.027E-
05 

1.193E-
04 

4.911E-
04 

-1.937E-
02 

-1.713E-
01 

8.872E+0 
0 

12a 
Steady-
state 

4 C 75 vrefC 
6.167E-
09 

-5.577E-
07 

2.354E-
05 

3.524E-
04 

5.319E-
04 

-2.708E-
02 

-2.253E-
01 

1.313E+0 
1 

12b 
Transition 

20 C 
Linear 
Transition 

vrefC 
1.039E-
08 

-5.451E-
07 

1.756E-
05 

2.257E-
04 

5.165E-
04 

-2.366E-
02 

-1.978E-
01 

1.106E+0 
1 

13a 
Steady-
state 

4 C 50 vrefC 
6.209E-
09 

-5.292E-
07 

2.126E-
05 

3.475E-
04 

5.132E-
04 

-2.552E-
02 

-2.212E-
01 

1.274E+0 
1 

13b 
Transitiond 20 

Linear 
Transition 

Linear 
Transition 

Linear 
Transition 

4.461E-
09 

-6.452E-
07 

1.301E-
05 

1.420E-
03 

5.779E-
04 

-1.564E-
02 

1.949E-
01 

7.998E+0 
0 

14 Steady-
state 

144 
Warm 
Idle 

0 
Warm 
Idle0 

0 0 0 0 0 0 0 0 

aEngine speed terms are defined in 40 CFR part 1065.
bAdvance from one mode to the next within a 20 second transition phase. During the transition phase, command a linear progression from the settings of the current 
mode to the settings of the next mode. 
cThe percent torque is relative to maximum torque at the commanded engine speed.
dUse the average vehicle speed during each transition for vref in Eq. 1036.510-7 for calculating road grade for all points during the transition. 
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(d) Determine criteria pollutant emissions for plug-in hybrid engines and powertrains as follows: 
(1) Precondition the engine or powertrain in charge-sustaining mode. Perform testing as 
described in this section for hybrid engines and hybrid powertrains in charge-sustaining 
mode. 
(2) Carry out a charge-depleting test as described in paragraph (d)(1) of this section, except 
as follows: 

(i) Fully charge the RESS after preconditioning. 
(ii) Operate the hybrid engine or powertrain continuously over repeated SET duty cycles 
until you reach the end-of-test criterion defined in 40 CFR 1066.501(a)(3). 
(iii) Calculate emission results for each SET duty cycle.  Figure 1 of this section provides
an example of a charge-depleting test sequence where there are two test intervals that 
contain engine operation. 

(3) Report the highest emission result for each criteria pollutant from all tests in paragraphs 
(d)(1) and (2) of this section, even if those individual results come from different test 
intervals. 
(4) Figure 1 follows: 
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FIGURE 1 TO PARAGRAPH (d)(4) OF § 1036.5105—SET CHARGE-DEPLETING CRITERIA 

POLLUTANT TEST SEQUENCE. 
Charge Depleting Charge Sustaining 

SO
C

 

E
ng

in
e 

St
ar

t 

End-of-test 
criterion met 

SET 1 SET 2 SET 3 SET 4 SET 5 SET 6 

SETs with engine 
operation for criteria 

pollutant determination 

SO
C

 

Charge-Depleting Charge-Sustaining 

E
ng

in
e 

St
ar

t 

End-of-test 
criterion met 

SET 1 SET 2 SET 3 SET 4 SET 5 SET 6 

SETs with engine 
operation for criteria 

pollutant determination 

(e) Determine greenhouse gas pollutant emissions for plug-in hybrid engines and powertrains 
using the emissions results for all the SET test intervals for both charge-depleting and charge-
sustaining operation from paragraph (d)(2) of this section.  Calculate the utility factor-weighted 
composite mass of emissions from the charge-depleting and charge-sustaining test results, 
eUF[emission]comp, using the following equation:

ே ெ

𝑒UF[emission]comp ൌൣ𝑒[emission][int]CDi  ሺ𝑈𝐹ୈେୈ െ 𝑈𝐹ୈେୈିଵሻ൧ ൣ𝑒[emission][int]CSj൧
ୀଵ ୀଵ 

ሺ1 െ 𝑈𝐹RCDሻ 
𝑀 

Eq. 1036.5105-10 

Where: 
i = an indexing variable that represents one test interval. 
N = total number of charge-depleting test intervals. 
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e[emission][int]CDi = total mass of emissions in the charge-depleting portion of the test for each test 
interval, i, starting from i = 1, including the test interval(s) from the transition phase. 
UFDCDi = utility factor fraction at distance DCDi from Eq. 1036.5105-11, as determined by 
interpolating the approved utility factor curve for each test interval, i, starting from i = 1. Let 
UFDCD0 = 0. 
j = an indexing variable that represents one test interval. 
M = total number of charge-sustaining test intervals. 
e[emission][int]CSj = total mass of emissions in the charge-sustaining portion of the test for each test 
interval, j, starting from j = 1. 
UFRCD = utility factor fraction at the full charge-depleting distance, RCD, as determined by 
interpolating the approved utility factor curve.  RCD is the cumulative distance driven over N 
charge-depleting test intervals.

ொ 

𝐷CDi ൌሺ𝑣 ⋅ 𝛥𝑡ሻ
ୀଵ

Eq. 1036.5105-11 

Where: 
k = an indexing variable that represents one recorded velocity value. 
Q = total number of measurements over the test interval. 
v = vehicle velocity at each time step, k, starting from k = 1. For tests completed under this 
section, v is the vehicle velocity from the vehicle model in 40 CFR 1037.550. Note that this 
should include charge-depleting test intervals that start when the engine is not yet operating. 
Δt = 1/frecord 

frecord = the record rate. 

Example using the charge-depletion test in Figure 1 of § 1036.5105 for the SET for CO2 

emission determination: 
Q = 24000 
v1 = 0 mi/hr 
v2 = 0.8 mi/hr 
v3 = 1.1 mi/hr 
frecord = 10 Hz 
Δt = 1/10 Hz = 0.1 s

ଶସ

𝐷CD1 ൌ  ሺ0 ⋅ 0.1  0.8 ⋅ 0.1  1.1 ⋅ 0.1  𝑣ଶସ ⋅ 𝛥𝑡ሻ ൌ 30.1 mi 
ୀଵ 

DCD1 = 30.1 mi 
DCD2 = 30.0 mi 
DCD3 = 30.1 mi 
DCD4 = 30.2 mi 
DCD5 = 30.1 mi 
N = 5 
UFDCD1 = 0.11 
UFDCD2 = 0.23 
UFDCD3 = 0.34 
UFDCD4 = 0.45 
UFDCD5 = 0.53 
eCO2SETCD1 = 0 g/hpꞏhr 
eCO2SETCD2 = 0 g/hpꞏhr 
eCO2SETCD3 = 0 g/hpꞏhr 
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eCO2SETCD4 = 0 g/hpꞏhr 
eCO2SETCD5 = 174.4 g/hpꞏhr 
M = 1 
eCO2SETCS = 428.1 g/hpꞏhr 
UFRCD = 0.53
𝑒UFCO2comp ൌ ሾ0  ሺ0.11 െ 0ሻ  0  ሺ0.23 െ 0.11ሻ  0  ሺ0.34 െ 0.23ሻ  0  ሺ0.45 െ 0.34ሻ

ሺ1 െ 0.53ሻ
 174.4  ሺ0.53 െ 0.45ሻሿ  428.1  ൌ 215.2 g/hp  hr

1 
eUFCO2comp = 215.2 g/hp∙hr 

(f) Calculate and evaluate cycle statistics as specified in 40 CFR 1065.514 for nonhybrid engines 
and 40 CFR 1037.550 for hybrid engines and hybrid powertrains. 
(g) Calculate cycle work for powertrain testing using system power, Psys. Determine Psys, using 
§ 1036.5207(f)(e). 
(h) If you certify to the clean idle standard in § 1036.104(b), determine the mean mass emission 
rate, 𝑚ሜሶ ሾemissionሿ, in g/hr over the combined warm idle modes 1a and 14 of the SET duty cycle for 
HC, CO, and PM by calculating the total emission mass m[emission] and dividing by the total time. 
Note that this requires creating composite emission values from separate samples for CO and 
PM. These values for 𝑚ሜሶ ሾemissionሿ serve as emission standards for testing over the Clean Idle test 
in § 1036.514. (Note: for plug-in hybrid engines and powertrains, use the SET results from the 
charge-sustaining or charge-depleting tests that have the highest emission values.) 

§ 1036.5120 Transient testingFederal Test Procedure. 
(a) Measure emissions using the transient Federal Test Procedure (FTP) as described in this 
section by testing the engine or hybrid powertrain on a dynamometer with one of the following 
transient duty cycles to determine whether it engines meets the transient emission standards in 
subpart B of this part. Operate the engine or hybrid powertrain over one of the following 
transient duty cycles:: 

(1) For engines subject to spark-ignition enginesstandards, use the transient duty cycletest
interval described in paragraph (ab) of appendix B of this part. 
(2) For engines subject to compression-ignition enginesstandards, use the transient duty 
cycletest interval described in paragraph (bc) of appendix B of this part. 
(3) For spark-ignition hybrid powertrains, use the transient duty cycle described in paragraph 
(a) of appendix B of this part. 
(4) For compression-ignition hybrid powertrains, use the transient duty cycle described in 
paragraph (b) of appendix B of this part. 

(b) Perform tThe following procedures depending on if you areapply differently for testing 
engines or and hybrid powertrains: 

(1) For engine testing, tThe transient duty test intervals cycles for nonhybrid engine testing 
are based on normalized speed and torque values relative to certain maximum values. 
Denormalize speed as described in 40 CFR 1065.512.  Denormalize torque as described in 40 
CFR 1065.610(d).  Denormalize speed as described in 40 CFR 1065.512. 
(2) For Test hybrid engines and hybrid powertrains testing, followas described in 
§ 1036.5105(b)(2), with the following exceptions: 

(i) to carry out the test except rReplace Pcontrated with Prated, which is the peak rated power 
determined in § 1036.5207, .
(ii) keep Keep the transmission in drive for all idle segments after the initial idle segment. 
(iii), and for For hybrid engines, select the transmission from Table 1 of § 1036.540, 
substituting “engine” for “vehicle”. 
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(iv) For hybrid engines, yYou may request to change the engine- commanded torque at 
idle to better represent curb idle transmission torque (CITT). 
(v) For plug-in hybrid engines and powertrains, test over the FTP in both charge-
sustaining and charge-depleting operation for both criteria and greenhouse gas pollutant 
determination. 

(c) The transient FTP duty cycle test sequence consists of an initial run through the transient test 
intervalduty cycle from a cold start as described in 40 CFR part 1065, subpart F, followed by a 
(20 ±1) minute hot soaks with no engine operation, and then a final hot start run through of the 
same transient test intervalduty cycle. Emissions from engine starting is part of the both the 
cold-start and hot-start test intervals. Calculate the total emission mass of each constituent, m, 
and the total work, W, over each test interval according toas described in 40 CFR 1065.650. 
Calculate total work over each test interval for powertrain testing using system power, Psys. 
Determine Psys using § 1036.5207(f)(e). . For powertrains with automatic transmissions, 
account for and include the work produced by the engine from the CITT load.  Calculate the 
official transient emission result from the cold-start and hot-start test intervals using the 
following equation: 

𝑂𝑓𝑓𝑖𝑐𝑖𝑎𝑙 𝑡𝑟𝑎𝑛𝑠𝑖𝑒𝑛𝑡 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑟𝑒𝑠𝑢𝑙𝑡 ൌ 
𝑐𝑜𝑙𝑑 𝑠𝑡𝑎𝑟𝑡 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 ሺ𝑔ሻ  6 ⋅ ℎ𝑜𝑡  𝑠𝑡𝑎𝑟𝑡 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 ሺ𝑔ሻ 
𝑐𝑜𝑙𝑑 𝑠𝑡𝑎𝑟𝑡 𝑤𝑜𝑟𝑘 ሺℎ𝑝 ⋅ ℎ𝑟ሻ  6 ⋅ ℎ𝑜𝑡  𝑠𝑡𝑎𝑟𝑡 𝑤𝑜𝑟𝑘 ሺℎ𝑝 ⋅ ℎ𝑟ሻ 

Eq. 1036.5120-1 

(d) Determine criteria pollutant emissions for plug-in hybrid engines and powertrains as follows: 
(1) Precondition the engine or powertrain in charge-sustaining mode. Perform testing as 
described in this section for hybrid engines and hybrid powertrains in charge-sustaining 
mode. 
(2) Carry out a charge-depleting test as described in paragraph (d)(1) of this section, except 
as follows: 

(i) Fully charge the battery after preconditioning. 
(ii) Operate the hybrid engine or powertrain over one FTP duty cycle followed by 
alternating repeats of a 20-minute soak and a hot start test interval until you reach the 
end-of-test criteria defined in 40 CFR 1066.501. 
(iii) Calculate emission results for each successive pair of test intervals. Calculate the 
emission result by treating the first of the two test intervals as a cold-start test. Figure 1 of 
§ 1036.5120 provides an example of a charge-depleting test sequence where there are 
three test intervals with engine operation for two overlapping FTP duty cycles. 

(3) Report the highest emission result for each criteria pollutant from all tests in paragraphs 
(d)(1) and (2) of this section, even if those individual results come from different test 
intervals. 
(4) Figure 1 follows: 
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FIGURE 1 TO PARAGRAPH (d)(4) OF § 1036.5120—FTP CHARGE-DEPLETING CRITERIA 

POLLUTANT TEST SEQUENCE. 
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(e) Determine greenhouse gas pollutant emissions for plug-in hybrid engines and powertrains 
using the emissions results for all the transient duty cycle test intervals described in either 
paragraph (b) or (c) of appendix B of this part for both charge-depleting and charge-sustaining 
operation from paragraph (d)(2) of this section.  Calculate the utility factor weighted composite 
mass of emissions from the charge-depleting and charge-sustaining test results, eUF[emission]comp, as 
described in § 1036.5105(e), replacing occurances of “SET” with “transient test interval”.  Note
this results in composite FTP GHG emission results for plug-in hybrid engines and powertrains 
without the use of the cold-start and hot-start test interval weighting factors in Eq. 1036.5120-1. 
(df) Calculate and evaluate cycle statistics and compare with the established criteria as specified 
in 40 CFR 1065.514 for nonhybrid engines and 40 CFR 1037.550 for hybrid engines and hybrid 
powertrains to confirm that the test is valid. 
(g) If you certify to the clean idle standard in § 1036.104(b), determine the mean mass emission 
rate, 𝑚ሜሶ ሾemissionሿ, in g/hr over the idle segments of the FTP duty cycle for HC, CO, and PM by 
calculating the total emission mass m[emission] and dividing by the total time.  Note that this 
requires creating composite emission values from separate samples for CO and PM.  These
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values for 𝑚ሜሶ ሾemissionሿ serve as emission standards for testing over the Clean Idle test in 
§ 1036.514. (Note: for plug-in hybrid engines and powertrains, use the FTP results from the 
charge-sustaining or charge-depleting tests that have the highest emission values.) 

§ 1036.5142  Low Load Cycle. 
(a) Measure emissions using the transient Low Load Cycle (LLC) as described in this section to 
determine whether engines meet the LLC emission standards in § 1036.104. 
(b) The operating profile for the LLC duty cycle is described in paragraph (d) of appendix B of 
this part. The following procedures apply differently for testing engines and hybrid powertrains: 

(1) For nonhybrid engine testing, the duty cycle is based on normalized speed and torque 
values. 

(i) Denormalize speed as described in 40 CFR 1065.512.  Denormalize torque as
described in 40 CFR 1065.610(d). 
(ii) For idle segments more than 200 seconds, set reference torques to zerothe torque 
needed to meet the accessory loads in Table 1 of this section instead of CITT. This is to
represent shifting the transmission to park or neutral at the start of the idle segment.  
Change the reference torque to CITT no earlier than 5 seconds before the end of the idle 
segment.  This is to represent shifting the transmission to drive. 

(2) Test hybrid engines and hybrid powertrains as described in § 1036.5105(b)(2), with the 
following exceptions: 

(i) Replace Pcontrated with Prated, which is the peak rated power determined in § 1036.5207. 
(ii) Keep the transmission in drive for all idle segments 200 seconds or less.  For idle
segments more than 200 seconds, place the transmission in park or neutral at the start of 
the idle segment and place the transmission into drive again no earlier than 5 seconds 
before the first nonzero vehicle speed setpoint. 
(iii) For hybrid engines, select the transmission from Table 1 of § 1036.540, substituting 
“engine” for “vehicle”. 
(iv) For hybrid engines, you may request to change the engine-commanded torque at idle 
to better represent curb idle transmission torque (CITT). 
(v) For plug-in hybrid engines and powertrains, determine criteria pollutant and 
greenhouse gas emissions as described in § 1036.510(d) and (e), replacing “SET” with 
“LLC”. 

(3) For gaseous-fueled engine testing with a single-point fuel injection system, you may 
apply all the statistical criteria in § 1036.540(d)(3) to validate the LLC. 

(c) Set dynamometer torque demand such that vehicle power represents an accessory load for all 
idle operation as described in Table 1 of paragraph (c)(4) of this section for each primary 
intended service class. Additional provisions related to accessory load apply for the following 
special cases: 

(1) For engines with stop-start technology, account for accessory load during engine-off 
conditions by determining the total engine-off power demand over the test interval and 
distributing that load over the engine-on portions of the test interval based on calculated 
average power.  You may determine the engine-off time by running practice cycles or 
through engineering analysis. 
(2) Apply accessory loads for hybrid powertrain testing that includes the transmission either 
as a mechanical or electrical load. 
(3) You may apply the following deviations from specified torque settings for smoother idle 
(other than idle that includes motoring), or you may develop different procedures for 
adjusting accessory load at idle consistent with good engineering judgment: 

(i) Set the reference torque to correspond to the applicable accessory load for all points 
with normalized speed at or below zero percent and reference torque from zero up to the 
torque corresponding to the accessory load. 
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(ii) Change the reference torques to correspond to the applicable accessory load for 
consecutive points with reference torques from zero up to the torque corresponding to the 
accessory load that immediately precedes or follows idle points. 

(4) Table 1 follows: 

TABLE 1 TO PARAGRAPH (c)(4) OF § 1036.5142—ACCESSORY LOAD AT IDLE 

Primary intended 
service class 

Power representing 
accessory load (kW) 

Light HDE 1.5 
Medium HDE 2.5 
Heavy HDE 3.5 

(d) The transient test sequence consists of preconditioning the engine by running one or two 
FTPs with each FTP followed by (20 ±1) minutes with no engine operation and runninga hot
start run through the LLC. You may start any preconditioning FTP with a hot engine.  Perform
testing as described in 40 CFR 1065.530 for a test interval that includes engine starting.  
Calculate the total emission mass of each constituent, m, and the total work, W, as described in 
40 CFR 1065.650. Calculate total work over the test interval for powertrain testing using system 
power, Psys. Determine Psys using § 1036.520(f).  For powertrains with automatic transmissions, 
account for and include the work produced by the engine from the CITT load. For batch 
sampling, you may sample background periodically into the bag over the course of multiple test 
intervals. 
(e) Determine criteria pollutant and greenhouse gas emissions for plug-in hybrid engines and 
powertrains as described in § 1036.505(d) and (e), replacing “SET” with “LLC”. 
(f) Calculate and evaluate cycle statistics as specified in 40 CFR 1065.514 for nonhybrid engines 
and 40 CFR 1037.550 for hybrid engines and hybrid powertrains. For gaseous-fueled engine 
testing with a single-point fuel injection system, you may apply all the statistical criteria in § 
1036.540(d)(3) to validate the LLC. 

§ 1036.5207 Determining power and vehicle speed values for powertrain testingPowertrain 
system rated power determination. 
This section describes how to determine the system peak power and continuous rated power of 
conventional and hybrid and nonhybrid powertrain systems and the vehicle speed for carrying 
out duty-cycle testing under this part according to §§ 1036.505 and 1036.510 and 40 CFR 
1037.550. 
(a) You must map or re-map an engine before a test if any of the following apply: 

(1) If you have not performed an initial engine map. 
(2) If the atmospheric pressure near the engine’s air inlet is not within ±5 kPa of the 
atmospheric pressure recorded at the time of the last engine map. 
(3) If the engine or emission-control system has undergone changes that might affect 
maximum torque performance. This includes changing the configuration of auxiliary work 
inputs and outputs. 
(4) If you capture an incomplete map on your first attempt or you do not complete a map 
within the specified time tolerance.  You may repeat mapping as often as necessary to 
capture a complete map within the specified time. 

(ba) Set up the powertrain test according to 40 CFR 1037.550, with the following exceptions: 
(1) Use but use the vehicle parameters, other than power, as specified in § 1036.5105(b)(2). 
Use the applicable automatic transmission as specified in § 1036.540(c)(2).  
(2) Select a manufacturer-declared value for Pcontrated to represent , exceptreplace Pcontrated 

with the manufacturer declared system peak power. and use applicable automatic 
transmission for the engine. Note that if you repeat the system rated power determination as 
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described in paragraph (f)(4) of this section, use the measured system peak power in place of 
Pcontrated. 

(cb) VPrior to the start of each test interval verify the following before the start of each test 
interval: 

(1) The state-of-charge of the rechargeable energy storage system (RESS) must be at or 
above is ≥ 90 % of the operating range between the minimum and maximum RESS energy 
levels specified by the manufacturer. 
(2) The conditions of all hybrid system components must be are within their normal 
operating range as declared by the manufacturer, including ensuring that no features are 
actively . 
(3) RESS restrictions limiting (e.g., power limiting, or vehicle speedthermal limits, etc.) are 
not active. 

(dc) Carry out the test as described in this paragraph (d). follows:(1) Warm up the powertrain by 
operating it. We recommend operating the powertrain at any vehicle speed and road grade that 
achieves approximately 75 % of its expected maximum power.  Continue the warm-up until the 
engine coolant, block, or head absolute temperature is within ±2 % of its mean value for at least 
2 min or until the engine thermostat controls engine temperature. 
(2) Once warmup is complete, Within 90 seconds after concluding the warm-up, operate the 
powertrain over a continuous trace meeting the following specifications: 

(1) Bring the vehicle speed to 0 mi/hr and let the powertrain idleand sStart the test by 
operating the powertrain keying on the powertrain and letting it sit at 0 mi/hr for 50 seconds. 
(32) Set maximum driver demand for a full load acceleration at 6.0 % road grade starting 
atwith an initial vehicle speed of 0 mi/hr, continuing for 268 seconds. 
(3) (4) 268 seconds after the initiation of paragraph (c)(3) of this section, lLinearly ramp the 
grade from 6.0 % down to 0.0 % over 300 seconds. Stop the test 30 seconds after the grade 
setpoint vehicle speed has reached a maximum valuehas reached 0.0 %stopped increasing 
above the maximum value observed during the test. 

(ed) Record the powertrain system angular speed and torque values measured at the 
dynamometer at 100 Hz and use these in conjunction with the vehicle model to calculate vehicle 
system power, Psys,vehicle. Note that Psys, is the corresponding value for system power at a location 
that represents the transmission input shaft on a conventional powertrain. 
(fe) Calculate the system power, Psys, for each data point as follows: 

(1) For testing with the speed and torque measurements at the transmission input shaft, Psysi 

is equal to the calculated vehicle system peak power, Psysi,vehicle, determined in paragraphs 
(dc) through and (ed) of this section. 
(2) For testing with the speed and torque measurements at the axle input shaft or the wheel 
hubs, determine Psys for each data point using the following equation:

ൌ 
𝑃sysi,vehicle 

𝑃sysi 𝜀trans ⋅ 𝜀axle 
Eq. 1036.5207-1 

Where: 
Psysi,vehicle = the calculated vehicle system peak power for each 100-Hz data point. 
εtrans = the default transmission efficiency = 0.95. 
εaxle = the default axle efficiency.  Set this value to = 1 for speed and torque measurement 
at the axle input shaft or to = 0.955 at the wheel hubs. 

Example: 
Psys,vehicle = 317.6 kW

317.6
𝑃sys ൌ 

0.95 ⋅ 0.955 
ൌ 350.1 kW 
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Psys = 350.1 kW 

(gf) For each 200-ms (5-Hz) time step, t, determine the coefficient of variation (COV) of 𝑃ሜୱ୷ୱ as 
follows:The system peak rated power, Prated, is the highest calculated Psys where the coefficient 
of variation (COV) < 2 %. The COV is determined as follows: 

(1) CCalculate the standard deviation, σ(t) of the 20 100-Hz data points in each 5-Hz 
measurement interval using the following equation:. 

𝜎ሺ𝑡ሻ ൌ ඩ
𝑁
1 
 ൫𝑃sys െ 𝑃ሜୱ୷ୱሺ𝑡ሻ൯

ଶ
ே 

ୀଵ 

Eq. 1036.5207-2 

Where: 
N = the number of data points in each 5-Hz measurement interval measurement intervals 
= 20. 
Psysii = the 100-Hz values N samples of Psys within each 5-Hz measurement interval.in the 
100 Hz signal previously used to calculate the respective 𝑃ሜୱ୷ୱሺ𝑡ሻ Pμ(t) values at the time 
step t.
𝑃ሜஜୱ୷ୱሺ𝑡ሻ = the mean power from each 5-Hz measurement interval.vector from the results 
of each test run that is determined by a moving averaging of 20 consecutive samples of 
Psys in the 100 Hz that converts Psysμ(t) to a 5 Hz signal. 

(2) Calculate the 5-Hz values for COV(t)The resulting 5 Hz power and covariance signals are 
used to determine system rated power. 
(3) The coefficient of variation COV(t) shall be calculated as the ratio of the standard 
deviation, σ(t), to the mean value of power, 𝑃ሜୱ୷ୱఓሺ𝑡ሻ, for each time step, t, as follows:. 

𝑃ୱ୷ୱఓሺ𝑡ሻ 
𝐶𝑂𝑉ሺ𝑡ሻ ൌ ሜ 

𝜎ሺ𝑡ሻ 

Eq. 1036.5207-3 
(4) If the determined system peak rated power is not within ±3 % of the system peak rated power 
as declared by the manufacturer, you must repeat the procedure in paragraphs (a) through (f)(3) 
of this section using the measured system peak rated power determined in paragraph (f) instead 
of the manufacturer declared value.  The result from this repeat is the final determined system 
peak rated power.(5) If the determined system peak rated power is within ±3 % of the system 
peak rated power as declared by the manufacturer, the declared system peak rated power shall be 
used. 

(h) Determine rated power, Prated, as the maximum measured power from the data collected in 
paragraph (f)(2) of this section that meets the specifications in paragraph (g) of this section. 
(ig) Determine continuous rated power, Pcontrated, as follows: 

(1) For conventional nonhybrid powertrains, Pcontrated equals Prated. 
(2) For hybrid powertrains, continuous rated power, Pcontrated, is the maximum measured 
power from the data collected in paragraph (dc)(3) of this section that meets the 
specifications requirements in paragraph (gf) of this section. 

(hj) Determine vVehicle C speed, vrefC, is determined as follows: 
(1) For powertrains wIfhere the maximum Psys(t) in the highest gear during the maneuver in 
paragraph (d)(3) of this section is greater than 0.98ꞏPcontrated in top gear at more than one 
vehicle speed, vrefC is the average of the minimum and maximum vehicle speeds where Psys(t) 
is equal to 0.98ꞏPcontrated during the maneuver from the data collected in paragraph (dc)(43) of 
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this section where the transmission is in the highest gear, using linear interpolation, as 
appropriate that meets the requirements in paragraph (f) of this section. 
(2) For powertrains wOtherwise,here Psys is not greaterless than 0.98ꞏPcontrated in top gear at 
more than one vehicle speed, vrefC is the maximum vehicle speed during the maneuver from 
the data collected in paragraph (dc)(43) of this section that meets the requirements in 
paragraph (f) of this section where Psys is greater than 0.98ꞏPcontratedwhere the transmission is 
in the highest gear. 

(k) If Pcontrated as determined in paragraph (i) of this section is within ±3 % of the manufacturer-
declared value for Pcontrated, use the manufacturer-declared value. Otherwise, repeat the procedure 
in paragraphs (b) through (j) of this section and use Pcontrated from paragraph (i) instead of the 
manufacturer-declared value. 

§ 1036.52514  Clean Idle test. 
Measure emissions using the procedures described in this section to determine whether engines 
and hybrid powertrains meet the clean idle emission standards in § 1036.104(b).  For plug-in
hybrid engines and powertrains, perform the test with the hybrid function disabled. 
(a) The clean idle test consists of two separate test intervals as follows: 

(1) Mode 1 consists of engine operation with a speed setpoint at your recommended warm 
idle speed. Set the dynamometer torque demand corresponding to vehicle power 
requirements at your recommended warm idle speed that represent in-use operation. 
(2) Mode 2 consists of engine operation with a speed setpoint at 1100 r/min. Set the 
dynamometer torque demand to account for the sum of the following power loads: 

(i) Determine power requirements for idling at 1100 r/min. 
(ii) Apply a power demand of 2 kW to account for appliances and accessories the vehicle 
operator may use during rest periods. 

(3) Determine torque demand for testing under this paragraph (a) based on an accessory load 
that includes the engine cooling fan, alternator, coolant pump, air compressor, engine oil and 
fuel pumps, and any other engine accessory that operates at the specific test condition. Also 
include the accessory load from the air conditioning compressor operating at full capacity for 
Mode 2. Do not include any other load for air conditioning or other cab or vehicle 
accessories except as specified. 

(b) Perform the Clean Idle test as follows: 
(1) Warm up the engine by operating it over the FTP or SET duty cycle, or by operating it at 
any speed above peak-torque speed and at (65 to 85) % of maximum mapped power. The 
warm-up is complete when the engine thermostat controls engine temperature or when the 
engine coolant’s temperature is within 2 % of its mean value for at least 2 minutes. 
(2) Start operating the engine in Mode 1 as soon as practical after the engine warm-up is 
complete.  
(3) Start sampling emissions 10 minutes after reaching the speed and torque setpoints and 
continue emission sampling and engine operation at those setpoints. Stop emission sampling 
after 1200 seconds to complete the test interval. 
(4) Linearly ramp the speed and torque setpoints over 5 seconds to start operating the engine 
in Mode 2. Sample emissions during Mode 2 as described in paragraph (b)(3) of this section. 

(c) Verify that the test speed stays within ±50 r/min of the speed setpoint throughout the test. The 
torque tolerance is ±2 percent of the maximum mapped torque at the test speed. Verify that 
measured torque meets the torque tolerance relative to the torque setpoint throughout the test. 
(d) Calculate the mean mass emission rate of NOx, HC, CO, and PM, 𝑚ሜሶ NOxሾemissionሿ, over each 
test interval by calculating the total emission mass mNOx[emission] and dividing by the total time. 
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§ 1036.525 Hybrid engines.
(a) For model years 2014 through 2020, if your engine system includes features that recover and 
store energy during engine motoring operation, test the engine as described in paragraph (d) of 
this section. For purposes of this section, features that recover energy between the engine and 
transmission are considered related to engine motoring. 
(b) If you produce a hybrid engine designed with power take-off capability and sell the engine 
coupled with a transmission, you may calculate a reduction in CO2 emissions resulting from the 
power take-off operation as described in 40 CFR 1037.540.  Quantify the CO2 reduction for your 
engines using the vehicle-based procedures, consistent with good engineering judgment. 
(c) For engines that include electric hybrid systems, test the engine with the hybrid electric 
motor, the rechargeable energy storage system (RESS), and the power electronics between the 
hybrid electric motor and the RESS. You may ask us to modify the provisions of this section for 
testing engines with other kinds of hybrid systems. 
(d) Measure emissions using the same procedures that apply for testing non-hybrid engines under 
this part, except as specified in this part and 40 CFR part 1065.  For SET testing, deactivate the
hybrid features unless we specify otherwise. The following provisions apply for testing hybrid 
engines: 

(1) Engine mapping. Map the engine as specified in 40 CFR 1065.510. This requires
separate torque maps for the engine with and without the hybrid features active.  For transient
testing, denormalize the duty cycle using the map generated with the hybrid feature active.  
For steady-state testing, denormalize the duty cycle using the map generated without the 
hybrid feature. 
(2) Engine shutdown during testing. If you will configure production engines to shut down 
automatically during idle operation, you may let the engine shut down during the idle 
portions of the duty cycle. 
(3) Work calculation. Calculate positive and negative work done over the cycle according to 
40 CFR 1065.650(d), except that you must set power to zero to calculate negative work done 
for any period over the cycle where the engine produces net positive power or where the 
negative power is solely from the engine and not the hybrid system. 
(4) Limits on braking energy. Calculate brake energy fraction, xb, as follows: 

(i) Calculate xb as the integrated negative work over the cycle divided by the integrated 
positive work over the cycle according to Eq. 1036.525-1.  Calculate the brake energy 
limit for the engine, xbl, according to Eq. 1036.525-2. If xb is less than or equal to xbl, use 
the integrated positive work for your emission calculations.  If xb is greater than xbl use 
Eq. 1036.525-3 to calculate an adjusted value for cycle work, Wcycle, and use Wcycle as the 
work value for calculating emission results.  You may set an instantaneous brake target 
that will prevent xb from being larger than xbl to avoid the need to subtract extra brake 
work from positive work. 

𝑊neg
𝑥 ൌ ቤ ቤ

𝑊pos 

Eq. 1036.525-1 
Where: 
Wneg = the negative work over the cycle. 
Wpos = the positive work over the cycle. 

𝑥bl ൌ 4.158 ⋅ 10ିସ ⋅ 𝑃௫ 
Eq. 1036.525-2 
Where: 
Pmax = the maximum power of the engine with the hybrid system engaged, in kW. 
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𝑊cycle ൌ 𝑊pos െ ൫ห𝑊negห െ  𝑥bl ⋅ 𝑊pos൯ 
Eq. 1036.525-3 
Where: 
Wcycle = cycle work when xb is greater than xbl. 

Example: 
Wneg = 4.69 kW-hr 
Wpos = 14.67 kW-hr 
Pmax = 223 kW

4.69
𝑥 ൌ ฬ

14.67
ฬ ൌ  0.31970 

𝑥bl ൌ 4.158 ⋅ 10ିସ ⋅ 223  0.2247 ൌ 0.317423 
since xb > xbl;
𝑊cycle ൌ 14.67 െ ሺ|4.69| െ 0.317423 ⋅ 14.67ሻ ൌ 14.6365 kW-hr 

(ii) Convert from g/kW-hr to g/hp-hr as the final step in calculating emission results. 
(5) State of charge. Correct for the net energy change of the energy storage device as 
described in 40 CFR 1066.501. 

§ 1036.515530  Test procedures for off-cycle testing. 
(a) General. This section describes the measurement and calculation procedures to perform field 
testing and determine whether tested engines and engine families meet emission standards under 
subpart E of this part. Calculate mass emission rates as specified in 40 CFR part 1065, subpart G. 
Use good engineering judgment to adapt these procedures for simulating vehicle operation in the 
laboratory.Use good engineering judgment if you use these procedures to simulate vehicle 
operation in the laboratory. 
(b) Vehicle preparation andEmission measurement procedures. (1) Set up the vehicle for testing 

with a portable emissions measurement system (PEMS) as specified in 40 CFR part 1065, 
subpart J. 
(2) Measure emissions over one or more shift-days as specified in subpart E of this part. 
Begin emission sampling and data collection as described in 40 CFR 1065.935(c)(3) before 
starting Collect data using moving average windows as follows: 
(1) Start the engine at the beginning of the shift-day. Start the engine only after confirming 
that engine coolant temperature is at or below 340 °C. and that all measurement systems are
activated as described in 40 CFR 1065.935(c)(3). Start emission sampling just before starting 
the engine. 
(3) Measure emissions over one or more shift-days as specified in subpart E of this part.  
(4) For engines subject to compression-ignition standards, record 1 Hz measurements of 
ambient temperature near the vehicle. 

(c) Test Intervals. (2) Determine the test intervals as follows: 
(i1) Spark-ignition HDE, your. Create a single test interval isthat covers the entire shift-day 
for engines subject to spark-ignition standards except for data excluded under paragraph (c) 
of this section. 
The test interval starts with the first pair of consecutive data points with no exclusions as 
described in (3) For Light HDE, Medium HDE, and Heavy HDE, create windows as follows 
if you exclude data under paragraph (c)(3) of this section after the start of the shift-day and 
ends with the last pair of consecutive data points with no exclusions before the end of the 
shift day.:For establish a test interval for every 300 second moving average window until 
key-off. Create each new window starting 1 second after the start of the previous window. 
Note that most 1 Hz data points will be included in 300 windows. 
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(ii2) Compression-ignitionLight HDE, Medium HDE, and Heavy HDE,. Create a series of 
300 second test intervals for engines subject to compression-ignition standards (moving-
average windows) as follows: 

(i) Begin and end each test interval with a pair of consecutive data points with no 
exclusions as described in paragraph (c)(3) of this section. Select the last data point of 
each test interval such that the test interval includes 300 seconds of data with no 
exclusions, as described in paragraph (d) of this section. The test interval may be a 
fraction of a second more or less than 300 seconds to account for the precision of the time 
stamp in recording 1 Hz data.  A test interval may include up to 599 seconds of data with 
continuous exclusions; invalidate any test interval that includes at least 600 seconds of 
continuous sampling with excluded data. 
(ii) The first 300 second test interval starts with the first pair of consecutive data points 
with no exclusions. Determine the start of each subsequent 300 second test interval by 
finding the first pair of consecutive data points with no exclusions after the initial data 
point of the previous test interval. 
(iii) The last 300 second test interval ends with the last pair of consecutive data points 
with no exclusions before the end of the shift day.For 

(i) For excluded blocks of data that are less than 300 seconds long, create 300 second moving 
average windows that include operation before and after the excluded portion. The resulting 
windows might include multiple interruptions less than 300 seconds long that may total more 
than 300 seconds. 
(ii) For excluded blocks of data that are 300 seconds or longer, discontinue windows at the 
start of the excluded portion. Create new 300 second moving average windows following the 
excluded portion, like at the start of the shift-day. 
(c3) Excludedsion datas. Exclude data from test intervals for any period meeting one or more 
of the following conditions shift-day data: 

(1i) Data collected during the PEMSAn analyzer or flow meter is performing zero and 
span drift checks or zero and span calibrations, including any time needed for the 
analyzer to stabilize afterward, consistent with .  good engineering judgment.Emissions 
analyzers are not available to measure emissions during that time and these 
checks/calibrations are needed to ensure the robustness of the data. 
(2ii) Data collected where Tthe engine is off, includingexcept engine off due to 
automated start/stopas specified in § 1036.415(g). 
(3iii) The engine is performing an Data collected during infrequent regeneration events. 
Do not exclude data related to any other AECDs, except as specified in paragraph 
(c)(3)(vi) of this section.  The data collected for the test order may not collect enough 
operation during the infrequent regeneration to properly weight the emissions rates 
during an infrequent regeneration event with emissions that occur without an infrequent 
regeneration event 
(4iv) Data collected where Tthe instantaneousrecorded ambient air temperature is below 
5 °C or above the temperature calculated using the following equationvalue in degrees 
Celsius calculated using Eq. 1036.515-1.. Colder temperatures can significantly inhibit 
the engine’s ability to maintain aftertreatment temperature above the minimum operating 
temperature of the SCR catalyst while high temperature conditions at altitude can 
adversely affect (limit) the mass airflow through the engine, which can affect the engine’s 
ability to reduce engine out NOx through the use of EGR. In addition to affecting EGR, 
the air-fuel ratio of the engine can decrease under high load, which can increase exhaust 
temperatures above the condition where the SCR catalyst is most efficient at reducing 
NOx. 

Tinvalidmax = −0.0014ꞏh + 37.778 
Eq. 1036.53015-1 
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Where: 
h = recorded elevation of the vehicle instantaneous altitude in feet above sea level (h 
is negative for altitudeselevations below sea level). 

Example: 
h = 2679 ft 
Tmax = −0.0014ꞏ2679 + 37.78 
Tmax = 34.0 °C 

(5v) Data collected where the altitudeThe vehicle is operating at an elevation more than 
5,500 feet above sea level for the same reasons given for the high temperature at altitude 
exclusion in paragraph (c)(4) of this section. 
(6vi) If your engine family includes engines withAn engine has one or more 
approvedactive AECDs for emergency vehicles applications under § 1036.115(h)(4), any 
data wherethese AECDs are active because the engines are allowed to exceed the 
emission standards when these AECDs are active. Do not exclude data for any other 
AECDs. 
(vii) A single data point does not meet any of the conditions specified in paragraphs 
(c)(3)(i) through (vi) of this section, but it is preceded and followed by data points that 
both meet one or more of the specified exclusion conditions. 

(d) Assembling test intervals. A test interval may include multiple subintervals separated by 
periods with one or more exclusions under paragraph (c)(3) of this section.  

(1) Treat these test subintervals as continuous for calculating duration of the test interval for 
engines subject to compression-ignition standards.  
(2) Calculate emission mass during each test subinterval and sum those subinterval emission 
masses to determine the emission mass over the test interval. Calculate emisson mass as 
described in 40 CFR 1065.650(c)(2)(i), with the following exceptions and clarifications: 

(i) Correct NOx emissions for humidity as specified in 40 CFR 1065.670. Calculate 
corrections relative to ambient air humidity as measured by PEMS. 
(ii) Disregard the provision in 40 CFR 1065.650(g) for setting negative emission mass to 
zero for test intervals and subintervals. 
(iii) Calculation of emission mass in 40 CFR 1065.650 assumes a constant time interval, 
Δt. If it is not appropriate to assume Δt is constant for testing under this section, use good 
engineering judgment to record time at each data point and adjust the mass calculation 
from Eq. 1065.650-4 by treating Δt as a variable. 

(de) Normalized CO2 emission mass over a 300 second test intervalMean mass percent of CO2 

from normalized CO2 rate. For engines subject to compression-ignition standardsLight HDE, 
Medium HDE, and Heavy HDE, determine the meannormalized mass percent of CO2 emission 
mass over each 300 second test interval, mCO2,norm,testinterval, to the nearest 0.01 % of a window,
�̄� CO2win, using the following equation:

𝑚େଶ,୲ୣୱ୲୧୬୲ୣ୰୴ୟ୪ 𝑚େଶ,୬୭୰୫,୲ୣୱ୲୧୬୲ୣ୰୴ୟ୪ ൌ 
𝑒େଶେ ∙ 𝑃୫ୟ୶ ∙ 𝑡୲ୣୱ୲୧୬୲ୣ୰୴ୟ୪

ሜሶ େଶ୵୧୬ �̄� େଶ୵୧୬ ൌ 
𝑚
𝑚
ሶ େଶ୫ୟ୶ 

Eq. 1036.53015-2 

Where: 
mCO2,testinterval = total CO2 emission mass over the test interval. 
𝑚ሜሶ CO2win = mean mass rate of CO2 over the valid window.
𝑚ሶ CO2max = 𝑒େଶେ ∙ 𝑃୫ୟ୶ 
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eCO2FTPFCL = the engine’s FTP FCL for CO2 over the FTP duty cycleemission value. If the 
engine family includes no FTP testing, use the engine’s FCL for CO2 over the SET duty 
cycle. 
Pmax = the highest value of rated power for all the configurations included in the engine 
family’s maximum power engine familydetermined according to the torque mapping test 
procedure defined in 40 CFR 1065.510. 
ttestinterval = duration of the test interval. Note that the nominal value is 300 seconds. 

Example: 
mCO2,testinterval = 3948 g 𝑚ሜሶ ൌ 13.16 g/s ൌ 47368 g/hrCO2win 
eCO2FTPFCL = 428.2 g/hpꞏhr 
Pmax = 406.5 hp 
ttestinterval = 300.01 s = 0.08 hr 

3948
𝑚େଶ,୬୭୰୫,୲ୣୱ୲୧୬୲ୣ୰୴ୟ୪ ൌ 

428.2 ∙ 406.5 ∙ 0.08 
mCO2,norm,testinterval = 0.2722 = 27.22 %
𝑚ሶ CO2max ൌ 428.2 ∙ 406.5 ൌ 174063 g/hr 

�̄� CO2win ൌ 
47368

174063 
ൌ 0.272 ൌ 27.2 % 

(ef) Binning 300 second test intervals. For engines subject to compression-ignition standards, 
identify the appropriateLight HDE, Medium HDE, and Heavy HDE,  bin for each of the 300
second test intervalssegregate test results from each 300 second window over the shift-day based 
on its normalized mean mass percent of CO2 emission mass, mCO2,norm,testinterval, into one of theas 
followsing bins: 

TABLE 1 TO PARAGRAPH (ef) OF § 1036.53015—CRITERIA FOR OFF-CYCLE BIN TYPES 

Bin 
MeanNormalized mass percent of 
CO2 emission mass over the 300 
second test interval 

IdleBin 1 mCO2,norm,testinterval ≤ �̄� < 6.00 %.CO2win

Low load 6 % ൏ �̄� < 20 %.CO2win

Medium/high 
loadBin 2 

mCO2,norm,testinterval�̄� >> 206.00 CO2win 
%. 

(fg) Window emission values. For Light HDE, Medium HDE, and Heavy HDE, determine the 
emission mass for a given window, m[emission]win, for CO2 and other measured emissions using the 
following equation:

ே

𝑚ሾemissionሿwin ൌ 𝑚ሶ ሾemissionሿ ⋅ Δ𝑡 
ୀଵ 

Eq. 1036.515-3 

Where: 
i = an indexing variable that represents one recorded emission value. 
N = total number of measurements in the window. 
𝑚ሶ ሾemissionሿ= mass emission rate at a point in time within a given window.  
Δt = 1/frecord 

frecord = the record rate. 
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Example: 
N = 300
𝑚ሶ NOx1= 0.0179 g/s
𝑚ሶ NOx2= 0.0181 g/s 
frecord = 1 Hz 
Δt = 1/1 Hz = 1 s
𝑚NOxwin ൌ ሺ0.0179  0.0181. . . 𝑚ሶ NOx300ሻ ⋅ 1 ൌ 5.46 g 

(g) Off-cycle emissions quantitiesBin emission values.  Determine the off-cycle emissions 
quantities as follows: 

(1) Spark-ignitionShift-day emission values for spark-ignition engines. For engines subject 
to spark-ignition enginesstandards, the off cycle emission quantity, e[emission],offcycle, is the 
value for CO2-specific emission mass for a given pollutant over the test interval representing 
the shift-day converted to a brake-specific value, as calculated for each measured pollutant 
using the following equation:determine the shift-day emission values as follows: 

(1) Determine the emission mass for a shift-day, m[emission]shift, for each measured pollutant 
and CO2 using the following equation:

ே

𝑚ሾemissionሿshift ൌ 𝑚ሶ ሾemissionሿ ⋅ Δ𝑡 
ୀଵ 

Eq. 1036.515-6 

Where: 
i = an indexing variable that represents one recorded emission value. 
N = total number of measurements in the shift-day. 
𝑚ሶ ሾemissionሿ= mass emission rate at a point in time within a given shift-day.
Δt = 1/frecord 

frecord = the record rate. 

Example: 
N = 24543
𝑚ሶ NOx1= 0.0187 g/s
𝑚ሶ NOx2= 0.0191 g/s 
frecord = 1 Hz 
Δt = 1/1 Hz = 1 s

𝑚NOxshift ൌ ሺ0.0187  0.0191. . . 𝑚ሶ NOx24543ሻ ⋅ 1 ൌ 1.337 g 
(2) Determine the sum of mass emissions from the shift day over the sum of CO2 

emissions from the shift day, esos[emission]shift, for each measured pollutant using the 
following equation: 

ୱ୦୧୲ ൌ 
𝑚ሾemissionሿୱ୦୧୲

𝑒sosሾemissionሿ ⋅ 𝑒CO2FTPFCL 𝑚CO2ୱ୦୧୲ 
ሿ

𝑒ሾୣ୫୧ୱୱ୧୭୬ୱሿ,୭ୡ୷ୡ୪ୣ ൌ 
𝑚ሾୣ୫୧ୱୱ୧୭୬ ∙ 𝑒େଶେ 𝑚େଶ 

Eq. 1036.53015-73 

Where: 
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m[emission]shift = total sum of mass for each emission mass for a given pollutant forover the 
shift daytest interval as determined in paragraph (dh)(2)(1) of this section. 

mCO2shift = total sum of mass for CO2 emission mass forover the shift day test interval as 
determined in paragraph (hd)(2)(1) of this section. 
eCO2FTPFCL = the engine’s FCL value for CO2 emissions over the FTP duty cycle 
identified in the engine family’s application for certification. 

Example: 
mNOxshift = 1.337 g 
mCO2shift = 18778 g 
eCO2FTPFCL = 505.1 g/hpꞏhr 

ൌ 
1.337 

𝑒sosNOxmediumhighload,offcycle 18778 
⋅ 505.1 ൌ 0.035 g/hp ⋅ hr 

eNOx,offcycle = 0.035 g/hpꞏhr 

(h2) Compression-ignitionFor Light HDE, Medium HDE, and Heavy HDE., For engines 
subject to compression-ignition standards, determine the off-cycle emission valuequantity for 
each bin, which may include measurement windows from multiple vehicles. When 
calculating mean bin emissions from ten engines to apply the pass criteria for engine families 
in § 1036.425(c), set any negative off-cycle emissions quantity to zero before calculating 
mean bin emissions. 

(1) (i) Off-cycle emissions quantity for bin 1. The off-cycle emission quantity for bin 1, 
𝑚ഥሶ ୶,୭ୡ୷ୡ୪ୣ,ୠ୧୬ଵ, is the mean NOx mass emission rate from all test intervals associated 
with bin 1 as calculatedDetermine the sum of the NOx emissions from each window for 
the idle bin, eNOxidle, using the following equation: 

ൌ 
∑ே
ୀଵ 𝑚୶୧ୢ୪ୣwin𝑒NOxidle ∑ே

ୀଵ 𝑡
ே
ୀଵ 𝑚୶,୲ୣୱ୲୧୬୲ୣ୰୴ୟ୪,𝑚ഥሶ ୶,୭ୡ୷ୡ୪ୣ,ୠ୧୬ଵ ൌ 

∑ 

∑ே
ୀଵ 𝑡୲ୣୱ୲୧୬୲ୣ୰୴ୟ୪, 

Eq. 1036.53015-4 

Where: 
i = an indexing variable that represents one 300 second test intervalwindow. 
N = total number of 300 second test intervalswindows in the bin 1. 
mNOxtestinterval,iidlewin = total mass of NOx emission mass over the test interval i in bin 1 
emissions for a given window as determined in paragraph (fd)(2) of this section.
𝑡୲ୣୱ୲୧୬୲ୣ୰୴ୟ୪, = total time of test interval i in bin 1 as determined in paragraph (d)(1) of 
this section. Note that the nominal value is 300 seconds.ti = duration for a given 
window = 300 seconds. 

Example: 
N = 10114 
mNOx,testinterval,idlewin1 = 0.021 g 
mNOx,testinterval,idlewin2 = 0.025 g 
mNOx,testinterval,3 = 0.031 g 
ttestinterval,1 = 320099.99 s 
ttestinterval,2 = 300299.98 s 
ttestinterval,3 = 300.04 s 
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𝑚ഥሶ ୶,୭ୡ୷ୡ୪ୣ,ୠ୧୬ଵ𝑒NOxidle 

ൌ
൫0.021  0.025  0.031. . .  𝑚NOx,testinterval,mediumhighloadwin10114൯ 

൫300299.99  300299.98  300.04. .  .  𝑡testinterval,10114൯ 

ൌ 0.000285 
g 
ൌ 1.026 g/hr

s
𝑚ഥሶ ୶,୭ୡ୷ୡ୪ୣ,ୠ୧୬ଵ = 0.000285 g/s = 1.026 g/hr 

(ii2) Off-cycle emissions quantity for bin 2. The off-cycle Determine the emission 
quantitysum of mass emissions from each window over the sum of CO2 emissions from 
each window for the low load and medium high load bins 2, esos[emission],offcycle,[bin2], is the 
value for CO2-specific emission mass for a given pollutant of all the 300 second test 
intervals in bin 2 combined and converted to a brake-specific value, as calculated for 
each measured pollutant using the following equation: 

ൌ 
∑ே
ୀଵ 𝑚ሾemissionሿሾbin win𝑒sosሾemissionሿሾbinሿ 

ሿ 
⋅ 𝑒CO2FTPFCL ∑ே

ୀଵ 𝑚CO2ሾbinሿwin
ே
ୀଵ 𝑚ሾୣ୫୧ୱୱ୧୭୬ሿ,୲ୣୱ୲୧୬୲ୣ୰୴ୟ୪,𝑒ሾୣ୫୧ୱୱ୧୭୬ୱሿ,୭ୡ୷ୡ୪ୣ,ୠ୧୬ଶ ൌ 

∑ 

∑ே
ୀଵ 𝑚େଶ,୲ୣୱ୲୧୬୲ୣ୰୴ୟ୪, 

∙ 𝑒େଶେ 

Eq. 1036.53015-5 

Where: 
i = an indexing variable that represents mass emissions from one 300 second test 
intervalwindow. 
N = total number of 300 second test intervals windows in the bin 2. 
m[emission],testinterval,i[bin]win = totalsum of mass for each emission mass for a given 
pollutant over the test interval i in for a given window and bin 2 as determined in 
paragraph (fd)(2) of this section. 
mCO2,testinterval,[bin]wini = total sum of mass for CO2 emission mass over the test interval i 
in bin 2for a given window and bin as determined in paragraph (fd)(2) of this section. 
eCO2FTPFCL = the engine’s FCL value for CO2 emissions over the FTP duty cycle 
identified in the engine family’s application for certification. 

Example: 
N = 15439 
mNOxmediumhighloadwin1 = 0.546 g 
mNOxmediumhighloadwin2 = 0.549 g 
mNOx3 = 0.556 g 
mCO2mediumhighloadwin1 = 10950.2 g 
mCO2mediumhighloadwin2 = 10961.3 g 
mCO23 = 10965.3 g 
eCO2 FTPFCL = 428.1 g/hpꞏhr
𝑒sosNOx,offcycle,bin2mediumhighload

൫0.546  0.549  0.556. . .  𝑚NOx,testinterval,mediumhighloadwin15439൯
ൌ 
൫10950.2  10961.3  10965.3. . .  𝑚CO2,testinterval,mediumhighloadwin15439൯

⋅ 428.1 ൌ 0.026 g/hp ⋅ hr 
eNOx,offcycle,bin2 = 0.026 g/hp∙hr 

(h) Shift-day ambient temperature. For engines subject to compression-ignition standards, 
determine the mean shift-day ambient temperature, 𝑇തୟ୫ୠ, considering only temperature readings 
corresponding to data with no exclusions under paragraph (c)(3) of this section. 
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(i) Graphical illustration. Figure 1 of this section illustrates a test interval with interruptions of 
one or more data points excluded under paragraph (c)(3) of this section. The x-axis is time and 
the y-axis is the mass emission rate at each data point, 𝑚ሶ ሺ𝑡ሻ. The data points coincident with any 
exclusion are illustrated with open circles. The shaded area corresponding to each group of 
closed circles represents the total emission mass over that test subinterval. Note that negative 
values of 𝑚ሶ ሺ𝑡ሻ are retained and not set to zero in the numerical integration calculation. The first 
group of data points without any exclusions is referred to as the first test subinterval and so on. 
FIGURE 1 TO PARAGRAPH (i) OF § 1036.530—ILLUSTRATION OF INTEGRATION OF MASS OF 

EMISSIONS OVER A TEST INTERVAL WITH EXCLUDE DATA POINTS 

§ 1036.535 Determining steady-state engine fuel maps and fuel consumption at idle.  
This The procedures in this section describes how to determine an engine’s steady-state fuel map 
and fuel consumption at idle for model year 2021 and later vehicles; these procedures apply as 
described in § 1036.5053. Vehicle manufacturers may need these values to demonstrate 
compliance with emission standards under 40 CFR part 1037 as described in § 1036.510. 
(a) General test provisions. Perform fuel mapping using the procedure described in paragraph (b) 
of this section to establish measured fuel-consumption rates at a range of engine speed and load 
settings. Measure fuel consumption at idle using the procedure described in paragraph (c) of this 
section. Paragraph (d) of this section describes how to apply the steady-state mapping from 
paragraph (b) of this section for the special case of If you perform cycle-average mapping for 
highway cruise cycles as described in § 1036.540, omit mapping under paragraph (b) of the 
section and instead perform mapping as described in paragraph (d) of this section. Use these 
measured fuel-consumption values to declare fuel-consumption rates for certification as 
described in paragraph (eg) of this section.   

(1) Map the engine’s torque curve and declare engine idle speed as described in 
§ 1036.5053(c)(1) and (3)., and p Perform emission measurements as described in 40 CFR 
1065.501 and 1065.530 for discrete-mode steady-state testing.  This section uses engine 
parameters and variables that are consistent with 40 CFR part 1065. 
(2) Measure NOx emissions as described in paragraph (f) of this sectionfor each specified 
sampling period in g/s. You may perform these measurements using a NOx emission-
measurement system that meets the requirements of 40 CFR part 1065, subpart J. Include 
these measured NOx values any time you report to us your fuel consumption values from 
testing under this section.  If a system malfunction prevents you from measuring NOx 

emissions during a test under this section but the test otherwise gives valid results, you may 
consider this a valid test and omit the NOx emission measurements; however, we may require 
you to repeat the test if we determine that you inappropriately voided the test with respect to 
NOx emission measurement. 
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(3) You may use shared data across engine configurations to the extent that the fuel-
consumption rates remain valid. 
(4) The provisions related to carbon balance error verification in § 1036.543 apply for all 
testing in this section. These procedures are optional, but we will perform carbon balance 
error verification for all testing under this section. 
(5) Correct fuel mass flow rate to a mass-specific net energy content of a reference fuel as 
described in paragraph (e) of this section. 

(b) Steady-state fuel mapping. Determine steady-state fuel-consumption rates for each engine 
configuration over a series of steady-state engine operating points consisting of pairs of paired 
engine speed and torque setpoints as described in this paragraph (b). You may use shared data 
across an engine platform to the extent that the fuel-consumption rates remain valid. For 
example, if you test a high-output (parent) configuration and create a different (child) 
configuration that uses the same fueling strategy but limits the engine operation to be a subset of 
that from the high-output configuration, you may use the fuel-consumption rates for the reduced 
number of mapped points for the low-output configuration, as long as the narrower map includes 
at least 70 points.  Perform fuel mapping as follows: 

(1) Generate the fuel-mapping sequence of steady-state engine speed and torque setoperating 
points as follows: 

(i) Determine the required steady-state engine operating points as follows: 
(A) For engines with an adjustable warm idle speed setpoint, sSelect the following 
required speed setpoints: minimum warm idle speed, fnidlemin, the highest speed above 
maximum power at which 70 % of maximum power occurs, nhi, and eight (or more) 
equally spaced points between fnidle min and nhi. (See 40 CFR 1065.610(c)).  For engines 
without an adjustable warm idle speed, replace fnidle with minimum warm idle speed with 
warm idle speed, fnidlemin. 
(Bii) Select Determine the following default torque setpoints at each of the selected speed 
setpoints: zero (T = 0), maximum mapped torque, Tmax mapped, and eight (or more) equally 
spaced points between T = 0 and Tmax mapped. Select the maximum torque setpoint at each 
speed to conform to the torque map as follows: 

(A) Calculate 5 percent of Tmax mapped. Subtract this result from the mapped torque at 
each speed setpoint, Tmax. 
(B) Select Tmax at each speed setpoint as a single torque value to represent all the 
default torque setpoints above the value determined in paragraph (b)(1)(ii)(A) of this 
section. All the default torque setpoints less than Tmax at a given speed setpoint are 
required torque setpoints. 

(iii) Select You may select any additional (optional) steady-state engine operatingspeed 
and torque set points consistent with good engineering judgment.  For example you may 
need to select additional points if the engine’s fuel consumption is nonlinear across the 
torque mapwhen linear interpolation between the defined points is not a reasonable 
assumption for determining fuel consumption from the engine.. Avoid creating a 
problem with interpolation between narrowly spaced speed and torque setpoints near 
Tmax.  For each additional speed setpoint, we recommend including a torque setpoint of 
Tmax; however, you may select torque setpoints that properly represent in-use operation.   
Increments for increments between torque setpoints between these minimum and 
maximum values at an additional speed setpoint must be no more larger than one-ninth of 
Tmax,mapped and we recommend including a torque setpoint of Tmax. If you select a 
maximum torque setpoint less than Tmax, use good engineering judgment to select your 
maximum torque setpoint to avoid unrepresentative data. Note that if the test points were 
added for the child rating, they should still be reported in the parent fuel map.  We will 
select test with at least as many points as you. If you add test points to meet testing 
requirements for child ratings, include those same test points as reported values for the 

A-96 



 

  

  
 

   

 

  

    

 
 

 

 

 

 

 

parent fuel map. For our testing, we will use the same normalized speed and torque test 
points you use, and we may select additional test points. 
(ivii) Start fuel-map testing at Set the run order for all of the steady-state engine operating 
points (both required and optional) as described in this paragraph (b)(1)(iii).  Arrange the 
list of steady-state engine operating points such that the resulting list of paired speed and 
torque setpoints begins with the highest speed setpoint and highest torque setpoint, 
followed by decreasing torque setpoints at the highest speed setpoint.  This will be 
followed by Continue testing at the next lowest speed setpoint and the highest torque 
setpoint at that speed setpoint, followed by decreasing torque setpoints at that speed 
setpoint. Follow this pattern continuing through all the steady-state engine 
operatingspeed and torque points, and ending with the lowest speed (fnidle or fnidlemin) and 
torque setpoint (T = 0). The following figure illustrates provides an example of this array 
of test points and the corresponding run order. 

FIGURE 1 TO PARAGRAPH (b)(1)(iv) OF § 1036.535—STEADYILLUSTRATION OF STEADY-STATE 

ENGINE OPERATIONFUEL-MAPPING TEST POINTS AND RUN ORDER 
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(iv) The steady-state engine operating points that have the highest torque setpoint for a 
giveneach speed setpoint are is an optional reentry points in to restart fuel mapping after 
an incomplete test runthe steady-state-fuel-mapping sequence, should you need to pause 
or interrupt the sequence during testing. 
(vi) The steady-state engine operating points that have the lowest torque setpoint for a 
givenat each speed setpoint are is an optional exit points to interrupt from the steady-
state-fuel-mapping sequence, should you need to pause or interrupt the sequence during 
testing.  Paragraph (b)(7) of this section describes how to interrupt testing at other times. 
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(2) If the engine’s has an adjustable warm idle speed setpointis adjustable, set it to its 
minimum value, fnidlemin. 
(3) The measurement at each unique combination of speed and torque setpoints constitutes a 
test interval. Unless we specify otherwise, you may program the dynamometer to control 
either speed or torque for a given test interval, with operator demand controlling the other 
parameter. During each test interval, cControl speed and torque so that all recorded speed 
points are within ±1 % of nhi from the target speed and all recorded engine torque points are 
within ±5 % of Tmax mapped from the target torque during each test interval, except for the 
following cases where both setpoints cannot be achieved because the steady-state engine 
operating point is near an engine operating boundaryas follows: 

(i) For steady-state engine operating points that cannot be achieved, and the operator 
demand stabilizes at minimum; control program the dynamometer so it gives priority to 
follow thecontrol torque setpoint and let the engine govern the speed (see 40 CFR 
1065.512(b)(1)). Control torque so that all recorded In this case, the tolerance on speed 
control in paragraph (b)(3) of this section does not apply and engine torque is controlled 
topoints are within ±25 Nꞏm from the target torque.  The specified speed tolerance does 
not apply for the test interval. 
(ii) For steady-state engine operating points that cannot be achieved and the operator 
demand stabilizes at maximum and the speed setpoint is below 90 % of nhi even with 
maximum operator demand, program ; control the dynamometer so it gives priority to 
follow theto control speed setpoint and let the engine govern the torque (see 40 CFR 
1065.512(b)(2)). In this case, tThe specified torque tolerance on torque control given in 
paragraph (b)(3) of this section does not apply for the test interval. 
(iii) For steady-state engine operating points that cannot be achieved and the operator 
demand stabilizes at maximum and the speed setpoint is at or above 90 % of nhi even with 
maximum operator demand, program ; control the dynamometer so it gives priority to 
follow theto control torque setpoint and let the engine govern the speed (see 40 CFR 
1065.512(b)(1)). In this case, tThe tolerance onspecified speed control given in 
paragraph (b)(3) of this sectiontolerance does not apply for the test interval. 
(iv) For the steady-state engine operating points at the minimum speed setpoint and 
maximum torque setpoint, you may select aprogram the dynamometer to control mode 
that gives priority to speed and an let the engine control mode that gives priority togovern 
torque. In this case, if tThe operator demand stabilizes at minimum or maximum, 
thespecified torque tolerance on torque control in paragraph (b)(3) of this section does 
not apply for this test interval if operator demand stabilizes at its maximum or minimum 
limit. 

(4) Record measurements using direct and/or indirect measurement of fuel flow as 
follows:You may select the appropriate dynamometer and engine control modes in real-time 
or at any time prior based on various factors including the operating setpoint location relative 
to an engine operating boundary. Warm-up the engine as described in 40 CFR 
1065.510(b)(2). 
(5) Within 60 seconds after concluding the warm-up, linearly ramp the speed and torque 
setpoints over 5 seconds to the first steady-state engine operating point from paragraph (b)(1) 
of this section. 
(6) Operate the engine at the steady-state engine operating point for (70 ±1) seconds, and 
then start the test interval and record measurements using one of the following methods.  You
must also measure and report NOx emissions over each test interval as described in paragraph 
(a)(2) of this section. If you use redundant systems for the determination of fuel 
consumption, for example combining measurements of dilute and raw emissions when 
generating your map, follow the requirements of 40 CFR 1065.201(d). 
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(ii) Direct fuel-flow measurement of fuel flow. Record speed and torque and measure fuel 
consumption with a fuel flow meter for a (30 ±1) seconds.  Dtest interval; determine the 
corresponding mean values for the test interval.  Use of redundant direct fuel-flow 
measurements requires our advance prior EPA approval. 
(ii) Indirect fuel-flow measurement of fuel flow. Record speed and torque and measure 
emissions and other inputs needed to run the chemical balance in 40 CFR 1065.655(c) for 
a (30 ± 1) seconds. test interval;  Determine the corresponding mean values for the test 
interval.  Use of redundant indirect fuel-flow measurements requires our advance prior 
EPA approval. Measure background concentration as described in 40 CFR 1065.140, 
except that you may use one of the following methods to apply a single background 
reading to multiple test intervalsFor dilute sampling of emissions, in addition to the 
background measurement provisions described in 40 CFR 1065.140 you may do the 
following: 

(A) If you use batch sampling to measure background emissionsFor batch sampling, 
you may sample periodically into the bag over the course of multiple test intervals 
and read them as allowed in paragraph (b)(107)(i) of this section. You must 
determine a single background reading for all affected test intervals iIf you use the 
method described in this paragraph (b)(4)(ii)(A)this provision, you must apply the 
same background readings to correct emissions from each of the applicable test 
intervals. 
(B) You may determine measure background emissions concentration by sampling 
from the dilution air during the non-test interval periods in the test sequence, 
including pausesinterruptions allowed in paragraph (b)(107)(i) of this section or at 
other times before or after test intervals.  Measure background concentration within 
30 minutes before the first test interval and within 30 minutes before each reentry 
point. Measure the corresponding background concentration within 30 minutes after 
each exit point and within 30 minutes after the final test interval.  You may measure 
background concentration more frequently. Correct measured emissions for test 
intervals between a pair of background readings based on the average of those two 
values. Once the system stabilizes, collect a background sample over an averaging 
period of at least 30 seconds. 

(5) Warm up the engine as described in 40 CFR 1065.510(b)(2). Within 60 seconds after 
concluding the warm-up, linearly ramp the speed and torque setpoints over 5 seconds to the 
starting test point first steady-state engine operating point from paragraph (b)(1) of this 
section. 
(6) Operate Stabilize the engine by operating at the specified speed and torque setpoints 
steady-state engine operating point for (70 ±1) seconds, and then start the test interval. and 
rRecord measurements during the test interval methods. You must also mMeasure and report 
NOx emissions over each test interval as described in paragraph (fa)(2) of this section.  If you 
use redundant systems for the determination of fuel consumption, for example combining 
measurements of dilute and raw emissions when generating your map, follow the 
requirements of 40 CFR 1065.201(d). 
(7) After completing the a test interval described in paragraph (b)(6) of this section, linearly 
ramp the speed and torque setpoints over 5 seconds to the next steady-state engine 
operatingtest point. 

(i) You may pause interrupt the steady-state-fuel-mapping sequence at any of thebefore a 
reentry points ( as noted in paragraphs (b)(1)(iv) and (vi) of this section. If you zero and 
span analyzers, read and evacuate background bag samples, or sample dilution air for a 
background reading during the interruption, the maximum time to stabilize in paragraph 
(b)(6) of this section does not apply.  If you shut off the engine, restart with engine warm-
up as described in paragraph (b)(5) of this section.) to calibrate emission-measurement 
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instrumentation; to read and evacuate background bag samples collected over the course 
of multiple test intervals; or to sample the dilution air for background emissions.  This
provision allows you to spend more than the 70 seconds noted in paragraph (b)(6) of this 
section. 
(ii) You may interrupt the fuel-mapping sequence at a given speed setpoint before 
completing measurements at that speed. If this happens, you may measure background 
concentration and take other action as needed to validate test intervals you completed 
before the most recent reentry point. Void all test intervals after the last reentry point.  
Restart testing at the appropriate reentry point in the same way that you would start a new 
test. Operate the engine long enough to stabilize aftertreatment thermal conditions, even 
if it takes more than 70 seconds. In the case of an infrequent regeneration event, interrupt 
the fuel-mapping sequence and allow the regeneration event to finish with the engine 
operating at a speed and load that allows effective regeneration.    
(iii) If you void any one test interval, all the testing at that speed setpoint is also void.  
Restart testing by repeating the fuel-mapping sequence as described in this paragraph (b); 
include all voided speed setpoints and omit testing at speed setpoints that already have a 
full set of valid results.(ii) If an infrequent regeneration event occurs, interrupt the steady-
state-fuel-mapping sequence and allow the regeneration event to finish.  You may
continue to operate at the steady-state engine operating point where the event began or, 
using good engineering judgment, you may transition to another operating condition to 
reduce the regeneration event duration. You may complete any post-test interval 
activities to validate test intervals prior to the most recent reentry point.  Once the
regeneration event is finished, linearly ramp the speed and torque setpoints over 5 
seconds to the most recent reentry point described in paragraph (b)(1)(iv) of this section, 
and restart the steady-state-fuel-mapping sequence by repeating the steps in paragraphs 
(b)(6) and (7) of this section for all the remaining steady-state engine operating points.  
Operate at the reentry point for longer than the 70 seconds in paragraph (b)(6), as needed, 
to bring the aftertreatment to representative thermal conditions.  Void all test intervals in 
the steady-state-fuel-mapping sequence beginning with the reentry point and ending with 
the steady-state engine operating point where the regeneration event began. 
(iii) You may interrupt the steady-state-fuel-mapping sequence after any of the exit points 
described in paragraph (b)(1)(v) of this section.  To restart the steady-state-fuel-mapping 
sequence; begin with paragraph (b)(4) of this section and continue with paragraph (b)(5) 
of this section, except that the steady-state engine operating point is the next reentry 
point, not the first operating point from paragraph (b)(1) of this section.  Follow
paragraphs (b)(6) and (7) of this section until all remaining steady-state engine operating 
points are tested. 
(iv) If the steady-state-fuel-mapping sequence is interrupted due test equipment or engine 
malfunction, void all test intervals in the steady-state-fuel-mapping sequence beginning 
with the most recent reentry point as described in paragraph (b)(1)(iv) of this section.  
Complete any post-test interval activities to validate test intervals prior to the most recent 
reentry point. Correct the malfunction and restart the steady-state-fuel-mapping sequence 
as described in paragraph (b)(7)(iii) of this section. 
(v) If any steady-state engine test interval is voided, void all test intervals in the steady-
state-fuel-mapping sequence beginning with the most recent reentry point as described in 
paragraph (b)(1)(iv) of this section and ending with the next exit point as described in 
paragraph (b)(1)(v) of this section. Rerun that segment of the steady-state-fuel-mapping 
sequence. If multiple test intervals are voided in multiple speed setpoints, you may 
exclude the speed setpoints where all of the test intervals were valid from the rerun 
sequence. Rerun the steady-state-fuel-mapping sequence as described in paragraph 
(b)(10)(iii) of this section. 
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(8) If you determine fuel-consumption rates using emission measurements from the raw or 
diluted exhaust, calculate the mean fuel mass flow rate, 𝑚ሜሶ fuel, for each point in the fuel map 
using the following equation: 

ൌ 
𝑀 �̄�Ccombdry 

െ 
𝑚ሜሶ CO2DEF 𝑚ሜሶ ⋅ ቆ𝑛ሜሶ ⋅ ቇfuel exh𝑤Cmeas 1  �̄�H2Oexhdry 𝑀CO2 

Eq. 1036.535-1 

Where:
𝑚ሜሶ fuel= mean fuel mass flow rate for a given fuel map setpoint, expressed to at least the 
nearest 0.001 g/s. 
MC = molar mass of carbon. 
wCmeas = carbon mass fraction of fuel (or mixture of test fuels) as determined in 40 CFR 
1065.655(d), except that you may not use the default properties in Table 21 of 40 CFR 
1065.655 to determine α, , and wC. You may not account for the contribution to α, β, γ, 
and δ of diesel exhaust fluid or other non-fuel fluids injected into the exhaust. 
𝑛ሜሶ exh= the mean raw exhaust molar flow rate from which you measured emissions 
according to 40 CFR 1065.655. 
�̄�Ccombdry= the mean concentration of carbon from fuel and any injected fluids in the 
exhaust per mole of dry exhaust as determined in 40 CFR 1065.655(c). 
�̄�H2Oexhdry= the mean concentration of H2O in exhaust per mole of dry exhaust as 
determined in 40 CFR 1065.655(c).
𝑚ሜሶ CO2DEF= the mean CO2 mass emission rate resulting from diesel exhaust fluid 
decomposition as determined in paragraph (b)(9) of this section.  If your engine does not 
use diesel exhaust fluid, or if you choose not to perform this correction, set 𝑚ሜሶ CO2DEF 
equal to 0. 
MCO2 = molar mass of carbon dioxide. 

Example: 
MC = 12.0107 g/mol 
wCmeas = 0.869
𝑛ሜሶ exh= 25.534 mol/s
�̄�Ccombdry= 0.002805 mol/mol
�̄�H2Oexhdry = 0.0353 mol/mol 
𝑚ሜሶ CO2DEF= 0.0726 g/s 
MCO2 = 44.0095 g/mol

ൌ 
12.0107 0.002805

𝑚ሜሶ ⋅ ൬25.534 ⋅ 
1  0.0353 

െ 
0.0726 

fuel 0.869 44.0095
൰ ൌ 0.933 g/s

𝑚ሜሶ ൌ 0.933 g/sfuel 

(9) If you determine fuel-consumption rates using emission measurements with engines that 
utilize diesel exhaust fluid for NOx control and you correct for the mean CO2 mass emission 
rate resulting from diesel exhaust fluid decomposition as described in paragraph (b)(8) of this 
section, perform this correction for the mean CO2 mass emissions resulting from diesel 
exhaust fluid decomposition at each fuel map setpoint using the following equation: 

𝑀CO2 ⋅ 𝑤CH4N2O 𝑚ሜሶ ൌ 𝑚ሜሶ ⋅CO2DEF DEF 𝑀CH4N2O 
Eq. 1036.535-2 

Where: 
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𝑚ሜሶ DEF = the mean mass flow rate of injected urea solution diesel exhaust fluid for a given 
sampling period, determined directly from the electronic control moduleECM, or 
measured separately, consistent with good engineering judgment. 
MCO2 = molar mass of carbon dioxide. 
wCH4N2O = mass fraction of urea in diesel exhaust fluid aqueous solution.  Note that the 
subscript “CH4N2O” refers to urea as a pure compound and the subscript “DEF” refers to 
the aqueous urea diesel exhaust fluid as a solution of urea in water.  You may use a 
default value of 32.5 % or use good engineering judgment to determine this value based 
on measurement. 
MCH4N2O = molar mass of urea. 

Example:
𝑚ሜሶ DEF = 0. 304 g/s 
MCO2 = 44.0095 g/mol 
wCH4N2O = 32.5 % = 0.325 
MCH4N2O = 60.05526 g/mol

44.0095 ⋅ 0.325
𝑚ሜሶ ൌ 0.304 ⋅ ൌ 0.0726 g/sCO2DEF 60.05526
𝑚ሜሶ ൌ 0.0726 g/sCO2DEF 

(10) Correct the measured or calculated mean fuel mass flow rate, at each of the engine-idle 
operating points to account for mass-specific net energy content as described in paragraph (e) 
of this section. 

(c) Fuel consumption at idle. Determine fuel-consumption rates at idle for each engines 
configuration that is certified for installation in vocational vehicles. Determine fuel-consumption 
rates at idle by testing engines for each engine configuration over a series of engine-idle 
operating points consisting of pairs ofed engine speed and torque setpoints as described in this 
paragraph (c). You may use shared data across engine configurations, consistent with good 
engineering judgment. Perform measurements as follows: 

(1) The idle test sequence consists of measuring fuel consumption at four test points 
representing each combination of the following speed and torque setpoints in any 
order.Determine the required engine-idle operating points as follows: 

(i) Speed setpoints for eSelect the following two speed setpoints:  
(A) Engines with an adjustable warm idle speed setpoint:are minimum warm idle speed, 
fnidlemin, and the maximum warm idle speed, fnidlemax.  Speed setpoints for 
(B) Eengines without an no adjustable warm idle speed setpoint: warm idle speed (with 
zero torque on the primary output shaft), are fnidle, and 1.15 times fnidle. 
(ii) Select the following two tTorque setpoints at each of the selected speed setpoints:are 
0 and 100 N∙m. 
(iii) You may run these four engine-idle operating points in any order. 

(2) Control speed and torque as follows: 
(i) Engines with an aAdjustable warm idle speed setpoint. Set the engine’s warm idle 
speed to the next speed setpoint any time before the engine reaches the next test point. 
Control both speed and torque when the engine is warming up and when it is 
transitioning to the next test point.  Start to control both speed and torque.  At any time 
prior to reaching the next engine-idle operating point, set the engine’s adjustable warm 
idle speed setpoint to the speed setpoint of the next engine-idle operating point in the 
sequence. This may be done before or during the warm-up or during the transition.  Near 
the end of the transition period control speed and torque as described in paragraph 
(b)(3)(i) of this section shortly before reaching each test point. Once the engine is 
operating at the desired speed and torque setpoints, transition is complete; set the operator 
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demand to minimum to allow the engine governor to control speed; and control torque so 
that all recorded engine torque points are within ±25 Nꞏm from the target torquewith the 
dynamometer as described in paragraph (b)(3) of this section. 
(ii) Nonadjustable Engines without an adjustable warm idle speed setpoint. For the 
lowest speed setpoint, control speed and torque as described in paragraph (c)(2)(i) of this 
section, except for adjusting the warm idle speed. For the second-lowest speed setpoint, 
control speed and torque so that all recorded speed points are within ±1 % of nhi from the 
target speed and engine torque within ±5 % of Tmax mapped from the target torque.Control 
speed and torque with operator demand and the dynamometer for the engine-idle 
operating points at the higher speed setpoint as described in paragraph (b)(3) of this 
section. Both the speed and torque tolerances apply for these points because they are not 
near the engine’s operating boundary and are achievable.  Control speed and torque for
the engine-idle operating points at the lower speed setpoint as described in paragraph 
(c)(2)(i) of this section except for setting the engine’s adjustable warm idle speed 
setpoint. 

(3) Record measurements using direct and/or indirect measurement of fuel flow as 
follows:Warm-up the engine as described in 40 CFR 1065.510(b)(2). 

(ii) Direct measurement of fuel flow measurement. Record speed and torque and measure 
fuel consumption with a fuel flow meter for a (600 ±1) seconds. Dtest interval; 
determine the corresponding mean values for the test interval.  Use of redundant direct 
fuel-flow measurements require prior EPA approval. 
(ii) Indirect measurement of fuel flow measurement. Record speed and torque and 
measure emissions and other inputs needed to run the chemical balance in 40 CFR 
1065.655(c) for a (600 ±1) seconds. Dtest interval; determine the corresponding mean 
values for the test interval.  Use of redundant indirect fuel-flow measurements require 
prior EPA approval. Measure background concentration as described in paragraph 
(b)(4)(ii) of this sectionWe will use an average of indirect measurement of fuel flow with 
dilute sampling and direct sampling. For dilute sampling of emissions, measure 
background according to the provisions described in 40 CFR 1065.140, but read the 
background as described in paragraph (c)(7)(i) of this section.  If you use batch sampling
to measure background emissions, you may sample periodically into the bag over the 
course of multiple test intervals and read them as allowed in paragraph (b)(10)(i) of this 
section. If you use this paragraph (c)(5)(i), you must apply the same background 
readings to correct emissions from each of the applicable test intervals. Note that the 
minimum dilution ratio requirements for PM sampling in 40 CFR 1065.140(e)(2) do not 
apply. We recommend minimizing setting the CVS flow rate as low as possible to 
minimize background, but without introducing errors related to insufficient mixing or 
other operational considerationsto minimize errors due to background correction 
consistent with good engineering judgment and operational constraints such as minimum 
flow rate for good mixing.  Note that for this testing 40 CFR 1065.140(e) does not apply, 
including the minimum dilution ratio of 2:1 in the primary dilution stage. 

(4) Warm up the engine as described in 40 CFR 1065.510(b)(2). Within 60 seconds after 
concluding the warm-upAfter concluding the warm-up procedure, linearly ramp the speed 
and torque setpoints over 20 seconds to the first speed and torque setpointoperate the engine 
at the next engine-idle operating point from paragraph (c)(1) of this section. 
(5) The measurement at each unique combination of speed and torque setpoints constitutes a 
test interval. Operate the engine at the selected speed and torque setengine-idle operating 
points for (180 ±1) seconds, and then start the test interval and r. Record measurements 
using one of the following methodsduring the test interval. You must also mMeasure and 
report NOx emissions over each test interval as described in paragraph (af)(2) of this section. 
If you use redundant systems for the determination of fuel consumption, for example 
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combining measurements of dilute and raw emissions when generating your map, follow the 
requirements of 40 CFR 1065.201(d). 
(6) After completing each the test interval described in paragraph (c)(5) of this section, repeat 
the steps in paragraphs (c)(34) and to (5) of this section for all the remaining engine-idle 
operatingtest points.  After completing the test interval on the last engine-idle operating 
point, the fuel-consumption-at-idle sequence is complete. 
(7) Each test point represents a stand-alone measurement. You may therefore take any 
appropriate steps between test intervals to process collected data and to prepare engines and 
equipment for further testing. Note that the allowances for combining background in 
paragraph (b)(4)(ii)(B) of this section do not apply. If an infrequent regeneration event 
occurs, allow the regeneration event to finish; void the test interval if the regeneration starts 
during a measurement. 
(8) Correct the measured or calculated mean fuel mass flow rate, at each of the engine-idle 
operating points to account for mass-specific net energy content as described in paragraph 
(eb)(13) of this section. 

(d) Steady-state fuel maps used for cycle-average fuel mapping of the highway cruise cycles. 
Determine steady-state fuel-consumption rates for each engine configuration over a series of 
paired engine speed and torque setpoints steady-state engine operating points near idle as 
described in this paragraph (d). You may use shared data across an engine platform to the extent 
that the fuel-consumption rates remain valid. Perform fuel mapping as described in paragraph (b) 
of this section with the following exceptions: 

(1) Perform steady-state fuel mapping as described in paragraph (b) of this section with the 
following exceptions:Select speed setpoints to cover a range of values to represent in-use 
operation at idle. Speed setpoints for engines with adjustable warm idle speed must include at 
least minimum warm idle speed, fnidlemin, and a speed at or above maximum warm idle speed, 
fnidlemax. Speed setpoints for engines with no adjustable idle speed must include at least warm 
idle speed (with zero torque on the primary output shaft), fnidle, and a speed at or above 1.15 ∙ 
fnidle. 
(2) Select the following torque setpoints at each speed setpoint to cover a range of values to 
represent in-use operation at idle: 

(i) The minimum torque setpoint is zero. 
(ii) Choose a maximum torque setpoint that is at least as large as the value determined by 
the following equation:(i) All the required steady-state engine operating points as 
described in paragraph (b)(1)(i) of this section are optional. 

ൌ ቆ
𝑇fnstall ⋅ 𝑓nidle  

𝑃acc𝑇idlemaxest ଶ

ଶ 

ቇ ⋅ 1.1
𝑓fnstall 𝑓nidle 

Eq. 1036.535-3 

Where: 
Tfnstall = the maximum engine torque at fnstall. 
fnidle = for engines with an adjustable warm idle speed, use the maximum warm idle 
speed, fnidlemaxthe applicable engine idle speed as described in this paragraph (d).  For 
engines without an adjustable warm idle speed, use warm idle speed, fnidle. 
fnstall = the stall speed of the torque converter; use fntest or 2250 r/min, whichever is 
lower. 
Pacc = accessory power for the vehicle class; use 1500 W for Vocational Light HDV, 
2500 W for Vocational Medium HDV, and 3500 W for Tractors and Vocational 
Heavy HDV.  If your engine is going to be installed in multiple vehicle classes, 
perform the test with the accessory power for the largest vehicle class the engine will 
be installed in. 
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Example: 
Tfnstall = 1870 N∙m 
fntest = 1740.8 r/min = 182.30 rad/s 
fnstall = 1740.8 r/min = 182.30 rad/s 
fnidle = 700 r/min = 73.30 rad/s 
Pacc = 1500 W 

ൌ ቆ
1870 ⋅ 73.30ଶ

 
1500

𝑇idlemaxest ⋅ 1.1 ൌ 355.07 N ⋅ m
182.30ଶ 73.30

ቇ 

Tidlemaxest = 355.07 Nꞏm 

(iii) Select one or more equally spaced intermediate torque setpoints, as needed, such that 
the increment between torque setpoints is no greater than one-ninth of Tmax,mapped.(2) 
[Reserved] 

(3) Add the points measured in paragraph (d)(1) of this section. 
(e) Carbon balance verification. The provisions related to carbon balance verification in § 
1036.543 apply to test intervals in this section. 
(ef) Correction for net energy content. Correct the measured or calculated mean fuel mass flow 
rate, 𝑚ሜሶ fuel, at each engine operating condition as specified in paragraphs (b), (c), and (d) of this 
section for each test interval to a mass-specific net energy content of a reference fuel using the 
following equation: 

𝐸mfuelmeas𝑚ሜሶ ൌ 𝑚ሜሶ ⋅fuelcor fuel 𝐸mfuelCref ⋅ 𝑤Cref 
Eq. 1036.535-4 

Where: 
Emfuelmeas = the mass-specific net energy content of the test fuel as determined in 
§ 1036.5530(b)(1). 
EmfuelCref = the reference value of carbon-mass-specific net energy content for the appropriate 
fuel. Use the values shown in Table 1 of in § 1036.5530 for the designated fuel types, or 
values we approve for other fuel types. 
wCref = the reference value of carbon mass fraction for the test fuel as shown in Table 1 of 
§ 1036.5530 for the designated fuels. For any other fuel not identified in the tables, use the 
reference carbon mass fraction of diesel fuel for engines subject to compression-ignition 
standards, and use the reference carbon mass fraction of gasoline for engines subject to 
spark-ignition standards. 

Example:
𝑚ሜሶ fuel= 0.933 g/s 
Emfuelmeas = 42.7984 MJ/kgC 
EmfuelCref = 49.3112 MJ/kgC 
wCref = 0.874 

42.7984
𝑚ሜሶ ൌ 0.933 ⋅fuel 49.3112 ⋅ 0.874 

ൌ 0.927 g/s

𝑚ሜሶ ൌ 0.927 g/sfuel 

(f) Measuring NOx emissions. Measure NOx emissions for each sampling period in g/s.  You may
perform these measurements using a NOx emission-measurement system that meets the 
requirements of 40 CFR part 1065, subpart J. If a system malfunction prevents you from 
measuring NOx emissions during a test under this section but the test otherwise gives valid 
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results, you may consider this a valid test and omit the NOx emission measurements; however, 
we may require you to repeat the test if we determine that you inappropriately voided the test 
with respect to NOx emission measurement. 
(g) Measured vs. declared fuel- consumption rates. Determine declared fuel consumption as 
follows: 

(1) Select fuel- consumption rates in g/s to characterize the engine’s fuel maps.  You must 
select a declared value for each test point that is at or above the These declared values may 
not be lower than any corresponding measured values determined in paragraphs (b) through 
(d) of this section, including those from redundant measurements. 
(2) This includes if you use multiple measurement methods as allowed in paragraph (b)(7) 
of this section. You may select any value that is at or above the corresponding measured 
value. These dDeclared fuel -consumption rates, which serves as emission standards under 
§ 1036.108, . These are the values that vehicle manufacturers will use for certification under 
40 CFR part 1037. Note that production engines are subject to GEM cycle-weighted limits 
as described in § 1036.301. 
(3)  If you perform the carbon balance error verification, select declared values that are at or 
above the following emission measurementsin § 1036.543, for each fuel map data point: 

(1i) If you pass the ϵrC verification, you must declare fuel-consumption rates no lower 
thanyou may use the average of the values from direct and indirect fuel measurements. 
(2ii) If you fail ϵrC verification, but pass either the ϵaC verification or ϵaCrate verification 
and fail the ϵrC verification, you must declare fuel-consumption rates no lower thanuse 
the value from indirect fuel measurement. 
(3iii) If you don’t pass the ϵrC, ϵaC, and ϵaCratefail all three verifications, you must either 
void the test interval or you must declare fuel-consumption rates no lower thanuse the 
highest rate for thevalue from direct and indirect fuel measurements.  Note that we will 
consider our test results to be invalid if we fail all three verifications. 

(h) EPA measured fuel-consumption rates. If we pass the carbon mass relative error for a test
interval (ϵrC) verification, the official fuel-consumption rate result will be the average of the 
direct and indirect fuel measurements. If we pass either the carbon mass absolute error for a test 
interval (ϵaC) verification or carbon mass rate absolute error for a test interval (ϵaCrate) verification 
and fail the ϵrC verification, the official fuel-consumption rate result will be the indirect fuel 
measurement.   

§ 1036.540 Determining cycle-average engine fuel maps. 
(a) Overview. This section describes how to determine an engine’s cycle-average fuel maps for 
model year 2021 and later vehicles with transient cycles. This section may also apply for 
highway cruise cycles as described in § 1036.510. Vehicle manufacturers may need cycle-
average fuel maps for transient duty cycles, highway cruise cycles, or both one or both of these 
to demonstrate compliance with emission standards under 40 CFR part 1037. Generateing cycle-
average engine fuel maps consists of the following stepsas follows: 

(1) Determine the engine’s torque maps as described in § 1036.505310(ca). 
(2) Determine the engine’s steady-state fuel map and fuel consumption at idle as described in 
§ 1036.535.  If you are applying cycle-average fuel mapping for highway cruise cycles, you 
may instead use GEM’s default fuel map instead of generating the steady-state fuel map in 
§ 1036.535(b). 
(3) Simulate several different vehicle configurations using GEM (see 40 CFR 1037.520) to 
create new engine duty cycles, as described in paragraph (c) of this section. The transient 
vehicle duty cycles for this simulation are in 40 CFR part 1037, appendix AI; the highway 
cruise cycles with grade are in 40 CFR part 1037, appendix DIV. Note that GEM simulation 
relies on vehicle service classes as described in 40 CFR 1037.140.   
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(4) Test the engines using the new duty cycles to determine fuel consumption, cycle work, 
and average vehicle speed as described in paragraph (d) of this section and establish GEM 
inputs for those parameters for further vehicle simulations as described in paragraph (e) of 
this section. 

(b) General test provisions. The following provisions apply for testing under this section: 
(1) To perform fuel mapping under this section for hybrid engines, make sure the engine and 
its hybrid features are appropriately configured to represent the hybrid features in your 
testing. 
(2) Measure NOx emissions for each specified sampling period in grams.  You may perform 
these measurements using a NOx emission-measurement system that meets the requirements 
of 40 CFR part 1065, subpart J. Include these measured NOx values any time you report to 
us your fuel- consumption values from testing under this section.  If a system malfunction 
prevents you from measuring NOx emissions during a test under this section but the test 
otherwise gives valid results, you may consider this a valid test and omit the NOx emission 
measurements; however, we may require you to repeat the test if we determine that you 
inappropriately voided the test with respect to NOx emission measurement. 
(3) The provisions related to carbon balance error verification in § 1036.543 apply for all 
testing in this section. These procedures are optional, but we will perform carbon balance 
error verification for all testing under this section. 
(4) Correct fuel mass flow rate to a mass-specific net energy content of a reference fuel as 
described in paragraph (d)(13) of this section. 
(35) This section uses engine parameters and variables that are consistent with 40 CFR part 
1065. 
(4) For variable-speed gaseous-fueled engines with a single-point fuel injection system, apply 
all of the following statistical criteria to validate the transient duty cycle in 40 CFR part 
1037, appendix I: 

Parameter Speed Torque Power 
Slope, a1 

Absolute value of ≤ 3 % of maximum ≤ 2 % of maximum 
intercept, |a0| mapped torque mapped power 
Standard error of ≤ 15 % of maximum ≤ 15 % of maximum 
the estimate, SEE mapped torque mapped power 
Coefficient of 
determination, r2 ≥ 0.700 ≥ 0.750 

(c) Create engine duty cycles. Use GEM to simulate your engine operation with several different 
vehicle configurations to create transient and highway cruise engine duty cycles corresponding to 
each vehicle configuration, as follows: 

(1) Set up GEM to simulate your engine’s vehicle operation based on your engine’s torque 
maps, steady-state fuel maps, engine minimum warm-idle speed as defined in 40 CFR 
1037.520(h)(1), and fuel consumption at idle as described in paragraphs (a)(1) and (2) of this 
section, as well as 40 CFR 1065.405(b).  For engines without an adjustable warm idle speed 
replace minimum warm idle speed with warm idle speed, fnidle. 
(2) Set up GEM with transmission parameters for different vehicle service classes and 
vehicle duty cycles. Specify the transmission’s torque limit for each gear as the engine’s 
maximum torque as determined in 40 CFR 1065.510.  Specify the transmission type as 
Automatic Transmission for all engines and for all engine and vehicle duty cycles, except 
that the transmission type is Automated Manual Transmission for Heavy HDE operating over 
the highway cruise cycles or the SET duty cycle. For automatic transmissions set neutral idle 
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to “Y” in the vehicle file. Select gear ratios for each gear as shown in the following table:  
These values are based on automatic or automated manual transmissions, but they apply for 
all transmission types. 

TABLE 2TO § 1036.540—ASSIGNED TRANSMISSION PARAMETERS 

Transmission 
Type Automatic 

Transmission 
Automatic Transmission 

Automated 
Manual 
Transmission 

Gear Number Gear Ratio 
Torque Limit 
(Nꞏm) 

Gear 
Ratio 

Torque 
Limit (Nꞏm) 

Gear 
Ratio 

Torque 
Limit 
(Nꞏm) 

1 3.10 

Tmax 

3.51 

Tmax 

12.8 

Tmax 

2 1.81 1.91 9.25 
3 1.41 1.43 6.76 
4 1.00 1.00 4.90 
5 0.71 0.74 3.58 
6 0.61 0.64 2.61 
7 

— 

1.89 
8 1.38 
9 1.00 
10 0.73 
Lockup Gear 3 — 

TABLE 1 TO PARAGRAPH (c)(2) OF § 1036.540—GEM INPUT FOR GEAR RATIO 

Gear Number 

Spark-ignition HDE, Light 
HDE, and Medium HDE— 

All Engine and Vehicle Duty 
Cycles 

Heavy HDE— 
Transient and FTP 

Duty Cycles 

Heavy HDE— 
Cruise and SET 

Duty Cycles 

1 3.10 3.51 12.8 
2 1.81 1.91 9.25 
3 1.41 1.43 6.76 
4 1.00 1.00 4.90 
5 0.71 0.74 3.58 
6 0.61 0.64 2.61 
7 — — 1.89 
8 — — 1.38 
9 — — 1.00 
10 — — 0.73 
Lockup Gear 3 3 — 

(3) Run GEM for each simulated vehicle configuration and use the GEM outputs of 
instantaneous engine speed and engine flywheel torque for each vehicle configuration to 
generate a 10 Hz transient duty cycle corresponding to each vehicle configuration operating 
over each vehicle duty cycle. Run GEM for the specified number of vehicle configurations.  
You may run additional vehicle configurations to represent a wider range of in-use vehicles. 
Run GEM as follows: 

ntire (i) Determining axle ratio and tire size. Set the axle ratio, ka, and tire size, , for each 
௩vehicle 

vehicle configuration based on the corresponding designated engine speed (fnrefA, fnrefB, 
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fnrefC, fnrefD, or fntest as defined in 40 CFR 1065.610(c)(2)) at 65 mi/hr for the transient duty 
cycle and for the 65 mi/hr highway cruise cycle. Similarly, set these parameters based on 
the corresponding designated engine speed at 55 mi/hr for the 55 mi/hr highway cruise

ntire cycle. Use one of the following equations to determine tire size, , and drive axle
௩vehicle 

ratio, ka, at each of the defined engine speeds in Tables 2 through 4 of this section: 

(A) Select a value for ቂ ntire ቃ  and solve for ka[speed] using the following
௩vehicle ሾspeedሿ 

equation: 
𝑓୬ሾୱ୮ୣୣୢሿ

𝑘ୟሾୱ୮ୣୣୢሿ ൌ 
 ൨𝑣
𝑓
௩

௧ 

ሾୱ୮ୣୣୢሿ 
∙ 𝑘୲୭୮ୣୟ୰ ∙ 𝑣୰ୣ 

Eq. 1036.540-1 

Where: 
fn[speed] = engine’s angular speed as determined in paragraph (c)(3)(ii) or (iii) of 
this section. 
ktopgear = transmission gear ratio in the highest available gear from Table 1 of this 
section (for powertrain testing use actual top gear ratio). 
vref = reference speed.  Use 65 mi/hr for the transient cycle and the 65 mi/hr 
highway cruise cycle and use 55 mi/hr for the 55 mi/hr highway cruise cycle. 

(B) Select a value for ka[speed] and solve for ቂ ntire ቃ  using the following equation:
௩vehicle ሾspeedሿ

𝑓୬୲୧୰ୣ 𝑓୬ሾୱ୮ୣୣୢሿ
 ൨ ൌ
𝑣୴ୣ୦୧ୡ୪ୣ ሾୱ୮ୣୣୢሿ 𝑘ୟሾୱ୮ୣୣୢሿ ∙ 𝑘୲୭୮ୣୟ୰ ∙ 𝑣୰ୣ 

Eq. 1036.540-2 

Example for a vocational Light HDV or vocational Medium HDV with a 6-speed 
automatic transmission at B speed (Test 3 or 4 in Table 3 of this section): 
fnrefB = 1870 r/min = 31.17 r/s 
kaB = 4.0 
ktopgear = 0.61 
vref = 65 mi/hr = 29.06 m/s
𝑓ntire 31.17


𝑣vehicle 

൨
 

ൌ 
4.0 ⋅ 0.61 ⋅ 29.06 

ൌ 0.4396 r/m 

𝑓ntire ൨ ൌ 0.4396 r/m 
𝑣vehicle  

(ii) Vehicle configurations for Spark-ignition HDE, Light HDE, and Medium HDE. Test 
at least eight different vehicle configurations for engines that will be installed in 
vocational Light HDV or vocational Medium HDV using vehicles in the following 
table:in Table 2 of this section.  For example, if your engines will be installed in 
vocational Medium HDV and vocational Heavy HDV, you might select Tests 2, 4, 6, and 
8 of Table 3 of this section to represent vocational Medium HDV and Tests 2, 3, 4, 6, and 
9 of Table 4 of this section to represent vocational Heavy HDV. You may test your 
engine using additional vehicle configurations with different ka and Crr values to 
represent a wider range of in-use vehicle configurations.  For all vehicle configurations 
set the drive axle configuration to 4×2.  For powertrain testing, set Mrotating to 340 kg and 
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fntire Effaxle to 0.955 for all vehicle configurations.  Set the axle ratio, ka, and tire size, ,
vvehicle 

for each vehicle configuration based on the corresponding designated engine speed (fnrefA 

, fnrefB, fnrefC, or fntest) at 65 mi/hr for the transient cycle and the 65 mi/hr highway cruise 
cycle, and at 55 mi/hr for the 55 mi/hr highway cruise cycle.  These vehicle speeds apply 
equally for engines subject to spark-ignition standards.  Use the following settings 
specific to each vehicle configuration: 

TABLE 23 TO PARAGRAPH (c)(3)(ii) TO OF § 1036.540—VEHICLE CONFIGURATIONS FOR 

TESTING SPARK-IGNITION HDE, LIGHT HDE, AND MEDIUM HDEVOCATIONAL LIGHT 

HDV OR VOCATIONAL MEDIUM HDV 

Parameter 1 2 3 4 5 6 7 8 

Crr 

(N/kNkg/tonne) 
6.2 7.7 6.2 7.7 6.2 7.7 6.2 7.7 

CI engine speed 
ntire for 
௩vehicle

 and ka 

for CI engines at 
engine speed 

fnrefAA fnrefAA fnrefBB fnrefBB fnrefCC fnrefCC 

fntestMa 
ximum 
test 
speed 

fntestMa 
ximum 
test 
speed 

SI engine speed 
ntire for 
௩vehicle

 and ka 

for SI engines at 
engine speed 

fnrefD 

Mini 
mum 
NTE 
exclus 
ion 
speed 

fnrefDMi 
nimum 
NTE 
exclusi 
on 
speed 

fnrefAA fnrefAA fnrefBB fnrefBB fnrefCC fnrefCC 

Drive Axle 
Configuration 4x2 4x2 4x2 4x2 4x2 4x2 4x2 4x2 

GEM Regulatory 
Subcategory 

LHD MHD LHD MHD LHD MHD LHD MHD 

(iii) Vehicle configurations for Heavy HDE. Test at least nine different vehicle 
configurations for engines that will be installed in vocational Heavy HDV and for tractors 
that are not heavy-haul tractors. Test six different vehicle configurations for engines that 
will be installed in heavy-haul tractors. You may test your engines for additional 
configurations with different ka, CdA, and Crr values to represent a wider range of in-use 
vehicle configurations. Set Crr to 6.9 for all nine defined vehicle configurations.  For
class 7 and 8 vehicle configurations set the drive axle configuration to 4×2 and 6×4 
respectively. For powertrain testing, set Effaxle to 0.955 for all vehicle configurations. Set

fntire the axle ratio, ka, and tire size, , for each vehicle configuration based on the 
vvehicle 

corresponding designated engine speed (B, fntest, or the minimum NTE exclusion speed as 
determined in 40 CFR 86.1370(b)(1)) at 65 mi/hr for the transient duty cycle and the 65 
mi/hr highway cruise duty cycle, and at 55 mi/hr for the 55 mi/hr highway cruise duty 
cycle. Use the settings specific to each vehicle configuration as shown in Table 4 3 or 
Table 5 4 of in this section, as appropriate. Engines subject to testing under both Table 4 
3 and Table 45 of in this section need not repeat overlapping vehicle configurations, so 
complete fuel mapping requires testing 12 (not 15) vehicle configurations for those 
engines. However, the preceedingpreceding sentence does not apply if you choose to 
create two separate maps from the vehicle configurations defined in Table 34 and Table 5 
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4 of in this section. Note that Mrotating is needed for powertrain testing but not for engine 
testing. Tables 4 3 and 5 4 follow: 

TABLE 34 TO PARAGRAPH (c)(3)(iii) OF § 1036.540—VEHICLE CONFIGURATIONS FOR TESTING 

HEAVY HDE INSTALLED IN GENERAL PURPOSE TRACTORS AND VOCATIONAL HEAVY HDV 
Parameter 1 2 3 4 5 6 7 8 9 

Crr (N/kN) 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 

CdA 5.4 4.7 4.0 5.4 4.7 4.0 5.4 4.7 4.0 

Engine speed for
ntire 

௩vehicle
 and ka at 

engine speed 

fnrefDMi 
nimum 
NTE 
exclusio 
n speed 

fnrefDMi 
nimum 
NTE 
exclusio 
n speed 

fnrefDMi 
nimum 
NTE 
exclusio 
n speed 

fnrefBB fnrefBB fnrefBB 

fnrtestMa 
ximum 
test 
speed 

fnrtestMa 
ximum 
test 
speed 

fnrtestMa 
ximum 
test 
speed 

Drive Axle 
Configuration 

6x4 6x4 4x2 6x4 6x4 4x2 6x4 6x4 4x2 

GEM Regulatory 
Subcategory 

C8_SC 
_HR 

C8_DC 
_MR 

C7_DC 
_MR 

C8_SC 
_HR 

C8_DC 
_MR 

C7_DC 
_MR 

C8_SC 
_HR 

C8_DC 
_MR 

C7_DC 
_MR 

Vehicle Weight 
Reduction (lbs)a 0 13,275 6,147 0 13,275 6,147 0 13,275 6,147 

TABLE 45 TO PARAGRAPH (c)(3)(iii) OF § 1036.540—VEHICLE CONFIGURATIONS FOR TESTING 

HEAVY HDE INSTALLED IN HEAVY-HAUL TRACTORS 

Parameter 1 2 3 4 5 6 

Crr (N/kN) 6.9 6.9 6.9 6.9 6.9 6.9 

CdA 5.0 5.4 5.0 5.4 5.0 5.4 

Engine speed for
ntire 

௩vehicle 
and ka at 

engine speed 

fnrefDMinimu 
m NTE 
exclusion 
speed 

fnrefDMinimu 
m NTE 
exclusion 
speed 

fnrefBB fnrefBB 
fntestMaximu 
m test speed 

fntestMaximu 
m test speed 

Drive Axle 
Configuration 

6x4 6x4 6x4 6x4 6x4 6x4 

GEM Regulatory 
Subcategory 

C8_HH C8_SC_HR C8_HH C8_SC_HR C8_HH C8_SC_HR 

(iv) Vehicle configurations for mixed-use engines. If the engine will be installed in a 
combination of vehicles defined in paragraphs (c)(3)(ii) and (iii) of this section, use good 
engineering judgment to select at least nine vehicle configurations from Table 23 and 
Table 34 of in this section that best represent the range of vehicles your engine will be 
sold in. This may require you to define If there are not nine representative configurations 
you must additional representative vehicle s, that you define, to reach a total of at least 
nine vehiclesconfigurations. For example, if your engines will be installed in vocational 
Medium HDV and vocational Heavy HDV, you might select Tests 2, 4, 6 and 8 of Table 
23 of in this section to represent vocational Medium HDV and Tests 3, 6, and 9 of Table 
34 of in this section to represent vocational Heavy HDV and add two more vehicle 
configurations that you define.  You may test your engine using additional vehicle 
configurations with different ka and Crr values to represent a wider range of in-use vehicle 
configurations. 
(v) Defining Programming GEM inputs. Use the defined values in Tables 12 through 45 
of in this section to set up GEM with the correct regulatory subcategory and vehicle 
weight reduction, if applicable, to achieve the target vehicle mass, M, for each test. 
(4) Use the GEM output of instantaneous engine speed and engine flywheel torque for 
each of the vehicle configurations to generate a 10 Hz transient duty cycle corresponding 
to each vehicle configuration operating over each vehicle duty cycle. 
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(d) Test the engine with GEM cycles. Test the engine over each of the transient engine duty 
cycles generated in paragraph (c) of this section as follows: 

(1) Operate the engine over a Determine the sequence of required and optional engine duty 
cycles (both required and optional) for the cycle-average-fuel-mapping sequence as follows: 

(i) Sort the list of engine duty cycles into three separate groups by vehicle duty cycle:; 
transient vehicle duty cycle, 55 mi/hr highway cruise duty cycle, and the 65 mi/hr 
highway cruise duty cycle. 
(ii) Within each group of engine duty cycles derived from the same vehicle duty cycle, 
order the duty cycles as follows:  Selectfirst run the engine duty cycle with the highest 
reference cycle work, ; followed by the cycle with the lowest cycle work; followed by the 
cycle with second-next highest cycle work; , followed by the cycle with the second-next 
lowest cycle work; cuntil ontinuing through all the cycles are selectedfor that vehicle 
duty cycle. The series of engine duty cycles to represent a single vehicle duty cycle is a 
single fuel-mapping sequence. Each engine duty cycle represents a different interval. 
Repeat the fuel-mapping sequence for the engine duty cycles derived from the other 
vehicle duty cycles until testing is complete. 
(iii) Operate the engine over two full engine duty cycles to precondition before each 
interval in the fuel-mapping sequence.  Precondition the engine before For each engine 
duty cycle, preconditioning cycles will be needed to start the cycle-average-fuel-mapping 
sequence. 
(A) For the first and second engine duty cycle in each fuel-mapping sequence by 
repeating operation with the engine duty cycle with the highest reference cycle work over 
the relevant vehicle duty cycle.  The preconditioning for the remaining cycles in the fuel-
mapping sequence consists of operation over the preceding two engine duty cycles in the 
fuel-mapping sequence (with or without measurement). For transient vehicle duty cycles, 
start each engine duty cycle within 10 seconds after finishing the preceding engine duty 
cycle (with or without measurement). For highway cruise cycles, start each engine duty 
cycle and interval after linearly ramping to the speed and torque setpoints over 5 seconds 
and stabilizing for 15 seconds., the two preconditioning cycles are the first cycle in the 
sequence, the transient vehicle duty cycle with the highest reference cycle work.  This
cycle is run twice for preconditioning prior to starting the sequence for either of the first 
two cycles. 

(B) For all other cycles, the two preconditioning cycles are the previous two cycles in the 
sequence. 

(2) If the engine has an adjustable warm idle speed setpoint, set it to its minimumthe value 
defined in 40 CFR 1037.520(h)(1), fnidlemin.. 
(3) During each test interval, cControl speed and torque to meet the cycle validation criteria 
in 40 CFR 1065.514 for each interval, except that the standard error of the estimate in Table 
2 of 40 CFR 1065.514 is the only speed criterion that applies if the range of reference speeds 
is less than 10 percent of the mean reference speedas noted in this paragraph (d)(3).  For 
spark-ignition gaseous-fueled engines with fuel delivery at a single point in the intake 
manifold, you may apply the statistical criteria in Table 5 in this section for transient testing. 
Note that 40 CFR part 1065 does not allow reducing cycle precision to a lower frequency 
than subsampling of the 10 Hz GEM generated reference cycle generated by GEM.  If the 
range of reference speeds is less than 10 percent of the mean reference speed, you only need 
to meet the standard error of the estimate in Table 2 of 40 CFR 1065.514 for the speed 
regression. 
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TABLE 5 TO PARAGRAPH (c)(3) OF § 1036.540—STATISTICAL CRITERIA FOR VALIDATING 

DUTY CYCLES FOR SPARK-IGNITION GASEOUS-FUELED SPARK-IGNITION ENGINESA 

Parameter Speed Torque Power 

Slope, a1 

—See 40 
CFR 
1065.514 

—See 40 CFR 
1065.514 

—See 40 CFR 
1065.514. 

Absolute value of 
intercept, |a0| 

—See 40 
CFR 
1065.514 

≤ 3 % of maximum 
mapped torque 

—See 40 CFR 
1065.514. 

Standard error of 
the estimate, SEE 

—See 40 
CFR 
1065.514 

≤ 15 % of maximum 
mapped torque 

≤ 15 % of maximum 
mapped power. 

Coefficient of 
determination, r2 

—See 40 
CFR 
1065.514 

≥ 0.700 ≥ 0.750. 

aStatistical criteria apply as specified in 40 CFR 1065.514 unless otherwise 
specified. 

(4) Record measurements using direct and/or indirect measurement of fuel flow as follows: 
(ii) Direct fuel-flow measurement of fuel flow. Record speed and torque and measure 
fuel consumption with a fuel flow meter for the test interval defined by the first engine 
duty cycle.; Ddetermine the corresponding mean values for the test interval.  Use of 
redundant direct fuel-flow measurements requires our advance prior EPA approval. 
(ii) Indirect fuel-flow measurement of fuel flow. Record speed and torque and measure 
emissions and other inputs needed to run the chemical balance in 40 CFR 1065.655(c) for 
the test interval defined by the first engine duty cycle. D; determine the corresponding 
mean values for the test interval. Use of redundant indirect fuel-flow measurements 
requires our advance prior EPA approval. For dilute sampling of emissions, in addition
to the background measurement provisions described in 40 CFR 1065.140, you may do 
the following: Measure background concentration as described in 40 CFR 1065.140, 
except that you may use one of the following methods to apply a single background 
reading to multiple intervals: 

(A) If you use batch sampling to measure background emissions, you may sample 
periodically into the bag over the course of multiple intervals. If you use this 
provision, you must apply the same background readings to correct emissions from 
each of the applicable intervals. 
(B) You may determine background emissions by sampling from the dilution air over 
multiple engine duty cycles. If you use this provision, you must allow sufficient time 
for stabilization of the background measurement; followed by an averaging period of 
at least 30 seconds. Use the average of the two background readings to correct the 
measurement from each engine duty cycle.  The first background reading must be 
taken no greater than 30 minutes before the start of the first applicable engine duty 
cycle and the second background reading must be taken no later than 30 minutes after 
the end of the last applicable engine duty cycle. Background readings may not span 
more than a full fuel-mapping sequence for a vehicle duty cycle. 

(45) Warm up the engine as described in 40 CFR 1065.510(b)(2). Within 60 seconds after 
concluding the warm-up, start the linear ramp of speed and torque over 20 seconds to the first 
speed and torque setpoint of the preconditioning cycle.Warm-up the engine as described in 
40 CFR 1065.510(b)(2). 
(6) Precondition the engine before the start of testing as described in paragraph (d)(1)(iii) of 
this section. 
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(5) Transition between duty cycles as follows: 
(i) For transient duty cycles, start the next cycle within 10 seconds after the conclusion of the 
preceding cycle.  Note that this applies to transitioning from both the preconditioning cycles 
and tests for record. 
(ii) For cruise cycles, linearly ramp to the next cycle over 5 seconds and stabilize for 15 
seconds prior to starting the next cycle.  Note that this applies to transitioning from both the 
preconditioning cycles and tests for record. 
(67) Operate the engine over the first engine duty cycle. and rRecord measurements using 
one of the methods described in (d)(6)(i) or (ii) of this sectionduring the interval. You must 
also mMeasure and report NOx emissions over each test interval as described in paragraph 
(ab)(2) of this section.  If you use redundant systems for the determination of fuel 
consumption, for example combining measurements of dilute and raw emissions when 
generating your map, follow the requirements of 40 CFR 1065.201(d). 
(i) Indirect measurement of fuel flow. Record speed and torque and measure emissions and 
other inputs needed to run the chemical balance in 40 CFR 1065.655(c) for the test interval 
defined by the first engine duty cycle; determine the corresponding mean values for the test 
interval. For dilute sampling of emissions, in addition to the background measurement 
provisions described in 40 CFR 1065.140, you may do the following: 
(A) Measure background as described in § 1036.535(b)(7)(i)(A) but read the background as 
described in paragraph (d)(9)(i) of this section. 
(B) Measure background as described in § 1036.535(b)(7)(i)(B) but read the background as 
described in paragraph (d)(9)(i) of this section. 
(ii) Direct measurement of fuel flow. Record speed and torque and measure fuel
consumption with a fuel flow meter for the test interval defined by the first engine duty 
cycle; determine the corresponding mean values for the test interval. 
(78) Repeat the steps in paragraph (d)(6) of this section for all the remaining engine duty 
cycles. Continue testing engine duty cycles that are derived from the other vehicle duty 
cycles until testing is complete. 
(9) You may interrupt the fuel-mapping sequence after completing any interval. You may 
calibrate analyzers, read and evacuate background bag samples, or sample dilution air for 
measuring background concentration before restarting. Shut down the engine during any 
interruption. If you restart the sequence within 30 minutes or less, restart the sequence at 
paragraph (d)(6) of this section and then restart testing at the next interval in the fuel-
mapping sequence. If you restart the sequence after more than 30 minutes, restart the 
sequence at paragraph (d)(5) of this section and then restart testing at the next interval in the 
fuel-mapping sequence. 
(10) The following provisions apply for infrequent regeneration events, other interruptions 
during intervals, and otherwise voided intervals: 

(i) Stop testing if an infrequent regeneration event occurs during an interval or an interval 
is interrupted for any other reason. Void the interrupted interval and any additional 
intervals for which you are not able to meet requirements for measuring background 
concentration. If the infrequent regeneration event occurs between intervals, void 
completed intervals only if you are not able to meet requirements for measuring 
background concentration for those intervals. (8) Repeat the steps in paragraphs (d)(4) 
through (7) of this section for all the applicable groups of duty cycles (e.g., transient 
vehicle duty cycle, 55 mi/hr highway cruise duty cycle, and the 65 mi/hr highway cruise 
duty cycle). 
(9) The following provisions apply for interruptions in the cycle-average-fuel-mapping 
sequence. These provisions are intended to produce results equivalent to running the 
sequence without interruption. 
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(i) You may pause the cycle-average-fuel-mapping sequence after each test interval to 
calibrate emission-measurement instrumentation, to read and evacuate background bag 
samples collected over the course of multiple test intervals, or to sample the dilution air 
for background emissions. This provision requires you to shut-down the engine during 
the pause. If the pause is longer than 30 minutes, restart the engine and restart the cycle-
average-fuel-mapping sequence at the step in paragraph (d)(4) of this section.  Otherwise, 
restart the engine and restart the cycle-average-fuel-mapping sequence at the step in 
paragraph (d)(5) of this section. 
(ii) If an infrequent regeneration event occurs, interrupt the cycle-average-fuel-mapping 
sequence and allow the regeneration event to finish with the engine operating at a speed 
and load that allows effective regeneration. 
(iii) If you interrupt testing during an interval, if you restart the sequence within 30 
minutes or less, restart the sequence at paragraph (d)(6) of this section and then restart 
testing at the next interval in the fuel-mapping sequence. If you restart the sequence after 
more than 30 minutes, restart the sequence at paragraph (d)(5) of this section and then 
restart testing at the next interval in the fuel-mapping sequence.. You may continue to 
operate the engine over the engine duty cycle where the event began or, using good 
engineering judgment, you may transition to another operating condition to reduce the 
regeneration event duration. 
(A) Determine which cycles in the sequence to void as follows: 
(1) If the regeneration event began during a test interval, the cycle associated with that 
test interval must be voided. 
(2) If you used dilute sampling to measure emissions and you used batch sampling to 
measure background emissions that were sampled periodically into the bag over the 
course of multiple test intervals and you are unable to read the background bag (e.g., 
sample volume too small), void all cycles associated with that background bag. 
(3) If you used dilute sampling to measure emissions and you used the option to sample 
periodically from the dilution air and you did not meet all the requirements for this option 
as described in paragraph (d)(6)(i)(B) of this section, void all cycles associated with those 
background readings. 
(4) If the regeneration event began during a non-test-interval period of the sequence and 
the provisions in paragraphs (d)(9)(ii)(A)(2) and (3) of this section do not apply, you do 
not need to void any cycles. 
(B) Determine the cycle to restart the sequence.  Identify the cycle associated with the 
last valid test interval.  The next cycle in the sequence is the cycle to be used to restart the 
sequence. 
(C) Once the regeneration event is finished, restart the sequence at the cycle determined 
in paragraph (d)(9)(ii)(B) of this section instead of the first cycle of the sequence.  If the
engine is not already warm, restart the sequence at paragraph (d)(4) of this section.  
Otherwise, restart at paragraph (d)(5) of this section. 
(iii) If the cycle-average-fuel-mapping sequence is interrupted due to test equipment or 
engine malfunction, correct the malfunction and follow the steps in paragraphs 
(d)(9)(ii)(A) through (C) of this section to restart the sequence.  Treat the detection of the 
malfunction as the beginning of the regeneration event. 
(iv) If you void one or more intervals, you must perform additional testing to get results 
for all intervals.If any test interval in the cycle-average-fuel-mapping sequence is voided, 
you must rerun that test interval as described in this paragraph (d)(9)(iv).  You may rerun 
a complete fuel-mapping sequence the whole sequence or any contiguous part of the fuel-
mapping sequence.  If you get a second valid measurement for any interval, use only the 
result from the last valid interval. If you restart the sequence within 30 minutes or less, 
restart the sequence at paragraph (d)(6) of this section and then restart testing at the first 
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selected interval in the fuel-mapping sequence. If you restart the sequence after more than 
30 minutes, restart the sequence at paragraph (d)(5) of this section and then restart testing 
at the first selected interval in the fuel-mapping sequence. Continue testing until you have 
valid results for all intervals.If you end up with multiple valid test intervals for a given 
cycle, use the last valid test interval for determining the cycle-average fuel map.  If the 
engine has been shut-down for more than 30 minutes or if it is not already warm, restart 
the sequence at paragraph (d)(4) of this section.  Otherwise, restart at paragraph (d)(5) of 
this section. Repeat the steps in paragraphs (d)(6) and (d)(7) of this section until you 
complete the whole sequence or part of the sequence.  The following examples illustrate 
possible scenarios for a partial run through a fuel-mapping completing only part of the 
sequence: 

(A) If you voided only the test interval associated with the fourth engine duty cycle in 
the sequence, you may restart the sequence using the second and third engine duty 
cycles as the preconditioning cycles and stop after completing the test interval 
associated with the fourth engine duty cycle. 
(B) If you voided the test intervals associated with the fourth and sixth engine duty 
cycles, you may restart the sequence using the second and third engine duty cycles as 
thefor preconditioning cycles and stop after completing the test interval associated 
with the sixth engine duty cycle.  If the test interval associated with the fifth cycle in 
this sequence was valid, it must be used for determining the cycle-average fuel map 
instead of the original one. 

(110) For plug-in hybrid engines, precondition the battery and then complete all back-to-back 
tests for each vehicle configuration according to 40 CFR 1066.501 before moving to the next 
vehicle configuration. 
(11) You may send signals to the engine controller during the test, such as current 
transmission gear and vehicle speed, if that allows engine operation during the test to better 
represent in-use operation. 
(12) For hybrid powertrains with no plug-in capability, correct for the net energy change of 
the energy storage device as described in 40 CFR 1066.501.  For plug-in hybrid engines,
follow 40 CFR 1066.501 to determine End-of-Test for charge-depleting operation; to do this, 
you must get our advance approval for a utility factor curve.  We will approve your utility 
factor curve if you can show that you created it from sufficient in-use data of vehicles in the 
same application as the vehicles in which the PHEV engine will be installed. 
(123) Calculate the fuel mass flow rate, mfuel, for each duty cycle using one of the following 
equations: 

(i) Determine fuel-consumption rates using emission measurements from the raw or 
diluted exhaust., Ccalculate the mass of fuel for each duty cycle, mfuel[cycle], as follows: 

(A) For calculations that use continuous measurement of emissions and continuous 
CO2 from urea, calculate mfuel[cycle] using the following equation: 

ൌ 
𝑀𝑚fuelሾcycleሿ 𝑤Cmeas

⋅ ൭ቆ𝑛ሶ exh ⋅ ⋅ Δ𝑡ቇ ሺ𝑚ሶ CO2DEF ⋅ Δ𝑡ሻ൱
ୀଵ 

1  𝑥H2Oexhdry 𝑀CO2 ୀଵ 

ே 
𝑥Ccombdry

െ 
1 

ே 

Eq. 1036.540-3 

Where: 
MC = molar mass of carbon. 
wCmeas = carbon mass fraction of fuel (or mixture of test fuels) as determined in 40 
CFR 1065.655(d), except that you may not use the default properties in Table 21 
of 40 CFR 1065.655 to determine α, , and wC for liquid fuels.  You may not 
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account for the contribution to α, β, γ, and δ of diesel exhaust fluid or other non-
fuel fluids injected into the exhaust. 
i = an indexing variable that represents one recorded emission value. 
N = total number of measurements over the duty cycle. 
𝑛ሶ exh= exhaust molar flow rate from which you measured emissions. 
xCcombdry = amount of carbon from fuel and any injected fluids in the exhaust per 
mole of dry exhaust as determined in 40 CFR 1065.655(c). 
xH2Oexhdry = amount of H2O in exhaust per mole of exhaust as determined in 40 
CFR 1065.655(c). 
∆t = 1/frecord 

MCO2 = molar mass of carbon dioxide.
𝑚ሶ CO2DEF= mass emission rate of CO2 resulting from diesel exhaust fluid 
decomposition over the duty cycle as determined from § 1036.535(b)(97). If your 
engine does not utilize diesel exhaust fluid for emission control, or if you choose 
not to perform this correction, set 𝑚ሶ CO2DEF equal to 0. 

Example: 
MC = 12.0107 g/mol 
wCmeas = 0.867 
N = 6680
𝑛ሶ exh1= 2.876 mol/s
𝑛ሶ exh2 = 2.224 mol/s
𝑥Ccombdry1 = 2.61∙10-3 mol/mol
𝑥Ccombdry2= 1.91∙10-3 mol/mol
𝑥H2Oexh1= 3.53∙10-2 mol/mol
𝑥H2Oexh2= 3.13∙10-2 mol/mol 
frecord = 10 Hz 
t = 1/10 = 0.1 s 
MCO2 = 44.0095 g/mol
𝑚ሶ CO2DEF1= 0.0726 g/s
𝑚ሶ CO2DEF2= 0.0751 g/s
𝑚fueltransientTest1 ൌ 

2.61 ⋅ 10ିଷ 

⎛
2.876 ⋅ ⋅ 0.1 

⎛ 1  3.53 ⋅ 10ିଶ ⎞ ⎞ 
⎜⎜ 1.91 ⋅ 10ିଷ ⎟ ⎟
⎜2.224 ⋅ ⋅ 0.1  ⎟12.0107 

⋅ 
⎜⎜ 1  3.13 ⋅ 10ିଶ ⎟ ⎟ 

0.867 ⎜ 𝑥Ccombdr6680 ⎟ 
⎜ . . .  𝑛ሶ exh6680 ⋅ ⋅ Δ𝑡6680

⎠
⎟ 

⎜⎝ 1  𝑥H2Oexhdry6680 ⎟
1

⎝െ ⋅ ሺ0.0726 ⋅ 1.0  0.0751 ⋅ 1.0. . .  𝑚ሶ ⋅ Δ𝑡6680ሻ⎠CO2DEF6680 44.0095 
mfueltransientTest1 = 1619.6 g 

(B) If you measure batch emissions and continuous CO2 from urea, calculate 
mfuel[cycle] using the following equation: 

𝑚fuelሾcycleሿ ⋅ ൭ ⋅ሺ𝑛ሶ exh ⋅ Δ𝑡ሻ െ ሺ𝑚ሶ CO2DEF ⋅ Δ𝑡ሻ൱𝑤Cmeas 1  �̄�H2Oexhdry ୀଵ 
𝑀CO2 ୀଵ 

ൌ 
𝑀 �̄�Ccombdry 

ே 
1 

ே 

Eq. 1036.540-4 

(C) If you measure continuous emissions and batch CO2 from urea, calculate 
mfuel[cycle] using the following equation: 
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𝑚fuelሾcycleሿ ⋅ ൭ቆ𝑛ሶ exh ⋅ ⋅ Δ𝑡ቇ ൱
𝑤Cmeas ୀଵ 

1  𝑥H2Oexhdry 𝑀CO2 
ൌ 

𝑀 
ே 

𝑥Ccombdry 
െ
𝑚CO2DEF 

Eq. 1036.540-5 

(D) If you measure batch emissions and batch CO2 from urea, calculate mfuel[cycle] 

using the following equation: 

𝑚fuelሾcycleሿ ⋅ ൭ ⋅ሺ𝑛ሶ exh ⋅ Δ𝑡ሻ ൱
𝑤Cmeas 1  �̄�H2Oexhdry ୀଵ 

𝑀CO2 
ൌ 

𝑀 �̄�Ccombdry 
ே 

െ
𝑚CO2DEF 

Eq. 1036.540-6 

(ii) Manufacturers may choose to measure fuel mass flow rate. Calculate the mass of fuel 
for each duty cycle, mfuel[cycle], as follows: 

𝑚fuel ൌ  𝑚ሶ fuel ⋅ Δ𝑡 

ே 

ୀଵ
Eq. 1036.540-7 

Where: 
i = an indexing variable that represents one recorded value. 
N = total number of measurements over the duty cycle.  For batch fuel mass 
measurements, set N = 1.
𝑚ሶ fuel= the fuel mass flow rate, for each point, i, starting from i = 1. 
Δt = 1/frecord 

frecord = the data recording frequency. 

Example: 
N = 6680
𝑚ሶ fuel1 = 1.856 g/s
𝑚ሶ fuel2 = 1.962 g/s 
frecord = 10 Hz 
Δt = 1/10 = 0.1 s
𝑚fueltransient ൌ ሺ1.856  1.962. . .  𝑚ሶ fuel6680ሻ ⋅  0.1 
mfueltransient = 111.95 g 

(134) The provisions related to carbon balance error verification in § 1036.543 apply to test 
intervals in this section. 
(15) Correct the measured or calculated fuel mass flow rate, mfuel, for each test result to a 
mass-specific net energy content of a reference fuel as described in § 1036.535(e), replacing 
𝑚ሜሶ fuel with mfuel in Eq. 1036.535-4. 
(16) For engines designed for plug-in hybrid electric vehicles, the mass of fuel for each 
cycle, mfuel[cycle], is the utility factor-weighted fuel mass.  This is done by calculating mfuel for 
the full charge-depleting and charge-sustaining portions of the test and weighting the results, 
using the following equation:
𝑚fuelሾcycleሿ,plug-in ൌ 𝑚fuelሾcycleሿ,CD ⋅ 𝑈𝐹D,CD  𝑚fuelሾcycleሿ,CS ⋅ ൫1 െ 𝑈𝐹D,CD൯ 
Eq. 1036.540-8 

Where: 
mfuel[cycle],CD = total mass of fuel for all the tests in the charge-depleting portion of the test. 

A-118 



 

 
 

 

 

 

𝑈𝐹D,CD = utility factor fraction at distance DCD as determined by interpolating the approved 
utility factor curve. 
mfuel[cycle],CS = total mass of fuel for all the tests in the charge-sustaining portion of the test. 

ே

𝐷CD ൌ ሺ𝑣 ⋅ 𝛥𝑡ሻ
ୀଵ 

Eq. 1036.540-9 

Where: 
v = vehicle velocity at each time step.  For tests completed under this section, v is the vehicle 
velocity in the GEM duty-cycle file.  For tests under 40 CFR 1037.550, v is the vehicle 
velocity as determined by Eq. 1037.550-1. Note that this should include complete and 
incomplete charge-depleting tests. 

(e) Determine GEM inputs. Use the results of engine testing in paragraph (d) of this section to 
determine the GEM inputs for the transient duty cycle and optionally for each of the highway 
cruise cycles corresponding to each simulated vehicle configuration as follows: 

(1) Your declared fuel mass consumption, mfuel[cycle]. Using the calculated fuel mass 
consumption values, mfuel[cycle], described in paragraph (d) of this section, declare values 
using the methods described in § 1036.535(g)(2) and (3). 
(2) We will determine mfuel[cycle] values using the method described in § 1036.535(gh)(3). 
(3) For the transient cycle, calculate engine output speed per unit vehicle speed, 
ሜnengine ቂ ቃ , by taking the average engine speed measured during the engine test while the 
௩̄vehicle ሾcycleሿ 

vehicle is moving and dividing it by the average vehicle speed provided by GEM.  Note that 
the engine cycle created by GEM has a flag to indicate when the vehicle is moving. 
(4) The Determine engine idle speed and torque, by taking the average engine speed and 
torque measured during the engine test while the vehicle is not moving.  Note that the engine 
cycle created by GEM has a flag to indicate when the vehicle is moving. 
(5) For the cruise cycles, calculate the average engine output speed, 𝑓ሜnengine, and the average 
engine output torque (positive torque only), 𝑇ሜengine, while the vehicle is moving. Note that 
the engine cycle created by GEM has a flag to indicate when the vehicle is moving. 
(6) Positive Determine positive work determined according to 40 CFR part 1065, W[cycle], by 
using the engine speed and engine torque measured during the engine test while the vehicle is 
moving. Note that the engine cycle created by GEM has a flag to indicate when the vehicle 
is moving. 
(7) The following tables illustrate the GEM data inputs corresponding to the different vehicle 
configurations for a given duty cycle: 

(i) For the transient cycle: 
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TABLE 6 TO PARAGRAPH (e)(7)(i) OF § 1036.540—GENERIC EXAMPLE OF AN OUTPUT MATRIX FOR 

TRANSIENT CYCLE VEHICLE CONFIGURATIONS 

Parameter Configuration 
1 2 3 4 8… 9n 

mfuel[cycle] 

ሜ𝑓nengine
ቈ 
�̄�vehicle ሾcycleሿ 

W[cycle] 

ሜ𝑓nidle

ሜ𝑇idle 

(ii) For the cruise cycles: 

TABLE 7 TO PARAGRAPH (e)(7)(ii) OF § 1036.540 – GENERIC EXAMPLE OF AN OUTPUT MATRIX FOR 

CRUISE CYCLE VEHICLE CONFIGURATIONS 

Parameter 
Configuration 

1 2 3 4 5678… 9n 
mfuel[cycle] 

ሜ𝑓nengineሾcycleሿ

ሜ𝑇engineሾcycleሿ 

W[cycle] 

§ 1036.543 Carbon balance error verification. 
The optional A carbon balance error verification in 40 CFR 1065.543 compares independent 
assessments of the flow of carbon through the system (engine plus aftertreatment).  We will, and 
you may optionally, verify carbon balance error according to 40 CFR part 1065.543.  This 
section procedure applies to allfor each individual test intervals in §§ 1036.535(b), (c), and (d) 
and 1036.540 and 40 CFR 1037.550. 

§ 1036.530550  Calculating greenhouse gas emission rates. 
This section describes how to calculate official emission results for CO2, CH4, and N2O. 
(a) Calculate brake-specific emission rates for each applicable duty cycle as specified in 40 CFR 
1065.650. Apply infrequent regeneration adjustment factors as described in § 1036.58022to 
your CO2 emission results for each duty cycle as described in 40 CFR 86.004-28 starting in 
model year 2021. You may optionally apply infrequent regeneration adjustment factors for CH4 

and N2O. 
(b) Adjust CO2 emission rates calculated under paragraph (a) of this section for measured test 
fuel properties as specified in this paragraph (b).  This adjustment is intended to make official 
emission results independent of differences in test fuels within a fuel type.  Use good engineering 
judgment to develop and apply testing protocols to minimize the impact of variations in test 
fuels. 

(1) Determine your test fuel’s mass-specific net energy content, Emfuelmeas, also known as 
lower heating value, in MJ/kg, expressed to at least three decimal places.  Determine 
Emfuelmeas as follows: 

(i) For liquid fuels, determine Emfuelmeas according to ASTM D4809 (incorporated by 
reference in § 1036.810). Have the sample analyzed by at least three different labs and 
determine the final value of your test fuel’s Emfuelmeas as the median all of the lab test 
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results you obtained. If you have results from three different labs, we recommend you 
screen them to determine if additional observations are needed.  To perform this 
screening, determine the absolute value of the difference between each lab result and the 
average of the other two lab results.  If the largest of these three resulting absolute value 
differences is greater than 0.297 MJ/kg, we recommend you obtain additional results 
prior to determining the final value of Emfuelmeas. 
(ii) For gaseous fuels, determine Emfuelmeas according to ASTM D3588 (incorporated by 
reference in § 1036.810). 

(2) Determine your test fuel’s carbon mass fraction, wC, as described in 40 CFR 1065.655(d), 
expressed to at least three decimal places; however, you must measure fuel properties rather 
than using the default values specified in Table 1 of 40 CFR 1065.655. 

(i) For liquid fuels, have the sample analyzed by at least three different labs and 
determine the final value of your test fuel’s wC as the median of all of the lab results you 
obtained. If you have results from three different labs, we recommend you screen them 
to determine if additional observations are needed.  To perform this screening, determine 
the absolute value of the difference between each lab result and the average of the other 
two lab results.  If the largest of these three resulting absolute value differences is greater 
than 1.56 percent carbon, we recommend you obtain additional results prior to 
determining the final value of wC. 
(ii) For gaseous fuels, have the sample analyzed by a single lab and use that result as your 
test fuel’s wC. 

(3) If, over a period of time, you receive multiple fuel deliveries from a single stock batch of 
test fuel, you may use constant values for mass-specific energy content and carbon mass 
fraction, consistent with good engineering judgment.  To use these constant valuesthis 
paragraph (b)(3), you must demonstrate that every subsequent delivery comes from the same 
stock batch and that the fuel has not been contaminated. 
(4) Correct measured CO2 emission rates as follows:  

𝐸mfuelmeas𝑒CO2cor ൌ 𝑒CO2 ⋅ 𝐸mfuelCref ⋅ 𝑤Cmeas 
Eq. 1036.5530-1 

Where: 
eCO2 = the calculated CO2 emission result. 
Emfuelmeas = the mass-specific net energy content of the test fuel as determined in 
paragraph (b)(1) of this section. Note that dividing this value by wCmeas (as is done in this 
equation) equates to a carbon-specific net energy content having the same units as 
EmfuelCref. 
EmfuelCref = the reference value of carbon-mass-specific net energy content for the 
appropriate fuel type, as determined in Table 1 of in this section. 
wCmeas = carbon mass fraction of the test fuel (or mixture of test fuels) as determined in 
paragraph (b)(2) of this section. 

Example: 
eCO2 = 630.0 g/hp∙hr 
Emfuelmeas = 42.528 MJ/kg 
EmfuelCref = 49.3112 MJ/kgC 
wCmeas = 0.870 

42.528
𝑒CO2cor ൌ 630.0 ⋅ 

49.3112 ⋅ 0.870 
eCO2cor = 624.5 g/hp∙hr 
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TABLE 1 TO PARAGRAPH (b)(4) TO OF § 1036.5530—REFERENCE FUEL PROPERTIES 

Fuel typea 
Reference fuel carbon-mass-
specific net energy content, 

EmfuelCref, (MJ/kgC)b 

Reference fuel 
carbon mass 

bfraction, wCref

Diesel fuel 49.3112 0.874 
Gasoline 50.4742 0.846 
Natural gas 66.2910 0.750 
LPG 56.5218 0.820 
Dimethyl ether 55.3886 0.521 
High-level ethanol-gasoline 
blends 

50.3211 0.576 

aFor fuels that are not listed, you must ask us to approve reference fuel properties. 
bFor multi-fuel streams, such as natural gas with diesel fuel pilot injection, use good 
engineering judgment to determine blended values for EmfuelCref and wCref using the 
values in this table. 

(c) Your official emission result for each pollutant equals your calculated brake-specific 
emission rate multiplied by all applicable adjustment factors, other than the deterioration factor. 

§ 1036.55520  Test procedures to verify deterioration factors. 
Sections 1036.240 through 1036.246 describe certification procedures to determine, verify, and 
apply deterioration factors. This section describes the measurement procedures for verifying 
deterioration factors using PEMS or onboard NOx sensors with in-use vehicles.  
(a) Use PEMS or onboard NOx sensors to collect 1 Hz data throughout a shift-day of driving. 
Collect all the data elements needed to determine brake-specific emissions. Calculate emission 
results using moving average windows as described in § 1036.53015. 
(b) Collect data as needed to perform the calculations specified in paragraph (a) of this section 
and to submit the test report specified in § 1036.246(fd). 

§ 1036.58022  Infrequently regenerating aftertreatment devices. 
For engines using aftertreatment technology with infrequent regeneration events that may occur 
during testing, take one of the following approaches to account for the emission impact of 
regeneration on criteria pollutant and greenhouse gas emissions: 
(a) You may use the calculation methodology described in 40 CFR 1065.680 to adjust measured 
emission results. Do this by developing an upward adjustment factor and a downward 
adjustment factor for each pollutant based on measured emission data and observed regeneration 
frequency as follows: 

(1) Adjustment factors should generally apply to an entire engine family, but you may 
develop separate adjustment factors for different configurations within an engine family.  
Use the adjustment factors from this section for all testing for the engine family. 
(2) You may use carryover data to establish adjustment factors for an engine family as 
described in § 1036.235(d), consistent with good engineering judgment. 
(3) Identify the value of F[cycle] in each application for the certification for which it applies. 
(4) Calculate separate adjustment factors for each required duty cycle. 

(b) You may ask us to approve an alternate methodology to account for regeneration events.  We
will generally limit approval to cases where your engines use aftertreatment technology with 
extremely infrequent regeneration and you are unable to apply the provisions of this section. 
(c) You may choose to make no adjustments to measured emission results if you determine that 
regeneration does not significantly affect emission levels for an engine family (or configuration) 
or if it is not practical to identify when regeneration occurs. You may omit adjustment factors 
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under this paragraph (c) for N2O, CH4, or other individual pollutants under this paragraph (c) as 
appropriate. If you choose not to make adjustments under paragraph (a) or (b) of this section, 
your engines must meet emission standards for all testing, without regard to regeneration. 

Subpart G—Special Compliance Provisions 

§ 1036.601 What compliance provisions apply?Overview of compliance provisions. 
(a) Engine and vehicle manufacturers, as well as owners, operators, and rebuilders of engines 
subject to the requirements of this part, and all other persons, must observe the provisions of this 
part, the provisions of 40 CFR part 1068, and the provisions of the Clean Air Act.  The 
provisions of 40 CFR part 1068 apply for heavy-duty highway engines as specified in that part, 
subject to the following provisions: 

(1) The exemption provisions of 40 CFR 1068.201 through 1068.230, 1068.240, and 
1068.260 through 265 apply for heavy-duty motor vehicle engines. The other exemption 
provisions, which are specific to nonroad engines, do not apply for heavy-duty vehicles or 
heavy-duty engines. 
(2)  The tampering prohibition in 40 CFR 1068.101(b)(1) applies for alternative fuel 
conversions as specified in 40 CFR part 85, subpart F.Engine signals to indicate a need for
maintenance under § 1036.125(a)(1)(ii) are considered an element of design of the emission 
control system. Disabling, resetting, or otherwise rendering such signals inoperative without 
also performing the indicated maintenance procedure is therefore prohibited under 40 CFR 
1068.101(b)(1). 
(3) The warranty-related prohibitions in section 203(a)(4) of the Act (42 U.S.C. 7522(a)(4)) 
apply to manufacturers of new heavy-duty highway engines in addition to the prohibitions 
described in 40 CFR 1068.101(b)(6).  We may assess a civil penalty up to $44,539 for each 
engine or vehicle in violation. 

(b) The following provisions from 40 CFR parts 85 and 86 continue to apply after model year 
December 20, 2026 for engines subject to the requirements of this part: 

(1) The tampering prohibition in 40 CFR 1068.101(b)(1) applies for alternative fuel 
conversions as specified in 40 CFR part 85, subpart F. 
(2) Engine manufacturers must meet service information requirements as specified in 40 CFR 
86.010-38(j).Engines exempted from the applicable standards of 40 CFR part 86 under the 
provisions of 40 CFR part 1068 are exempt from the standards of this part without request. 
(3) Provisions related to nonconformance penalties apply as described in 40 CFR part 86, 
subpart L. Note that nonconformance penalty provisions are not available for current or 
future emission standards unless we revise the regulation to specify how to apply those 
provisions. 
(4) The manufacturer-run in-use testing program applies as described in 40 CFR part 86, 
subpart T, continues to apply for engines subject to exhaust emission standards under 40 
CFR part 86. 

(c) The emergency vehicle field modification provisions of 40 CFR 85.1716 apply with respect 
to the standards of this part. 
(d) Subpart C of this part describes how to test and certify dual-fuel and flexible-fuel engines. 
Some multi-fuel engines may not fit either of those defined terms.  For such engines, we will 
determine whether it is most appropriate to treat them as single-fuel engines, dual-fuel engines, 
or flexible-fuel engines based on the range of possible and expected fuel mixtures.  For example, 
an engine might burn natural gas but initiate combustion with a pilot injection of diesel fuel.  If 
the engine is designed to operate with a single fueling algorithm (i.e., fueling rates are fixed at a 
given engine speed and load condition), we would generally treat it as a single-fuel engine.  In 
this context, the combination of diesel fuel and natural gas would be its own fuel type.  If the 
engine is designed to also operate on diesel fuel alone, we would generally treat it as a dual-fuel 
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engine. If the engine is designed to operate on varying mixtures of the two fuels, we would 
generally treat it as a flexible-fuel engine. To the extent that requirements vary for the different 
fuels or fuel mixtures, we may apply the more stringent requirements. 

§ 1036.605 GHG exemption Alternate emission standards for engines used in specialty 
vehicles. 
Engines certified to the alternative standards specified in 40 CFR 86.007-11 and 86.008-10 for 
use in specialty vehicles as described in 40 CFR 1037.605 are exempt from the standards of this 
part. See 40 CFR part 1037 for provisions that apply to the vehicle. Starting in model year 2027, 
compression-ignition engines at or above 56 kW and spark-ignition engines of any size that will 
be installed in specialty vehicles as allowed by 40 CFR 1037.605 are exempt from the standards 
of subpart B of this part if they are certified under this part to alternate emission standardsare
exempt from the standards of subpart B this part. Qualifying engines must certify under this part 
by meeting alternate emission standards as follows:  
(a) Spark-ignition engines must be of a configuration that is identical to one that is certified 
under 40 CFR part 1048 to Blue Sky standards under 40 CFR 1048.140. 
(b) Compression-ignition engines must be of a configuration that is identical to one that is 
certified under 40 CFR part 1039, and meet the following additional standards using the same 
duty cycles that apply under 40 CFR part 1039: 

(1) The engines must be certified with a family emission limit for PM of 0.020 g/kW-hr.  
(2) Diesel-fueled engines using selective catalytic reduction must meet an emission standard 
of 0.1 g/kW-hr for N2O. 

(c) Except as specified in this section, engines certified under this section must meet all the 
requirements that apply under 40 CFR part 1039 or 1048 instead of the comparable provisions in 
this part. Before shipping engines under this section, you must have written assurance from 
vehicle manufacturers that they need a certain number of exempted engines under this section. In 
your annual production report under 40 CFR 1039.250 or 1048.250, count these engines 
separately and identify the vehicle manufacturers that will be installing them. Treat these engines 
as part of the corresponding engine family under 40 CFR part 1039 or part 1048 for compliance 
purposes such as testing production engines, in-use testing, defect reporting, and recall.  
(d) The engines must be labeled as described in § 1036.135, with the following statement instead 
of the one specified in § 1036.135(c)(8): “This engine conforms to alternate standards for 
specialty vehicles under 40 CFR 1036.605.” Engines certified under this section may not have 
the label specified for nonroad engines in 40 CFR part 1039 or part 1048 or any other label 
identifying them as nonroad engines. 
(e) In a separate application for a certificate of conformity, identify the corresponding nonroad 
engine family, describe the label required under section, state that you meet applicable diagnostic 
requirements under 40 CFR part 1039 or part 1048, and identify your projected nationwide U.S.-
directed production volume. 
(f) No additional certification fee applies for engines certified under this section.  
(g) Engines certified under this section may not generate or use emission credits under this part 
or under 40 CFR part 1039. The vehicles in which these engines are installed may generate or 
use emission credits as described in 40 CFR part 1037.  

§ 1036.610 Off-cycle technology credits and adjustments for reducing greenhouse gas 
emissions. 
(a) You may ask us to apply the provisions of this section for CO2 emission reductions resulting 
from powertrain technologies that were not in common use with heavy-duty vehicles before 
model year 2010 that are not reflected in the specified test procedure. While you are not required 
to prove that such technologies were not in common use with heavy-duty vehicles before model 
year 2010, we will not approve your request if we determine that they do not qualify. We will 
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apply these provisions only for technologies that will result in a measurable, demonstrable, and 
verifiable real-world CO2 reduction. Note that prior to model year 2016, these technologies were 
referred to as “innovative technologies”. 
(b) The provisions of this section may be applied as either an improvement factor (used to adjust 
emission results) or as a separate credit, consistent with good engineering judgment.  Note that 
the term “credit” in this section describes an additive adjustment to emission rates and is not 
equivalent to an emission credit in the ABT program of subpart H of this part.  We recommend 
that you base your credit/adjustment on A to B testing of pairs of engines/vehicles differing only 
with respect to the technology in question. 

(1) Calculate improvement factors as the ratio of in-use emissions with the technology 
divided by the in-use emissions without the technology.  Adjust the emission results by 
multiplying by the improvement factor. Use the improvement-factor approach where good 
engineering judgment indicates that the actual benefit will be proportional to emissions 
measured over the test procedures specified in this part. For example, the benefits from 
technologies that reduce engine operation would generally be proportional to the engine’s 
emission rate. 
(2) Calculate separate credits based on the difference between the in-use emission rate (g/ton-
mile) with the technology and the in-use emission rate without the technology.  Subtract this 
value from your measured emission result and use this adjusted value to determine your FEL.  
We may also allow you to calculate the credits based on g/hpꞏ-hr emission rates. Use the 
separate-credit approach where good engineering judgment indicates that the actual benefit 
will not be proportional to emissions measured over the test procedures specified in this part. 
(3) We may require you to discount or otherwise adjust your improvement factor or credit to 
account for uncertainty or other relevant factors. 

(c) Send your request to the Designated Compliance Officer.  We recommend that you do not 
begin collecting test data (for submission to EPA) before contacting us.  For technologies for 
which the vehicle manufacturer could also claim credits (such as transmissions in certain 
circumstances), we may require you to include a letter from the vehicle manufacturer stating that 
it will not seek credits for the same technology.  Your request must contain the following items: 

(1) A detailed description of the off-cycle technology and how it functions to reduce CO2 

emissions under conditions not represented on the duty cycles required for certification. 
(2) A list of the engine configurations that will be equipped with the technology. 
(3) A detailed description and justification of the selected test engines. 
(4) All testing and simulation data required under this section, plus any other data you have 
considered in your analysis.  You may ask for our preliminary approval of your test plan 
under § 1036.210. 
(5) A complete description of the methodology used to estimate the off-cycle benefit of the 
technology and all supporting data, including engine testing and in-use activity data.  Also 
include a statement regarding your recommendation for applying the provisions of this 
section for the given technology as an improvement factor or a credit. 
(6) An estimate of the off-cycle benefit by engine model, and the fleetwide benefit based on 
projected sales of engine models equipped with the technology. 
(7) A demonstration of the in-use durability of the off-cycle technology, based on any 
available engineering analysis or durability testing data (either by testing components or 
whole engines). 

(d) We may seek public comment on your request, consistent with the provisions of 40 CFR 
86.1869-12(d). However, we will generally not seek public comment on credits/adjustments 
based on A to B engine dynamometer testing, chassis testing, or in-use testing. 
(e) We may approve an improvement factor or credit for any configuration that is properly 
represented by your testing. 
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(1) For model years before 2021, you may continue to use an approved improvement factor 
or credit for any appropriate engine families in future model years through 2020.   
(2) For model years 2021 and later, you may not rely on an approval for model years before 
2021. You must separately request our approval before applying an improvement factor or 
credit under this section for 2021 and later engines, even if we approved an improvement 
factor or credit for similar engine models before model year 2021.  Note that approvals for 
model year 2021 and later may carry over for multiple years.  

§ 1036.615 Engines with Rankine cycle waste heat recovery and hybrid powertrains. 
This section specifies how to generate advanced-technology emission credits for hybrid 
powertrains that include energy storage systems and regenerative braking (including regenerative 
engine braking) and for engines that include Rankine-cycle (or other bottoming cycle) exhaust 
energy recovery systems. This section applies only for model year 2020 and earlier engines. 
(a) Pre-transmission hybrid powertrains. Test pre-transmission hybrid powertrains with the 
hybrid engine test procedures of 40 CFR part 1065 or with the post-transmission test procedures 
in 40 CFR 1037.550. Pre-transmission hybrid powertrains are those engine systems that include 
features to recover and store energy during engine motoring operation but not from the vehicle’s 
wheels. Engines certified with pre-transmission hybrid powertrains must be certified to meet the 
diagnostic requirements of 40 CFR 86.018-10 as specified in § 1036.110 with respect to 
powertrain components and systems; if different manufacturers produce the engine and the 
hybrid powertrain, the hybrid powertrain manufacturer may separately certify its powertrain 
relative to diagnostic requirements. 
(b) Rankine engines. Test engines that include Rankine-cycle exhaust energy recovery systems 
according to the test procedures specified in subpart F of this part unless we approve alternate 
procedures. 
(c) Calculating credits. Calculate credits as specified in subpart H of this part. Credits generated 
from engines and powertrains certified under this section may be used in other averaging sets as 
described in § 1036.740(c). 
(d) Off-cycle technologies. You may certify using both the provisions of this section and the off-
cycle technology provisions of § 1036.610, provided you do not double-count emission benefits. 

§ 1036.620 Alternate CO2 standards based on model year 2011 compression-ignition 
engines. 
For model years 2014 through 2016, you may certify your compression-ignition engines to the 
CO2 standards of this section instead of the CO2 standards in § 1036.108. However, you may not 
certify engines to these alternate standards if they are part of an averaging set in which you carry 
a balance of banked credits.  You may submit applications for certifications before using up 
banked credits in the averaging set, but such certificates will not become effective until you have 
used up (or retired) your banked credits in the averaging set.  For purposes of this section, you 
are deemed to carry credits in an averaging set if you carry credits from advanced technology 
that are allowed to be used in that averaging set. 
(a) The standards of this section are determined from the measured emission rate of the test 
engine of the applicable baseline 2011 engine family or families as described in paragraphs (b) 
and (c) of this section. Calculate the CO2 emission rate of the baseline test engine using the 
same equations used for showing compliance with the otherwise applicable standard.  The 
alternate CO2 standard for light and medium heavy-duty vocational-certified engines (certified 
for CO2 using the transient cycle) is equal to the baseline emission rate multiplied by 0.975.  The 
alternate CO2 standard for tractor-certified engines (certified for CO2 using the SET duty cycle) 
and all other Hheavy HDEheavy-duty engines is equal to the baseline emission rate multiplied by 
0.970. The in-use FEL for these engines is equal to the alternate standard multiplied by 1.03.  
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(b) This paragraph (b) applies if you do not certify all your engine families in the averaging set to 
the alternate standards of this section.  Identify separate baseline engine families for each engine 
family that you are certifying to the alternate standards of this section.  For an engine family to 
be considered the baseline engine family, it must meet the following criteria: 

(1) It must have been certified to all applicable emission standards in model year 2011.  If the 
baseline engine was certified to a NOx FEL above the standard and incorporated the same 
emission control technologies as the new engine family, you may adjust the baseline CO2 

emission rate to be equivalent to an engine meeting the 0.20 g/hpꞏ-hr NOx standard (or your 
higher FEL as specified in this paragraph (b)(1)), using certification results from model years 
2009 through 2011, consistent with good engineering judgment.   

(i) Use the following equation to relate model year 2009-2011 NOx and CO2 emission 
rates (g/hpꞏ-hr): CO2 = a × log(NOx)+b. 
(ii) For model year 2014-2016 engines certified to NOx FELs above 0.20 g/hpꞏ-hr, correct 
the baseline CO2 emissions to the actual NOx FELs of the 2014-2016 engines. 
(iii) Calculate separate adjustments for emissions over the SET duty cycle and the 
transient cycle. 

(2) The baseline configuration tested for certification must have the same engine 
displacement as the engines in the engine family being certified to the alternate standards, 
and its rated power must be within five percent of the highest rated power in the engine 
family being certified to the alternate standards. 
(3) The model year 2011 U.S.-directed production volume of the configuration tested must 
be at least one percent of the total 2011 U.S.-directed production volume for the engine 
family. 
(4) The tested configuration must have cycle-weighted BSFC equivalent to or better than all 
other configurations in the engine family. 

(c) This paragraph (c) applies if you certify all your engine families in the primary intended 
service class to the alternate standards of this section.  For purposes of this section, you may 
combine Llight HDEheavy-duty and Mmedium HDEheavy-duty engines into a single averaging 
set. Determine your baseline CO2 emission rate as the production-weighted emission rate of the 
certified engine families you produced in the 2011 model year.  If you produce engines for both 
tractors and vocational vehicles, treat them as separate averaging sets.  Adjust the CO2 emission 
rates to be equivalent to an engine meeting the average NOx FEL of new engines (assuming 
engines certified to the 0.20 g/hpꞏ-hr NOx standard have a NOx FEL equal to 0.20 g/hpꞏ-hr), as 
described in paragraph (b)(1) of this section. 
(d) Include the following statement on the emission control information label: “THIS ENGINE 
WAS CERTIFIED TO AN ALTERNATE CO2 STANDARD UNDER § 40 CFR 1036.620.” 
(e) You may not bank CO2 emission credits for any engine family in the same averaging set and 
model year in which you certify engines to the standards of this section.  You may not bank any 
advanced-technology credits in any averaging set for the model year you certify under this 
section (since such credits would be available for use in this averaging set).  Note that the 
provisions of § 1036.745 apply for deficits generated with respect to the standards of this section. 
(f) You need our approval before you may certify engines under this section, especially with 
respect to the numerical value of the alternate standards.  We will not approve your request if we 
determine that you manipulated your engine families or test engine configurations to certify to 
less stringent standards, or that you otherwise have not acted in good faith.  You must keep and 
provide to us any information we need to determine that your engine families meet the 
requirements of this section. Keep these records for at least five years after you stop producing 
engines certified under this section. 
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§ 1036.625 In-use compliance with CO2 family emission limits (FELs). 
Section 1036.225 describes how to change the FEL for an engine family during the model year.  
This section, which describes how you may ask us to increase an engine family’s CO2 FEL after 
the end of the model year, is intended to address circumstances in which it is in the public 
interest to apply a higher in-use CO2 FEL based on forfeiting an appropriate number of emission 
credits. For example, this may be appropriate where we determine that recalling vehicles would 
not significantly reduce in-use emissions. We will generally not allow this option where we 
determine the credits being forfeited would likely have expired. 
(a) You may ask us to increase an engine family’s FEL after the end of the model year if you 
believe some of your in-use engines exceed the CO2 FEL that applied during the model year (or 
the CO2 emission standard if the family did not generate or use emission credits).  We may 
consider any available information in making our decision to approve or deny your request. 
(b) If we approve your request under this section, you must apply emission credits to cover the 
increased FEL for all affected engines.  Apply the emission credits as part of your credit 
demonstration for the current production year.  Include the appropriate calculations in your final 
report under § 1036.730. 
(c) Submit your request to the Designated Compliance Officer.  Include the following in your 
request: 

(1) Identify the names of each engine family that is the subject of your request.  Include 
separate family names for different model years 
(2) Describe why your request does not apply for similar engine models or additional model 
years, as applicable.  
(3) Identify the FEL(s) that applied during the model year and recommend a replacement 
FEL for in-use engines; include a supporting rationale to describe how you determined the 
recommended replacement FEL. 
(4) Describe whether the needed emission credits will come from averaging, banking, or 
trading. 

(d) If we approve your request, we will identify the replacement FEL.  The value we select will 
reflect our best judgment to accurately reflect the actual in-use performance of your engines, 
consistent with the testing provisions specified in this part.  We may apply the higher FELs to 
other engine families from the same or different model years to the extent they used equivalent 
emission controls. We may include any appropriate conditions with our approval. 
(e) If we order a recall for an engine family under 40 CFR 1068.505, we will no longer approve a 
replacement FEL under this section for any of your engines from that engine family, or from any 
other engine family that relies on equivalent emission controls.  

§ 1036.630 Certification of engine GHG greenhouse gas emissions for powertrain testing. 
For engines included in powertrain families under 40 CFR part 1037, you may choose to include 
the corresponding engine emissions in your engine families under this part 1036 instead of (or in 
addition to) the otherwise applicable engine fuel maps.   
(a) If you choose to certify powertrain fuel maps in an engine family, the declared powertrain 
emission levels become standards that apply for selective enforcement audits and in-use testing.  
We may require that you provide to us the engine test cycle (not normalized) corresponding to a 
given powertrain for each of the specified duty cycles.   
(b) If you choose to certify only fuel map emissions for an engine family and to not certify 
emissions over powertrain test cycles under 40 CFR 1037.550, we will not presume you are 
responsible for emissions over the powertrain cycles.  However, where we determine that you are 
responsible in whole or in part for the emission exceedance in such cases, we may require that 
you participate in any recall of the affected vehicles.  Note that this provision to limit your 
responsibility does not apply if you also hold the certificate of conformity for the vehicle. 
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(c) If you split an engine family into subfamilies based on different fuel-mapping procedures as 
described in § 1036.230(ef)(2), the fuel-mapping procedures you identify for certifying each 
subfamily also apply for selective enforcement audits and in-use testing.  

§ 1036.655 Special provisions for diesel-fueled engines sold in American Samoa or the 
Commonwealth of the Northern Mariana Islands. 
(a) The prohibitions in § 1068.101(a)(1) do not apply to diesel-fueled engines that are intended 
for use and will be used in American Samoa or the Commonwealth of the Northern Mariana 
Islands, subject to the following conditions: 

(1) The engine is intended for use and will be used in American Samoa or the 
Commonwealth of the Northern Mariana Islands. 
(12) The engine meets the emission standards that applied to model year 2006 engines as 
specified in appendix A of this part. 
(23) You meet all the requirements of 40 CFR 1068.265. 

(b) If you introduce an engine into U.S. commerce under this section, you must meet the labeling 
requirements in § 1036.135, but add the following statement instead of the compliance statement 
in § 1036.135(c)(8): 

THIS ENGINE (or VEHICLE, as applicable) CONFORMS TO US EPA EMISSION 
STANDARDS APPLICABLE TO MODEL YEAR 2006. THIS ENGINE (or VEHICLE, as 
applicable) DOES NOT CONFORM TO US EPA EMISSION REQUIREMENTS IN 
EFFECT AT TIME OF PRODUCTION AND MAY NOT BE IMPORTED INTO THE 
UNITED STATES OR ANY TERRITORY OF THE UNITED STATES EXCEPT 
AMERICAN SAMOA OR THE COMMONWEALTH OF THE NORTHERN MARIANA 
ISLANDS. 

(c) Introducing into U.S. commerce an engine exempted under this section in any state or 
territory of the United States other than American Samoa or the Commonwealth of the Northern 
Mariana Islands, throughout its lifetime, violates the prohibitions in 40 CFR 1068.101(a)(1), 
unless it is exempt under a different provision. 
(d) The exemption provisions in this section also applied for model year 2007 and later engines 
introduced into commerce in Guam before January 1, 2024[the effective date of the final rule]. 

Subpart H—Averaging, Banking, and Trading for Certification 

§ 1036.701 General provisions. 
(a) You may average, bank, and trade (ABT) emission credits for purposes of certification as 
described in this subpart and in subpart B of this part to show compliance with the standards of 
§§ 1036.104 and 1036.108. Participation in this program is voluntary.  Note that certification to 
NOx standards in § 1036.104 is based on a fFamily eEmission lLimit (FEL) and certification to 
CO2 standards in § 1036.108 is based on a Family Certification Level (FCL). This subpart refers 
to “FEL/FCL” to simultaneously refer to FELs for NOx and FCLs for CO2. (Note also that : As 
described in subpart B of this part requires, you to must assign an FCL to all engine families, 
whether or not they participate in the ABT provisions of this subpart.) 
(b) The definitions of subpart I of this part apply to this subpart in addition to the following 
definitions:  

(1) Actual emission credits means emission credits you have generated that we have verified 
by reviewing your final report. 
(2) Averaging set means a set of engines in which emission credits may be exchanged.  See 
§ 1036.740. 
(3) Broker means any entity that facilitates a trade of emission credits between a buyer and 
seller. 
(4) Buyer means the entity that receives emission credits as a result of a trade. 
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(5) Reserved emission credits means emission credits you have generated that we have not 
yet verified by reviewing your final report. 
(6) Seller means the entity that provides emission credits during a trade. 
(7) Standard means the emission standard that applies under subpart B of this part for 
engines not participating in the ABT program of this subpart.  
(8) Trade means to exchange emission credits, either as a buyer or seller. 

(c) Emission credits may be exchanged only within an averaging set, except as specified in 
§ 1036.740. 
(d) You may not use emission credits generated under this subpart to offset any emissions that 
exceed an FEL/FCL or standard. This paragraph (d) applies for all testing, including 
certification testing, in-use testing, selective enforcement audits, and other production-line 
testing. However, if emissions from an engine exceed an FEL/FCL or standard (for example, 
during a selective enforcement audit), you may use emission credits to recertify the engine 
family with a higher FEL/FCL that applies only to future production. 
(e) You may use either of the following approaches to retire or forego emission credits: 

(1) You may retire emission credits generated from any number of your engines.  This may 
be considered donating emission credits to the environment.  Identify any such credits in the 
reports described in § 1036.730. Engines must comply with the applicable FELs even if you 
donate or sell the corresponding emission credits under this paragraph (h). Those Donated
credits may no longer be used by anyone to demonstrate compliance with any EPA emission 
standards. 
(2) You may certify an engine family using an FEL (FCL for CO2)/FCL below the emission 
standard as described in this part and choose not to generate emission credits for that family.  
If you do this, you do not need to calculate emission credits for those engine families, and 
you do not need to submit or keep the associated records described in this subpart for that 
family. 

(f) Emission credits may be used in the model year they are generated.  Surplus emission credits 
may be banked for future model years. Surplus emission credits may sometimes be used for past 
model years, as described in § 1036.745. 
(g) You may increase or decrease an FEL/FCL during the model year by amending your 
application for certification under § 1036.225.  The new FEL/FCL may apply only to engines 
you have not already introduced into commerce.   
(h) See § 1036.740 for special credit provisions that apply for greenhouse gas credits generated 
under 40 CFR 86.1819-14(k)(7) or § 1036.615 or 40 CFR 1037.615. 
(i) Unless the regulations in this part explicitly allow it, you may not calculate Phase 1 credits 
more than once for any emission reduction.  For example, if you generate Phase 1 CO2 emission 
credits for a hybrid engine under this part for a given vehicle, no one may generate CO2 emission 
credits for that same hybrid engine and the associated vehicle under 40 CFR part 1037.  
However, Phase 1 credits could be generated for identical vehicles using engines that did not 
generate credits under this part.  
(j) Credits you generate with compression-ignition engines in 2020 and earlier model years may 
be used in model year 2021 and later as follows: 

(1) For credit-generating engines certified to the tractor engine standards in § 1036.108, you 
may use credits calculated relative to the tractor engine standards. 
(2) For credit-generating engines certified to the vocational engine standards in § 1036.108, 
you may optionally carry over adjusted vocational credits from an averaging set, and you 
may use credits calculated relative to the emission levels in the following table: 
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TABLE 1 TO PARAGRAPH (j)(2) OF § 1036.701—EMISSION LEVELS FOR CREDIT CALCULATION 

Medium Heavy-
Duty EnginesHDE 

Heavy Heavy-
Duty 

EnginesHDE 
558 g/hpꞏhr 525 g/hpꞏhr 

(k) Engine families you certify with a nonconformance penalty under 40 CFR part 86, subpart L, 
may not generate emission credits. 

§ 1036.705 Generating and calculating emission credits. 
(a) The provisions of this section apply separately for calculating emission credits for each 
pollutant. 
(b) For each participating family, calculate positive or negative emission credits relative to the 
otherwise applicable emission standard based on the engine family’s FCL for greenhouse gases. 
If your engine family is certified to both the vocational and tractor engine standards, calculate 
credits separately for the vocational engines and the tractor engines (as specified in paragraph 
(b)(3) of this section). Calculate positive emission credits for a family that has an FEL/FCL 
below the standard. Calculate negative emission credits for a family that has an FEL/FCL above 
the standard.  Sum your positive and negative credits for the model year before rounding. 

(1) Calculate emission credits Round the sum of emission credits to the nearest megagram 
(Mg), for each family or subfamily using consistent units throughout the following equations: 

(1) For vocational engines: 
Emission credits (Mg) = (Std – FCL) ꞏ (CF ) ꞏ (Volume ) ꞏ (UL) ꞏ c (10-6) 
Eq. 1036.705-1 

Where: 
Std = the emission standard, in (mg NOx)/hpꞏhr or (g CO2)/hpꞏ-hr, that applies under 
subpart B of this part for engines not participating in the ABT program of this subpart 
(the “otherwise applicable standard”). 
FCL = the engine family’s FEL for NOx, in mg/hpꞏhr, and FCL for CO2Family 
Certification Level for the engine family, in g/hpꞏ-hr, measured over the transient duty 
cycle, rounded to the same number of decimal places as the emission standard. 
CF = a transient cycle conversion factor (hpꞏ-hr/mile), calculated by dividing the total 
(integrated) horsepower-hour over the applicable duty cycle (average of vocational 
engine configurations weighted by their production volumes) by 6.3 miles for engines 
subject to spark-ignition standards and 6.5 miles for engines subject to compression-
ignition standards. This represents the average work performed by vocational engines in 
the family over the mileage represented by operation over the duty cycle. See paragraph 
(b)(3) of this section for provisions that apply for CO2. 
Volume = the number of vocational engines eligible to participate in the averaging, 
banking, and trading program within the given engine family or subfamily during the 
model year, as described in paragraph (c) of this section.  
UL = the useful life for the standard that applies for a given engine familyprimary
intended service class, in miles. 
c = use 10-6 for CO2 and 10-9 for NOx. 

Example for model year 2025 Heavy HDE generating CO2 credits for a model year 2028 
Heavy HDE: 
Std = 432 g/hpꞏhr 
FL = 401 g/hpꞏhr 
CF = 9.78 hpꞏhr/mile 
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Volume = 15,342 
UL = 435,000 miles 
c = 10-6 

Emission credits = (432 – 401) ꞏ 9.78 ꞏ 15,342 ꞏ 435,000 ꞏ 10-6 

Emission credits = 28,131,142 Mg 

(2) [Reserved]For tractor engines: 
Emission credits (Mg) = (Std – FCL) ꞏ (CF) ꞏ (Volume) ꞏ (UL) ꞏ (10-6) 
Where: 
Std = the emission standard, in g/hp-hr, that applies under subpart B of this part for engines 
not participating in the ABT program of this subpart (the “otherwise applicable standard”). 
FCL = the Family Certification Level for the engine family, in g/hp-hr, measured over the 
SET duty cycle rounded to the same number of decimal places as the emission standard.   
CF = a transient cycle conversion factor (hp-hr/mile), calculated by dividing the total 
(integrated) horsepower-hour over the duty cycle (average of tractor-engine configurations 
weighted by their production volumes) by 6.3 miles for engines subject to spark-ignition 
standards and 6.5 miles for engines subject to compression-ignition standards.  This
represents the average work performed by tractor engines in the family over the mileage 
represented by operation over the duty cycle.  Note that this calculation requires you to use 
the transient cycle conversion factor even for engines certified to standards based on the SET 
duty cycle. 
Volume = the number of tractor engines eligible to participate in the averaging, banking, and 
trading program within the given engine family during the model year, as described in 
paragraph (c) of this section. 
UL = the useful life for the given engine family, in miles. 
(3) The following additional provisions apply for calculating CO2 credits: 

(i) For engine families certified to both the vocational and tractor engine standards, 
calculate credits separately for the vocational engines and the tractor engines.  Wwe may 
allow you to use statistical methods to estimate the total production volumes where a 
small fraction of the engines cannot be tracked precisely. 
(ii) Calculate the transient cycle conversion factor for vocational engines based on the 
average of vocational engine configurations weighted by their production volumes. 
Similarly, calculate the transient cycle conversion factor for tractor engines based on the 
average of tractor engine configurations weighted by their production volumes. Note that 
calculating the transient cycle conversion factor for tractors requires you to use the 
conversion factor even for engines certified to standards based on the SET duty cycle. 
(iii) The FCL for CO2 is based on measurement over the FTP duty cycle for vocational 
engines and over the SET duty cycle for tractor engines. 

(4) You may not generate emission credits for tractor engines (i.e., engines not certified to 
the transient cycle for CO2) installed in vocational vehicles (including vocational tractors 
certified under 40 CFR 1037.630 or exempted under 40 CFR 1037.631).  We will waive this 
provision where you demonstrate that less than five percent of the engines in your tractor 
family were installed in vocational vehicles. For example, if you know that 96 percent of 
your tractor engines were installed in non-vocational tractors, but cannot determine the 
vehicle type for the remaining four percent, you may generate credits for all the engines in 
the family.   
(5) You may generate CO2 emission credits from a model year 2021 or later medium heavy-
duty engine family subject to spark-ignition standards for exchanging with other engine 
families only if the engines in the family are gasoline-fueled. You may generate CO2 credits 
from non-gasoline engine families only for the purpose of offsetting CH4 and/or N2O 
emissions within the same engine family as described in paragraph (d) of this section. 
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(c) As described in § 1036.730, compliance with the requirements of this subpart is determined 
at the end of the model year based on actual U.S.-directed production volumes.  Keep 
appropriate records to document these production volumes. Do not include any of the following 
engines to calculate emission credits: 

(1) Engines that you do not certify to the CO2 standards of this part because they are 
permanently exempted under subpart G of this part or under 40 CFR part 1068. 
(2) Exported engines. 
(3) Engines not subject to the requirements of this part, such as those excluded under 
§ 1036.5. For example, do not include engines used in vehicles certified to the greenhouse 
gas standards of 40 CFR 86.1819. 
(4) Any other engines if we indicate elsewhere in this part 1036 that they are not to be 
included in the calculations of this subpart. 

(d) You may use CO2 emission credits to show compliance with CH4 and/or N2O FELs instead 
of the otherwise applicable emission standards.  To do this, calculate the CH4 and/or N2O 
emission credits needed (negative credits) using the equation in paragraph (b) of this section, 
using the FEL(s) you specify for your engines during certification instead of the FCL.  You must 
use 34 Mg of positive CO2 credits to offset 1 Mg of negative CH4 credits for model year 2021 
and later engines, and you must use 25 Mg of positive CO2 credits to offset 1 Mg of negative 
CH4 credits for earlier engines.  You must use 298 Mg of positive CO2 credits to offset 1 Mg of 
negative N2O credits. 

§ 1036.710 Averaging. 
(a) Averaging is the exchange of emission credits among your engine families.  You may 
average emission credits only within the same averaging set, except as specified in § 1036.740. 
(b) You may certify one or more engine families to an FEL/FCL above the applicable standard, 
subject to any applicable FEL caps and other the provisions in subpart B of this part, if you show 
in your application for certification that your projected balance of all emission-credit transactions 
in that model year is greater than or equal to zero, or that a negative balance is allowed under 
§ 1036.745. 
(c) If you certify an engine family to an FEL/FCL that exceeds the otherwise applicable standard, 
you must obtain enough emission credits to offset the engine family’s deficit by the due date for 
the final report required in § 1036.730. The emission credits used to address the deficit may 
come from your other engine families that generate emission credits in the same model year (or 
from later model years as specified in § 1036.745), from emission credits you have banked, or 
from emission credits you obtain through trading. 

§ 1036.715 Banking. 
(a) Banking is the retention of surplus emission credits by the manufacturer generating the 
emission credits for use in future model years for averaging or trading.  
(b) You may designate any emission credits you plan to bank in the reports you submit under 
§ 1036.730 as reserved credits. During the model year and before the due date for the final 
report, you may designate your reserved emission credits for averaging or trading. 
(c) Reserved credits become actual emission credits when you submit your final report. 
However, we may revoke these emission credits if we are unable to verify them after reviewing 
your reports or auditing your records. 
(d) Banked credits retain the designation of the averaging set in which they were generated. 

§ 1036.720 Trading. 
(a) Trading is the exchange of emission credits between manufacturers.  You may use traded 
emission credits for averaging, banking, or further trading transactions.  Traded emission credits 
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remain subject to the averaging-set restrictions based on the averaging set in which they were 
generated. 
(b) You may trade actual emission credits as described in this subpart.  You may also trade 
reserved emission credits, but we may revoke these emission credits based on our review of your 
records or reports or those of the company with which you traded emission credits.  You may 
trade banked credits within an averaging set to any certifying manufacturer. 
(c) If a negative emission credit balance results from a transaction, both the buyer and seller are 
liable, except in cases we deem to involve fraud.  See § 1036.255(e) for cases involving fraud.  
We may void the certificates of all engine families participating in a trade that results in a 
manufacturer having a negative balance of emission credits.  See § 1036.745. 

§ 1036.725 What must I include in my application for certification?Required information 
for certification.  
(a) You must declare in your application for certification your intent to use the provisions of this 
subpart for each engine family that will be certified using the ABT program.  You must also 
declare the FELs/FCL you select for the engine family for each pollutant for which you are using 
the ABT program. Your FELs must comply with the specifications of subpart B of this part, 
including the FEL caps.  FELs/FCLs must be expressed to the same number of decimal places as 
the applicable standards. 
(b) Include the following in your application for certification: 

(1) A statement that, to the best of your belief, you will not have a negative balance of 
emission credits for any averaging set when all emission credits are calculated at the end of 
the year; or a statement that you will have a negative balance of emission credits for one or 
more averaging sets, but that it is allowed under § 1036.745. 
(2) Detailed calculations of projected emission credits (positive or negative) based on 
projected U.S.-directed production volumes.  We may require you to include similar 
calculations from your other engine families to project your net credit balances for the model 
year. If you project negative emission credits for a family, state the source of positive 
emission credits you expect to use to offset the negative emission credits.   

§ 1036.730 ABT reports. 
(a) If you certify any of your engine families are certified using the ABT provisions of this 
subpart, you must send us an end-of-year report by March 31 following the end of the model 
year and a final report by September 30 following the end of the model year.  We may waive the 
requirement to send an end-of-year report. 
(b) Your end-of-year and final reports must include the following information for each engine 
family participating in the ABT program: 

(1) Engine-family designation and averaging set. 
(2) The emission standards that would otherwise apply to the engine family. 
(3) The FEL/FCL for each pollutant. If you change the FEL/FCL after the start of 
production, identify the date that you started using the new FEL/FCL and/or give the engine 
identification number for the first engine covered by the new FEL/FCL. In this case, identify 
each applicable FEL/FCL and calculate the positive or negative emission credits as specified 
in § 1036.225(f). 
(4) The projected and actual U.S.-directed production volumes for the model year. If you 
changed an FEL/FCL during the model year, identify the actual U.S.-directed production 
volume associated with each FEL/FCL. 
(5) The transient cycle conversion factor for each engine configuration as described in 
§ 1036.705. 
(6) Useful life. 
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(7) Calculated positive or negative emission credits for the whole engine family.  Identify 
any emission credits that you traded, as described in paragraph (d)(1) of this section. 

(c) Your end-of-year and final reports must include the following additional information: 
(1) Show that your net balance of emission credits from all your participating engine families 
in each averaging set in the applicable model year is not negative, except as allowed under 
§ 1036.745. Your credit tracking must account for the limitation on credit life under 
§ 1036.740(d). 
(2) State whether you will reserve any emission credits for banking. 
(3) State that the report’s contents are accurate. 

(d) If you trade emission credits, you must send us a report within 90 days after the transaction, 
as follows: 

(1) As the seller, you must include the following information in your report: 
(i) The corporate names of the buyer and any brokers. 
(ii) A copy of any contracts related to the trade. 
(iii) The averaging set corresponding to the engine families that generated emission 
credits for the trade, including the number of emission credits from each averaging set. 

(2) As the buyer, you must include the following information in your report: 
(i) The corporate names of the seller and any brokers. 
(ii) A copy of any contracts related to the trade. 
(iii) How you intend to use the emission credits, including the number of emission credits 
you intend to apply for each averaging set. 

(e) Send your reports electronically to the Designated Compliance Officer using an approved 
information format. If you want to use a different format, send us a written request with 
justification for a waiver. 
(f) Correct errors in your end-of-year or final report as follows: 

(1) You may correct any errors in your end-of-year report when you prepare the final report, 
as long as you send us the final report by the time it is due. 
(2) If you or we determine by September 30 within 270 days after the end of the model year 
that errors mistakenly decreased your balance of emission credits, you may correct the errors 
and recalculate the balance of emission credits.  You may not make these corrections for 
errors that are determined later than September 30 more than 270 days after the end of the 
model year. If you report a negative balance of emission credits, we may disallow 
corrections under this paragraph (f)(21). 
(32) If you or we determine any time that errors mistakenly increased your balance of 
emission credits, you must correct the errors and recalculate the balance of emission credits. 

§ 1036.735 Recordkeeping. 
(a) You must organize and maintain your records as described in this section.  We may review 
your records at any time. 
(b) Keep the records required by this section for at least eight years after the due date for the end-
of-year report. You may not use emission credits for any engines if you do not keep all the 
records required under this section.  You must therefore keep these records to continue to bank 
valid credits. Store these records in any format and on any media, as long as you can promptly 
send us organized, written records in English if we ask for them.  You must keep these records 
readily available. We may review them at any time. 
(c) Keep a copy of the reports we require in §§ 1036.725 and 1036.730. 
(d) Keep records of the engine identification number (usually the serial number) for each engine 
you produce that generates or uses emission credits under the ABT program.  You may identify 
these numbers as a range.  If you change the FEL/FCL after the start of production, identify the 
date you started using each FEL/FCL and the range of engine identification numbers associated 
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with each FEL/FCL. You must also identify the purchaser and destination for each engine you 
produce to the extent this information is available. 
(e) We may require you to keep additional records or to send us relevant information not 
required by this section in accordance with the Clean Air Act. 

§ 1036.740 Restrictions for using emission credits. 
The following restrictions apply for using emission credits: 
(a) Averaging sets. Except as specified in paragraph (c) of this section, emission credits may be 
exchanged only within the following averaging sets based on primary intended service class: 

(1) Engines subject to sSpark-ignition standardsHDE. 
(2) Light HDE.heavy-duty engines. 
(3) Medium HDE.heavy-duty engines. 
(4) Heavy HDE.heavy-duty engines. 

(b) Applying credits to prior year deficits. Where your CO2 credit balance for the previous year 
is negative, you may apply credits to that credit deficit only after meeting your credit obligations 
for the current year. 
(c) CO2 credits from hybrid engines and other advanced technologies. Phase 1 CO2 credits you 
generate under § 1036.615 may be used for any of the averaging sets identified in paragraph (a) 
of this section; you may also use those credits to demonstrate compliance with the CO2 emission 
standards in 40 CFR 86.1819 and 40 CFR part 1037. Similarly, you may use Phase 1 advanced-
technology credits generated under 40 CFR 86.1819-14(k)(7) or 40 CFR 1037.615 to 
demonstrate compliance with the CO2 standards in this part. In the case of Sspark-ignition HDE 
and Llight HDE heavy-duty engines, you may not use more than 60,000 Mg of credits from other 
averaging sets in any model year.  

(1) The maximum amount of CO2 credits you may bring into the following service class 
groups is 60,000 Mg per model year: 

(i) Sspark-ignition HDE, light heavy-duty enginesLight HDE, and Llight HDVheavy-
duty vehicles. This group comprises the averaging sets listed in paragraphs (a)(1) and (2) 
of this section and the averaging set listed in 40 CFR 1037.740(a)(1).  
(ii) Medium HDE heavy-duty engines and Mmedium HDVheavy-duty vehicles. This 
group comprises the averaging sets listed in paragraph (a)(3) of this section and 40 CFR 
1037.740(a)(2). 
(iii) Heavy HDE heavy-duty engines and Hheavy HDVheavy-duty vehicles. This group 
comprises the averaging sets listed in paragraph (a)(4) of this section and 40 CFR 
1037.740(a)(3). 

(2) Paragraph (c)(1) of this section does not limit the advanced-technology credits that can be 
used within a service class group if they were generated in that same service class group. 

(d) NOx and CO2 cCredit life. NOx and CO2 cCredits may be used only for five model years 
after the year in which they are generated. For example, credits you generate in model year 
202718 may be used to demonstrate compliance with emission standards only through model 
year 20232. 
(e) Other restrictions.  Other sections of this part specify additional restrictions for using 
emission credits under certain special provisions. 

§ 1036.745 End-of-year CO2 credit deficits. 
Except as allowed by this section, we may void the certificate of any engine family certified to 
an FCL above the applicable standard for which you do not have sufficient credits by the 
deadline for submitting the final report.   
(a) Your certificate for an engine family for which you do not have sufficient CO2 credits will 
not be void if you remedy the deficit with surplus credits within three model years.  For example, 
if you have a credit deficit of 500 Mg for an engine family at the end of model year 2015, you 
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must generate (or otherwise obtain) a surplus of at least 500 Mg in that same averaging set by the 
end of model year 2018. 
(b) You may not bank or trade away CO2 credits in the averaging set in any model year in which 
you have a deficit. 
(c) You may apply only surplus credits to your deficit.  You may not apply credits to a deficit 
from an earlier model year if they were generated in a model year for which any of your engine 
families for that averaging set had an end-of-year credit deficit. 
(d) You must notify us in writing how you plan to eliminate the credit deficit within the specified 
time frame. If we determine that your plan is unreasonable or unrealistic, we may deny an 
application for certification for a vehicle family if its FEL would increase your credit deficit. We 
may determine that your plan is unreasonable or unrealistic based on a consideration of past and 
projected use of specific technologies, the historical sales mix of your vehicle models, your 
commitment to limit production of higher-emission vehicles, and expected access to traded 
credits. We may also consider your plan unreasonable if your credit deficit increases from one 
model year to the next. We may require that you send us interim reports describing your progress 
toward resolving your credit deficit over the course of a model year. 
(e) If you do not remedy the deficit with surplus credits within three model years, we may void 
your certificate for that engine family.  We may void the certificate based on your end-of-year 
report. Note that voiding a certificate applies ab initio. Where the net deficit is less than the 
total amount of negative credits originally generated by the family, we will void the certificate 
only with respect to the number of engines needed to reach the amount of the net deficit.  For 
example, if the original engine family generated 500 Mg of negative credits, and the 
manufacturer’s net deficit after three years was 250 Mg, we would void the certificate with 
respect to half of the engines in the family. 
(f) For purposes of calculating the statute of limitations, the following actions are all considered 
to occur at the expiration of the deadline for offsetting a deficit as specified in paragraph (a) of 
this section: 

(1) Failing to meet the requirements of paragraph (a) of this section. 
(2) Failing to satisfy the conditions upon which a certificate was issued relative to offsetting 
a deficit. 
(3) Selling, offering for sale, introducing or delivering into U.S. commerce, or importing 
vehicles that are found not to be covered by a certificate as a result of failing to offset a 
deficit. 

§ 1036.750 What can happen if I do not comply with the provisions of this 
subpart?Consequences for noncompliance. 
(a) For each engine family participating in the ABT program, the certificate of conformity is 
conditioned upon full compliance with the provisions of this subpart during and after the model 
year. You are responsible to establish to our satisfaction that you fully comply with applicable 
requirements. We may void the certificate of conformity for an engine family if you fail to 
comply with any provisions of this subpart. 
(b) You may certify your engine family to an FEL/FCL above an applicable standard based on a 
projection that you will have enough emission credits to offset the deficit for the engine family.  
See § 1036.745 for provisions specifying what happens if you cannot show in your final report 
that you have enough actual emission credits to offset a deficit for any pollutant in an engine 
family. 
(c) We may void the certificate of conformity for an engine family if you fail to keep records, 
send reports, or give us information we request.  Note that failing to keep records, send reports, 
or give us information we request is also a violation of 42 U.S.C. 7522(a)(2). 
(d) You may ask for a hearing if we void your certificate under this section (see § 1036.820). 

A-137 



 

 

 

 

 

 

§ 1036.755 Information provided to the Department of Transportation. 
After receipt of each manufacturer’s final report as specified in § 1036.730 and completion of 
any verification testing required to validate the manufacturer’s submitted final data, we will issue 
a report to the Department of Transportation with CO2 emission information and will verify the 
accuracy of each manufacturer’s equivalent fuel consumption data that required by NHTSA 
under 49 CFR 535.8. We will send a report to DOT for each engine manufacturer based on each 
regulatory category and subcategory, including sufficient information for NHTSA to determine 
fuel consumption and associated credit values.  See 49 CFR 535.8 to determine if NHTSA deems 
submission of this information to EPA to also be a submission to NHTSA. 

Subpart I—Definitions and Other Reference Information 

§ 1036.801 Definitions. 
The following definitions apply to this part.  The definitions apply to all subparts unless we note 
otherwise. All undefined terms have the meaning the Act gives to them.  The definitions follow: 
Act means the Clean Air Act, as amended, 42 U.S.C. 7401 - 7671q. 
Adjustable parameter has the meaning given in 40 CFR 1068.50part 86. 
Advanced technology means technology certified under 40 CFR 86.1819-14(k)(7), § 1036.615, 
or 40 CFR 1037.615. 
Aftertreatment means relating to a catalytic converter, particulate filter, or any other system, 
component, or technology mounted downstream of the exhaust valve (or exhaust port) whose 
design function is to decrease emissions in the engine exhaust before it is exhausted to the 
environment. Exhaust gas recirculation (EGR) and turbochargers are not aftertreatment. 
Aircraft means any vehicle capable of sustained air travel more than 100 feet above the ground. 
Alcohol-fueled engine mean an engine that is designed to run using an alcohol fuel.  For purposes 
of this definition, alcohol fuels do not include fuels with a nominal alcohol content below 25 
percent by volume. 
Auxiliary emission control device means any element of design that senses temperature, motive 
speed, engine speed (r/min), transmission gear, or any other parameter for the purpose of 
activating, modulating, delaying, or deactivating the operation of any part of the emission control 
system. 
Averaging set has the meaning given in § 1036.740. 
Calibration means the set of specifications and tolerances specific to a particular design, version, 
or application of a component or assembly capable of functionally describing its operation over 
its working range. 
Carryover means relating to certification based on emission data generated from an earlier model 
year as described in § 1036.235(d). 
Certification means relating to the process of obtaining a certificate of conformity for an engine 
family that complies with the emission standards and requirements in this part.   
Certified emission level means the highest deteriorated emission level in an engine family for a 
given pollutant from the applicable transient and/or steady-state testing, rounded to the same 
number of decimal places as the applicable standard.  Note that you may have two certified 
emission levels for CO2 if you certify a family for both vocational and tractor use. 
Charge-depleting has the meaning given in 40 CFR 1066.1001. 
Charge-sustaining has the meaning given in 40 CFR 1066.1001. 
Complete vehicle means a vehicle meeting the definition of complete vehicle in 40 CFR 
1037.801 when it is first sold as a vehicle. For example, where a vehicle manufacturer sells an 
incomplete vehicle to a secondary vehicle manufacturer, the vehicle is not a complete vehicle 
under this part, even after its final assembly.  
Compression-ignition means relating to a type of reciprocating, internal-combustion engine that 
is not a spark-ignition engine. Note that § 1036.1 also deems gas turbine engines and other 
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engines to be compression-ignition engines.   
Crankcase emissions means airborne substances emitted to the atmosphere from any part of the 
engine crankcase’s ventilation or lubrication systems.  The crankcase is the housing for the 
crankshaft and other related internal parts. 
Criteria pollutants means emissions of NOx, HC, PM, and CO. 
Critical emission-related component has the meaning given in 40 CFR 1068.30. 
Defeat device has the meaning given in § 1036.115(h). 
Designated Compliance Officer means one of the following: 

(1) For engines subject to compression-ignition standards, Designated Compliance Officer 
means Director, Diesel Engine Compliance Center, U.S. Environmental Protection Agency, 
2000 Traverwood Drive, Ann Arbor, MI 48105; complianceinfo@epa.gov; www.epa.gov/ve-
certificationotaq/verify. 
(2) For engines subject to spark-ignition standards, Designated Compliance Officer means 
Director, Gasoline Engine Compliance Center, U.S. Environmental Protection Agency, 2000 
Traverwood Drive, Ann Arbor, MI 48105; nonroad-si-certcomplianceinfo@epa.gov; 
www.epa.gov/ve-certificationotaq/verify. 

Deteriorated emission level means the emission level that results from applying the appropriate 
deterioration factor to the official emission result of the emission-data engine. Note that where 
no deterioration factor applies, references in this part to the deteriorated emission level mean the 
official emission result. 
Deterioration factor means the relationship between emissions at the end of useful life (or point 
of highest emissions if it occurs before the end of useful life) and emissions at the low-hour/low-
mileage test point, expressed in one of the following ways: 

(1) For multiplicative deterioration factors, the ratio of emissions at the end of useful life (or 
point of highest emissions) to emissions at the low-hour test point. 
(2) For additive deterioration factors, the difference between emissions at the end of useful 
life (or point of highest emissions) and emissions at the low-hour test point. 

Diesel exhaust fluid (DEF) means a liquid reducing agent (other than the engine fuel) used in 
conjunction with selective catalytic reduction to reduce NOx emissions. Diesel exhaust fluid is 
generally understood to be an aqueous solution of urea conforming to the specifications of ISO 
22241. 
Dual-fuel means relating to an engine designed for operation on two different types of fuel but 
not on a continuous mixture of those fuels (see § 1036.601(d)).  For purposes of this part, such 
an engine remains a dual-fuel engine even if it is designed for operation on three or more 
different fuels. 
Electronic control module (ECM) means an engine’s electronic device that uses data from engine 
sensors to control engine parameters. 
Emergency vehicle has the meaning given in 40 CFR 1037.801. 
Emission control system means any device, system, or element of design that controls or reduces 
the emissions of regulated pollutants from an engine. 
Emission-data engine means an engine that is tested for certification.  This includes engines 
tested to establish deterioration factors. 
Emission-related component has the meaning given in 40 CFR part 1068, appendix A. 
Emission-related maintenance means maintenance that substantially affects emissions or is likely 
to substantially affect emission deterioration. 
Engine configuration means a unique combination of engine hardware and calibration (related to 
the emission standards) within an engine family, which would include hybrid components for 
engines certified as hybrid engines and hybrid powertrains. Engines within a single engine 
configuration differ only with respect to normal production variability or factors unrelated to 
compliance with emission standards. 
Engine family has the meaning given in § 1036.230. 
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Excluded means relating to engines that are not subject to some or all of the requirements of this 
part as follows: 

(1) An engine that has been determined not to be a heavy-duty engine is excluded from this 
part. 
(2) Certain heavy-duty engines are excluded from the requirements of this part under 
§ 1036.5. 
(3) Specific regulatory provisions of this part may exclude a heavy-duty engine generally 
subject to this part from one or more specific standards or requirements of this part. 

Exempted has the meaning given in 40 CFR 1068.30. 
Exhaust gas recirculation means a technology that reduces emissions by routing exhaust gases 
that had been exhausted from the combustion chamber(s) back into the engine to be mixed with 
incoming air before or during combustion. The use of valve timing to increase the amount of 
residual exhaust gas in the combustion chamber(s) that is mixed with incoming air before or 
during combustion is not considered exhaust gas recirculation for the purposes of this part. 
Family certification level (FCL) means a CO2 emission level declared by the manufacturer that is 
at or above emission test results for all emission-data engines.  The FCL serves as the emission 
standard for the engine family with respect to certification testing if it is different than the 
otherwise applicable standard.  The FCL must be expressed to the same number of decimal 
places as the emission standard it replaces. 
Family emission limit (FEL) means one of the following: 

(1) For NOx emissions, family emission limit (FEL) means a NOx an emission level declared 
by the manufacturer to serve in place of an otherwise applicable emission standard (other 
than CO2 standards) under the ABT program in subpart H of this part.  The FEL must be 
expressed to the same number of decimal places as the emission standard it replaces.  The 
FEL serves as the emission standard for the engine family with respect to all required testing 
except certification testing for CO2. 
(2) For greenhouse gas standards, family emission limit (FEL) is means an emission level that 
serves as the standard that applies for testing individual certified engines. The CO2 FEL is 
equal to the CO2 FCL multiplied by 1.03 and rounded to the same number of decimal places 
as the standard (e.g., the nearest whole g/hp-hr for the 2016 CO2 standards). 

Federal Test Procedure (FTP) means the applicable transient duty cycle described in 
§ 1036.5120 designed to measure exhaust emissions during urban driving. 
Flexible-fuel means relating to an engine designed for operation on any mixture of two or more 
different types of fuels (see § 1036.601(d)). 
Fuel type means a general category of fuels such as diesel fuel, gasoline, or natural gas.  There 
can be multiple grades within a single fuel type, such as premium gasoline, regular gasoline, or 
gasoline with 10 percent ethanol. 
Good engineering judgment has the meaning given in 40 CFR 1068.30. See 40 CFR 1068.5 for 
the administrative process we use to evaluate good engineering judgment. 
Greenhouse gas means one or more compounds regulated under this part based primarily on 
their impact on the climate.  This generally includes CO2, CH4, and N2O. 
Greenhouse gas Emissions Model (GEM) means the GEM simulation tool described in 40 CFR 
1037.520. Note that an updated version of GEM applies starting in model year 2021. 
Gross vehicle weight rating (GVWR) means the value specified by the vehicle manufacturer as 
the maximum design loaded weight of a single vehicle, consistent with good engineering 
judgment. 
Heavy-duty engine means any engine which the engine manufacturer could reasonably expect to 
be used for motive power in a heavy-duty vehicle.  For purposes of this definition in this part, the 
term “engine” includes internal combustion engines and other devices that convert chemical fuel 
into motive power.  For example, a fuel cell or a gas turbine used in a heavy-duty vehicle is a 
heavy-duty engine. 
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Heavy-duty vehicle means any motor vehicle above 8,500 pounds GVWR. An incomplete 
vehicle is also a heavy-duty vehicle if it has a curb weight above 6,000 pounds or a basic vehicle 
frontal area greater than 45 square feet. Curb weight and basic vehicle frontal area have the 
meaning given in 40 CFR 86.1803-01. 
Hybrid means an engine or powertrain that includes energy storage features other than a 
conventional battery system or conventional flywheel.  Supplemental electrical batteries and 
hydraulic accumulators are examples of hybrid energy storage systems. Note that certain 
provisions in this part treat hybrid engines and hybrid powertrains intended for vehicles that 
include regenerative braking different than those intended for vehicles that do not include 
regenerative braking. 
Hybrid engine means a hybrid system with features for storing and recovering energy that are 
integral to the engine or are otherwise upstream of the vehicle’s transmission other than a 
conventional battery system or conventional flywheel.  Supplemental electrical batteries and 
hydraulic accumulators are examples of hybrid energy storage systems. Examples of hybrids 
that could be considered hybrid engines are P0, P1, and P2 hybrids where hybrid features are 
connected to the front end of the engine, at the crankshaft, or connected between the clutch and 
the transmission where the clutch upstream of the hybrid feature is in addition to the 
transmission clutch(s), respectively.  Note other examples of systems that qualify as hybrid 
engines are systems that recover kinetic energy and use it to power an electric heater in the 
aftertreatment. 
Hybrid powertrain means a powertrain that includes energy storage features other than a 
conventional battery system or conventional flywheel.  Supplemental electrical batteries and 
hydraulic accumulators are examples of hybrid energy storage systems.  Note other examples of 
systems that qualify as hybrid powertrains are systems that recover kinetic energy and use it to 
power an electric heater in the aftertreatment.   
Hydrocarbon (HC) has the meaning given in 40 CFR 1065.1001means the hydrocarbon group on 
which the emission standards are based for each fuel type.  For alcohol-fueled engines, HC 
means nonmethane hydrocarbon equivalent (NMHCE).  For all other engines, HC means
nonmethane hydrocarbon (NMHC). 
Identification number means a unique specification (for example, a model number/serial number 
combination) that allows someone to distinguish a particular engine from other similar engines. 
Incomplete vehicle means a vehicle meeting the definition of incomplete vehicle in 40 CFR 
1037.801 when it is first sold (or otherwise delivered to another entity) as a vehicle.  
Innovative technology means technology certified under § 1036.610 (also described as “off-cycle 
technology”). 
Liquefied petroleum gas (LPG) means a liquid hydrocarbon fuel that is stored under pressure and 
is composed primarily of nonmethane compounds that are gases at atmospheric conditions.  Note 
that, although this commercial term includes the word “petroleum”, LPG is not considered to be 
a petroleum fuel under the definitions of this section. 
Low-hour means relating to an engine that has stabilized emissions and represents the 
undeteriorated emission level. This would generally involve less than 300 125 hours of 
operation for engines with NOx aftertreatment and 125 hours of operation for other engines. 
Manufacture means the physical and engineering process of designing, constructing, and/or 
assembling a heavy-duty engine or a heavy-duty vehicle. 
Manufacturer has the meaning given in 40 CFR 1068.30.section 216(1) of the Act.  In general,
this term includes any person who manufactures or assembles an engine, vehicle, or piece of 
equipment for sale in the United States or otherwise introduces a new engine into commerce in 
the United States.  This includes importers who import engines or vehicles for resale. 
Medium-duty passenger vehicle has the meaning given in 40 CFR 86.1803. 
Mild hybrid means a hybrid engine or powertrain with regenerative braking capability where the 
system recovers less than 20 percent of the total braking energy over the transient cycle defined 
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in aAppendix AI of 40 CFR part 1037. 
Model year means the manufacturer’s annual new model production period, except as restricted 
under this definition.  It must include January 1 of the calendar year for which the model year is 
named, may not begin before January 2 of the previous calendar year, and it must end by 
December 31 of the named calendar year.  Manufacturers may not adjust model years to 
circumvent or delay compliance with emission standards or to avoid the obligation to certify 
annually. 
Motorcoach means a heavy-duty vehicle designed for carrying 30 or more passengers over long 
distances. Such vehicles are characterized by row seating, rest rooms, and large luggage 
compartments, and facilities for stowing carry-on luggage. 
Motor vehicle has the meaning given in 40 CFR 85.1703. 
Natural gas means a fuel whose primary constituent is methane. 
New motor vehicle engine has the meaning given in the Act.  This generally means a motor 
vehicle engine meeting any of the following:the criteria of either paragraph (1), (2), or (3) of this 
definition. 

(1) A motor vehicle engine for which the ultimate purchaser has never received the equitable 
or legal title is a new motor vehicle engine. This kind of engine might commonly be thought 
of as "brand new" although a new motor vehicle engine may include previously used parts. 
Under this definition, the engine is new from the time it is produced until the ultimate 
purchaser receives the title or places it into service, whichever comes first. 
(2) An imported motor vehicle engine is a new motor vehicle engine if it was originally built 
on or after January 1, 1970. 
(3) Any motor vehicle engine installed in a new motor vehicle. 

Noncompliant engine means an engine that was originally covered by a certificate of conformity, 
but is not in the certified configuration or otherwise does not comply with the conditions of the 
certificate. 
Nonconforming engine means an engine not covered by a certificate of conformity that would 
otherwise be subject to emission standards. 
Nonmethane hydrocarbon (NMHC) means the sum of all hydrocarbon species except methane, 
as measured according to 40 CFR part 1065.  
Nonmethane hydrocarbon equivalent (NMHCE) has the meaning given in 40 CFR 1065.1001. 
Nonmethane nonethane hydrocarbon equivalent (NMNEHC) has the meaning given in 40 CFR 
1065.1001. 
Off-cycle technology means technology certified under § 1036.610 (also described as “innovative 
technology”). 
Official emission result means the measured emission rate for an emission-data engine on a given 
duty cycle before the application of any deterioration factor, but after the applicability of any 
required regeneration or other adjustment factors. 
Owners manual means a document or collection of documents prepared by the engine or vehicle 
manufacturer for the owner or operator to describe appropriate engine maintenance, applicable 
warranties, and any other information related to operating or keeping the engine.  The owners 
manual is typically provided to the ultimate purchaser at the time of sale.  The owners manual 
may be in paper or electronic format. 
Oxides of nitrogen has the meaning given in 40 CFR 1065.1001. 
Percent has the meaning given in 40 CFR 1065.1001. Note that this means percentages 
identified in this part are assumed to be infinitely precise without regard to the number of 
significant figures. For example, one percent of 1,493 is 14.93. 
Placed into service means put into initial use for its intended purpose, excluding incidental use 
by the manufacturer or a dealer. 
Preliminary approval means approval granted by an authorized EPA representative prior to 
submission of an application for certification, consistent with the provisions of § 1036.210. 
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Primary intended service class has the meaning given in § 1036.140. 
QR Code means Quick Response Code, which is a registered trademark of Denso Wave, 
Incorporated. 
Rechargeable Energy Storage System (RESS) has the meaning given in 40 CFR 1065.1001means 
the component(s) of a hybrid engine or vehicle that store recovered energy for later use, such as 
the battery system in an electric hybrid vehicle. 
Relating to as used in this section means relating to something in a specific, direct manner. This 
expression is used in this section only to define terms as adjectives and not to broaden the 
meaning of the terms. 
Revoke has the meaning given in 40 CFR 1068.30. 
Round has the meaning given in 40 CFR 1065.1001. 
Test sSample means the collection of engines selected from the population of an engine family 
for emission testing. This may include testing for certification, production-line testing, or in-use 
testing. 
Scheduled maintenance means adjusting, repairing, removing, disassembling, cleaning, or 
replacing components or systems periodically to keep a part or system from failing, 
malfunctioning, or wearing prematurely.  It also may mean actions you expect are necessary to 
correct an overt indication of failure or malfunction for which periodic maintenance is not 
appropriate. 
Small manufacturer means a manufacturer meeting the criteria specified in 13 CFR 121.201.  
The employee and revenue limits apply to the total number of employees and total revenue 
together for affiliated companies.  Note that manufacturers with low production volumes may or 
may not be “small manufacturers”. 
Spark-ignition means relating to a gasoline-fueled engine or any other type of engine with a 
spark plug (or other sparking device) and with operating characteristics significantly similar to 
the theoretical Otto combustion cycle.  Spark-ignition engines usually use a throttle to regulate 
intake air flow to control power during normal operation.   
Steady-state has the meaning given in 40 CFR 1065.1001. This includes fuel mapping and idle 
testing where engine speed and load are held at a finite set of nominally constant values. 
Suspend has the meaning given in 40 CFR 1068.30. 
Test engine means an engine in a test sample. 
Tractor means a vehicle meeting the definition of “tractor” in 40 CFR 1037.801, but not 
classified as a “vocational tractor” under 40 CFR 1037.630, or relating to such a vehicle. 
Tractor engine means an engine certified for use in tractors.  Where an engine family is certified 
for use in both tractors and vocational vehicles, “tractor engine” means an engine that the engine 
manufacturer reasonably believes will be (or has been) installed in a tractor.  Note that the 
provisions of this part may require a manufacturer to document how it determines that an engine 
is a tractor engine. 
Ultimate purchaser means, with respect to any new engine or vehicle, the first person who in 
good faith purchases such new engine or vehicle for purposes other than resale. 
United States has the meaning given in 40 CFR 1068.30. 
Upcoming model year means for an engine family the model year after the one currently in 
production. 
U.S.-directed production volume means the number of engines, subject to the requirements of 
this part, produced by a manufacturer for which the manufacturer has a reasonable assurance that 
sale was or will be made to ultimate purchasers in the United States.  This does not include 
engines certified to state emission standards that are different than the emission standards in this 
part. 
Vehicle has the meaning given in 40 CFR 1037.801. 
Vocational engine means an engine certified for use in vocational vehicles.  Where an engine 
family is certified for use in both tractors and vocational vehicles, “vocational engine” means an 
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engine that the engine manufacturer reasonably believes will be (or has been) installed in a 
vocational vehicle.  Note that the provisions of this part may require a manufacturer to document 
how it determines that an engine is a vocational engine. 
Vocational vehicle means a vehicle meeting the definition of “vocational” vehicle in 40 CFR 
1037.801. 
Void has the meaning given in 40 CFR 1068.30. 
We (us, our) means the Administrator of the Environmental Protection Agency and any 
authorized representatives. 

§ 1036.805 Symbols, abbreviations, and acronyms.  
The procedures in this part generally follow either the International System of Units (SI) or the 
United States customary units, as detailed in NIST Special Publication 811 (incorporated by 
reference in § 1036.810). See 40 CFR 1065.20 for specific provisions related to these 
conventions. This section summarizes the way we use symbols, units of measure, and other 
abbreviations. 
(a) Symbols for chemical species. This part uses the following symbols for chemical species and 
exhaust constituents: 

TABLE 1 TO PARAGRAPH (a) OF § 1036.805—SYMBOLS FOR CHEMICAL SPECIES AND EXHAUST 

CONSTITUENTS 

Symbol Species 
C carbon. 
CH4 methane. 
CH4N2O urea. 
CO carbon monoxide. 
CO2 carbon dioxide. 
H2O water. 
HC hydrocarbon. 
NMHC nonmethane hydrocarbon. 
NMHCE nonmethane hydrocarbon equivalent. 
NMNEHC nonmethane nonethane hydrocarbon. 
NO nitric oxide. 
NO2 nitrogen dioxide. 
NOx oxides of nitrogen. 
N2O nitrous oxide. 
PM particulate matter. 

(b) Symbols for quantities. This part uses the following symbols and units of measure for 
various quantities: 

TABLE 2 TO PARAGRAPH (b) OFTO § 1036.805—SYMBOLS FOR QUANTITIES 

Symbol Quantity Unit 
Unit 

Symbol 
Unit in Terms 

of SI Base Units 

 atomic hydrogen-
to-carbon ratio 

mole per mole mol/mol 1 

 Area square meter m2 m2 

 atomic oxygen-to-
carbon ratio 

mole per mole mol/mol 1 

CdA drag area meter squared  m2 m2 
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Crr 
coefficient of 
rolling resistance 

kilogram per metric 
tonnewton per kilonewton 

N/kNkg/tonne 10-3 

D distance miles or meters mi or m m 
ε efficiency 

ϵ 
Difference or error 
quantity 

e 
mass weighted 
emission result 

grams/ton-mile g/ton-mi g/kg-km 

Eff efficiency 

Em 
mass-specific net 
energy content 

megajoules/kilogram MJ/kg m2∙s-2 

fn 
angular speed 
(shaft) 

revolutions per minute r/min π∙30ꞏs-1 

g 
gravitational 
acceleration 

meters per second squared m/s2  m∙s-2 

i indexing variable 
ka drive axle ratio 1 

ktopgear 
highest available 
transmission gear 

m Mass pound mass or kilogram lbm or kg  kg 
M molar mass gram per mole g/mol 10-3∙kg∙mol-1 

M 
total number in a 
series 

M vehicle mass kilogram kg  kg 

Mrotating 

inertial mass of 
rotating 
components 

kilogram kg kg 

N 
total number in a 
series 

Q 
total number in a 
series 

P Power kilowatt kW 103∙m2∙kg∙s-3 

ρ mass density kilogram per cubic meter  kg/m3 m-3∙kg 
r tire radius meter m m 

SEE 
standard error of 
the estimate 

σ standard deviation 

T 
torque (moment of 
force) 

newton meter N∙m m2∙kg∙s-2 

t Time second s s 

Δt 
time interval, 
period, 
1/frequency 

second s s 

UF utility factor 

v Speed 
miles per hour or meters 
per second 

mi/hr or m/s m∙s-1 

W Work kilowatt-hour kW∙hr 3.6∙m2∙kg∙s-1 

wC 
carbon mass 
fraction 

gram/gram g/g 1 

wCH4N2O urea mass fraction gram/gram g/g 1 
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x 
amount of 
substance mole 
fraction 

mole per mole mol/mol 1 

xb 
brake energy 
fraction 

xbl brake energy limit 

(c) Superscripts. This part uses the following superscripts for modifying quantity symbols: 

TABLE 3 TO PARAGRAPH (c) OFTO § 1036.805—SUPERSCRIPTS 

Superscript Meaning 
overbar (such as �̄�) arithmetic mean . 
overdot (such as 𝑦) quantity per unit time. 

(d) Subscripts. This part uses the following subscripts for modifying quantity symbols: 

TABLE 4 TO PARAGRAPH (d) OFTO § 1036.805—SUBSCRIPTS 

Subscript Meaning 
65 65 miles per hour. 
A A speed. 
aA absolute (e.g., absolute difference or error). 
aAcc accessory. 
aApp approved. 
aAxle axle. 
B B speed. 
C C speed. 
C carbon mass. 
Ccombdry carbon from fuel per mole of dry exhaust. 
CD charge-depleting. 
CO2DEF CO2 resulting from diesel exhaust fluid decomposition. 
comb combustion. 
comp composite. 
cCor corrected. 
CS charge-sustaining. 
cCycle test cycle. 
D distance. 
D D speed. 
DEF diesel exhaust fluid. 
engine engine. 
eExh raw exhaust. 
fFront frontal. 
fFuel fuel. 
H2Oexhaustdry  H2O in exhaust per mole of exhaust. 
hHi high. 
iI an individual of a series. 
iIdle idle. 
int test interval. 
j an individual of a series. 
k an individual of a series. 
mM mass. 
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mMax maximum. 
mapped mapped. 
mMeas measured quantity. 
MY model year. 
nNeg negative. 
pPos positive. 
R range. 
rR relative (e.g., relative difference or error). 
rRate rate (divided by time). 
rRated rated. 
record record. 
rRef reference quantity. 
speed speed. 
sStall stall. 
tTest test. 
tTire tire. 
transient transient. 
µΜ vector. 
UF utility factor. 
vehicle vehicle. 

(e) Other acronyms and abbreviations. This part uses the following additional abbreviations and 
acronyms: 

TABLE 5 TO PARAGRAPH (e) OFTO § 1036.805—OTHER ACRONYMS AND ABBREVIATIONS 

Acronym Meaning 
ABT averaging, banking, and trading. 
AECD auxiliary emission control device. 
ASTM American Society for Testing and Materials. 
BTU British thermal units. 
CD charge-depleting. 
CFR Code of Federal Regulations. 
CI compression-ignition. 
COV coefficient of variation. 
CS charge-sustaining. 
DEF diesel exhaust fluid. 
DF deterioration factor. 
DOT Department of Transportation. 
E85 gasoline blend including nominally 85 percent denatured ethanol. 
ECMU Electronic Control UnitModule. 
EGR exhaust gas recirculation. 
EPA Environmental Protection Agency. 
FCL Family Certification Level. 
FEL fFamily eEmission lLimit. 
FTP Federal Test Procedure. 
GEM Greenhouse gas Emissions Model. 
g/hpꞏ-hr grams per brake horsepower-hour. 
GPS global positioning system. 
GVWR gross vehicle weight rating. 
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Heavy HDE heavy heavy-duty engine (see § 1036.140). 
Heavy HDV heavy heavy-duty vehicle (see 40 CFR 1037.140). 
Light HDE light heavy-duty engine (see § 1036.140). 
Light HDV light heavy-duty vehicle (see 40 CFR 1037.140). 
LLC Low Load Cycle. 
LPG liquefied petroleum gas. 
Medium HDE medium heavy-duty engine (see § 1036.140). 
Medium HDV medium heavy-duty vehicle (see 40 CFR 1037.140). 
NARA National Archives and Records Administration. 
NHTSA National Highway Traffic Safety Administration. 
NTE not-to-exceed. 
PEMS portable emission measurement system. 
RESS rechargeable energy storage system. 
RMC ramped-modal cycle  
SCR selective catalytic reduction. 
SEE standard error of the estimate. 
SET Supplemental Emission Test. 
Spark-ignition HDE spark-ignition heavy-duty engine (see § 1036.140). 
SI sSpark-ignition. 
UL useful life. 
U.S. United States. 
U.S.C. United States Code. 

(f) Constants. This part uses the following constants: 

TABLE 6 TO PARAGRAPH (f) OFTO § 1036.805—CONSTANTS 

Symbol Quantity Value 
g gravitational constant 9.80665 m∙s-2 . 

R molar gas constant 8.314472 J/(mol∙K) 
(m2∙kg∙s-2∙mol-1∙K-1) 

(g) Prefixes. This part uses the following prefixes to define a quantity: 

TABLE 7 TO PARAGRAPH (g) OFTO § 1036.805—PREFIXES 

Symbol Quantity Value 
µ micro 10-6 

m milli 10-3 

c centi 10-2 

k kilo 103 

M mega 106 

§ 1036.810 Incorporation by reference. 
Certain material is incorporated by reference into this part with the approval of the Director of 
the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other than 
that specified in this section, EPA must publish a document in the Federal Register and the 
material must be available to the public. All approved incorporation by reference (IBR) material 
is available for inspection at EPA and at the National Archives and Records Administration 
(NARA). Contact EPA at: U.S. EPA, Air and Radiation Docket Center, WJC West Building, 
Room 3334, 1301 Constitution Ave. NW, Washington, DC 20004; www.epa.gov/dockets; (202) 
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202-1744. For information on inspecting this material at NARA, visit www.archives.gov/federal-
register/cfr/ibr-locations.html or email fr.inspection@nara.gov. The material may be obtained 
from the following sources:Certain material is incorporated by reference into this part with the 
approval of the Director of the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To 
enforce any edition other than that specified in this section, the Environmental Protection 
Agency must publish a document in the Federal Register and the material must be available to 
the public. All approved material is available for inspection at U.S. EPA, Air and Radiation 
Docket and Information Center, WJC West Building, Room 3334, 1301 Constitution Ave., NW., 
Washington, DC 20460, www.epa.gov/dockets, (202) 202-1744, and is available from the 
sources listed in this section. It is also available for inspection at the National Archives and 
Records Administration (NARA).  For information on the availability of this material at NARA, 
call 202–741–6030, or go to www.archives.gov/federal-register/cfr/ibr-locations.html. 
(a) ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA, 
19428-2959, ; (877) 909–2786, ; www.astm.org/. 

(1) ASTM D975-2221, Standard Specification for Diesel Fuel, approved October 1, 
2022August 1, 2021 (“ASTM D975”); IBR approved for § 1036.415(c). 
(2) ASTM D3588-98 (Reapproved 2017)e1, Standard Practice for Calculating Heat Value, 
Compressibility Factor, and Relative Density of Gaseous Fuels, approved April 1, 2017, 
(“ASTM D3588”);, IBR approved for § 1036.5530(b). 
(23) ASTM D4809-1813, Standard Test Test Method for Heat of Combustion of Liquid 
Hydrocarbon Fuels by Bomb Calorimeter (Precision Method), approved July 1, 2018May 1, 
2013, (“ASTM D4809”);, IBR approved for § 1036.5530(b). 
(4) ASTM D4814-21c, Standard Specification for Automotive Spark-Ignition Engine Fuel, 
approved December 15, 2021 (“ASTM D4814”); IBR approved for § 1036.415(c). 
(5) ASTM D7467-20a, Standard Specification for Diesel Fuel Oil, Biodiesel Blend (B6 to 
B20), approved June 1, 2020 (“ASTM D7467”); IBR approved for § 1036.415(c). 

(b) National Institute of Standards and Technology (NIST), 100 Bureau Drive, Stop 1070, 
Gaithersburg, MD 20899-1070, ; (301) 975-6478, or; www.nist.gov. 

(1) NIST Special Publication 811, 2008 Edition, Guide for the Use of the International 
System of Units (SI), 2008 EditionPhysics Laboratory, March 2008;, IBR approved for 
§ 1036.805. 
(2) [Reserved] 

(c) International Organization for Standardization, Case Postale 56, CH-1211 Geneva 20, 
Switzerland, (41) 22749 0111, www.iso.org, or central@iso.org. 

(1) ISO/IEC 18004:2015(E), Information technology—Automatic identification and data 
capture techniques—QR Code bar code symbology specification, Third Edition, February 
2015; IBR approved for § 1036.135(c). 
(2) [Reserved] 

(c) SAE International, 400 Commonwealth Dr., Warrendale, PA 15096–0001; (877) 606–7323 
(U.S. and Canada) or (724) 776–4970 (outside the U.S. and Canada); www.sae.org: 

(1) SAE J1979-2 APR2021, E/E Diagnostic Test Modes: OBDonUDS, Issued April 2021, 
(“SAE J1979-2”); IBR approved for § 1036.150(v). 
(2) [Reserved] 

(d) State of California, Office of Administrative Law, 300 Capitol Mall, Suite 1250, Sacramento, 
CA 95814-4339; 916-323-6815; staff@oal.ca.gov; www.oal.ca.gov/publications/ccr. 

(1) 2019 13 CCR 1968.2, Title 13. Motor Vehicles, Division 3. Air Resources Board, 
Chapter 1. Motor Vehicle Pollution Control Devices, Article 2. Approval of Motor Vehicle 
Pollution Control Devices (New Vehicles), § 1968.2. Malfunction and Diagnostic System 
Requirements—2004 and Subsequent Model-Year Passenger Cars, Light-Duty Trucks, and 
Medium-Duty Vehicles and Engines, operative October 3, 2019 “13 CCR 1968.2”; into §§ 
1036.110(b); 1036.111(a). 
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(2) 2019 13 CCR 1968.5, Title 13. Motor Vehicles, Division 3. Air Resources Board, 
Chapter 1. Motor Vehicle Pollution Control Devices, Article 2. Approval of Motor Vehicle 
Pollution Control Devices (New Vehicles), § 1968.5. Enforcement of Malfunction and 
Diagnostic System Requirements for 2004 and Subsequent Model-Year Passenger Cars, 
Light-Duty Trucks, and Medium-Duty Vehicles and Engines, operative July 25, 2016 “13 
CCR 1968.5”; into § 1036.110(b). 
(3) 2019 13 CCR 1971.1, Title 13. Motor Vehicles, Division 3. Air Resources Board, 
Chapter 1. Motor Vehicle Pollution Control Devices, Article 2. Approval of Motor Vehicle 
Pollution Control Devices (New Vehicles), § 1971.1. On-Board Diagnostic System 
Requirements—2010 and Subsequent Model-Year Heavy-Duty Engines, operative October 
3, 2019 “13 CCR 1971.1”; into §§ 1036.110(b); 1036.111(a); 1036.150(v). 
(4) 13 CA ADC 1971.5: 2019 CA REG TEXT 504962 (NS), 13 CA ADC 1971.5. 
Enforcement of Malfunction and Diagnostic System Requirements for 2010 and Subsequent 
Model-Year Heavy-Duty Engines, operative October 3, 2019 “13 CCR 1971.5”; into § 
1036.110(b). California Air Resources Board, 1001 I Street, Sacramento, CA 95812, (916) 
322-2884, or www.arb.ca.gov: 
(1) California's 2019 heavy-duty OBD requirements adopted under 13 CCR 1968.2, 1968.5, 
and 1971.5; IBR approved for § 1036.110(b). 
(2) California's 2019 heavy-duty OBD requirements adopted under 13 CCR 1971.1; IBR 
approved for §§ 1036.110(b) and (c); 1036.111(a) and (c). 

(e) SAE International, 400 Commonwealth Dr., Warrendale, PA 15096–0001, (877) 606–7323 
(U.S. and Canada) or (724) 776–4970 (outside the U.S. and Canada), or www.sae.org: 

(1) SAE J1979-2, E/E Diagnostic Test Modes: OBDonUDS, April 22, 2021; IBR approved 
for § 1036.150(u). 
(2) [Reserved] 

§ 1036.815 Confidential information. 
(a) The provisions of 40 CFR 1068.10 and 1068.11 apply for submitted information you submit 
under this partconsider confidential. 
(b) Emission data or information that is publicly available cannot be treated as confidential 
business information as described in 40 CFR 1068.11. Data that vehicle manufacturers need for 
demonstrating compliance with greenhouse gas emission standards, including fuel-consumption 
data as described in § 1036.535 and 40 CFR 1037.550, also qualify as emission data for purposes 
of confidentiality determinations. 

§ 1036.820 Requesting a hearing. 
(a) You may request a hearing under certain circumstances, as described elsewhere in this part.  
To do this, you must file a written request, including a description of your objection and any 
supporting data, within 30 days after we make a decision. 
(b) For a hearing you request under the provisions of this part, we will approve your request if 
we find that your request raises a substantial factual issue. 
(c) If we agree to hold a hearing, we will use the procedures specified in 40 CFR part 1068, 
subpart G. 

§ 1036.825 Reporting and recordkeeping requirements. 
(a) This part includes various requirements to submit and record data or other information.  
Unless we specify otherwise, store required records in any format and on any media and keep 
them readily available for eight years after you send an associated application for certification, or 
eight years after you generate the data if they do not support an application for certification.  We 
may review these records at any time.  You must promptly give us organized, written records in 
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English if we ask for them. We may require you to submit written records in an electronic 
format.  
(b) The regulations in § 1036.255 and 40 CFR 1068.25 and 1068.101 describe your obligation to 
report truthful and complete information.  This includes information not related to certification. 
Failing to properly report information and keep the records we specify violates 40 CFR 
1068.101(a)(2), which may involve civil or criminal penalties.   
(c) Send all reports and requests for approval to the Designated Compliance Officer (see 
§ 1036.801). 
(d) Any written information we require you to send to or receive from another company is 
deemed to be a required record under this section.  Such records are also deemed to be 
submissions to EPA. Keep these records for eight years unless the regulations specify a different 
period. We may require you to send us these records whether or not you are a certificate holder. 
(e) Under the Paperwork Reduction Act (44 U.S.C. 3501 et seq.), the Office of Management and 
Budget approves the reporting and recordkeeping specified in the applicable regulations.  The 
following items illustrate the kind of reporting and recordkeeping we require for engines and 
vehicles regulated under this part:  

(1) We specify the following requirements related to engine certification in this part 1036: 
(i) In § 1036.135 we require engine manufacturers to keep certain records related to 
duplicate labels sent to vehicle manufacturers. 
(ii) In § 1036.150 we include various reporting and recordkeeping requirements related to 
interim provisions. 
(iii) In subpart C of this part we identify a wide range of information required to certify 
engines. 
(iv) In §§ 1036.430 and 1036.435 we identify reporting and recordkeeping requirements 
related to field testing in-use engines. 
(iv) In subpart G of this part we identify several reporting and recordkeeping items for 
making demonstrations and getting approval related to various special compliance 
provisions. 
(vi) In §§ 1036.725, 1036.730, and 1036.735 we specify certain records related to 
averaging, banking, and trading. 

(2) We specify the following requirements related to testing in 40 CFR part 1065: 
(i) In 40 CFR 1065.2 we give an overview of principles for reporting information. 
(ii) In 40 CFR 1065.10 and 1065.12 we specify information needs for establishing 
various changes to published test procedures. 
(iii) In 40 CFR 1065.25 we establish basic guidelines for storing test information. 
(iv) In 40 CFR 1065.695 we identify the specific information and data items to record 
when measuring emissions. 

(3) We specify the following requirements related to the general compliance provisions in 40 
CFR part 1068: 

(i) In 40 CFR 1068.5 we establish a process for evaluating good engineering judgment 
related to testing and certification. 
(ii) In 40 CFR 1068.25 we describe general provisions related to sending and keeping 
information 
(iii) In 40 CFR 1068.27 we require manufacturers to make engines available for our 
testing or inspection if we make such a request. 
(iv) In 40 CFR 1068.105 we require vehicle manufacturers to keep certain records related 
to duplicate labels from engine manufacturers. 
(v) In 40 CFR 1068.120 we specify recordkeeping related to rebuilding engines. 
(vi) In 40 CFR part 1068, subpart C, we identify several reporting and recordkeeping 
items for making demonstrations and getting approval related to various exemptions. 
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(vii) In 40 CFR part 1068, subpart D, we identify several reporting and recordkeeping 
items for making demonstrations and getting approval related to importing engines. 
(viii) In 40 CFR 1068.450 and 1068.455 we specify certain records related to testing 
production-line engines in a selective enforcement audit. 
(ix) In 40 CFR 1068.501 we specify certain records related to investigating and reporting 
emission-related defects. 
(x) In 40 CFR 1068.525 and 1068.530 we specify certain records related to recalling 
nonconforming engines. 
(xi) In 40 CFR part 1068, subpart G, we specify certain records for requesting a hearing. 

Appendix A to of Part 1036—Summary of Previous Emission Standards 

The following standards, which EPA originally adopted under 40 CFR part 85 or part 86, apply 
to compression-ignition engines produced before model year 2007 and to spark-ignition engines 
produced before model year 2008: 
(a) Smoke. Smoke standards applied for compression-ignition engines based on opacity 
measurement using the test procedures in 40 CFR part 86, subpart I, as follows: 

(1) Engines were subject to the following smoke standards for model years 1970 through 
1973: 

(i) 40 percent during the engine acceleration mode. 
(ii) 20 percent during the engine lugging mode. 

(2) The smoke standards in 40 CFR 86.007-11 started to apply in model year 1974.  
(b) Idle CO. A standard of 0.5 percent of exhaust gas flow at curb idle applied through model 
year 2016 to the following engines: 

(1) Spark-ignition engines with aftertreatment starting in model year 1987. This standard 
applied only for gasoline-fueled engines through model year 1997. Starting in model year 
1998, the same standard applied for engines fueled by methanol, LPG, and natural gas. The 
idle CO standard no longer applied for engines certified to meet onboard diagnostic 
requirements starting in model year 2005. 
(2) Methanol-fueled compression-ignition engines starting in model year 1990. This 
standard also applied for natural gas and LPG engines starting in model year 1997. The idle 
CO standard no longer applied for engines certified to meet onboard diagnostic requirements 
starting in model year 2007. 

(c) Crankcase emissions. The requirement to design engines to prevent crankcase emissions 
applied starting with the following engines: 

(1) Spark-ignition engines starting in model year 1968. This standard applied only for 
gasoline-fueled engines through model year 1989, and applied for spark-ignition engines 
using other fuels starting in model year 1990. 
(2) Naturally aspirated diesel-fueled engines starting in model year 1985.  
(3) Methanol-fueled compression-ignition engines starting in model year 1990. 
(4) Naturally aspirated gaseous-fueled engines starting in model year 1997, and all other 
gaseous-fueled engines starting in 1998. 

(d) Early steady-state standards. The following criteria standards applied to heavy-duty engines 
based on steady-state measurement procedures: 
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TABLE 1 TO OF APPENDIX A—EARLY STEADY-STATE EMISSION STANDARDS FOR HEAVY-DUTY 

ENGINES 

Model Year Fuel 
Pollutant 

HC NOx + HC CO 
1970-1973 gasoline 275 ppm — 1.5 volume percent 
1974-1978 gasoline and diesel — 16 g/hpꞏhr 40 g/hpꞏhr 

1979-1984a gasoline and diesel — 
5 g/hpꞏhr for diesel 

5.0 g/hpꞏhr for gasoline 
25 g/hpꞏhr 

aAn optional NOx + HC standard of 10 g/hpꞏhr applied in 1979 through 1984 in conjunction with a 
separate HC standard of 1.5 g/hpꞏhr. 

(e) Transient emission standards for spark-ignition engines. The following criteria standards 
applied for spark-ignition engines based on transient measurement using the test procedures in 
40 CFR part 86, subpart N. Starting in model year 1991, manufacturers could generate or use 
emission credits for NOx and NOx + NMHC standards. Table 2 to this appendix follows: 

TABLE 2 TO OF APPENDIX A—TRANSIENT EMISSION STANDARDS FOR SPARK-IGNITION ENGINESa, b 

Model Year 
Pollutant (g/hpꞏhr) 

HC CO NOx NOx + NMHC 
1985-1987 1.1 14.4 10.6 — 
1988-1990 1.1 14.4 6.0 — 
1991-1997 1.1 14.4 5.0 — 
1998-2004c 1.1 14.4 4.0 — 
2005-2007 — 14.4 — 1.0d 

aStandards applied only for gasoline-fueled engines through model year 1989. 
Standards started to apply for methanol in model year 1990, and for LPG and 
natural gas in model year 1998.
bEngines intended for installation only in heavy-duty vehicles above 14,000 
pounds GVWR were subject to an HC standard of 1.9 g/hpꞏhr for model years 
1987 through 2004, and a CO standard of 37.1 g/hpꞏhr for model years 1987 
through 2007. In addition, for model years 1987 through 2007, up to 5 percent of a 
manufacturer’s sales of engines intended for installation in heavy-duty vehicles at 
or below 14,000 pounds GVWR could be certified to the alternative HC and CO 
standards. 
cFor natural gas engines in model years 1998 through 2004, the NOx standard was 
5.0 g/hpꞏhr; the HC standards were 1.7 g/hpꞏhr for engines intended for 
installation only in vehicles above 14,000 pounds GVWR, and 0.9 g/hpꞏhr for 
other engines.
dManufacturers could delay the 1.0 g/hpꞏhr NOx + NMHC standard until model 
year 2008 by meeting an alternate NOx + NMHC standard of 1.5 g/hpꞏhr applied 
for model years 2004 through 2007. 

(f) Transient emission standards for compression-ignition engines. The following criteria 
standards applied for compression-ignition engines based on transient measurement using the 
test procedures in 40 CFR part 86, subpart N. Starting in model year 1991, manufacturers could 
generate or use emission credits for NOx, NOx + NMHC, and PM standards. Table 3 to this 
appendix follows: 
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TABLE 3 TO OF APPENDIX A—TRANSIENT EMISSION STANDARDS FOR COMPRESSION-IGNITION 

ENGINESa 

Model Year 
Pollutant (g/hpꞏhr) 

HC CO NOx NOx + NMHC PM 
1985-1987 1.3 15.5 10.7 — — 
1988-1989 1.3 15.5 10.7 — 0.60 

1990 1.3 15.5 6.0 — 0.60 
1991-1992 1.3 15.5 5.0 — 0.25 

1993 1.3 15.5 5.0 — 
0.25 truck 
0.10 bus 

1994-1995 1.3 15.5 5.0 — 
0.10 truck 

0.07 urban bus 

1996-1997 1.3 15.5 5.0 — 
0.10 truck 

0.05 urban busb 

1998-2003 1.3 15.5 4.0 — 
0.10 truck 

0.05 urban busb 

2004-2006 — 15.5 — 2.4c 0.10 truck 
0.05 urban busb 

aStandards applied only for diesel-fueled engines through model year 1989. Standards started 
to apply for methanol in model year 1990, and for LPG and natural gas in model year 1997. 
An alternate HC standard of 1.2 g/hpꞏhr applied for natural gas engines for model years 1997 
through 2003.
bThe in-use PM standard for urban bus engines in model years 1996 through 2006 was 0.07 
g/hpꞏhr. 
cAn optional NOx + NMHC standard of 2.5 g/hpꞏhr applied in 2004 through 2006 in 
conjunction with a separate NMHC standard of 0.5 g/hpꞏhr. 

Appendix B to of Part 1036—Transient Duty Cycles 
(a) This appendix specifies transient test intervals and duty cycles for the engine and powertrain 
testing described in §§ 1036.5120 and 1036.5124, as follows: 

(1) The transient test intervals and duty cycle for testing engines involves a schedule of 
normalized engine speed and torque values. 
(2) The transient test intervals and duty cycles for powertrain testing involves a schedule of 
vehicle speeds and road grade. Determine road grade at each point based on the peak rated 
power of the powertrain system, Prated, determined in § 1036.5207 and road grade coefficients 
using the following equation: 𝑅𝑜𝑎𝑑 𝑔𝑟𝑎𝑑𝑒 ൌ 𝑎 ⋅ 𝑃rated

ଶ  𝑏 ⋅ 𝑃rated  𝑐  
(3) The operating schedules in this appendix in some cases eliminate repetitive information 
by omitting 1 Hz records where there is no change in values. Perform testing by continuing 
to operate at the last specified values until the operating schedule shows a change in values. 
The official operating schedule for testing, cycle validation, and other purposes includes both 
the specified and omitted values. 

(b) The following transient duty cycletest interval applies for spark-ignition engines and 
powertrains when testing over the duty cycle specified in § 1036.512: 

TABLE 1 OF APPENDIX B—TRANSIENT DUTY CYCLETEST INTERVAL FOR SPARK-IGNITION 

ENGINES AND POWERTRAINS UNDER § 1036.512 

Record 
(seconds) 

Engine testing Powertrain testing 
Normalized 

revolutions per minute 
(percent) 

Normalized 
torque 

(percent) 

Vehicle speed 
(mi/hr) 

Road grade coefficients 

a b c 

1 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 1.837E-05 -1.876E-02 2.369E+00 
4 0 0 0 2.756E-05 -2.814E-02 3.553E+00 
24 0 0 0 2.756E-05 -2.814E-02 3.553E+00 
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

 7 44.4 0 2.756E-05 -2.814E-02 3.553E+00
 16 85.4 3.04 2.756E-05 -2.814E-02 3.553E+00
 27 97.8 5.59 2.756E-05 -2.814E-02 3.553E+00
 38 100 8.37 2.756E-05 -2.814E-02 3.553E+00
 45 100 11.06 2.756E-05 -2.814E-02 3.553E+00
 51 100 13.63 2.756E-05 -2.814E-02 3.553E+00
 54 97.5 15.87 2.756E-05 -2.814E-02 3.553E+00
 53 90 18.09 2.756E-05 -2.814E-02 3.553E+00
 49 75.2 20.66 2.756E-05 -2.814E-02 3.553E+00
 45 50 22.26 9.186E-06 -9.380E-03 1.184E+00 

40 10 22.08 -9.186E-06 9.380E-03 -1.184E+00 
34 2.3 20.58 -2.756E-05 2.814E-02 -3.553E+00 
27 0 18.65 -2.756E-05 2.814E-02 -3.553E+00 
21 2.3 16.5 -2.756E-05 2.814E-02 -3.553E+00 
16 12 14.19 -2.756E-05 2.814E-02 -3.553E+00 
12 35.3 11.65 -2.756E-05 2.814E-02 -3.553E+00 
8.5 4.9 9.16 -2.756E-05 2.814E-02 -3.553E+00

 5 (a) 8.01 -2.756E-05 2.814E-02 -3.553E+00
 3 (a) 6.86 -2.756E-05 2.814E-02 -3.553E+00 

0 0 3.19 -2.756E-05 2.814E-02 -3.553E+00 
0 0 0 -2.756E-05 2.814E-02 -3.553E+00 
0 0 0 -2.756E-05 2.814E-02 -3.553E+00 
0 0 0 -1.587E-05 1.622E-02 -2.202E+00

 0 0 0 -4.187E-06 4.310E-03 -8.511E-01 
0 0 0 7.498E-06 -7.604E-03 5.001E-01

 0 0 0 7.498E-06 -7.604E-03 5.001E-01
 3 10 1.05 7.498E-06 -7.604E-03 5.001E-01
 11 40.2 2.13 7.498E-06 -7.604E-03 5.001E-01
 20 53 3.26 7.498E-06 -7.604E-03 5.001E-01
 27.5 64.8 4.31 7.498E-06 -7.604E-03 5.001E-01
 32 78 5.35 7.498E-06 -7.604E-03 5.001E-01
 32 78 6.38 7.498E-06 -7.604E-03 5.001E-01
 27.5 56 7.42 7.498E-06 -7.604E-03 5.001E-01
 26 24.4 8.45 7.498E-06 -7.604E-03 5.001E-01
 24 (a) 9.43 7.498E-06 -7.604E-03 5.001E-01
 23 (a) 10.18 7.498E-06 -7.604E-03 5.001E-01
 24 (a) 10.71 7.498E-06 -7.604E-03 5.001E-01
 27 (a) 11.1 7.498E-06 -7.604E-03 5.001E-01
 34 (a) 11.62 7.498E-06 -7.604E-03 5.001E-01
 44 28 12.44 7.498E-06 -7.604E-03 5.001E-01
 57 74.4 13.55 7.498E-06 -7.604E-03 5.001E-01
 60 74.4 14.69 7.498E-06 -7.604E-03 5.001E-01
 53 33.6 15.42 7.498E-06 -7.604E-03 5.001E-01
 48 (a) 16.06 7.498E-06 -7.604E-03 5.001E-01
 44 (a) 16.64 7.498E-06 -7.604E-03 5.001E-01
 40 (a) 17.36 8.991E-06 -9.177E-03 2.234E+00
 40 7 17.86 1.048E-05 -1.075E-02 3.968E+00
 44 22.7 18.05 1.198E-05 -1.232E-02 5.701E+00
 46 30 18.09 1.198E-05 -1.232E-02 5.701E+00
 46 32 18.19 1.198E-05 -1.232E-02 5.701E+00
 44 25 18.55 1.198E-05 -1.232E-02 5.701E+00
 40 18 19.04 1.198E-05 -1.232E-02 5.701E+00
 37 14 19.58 1.198E-05 -1.232E-02 5.701E+00
 36 10 19.9 1.198E-05 -1.232E-02 5.701E+00
 34 0 19.99 1.198E-05 -1.232E-02 5.701E+00
 34 (a) 19.85 1.198E-05 -1.232E-02 5.701E+00
 32 (a) 19.73 1.198E-05 -1.232E-02 5.701E+00
 31 (a) 19.7 1.198E-05 -1.232E-02 5.701E+00
 36 39.9 19.84 1.198E-05 -1.232E-02 5.701E+00
 42 84.7 20.1 1.198E-05 -1.232E-02 5.701E+00
 48 90 20.44 1.198E-05 -1.232E-02 5.701E+00
 50 90 20.98 1.198E-05 -1.232E-02 5.701E+00
 50 90 21.52 1.198E-05 -1.232E-02 5.701E+00
 47 85 22.06 1.198E-05 -1.232E-02 5.701E+00
 43 75 22.24 1.198E-05 -1.232E-02 5.701E+00
 38 60 22.35 1.198E-05 -1.232E-02 5.701E+00
 36 36 22.37 3.992E-06 -4.107E-03 1.900E+00 

36 7.5 22.35 -3.992E-06 4.107E-03 -1.900E+00
 36.3 (a) 22.27 -1.198E-05 1.232E-02 -5.701E+00 

45 64.5 22.05 -1.198E-05 1.232E-02 -5.701E+00 
53 67 21.79 -1.198E-05 1.232E-02 -5.701E+00 
58 64.5 21.5 -1.198E-05 1.232E-02 -5.701E+00 
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97 62 60.3 21.2 -1.198E-05 1.232E-02 -5.701E+00 
98 63 55.5 20.9 -1.198E-05 1.232E-02 -5.701E+00 
99 62 52.3 20.59 -1.198E-05 1.232E-02 -5.701E+00 

100 61 47 20.42 -1.198E-05 1.232E-02 -5.701E+00 
101 55 44 20.25 -1.198E-05 1.232E-02 -5.701E+00 
102 50 39 20.07 -1.198E-05 1.232E-02 -5.701E+00 
103 45 36 19.75 -1.198E-05 1.232E-02 -5.701E+00 
104 40 34 19.38 -1.198E-05 1.232E-02 -5.701E+00 
105 36 30 19 -1.198E-05 1.232E-02 -5.701E+00 
106 34 25.8 18.61 -1.198E-05 1.232E-02 -5.701E+00 
107 32 20 18.2 -1.198E-05 1.232E-02 -5.701E+00 
108 30 14.6 17.75 -1.198E-05 1.232E-02 -5.701E+00 
109 26 10 17.27 -1.198E-05 1.232E-02 -5.701E+00 
110 23 0 16.75 -1.198E-05 1.232E-02 -5.701E+00 
111 18 (a) 16.2 -1.198E-05 1.232E-02 -5.701E+00 
112 16 (a) 15.66 -1.198E-05 1.232E-02 -5.701E+00 
113 18 (a) 15.15 -1.198E-05 1.232E-02 -5.701E+00 
114 20 27.6 14.65 -1.198E-05 1.232E-02 -5.701E+00 
115 17 4 14.16 -1.198E-05 1.232E-02 -5.701E+00 
116 14 (a) 13.67 -1.198E-05 1.232E-02 -5.701E+00 
117 12 (a) 12.59 -1.198E-05 1.232E-02 -5.701E+00 
118 9 (a) 10.93 -1.198E-05 1.232E-02 -5.701E+00 
119 7 (a) 9.28 -1.198E-05 1.232E-02 -5.701E+00 
120 7 (a) 7.62 -1.198E-05 1.232E-02 -5.701E+00 
121 5 (a) 5.96 -1.198E-05 1.232E-02 -5.701E+00 
122 4 (a) 4.3 -1.198E-05 1.232E-02 -5.701E+00 
123 3 (a) 2.64 -1.198E-05 1.232E-02 -5.701E+00 
124 2 (a) 0.99 -1.198E-05 1.232E-02 -5.701E+00 
125 0 0 0.19 -1.198E-05 1.232E-02 -5.701E+00 
126 0 0 0 -1.198E-05 1.232E-02 -5.701E+00 
127 0 0 0 -1.198E-05 1.232E-02 -5.701E+00 
128 0 0 0 5.354E-07 1.492E-03 -6.315E+00 
129 0 0 0 1.305E-05 -9.337E-03 -6.929E+00 
130 5 8 3.25 2.556E-05 -2.017E-02 -7.543E+00 
131 8 16.3 5.47 2.556E-05 -2.017E-02 -7.543E+00 
132 10 27.5 6.71 2.556E-05 -2.017E-02 -7.543E+00 
133 8 27.5 6.71 2.556E-05 -2.017E-02 -7.543E+00 
134 5 9 6.71 2.556E-05 -2.017E-02 -7.543E+00 
135 2 1.8 6.55 8.520E-06 -6.722E-03 -2.514E+00 
136 0 0 6.01 -8.520E-06 6.722E-03 2.514E+00 
137 0 0 5.15 -2.556E-05 2.017E-02 7.543E+00 
138 0 0 3.9 -2.556E-05 2.017E-02 7.543E+00 
139 0 0 2.19 -2.556E-05 2.017E-02 7.543E+00 
140 0 0 0 -2.556E-05 2.017E-02 7.543E+00 
141 0 0 0 -9.124E-06 5.441E-03 6.132E+00 
142 0 0 0 7.313E-06 -9.284E-03 4.722E+00 
143 0 0 0 2.375E-05 -2.401E-02 3.312E+00 
148 0 0 0 2.375E-05 -2.401E-02 3.312E+00 
149 2 4.8 0 2.375E-05 -2.401E-02 3.312E+00 
150 1 4.5 0 2.375E-05 -2.401E-02 3.312E+00 
151 0 0 0 2.375E-05 -2.401E-02 3.312E+00 
166 0 0 0 2.375E-05 -2.401E-02 3.312E+00 
167 8 27 1.95 2.375E-05 -2.401E-02 3.312E+00 
168 18 65 3.7 2.375E-05 -2.401E-02 3.312E+00 
169 23 82.5 5.53 2.375E-05 -2.401E-02 3.312E+00 
170 23 88 7.22 2.375E-05 -2.401E-02 3.312E+00 
171 21 88 8.64 2.375E-05 -2.401E-02 3.312E+00 
172 18 81.3 10.33 2.375E-05 -2.401E-02 3.312E+00 
173 17 32 11.18 7.917E-06 -8.003E-03 1.104E+00 
174 15 (a) 10.57 -7.917E-06 8.003E-03 -1.104E+00 
175 13 (a) 9.33 -2.375E-05 2.401E-02 -3.312E+00 
176 11 (a) 7.87 -2.375E-05 2.401E-02 -3.312E+00 
177 8 (a) 6.27 -2.375E-05 2.401E-02 -3.312E+00 
178 6 (a) 4.58 -2.375E-05 2.401E-02 -3.312E+00 
179 4 (a) 3.81 -2.375E-05 2.401E-02 -3.312E+00 
180 2 (a) 2.35 -2.375E-05 2.401E-02 -3.312E+00 
181 0 0 0 -2.375E-05 2.401E-02 -3.312E+00 
182 0 0 0 -2.375E-05 2.401E-02 -3.312E+00 
183 0 0 0 -1.078E-05 1.103E-02 -1.145E+00 
184 0 0 0 2.190E-06 -1.954E-03 1.022E+00 
185 0 0 0 1.516E-05 -1.494E-02 3.189E+00 
203 0 0 0 1.516E-05 -1.494E-02 3.189E+00 
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204 0 4 0 1.516E-05 -1.494E-02 3.189E+00 
205 0.5 7.7 1.6 1.516E-05 -1.494E-02 3.189E+00 
206 5 14 4.24 1.516E-05 -1.494E-02 3.189E+00 
207 11 24.7 7.5 1.516E-05 -1.494E-02 3.189E+00 
208 15 42.3 9.18 1.516E-05 -1.494E-02 3.189E+00 
209 16 70 10.11 1.516E-05 -1.494E-02 3.189E+00 
210 17 70 10.34 1.516E-05 -1.494E-02 3.189E+00 
211 17 50 10.46 1.516E-05 -1.494E-02 3.189E+00 
212 16 26.3 9.93 1.516E-05 -1.494E-02 3.189E+00 
213 14 5 8.7 1.516E-05 -1.494E-02 3.189E+00 
214 10 (a) 7.43 1.516E-05 -1.494E-02 3.189E+00 
215 10 (a) 9.14 1.516E-05 -1.494E-02 3.189E+00 
216 14 73.3 9.72 1.516E-05 -1.494E-02 3.189E+00 
217 18 83 9.84 1.516E-05 -1.494E-02 3.189E+00 
218 19 84.8 10.02 1.516E-05 -1.494E-02 3.189E+00 
219 18 84.8 9.92 5.053E-06 -4.979E-03 1.063E+00 
220 16 82.8 9.14 -5.053E-06 4.979E-03 -1.063E+00 
221 11 74 8.23 -1.516E-05 1.494E-02 -3.189E+00 
222 7 8.5 6.64 -1.516E-05 1.494E-02 -3.189E+00 
223 4 0 4.51 -1.516E-05 1.494E-02 -3.189E+00 
224 0 0 0 -1.516E-05 1.494E-02 -3.189E+00 
225 0 0 0 -1.516E-05 1.494E-02 -3.189E+00 
226 0 0 0 -6.857E-06 6.357E-03 -2.057E+00 
227 0 0 0 1.446E-06 -2.223E-03 -9.251E-01 
228 0 0 0 9.749E-06 -1.080E-02 2.071E-01 
232 0 0 0 9.749E-06 -1.080E-02 2.071E-01 
233 6 17.6 0 9.749E-06 -1.080E-02 2.071E-01 
234 6 19.6 0 9.749E-06 -1.080E-02 2.071E-01 
235 5 14 0 9.749E-06 -1.080E-02 2.071E-01 
236 3 9.8 0 9.749E-06 -1.080E-02 2.071E-01 
237 1 5.5 0 9.749E-06 -1.080E-02 2.071E-01 
238 0 3 0 9.749E-06 -1.080E-02 2.071E-01 
239 0 0 0 9.749E-06 -1.080E-02 2.071E-01 
280 0 0 0 9.749E-06 -1.080E-02 2.071E-01 
281 0 7 0 9.749E-06 -1.080E-02 2.071E-01 
282 1 10 0 9.749E-06 -1.080E-02 2.071E-01 
283 2 11.5 0 9.749E-06 -1.080E-02 2.071E-01 
284 1 10 0 9.749E-06 -1.080E-02 2.071E-01 
285 0 0 0 9.749E-06 -1.080E-02 2.071E-01 
298 0 0 0 9.749E-06 -1.080E-02 2.071E-01 
299 0 28 0 9.749E-06 -1.080E-02 2.071E-01 
300 0 30 0 9.749E-06 -1.080E-02 2.071E-01 
301 2 32 0.55 9.749E-06 -1.080E-02 2.071E-01 
302 6 34 1.92 9.749E-06 -1.080E-02 2.071E-01 
303 14 36 3.18 9.749E-06 -1.080E-02 2.071E-01 
304 19 36 4.8 9.749E-06 -1.080E-02 2.071E-01 
305 24.5 36 6.63 9.749E-06 -1.080E-02 2.071E-01 
306 24.5 36 7.87 9.749E-06 -1.080E-02 2.071E-01 
307 24 30 8.32 9.749E-06 -1.080E-02 2.071E-01 
308 19 24 9.66 9.749E-06 -1.080E-02 2.071E-01 
309 13 18 11.46 9.749E-06 -1.080E-02 2.071E-01 
310 9 14 13.28 9.749E-06 -1.080E-02 2.071E-01 
311 7 8 14.61 9.749E-06 -1.080E-02 2.071E-01 
312 6 0 14.39 9.749E-06 -1.080E-02 2.071E-01 
313 4 3 13.5 9.749E-06 -1.080E-02 2.071E-01 
314 3 6.8 12.41 9.749E-06 -1.080E-02 2.071E-01 
315 0 0 11.3 9.749E-06 -1.080E-02 2.071E-01 
316 0 0 11.25 9.749E-06 -1.080E-02 2.071E-01 
317 0 0 12.29 9.749E-06 -1.080E-02 2.071E-01 
318 0 0 13.26 9.749E-06 -1.080E-02 2.071E-01 
319 0 0 13.66 9.749E-06 -1.080E-02 2.071E-01 
320 0 0 14.27 9.749E-06 -1.080E-02 2.071E-01 
321 0 0 15.17 9.749E-06 -1.080E-02 2.071E-01 
322 0 0 16.05 9.749E-06 -1.080E-02 2.071E-01 
323 0 18 16.49 9.749E-06 -1.080E-02 2.071E-01 
324 3 40 17.52 9.749E-06 -1.080E-02 2.071E-01 
325 8 86 18.06 9.749E-06 -1.080E-02 2.071E-01 
326 18 97 18.18 9.749E-06 -1.080E-02 2.071E-01 
327 38 100 18.95 9.749E-06 -1.080E-02 2.071E-01 
328 45.5 100 20.48 9.749E-06 -1.080E-02 2.071E-01 
329 45 96 20.48 3.250E-06 -3.601E-03 6.902E-02 
330 44 84.4 19.5 -3.250E-06 3.601E-03 -6.902E-02 
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331 43 53.6 18.43 -9.749E-06 1.080E-02 -2.071E-01 
332 41 5 17.44 -9.749E-06 1.080E-02 -2.071E-01 
333 43 47.6 16.77 -9.749E-06 1.080E-02 -2.071E-01 
334 44 90 16.36 -9.749E-06 1.080E-02 -2.071E-01 
335 45 90 16.34 -9.749E-06 1.080E-02 -2.071E-01 
336 44 73 16.79 -9.749E-06 1.080E-02 -2.071E-01 
337 40 54 16.34 -9.749E-06 1.080E-02 -2.071E-01 
338 38 34.7 15.13 -9.749E-06 1.080E-02 -2.071E-01 
339 36 10 13.72 -9.749E-06 1.080E-02 -2.071E-01 
340 35 10 12.04 -9.749E-06 1.080E-02 -2.071E-01 
341 35 10 10.44 -9.749E-06 1.080E-02 -2.071E-01 
342 35.5 60 9.71 -9.749E-06 1.080E-02 -2.071E-01 
343 36 57.9 9.81 -9.749E-06 1.080E-02 -2.071E-01 
344 37 53 10.65 -9.749E-06 1.080E-02 -2.071E-01 
345 39 50 11.42 -9.749E-06 1.080E-02 -2.071E-01 
346 40.5 50 10.54 -9.749E-06 1.080E-02 -2.071E-01 
347 43 50 8.87 -9.749E-06 1.080E-02 -2.071E-01 
348 45 50 9.26 -3.250E-06 3.601E-03 -6.902E-02 
349 48 50 10.33 3.250E-06 -3.601E-03 6.902E-02 
350 51 52 10.79 9.749E-06 -1.080E-02 2.071E-01 
351 56 58.7 11.8 9.749E-06 -1.080E-02 2.071E-01 
352 64 70 14.06 9.749E-06 -1.080E-02 2.071E-01 
353 68 70 16.77 9.749E-06 -1.080E-02 2.071E-01 
354 70 70 18.83 9.749E-06 -1.080E-02 2.071E-01 
355 65.5 64.6 22.12 9.749E-06 -1.080E-02 2.071E-01 
356 61 28.9 24.1 9.749E-06 -1.080E-02 2.071E-01 
357 55 (a) 25.97 9.749E-06 -1.080E-02 2.071E-01 
358 50 (a) 27.04 9.749E-06 -1.080E-02 2.071E-01 
359 45 (a) 27.18 9.749E-06 -1.080E-02 2.071E-01 
360 38 (a) 28.34 9.749E-06 -1.080E-02 2.071E-01 
361 28 (a) 29.69 9.749E-06 -1.080E-02 2.071E-01 
362 19 (a) 29.86 9.749E-06 -1.080E-02 2.071E-01 
363 14 (a) 29.51 9.749E-06 -1.080E-02 2.071E-01 
364 7 (a) 29.91 9.749E-06 -1.080E-02 2.071E-01 
365 2 (a) 30.99 9.749E-06 -1.080E-02 2.071E-01 
366 3 5 32.55 9.749E-06 -1.080E-02 2.071E-01 
367 7 25 33.43 9.749E-06 -1.080E-02 2.071E-01 
368 9 38 33.56 3.250E-06 -3.601E-03 6.902E-02 
369 7 17 33.36 -3.250E-06 3.601E-03 -6.902E-02 
370 4 2 32.65 -9.749E-06 1.080E-02 -2.071E-01 
371 3 (a) 31.8 -9.749E-06 1.080E-02 -2.071E-01 
372 3 (a) 30.92 -9.749E-06 1.080E-02 -2.071E-01 
373 11 70 30.42 -9.749E-06 1.080E-02 -2.071E-01 
374 15 97.6 29.73 -9.749E-06 1.080E-02 -2.071E-01 
375 16 100 28.65 -9.749E-06 1.080E-02 -2.071E-01 
376 19 100 27.5 -9.749E-06 1.080E-02 -2.071E-01 
377 26 100 26.22 -9.749E-06 1.080E-02 -2.071E-01 
378 29 95 24.69 -9.749E-06 1.080E-02 -2.071E-01 
379 25 63 23.13 -9.749E-06 1.080E-02 -2.071E-01 
380 19 (a) 21.68 -9.749E-06 1.080E-02 -2.071E-01 
381 12 (a) 20.25 -9.749E-06 1.080E-02 -2.071E-01 
382 8 (a) 15.73 -9.749E-06 1.080E-02 -2.071E-01 
383 5 (a) 10.93 -9.749E-06 1.080E-02 -2.071E-01 
384 2 (a) 6.12 -9.749E-06 1.080E-02 -2.071E-01 
385 1 (a) 1.31 -9.749E-06 1.080E-02 -2.071E-01 
386 0 0 0 -9.749E-06 1.080E-02 -2.071E-01 
392 0 0 0 -9.749E-06 1.080E-02 -2.071E-01 
393 0 0 0 -1.165E-06 1.625E-03 1.971E+00 
394 0 0 0 7.420E-06 -7.553E-03 4.149E+00 
395 0 0 0 1.600E-05 -1.673E-02 6.327E+00 
418 0 0 0 1.600E-05 -1.673E-02 6.327E+00 
419 4 20 0 1.600E-05 -1.673E-02 6.327E+00 
420 4 20 0 1.600E-05 -1.673E-02 6.327E+00 
421 0 0 0 1.600E-05 -1.673E-02 6.327E+00 
429 0 0 0 1.600E-05 -1.673E-02 6.327E+00 
430 2 0 1.18 1.600E-05 -1.673E-02 6.327E+00 
431 6 2 2.85 1.600E-05 -1.673E-02 6.327E+00 
432 14 28.8 4.57 1.600E-05 -1.673E-02 6.327E+00 
433 20 30 7.42 1.600E-05 -1.673E-02 6.327E+00 
434 24.4 11 10.79 1.600E-05 -1.673E-02 6.327E+00 
435 24 10 13.51 1.600E-05 -1.673E-02 6.327E+00 
436 24 12 15.48 1.600E-05 -1.673E-02 6.327E+00 
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 28 52 16.82 1.600E-05 -1.673E-02 6.327E+00
 32 52 17.86 1.600E-05 -1.673E-02 6.327E+00
 34 46 18.7 1.600E-05 -1.673E-02 6.327E+00
 34 30 19.11 1.600E-05 -1.673E-02 6.327E+00
 34.5 30 19.28 1.600E-05 -1.673E-02 6.327E+00
 35 30 19.38 1.600E-05 -1.673E-02 6.327E+00
 36 35 19.53 1.600E-05 -1.673E-02 6.327E+00
 39 40 19.57 1.600E-05 -1.673E-02 6.327E+00
 45 50 19.09 1.600E-05 -1.673E-02 6.327E+00
 49 56 18.2 1.600E-05 -1.673E-02 6.327E+00
 50 (a) 17.14 1.600E-05 -1.673E-02 6.327E+00
 45 (a) 15.9 1.600E-05 -1.673E-02 6.327E+00
 39 (a) 14.42 1.600E-05 -1.673E-02 6.327E+00
 34 (a) 13.86 1.600E-05 -1.673E-02 6.327E+00
 28 (a) 15.45 1.600E-05 -1.673E-02 6.327E+00
 25 (a) 17.32 1.600E-05 -1.673E-02 6.327E+00
 21 (a) 18.03 1.600E-05 -1.673E-02 6.327E+00
 18 (a) 18.19 1.600E-05 -1.673E-02 6.327E+00
 15 (a) 18.3 1.600E-05 -1.673E-02 6.327E+00
 12 (a) 18.4 1.600E-05 -1.673E-02 6.327E+00
 18 (a) 18.33 1.600E-05 -1.673E-02 6.327E+00
 29 19.8 18.68 1.600E-05 -1.673E-02 6.327E+00
 40 54 19.1 5.335E-06 -5.577E-03 2.109E+00 

52 82 18.69 -5.335E-06 5.577E-03 -2.109E+00 
64 95 17.89 -1.600E-05 1.673E-02 -6.327E+00 
71 99 17.23 -1.600E-05 1.673E-02 -6.327E+00 
77 100 16.65 -1.600E-05 1.673E-02 -6.327E+00 
84 100 15.76 -1.600E-05 1.673E-02 -6.327E+00 
85 99 14.53 -1.600E-05 1.673E-02 -6.327E+00 
85 95 13.07 -1.600E-05 1.673E-02 -6.327E+00 
84 90 11.26 -1.600E-05 1.673E-02 -6.327E+00 
82 84.6 9.32 -1.600E-05 1.673E-02 -6.327E+00 
80 78.5 8.04 -1.600E-05 1.673E-02 -6.327E+00 
78 78.5 8.15 -7.218E-06 7.554E-03 -2.785E+00

 77 70 9.43 1.567E-06 -1.623E-03 7.568E-01
 76 65.5 10.8 1.035E-05 -1.080E-02 4.299E+00
 74 61.5 12.16 1.035E-05 -1.080E-02 4.299E+00
 72 56 14.25 1.035E-05 -1.080E-02 4.299E+00
 70 52 16.38 1.035E-05 -1.080E-02 4.299E+00
 68 46 17.48 1.035E-05 -1.080E-02 4.299E+00
 66.5 40 17.41 1.035E-05 -1.080E-02 4.299E+00
 65 32 16.78 1.035E-05 -1.080E-02 4.299E+00
 63 26 16.06 1.035E-05 -1.080E-02 4.299E+00
 61 25.6 15.24 1.035E-05 -1.080E-02 4.299E+00
 61 72 14.69 1.035E-05 -1.080E-02 4.299E+00
 61 78 15.38 1.035E-05 -1.080E-02 4.299E+00
 58 72 16.86 1.035E-05 -1.080E-02 4.299E+00
 50 64 17.35 1.035E-05 -1.080E-02 4.299E+00
 44 55 16.98 1.035E-05 -1.080E-02 4.299E+00
 35 40 16.57 1.035E-05 -1.080E-02 4.299E+00
 26 20 16.12 1.035E-05 -1.080E-02 4.299E+00
 21 (a) 15.67 1.035E-05 -1.080E-02 4.299E+00
 18 (a) 15.46 1.035E-05 -1.080E-02 4.299E+00
 16 (a) 15.52 1.035E-05 -1.080E-02 4.299E+00
 19 (a) 15.89 1.035E-05 -1.080E-02 4.299E+00
 24 2 16.77 1.035E-05 -1.080E-02 4.299E+00
 32 68.5 18.08 1.035E-05 -1.080E-02 4.299E+00
 45 78 19.31 1.035E-05 -1.080E-02 4.299E+00
 51 86 20.11 1.035E-05 -1.080E-02 4.299E+00
 58 92 20.75 1.035E-05 -1.080E-02 4.299E+00
 64 97 21.23 1.035E-05 -1.080E-02 4.299E+00
 71 100 21.4 1.035E-05 -1.080E-02 4.299E+00
 73 98 21.51 1.035E-05 -1.080E-02 4.299E+00
 73 94 22.18 1.035E-05 -1.080E-02 4.299E+00
 73 86 22.48 1.035E-05 -1.080E-02 4.299E+00
 73 82 22.49 1.035E-05 -1.080E-02 4.299E+00
 76 84 23.27 1.035E-05 -1.080E-02 4.299E+00
 80 98 24.39 1.035E-05 -1.080E-02 4.299E+00
 84 100 25.09 1.035E-05 -1.080E-02 4.299E+00
 85 100 25.26 1.035E-05 -1.080E-02 4.299E+00
 84 100 25.15 1.035E-05 -1.080E-02 4.299E+00
 81 92 24.8 1.035E-05 -1.080E-02 4.299E+00 
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510

515

520

525

530

535

540

545

550

555

560

565

570

575

580

509 75 80 24.3 1.035E-05 -1.080E-02 4.299E+00
 73 70 23.92 1.035E-05 -1.080E-02 4.299E+00 

511 70 60 23.82 1.035E-05 -1.080E-02 4.299E+00 
512 67 53 23.75 1.035E-05 -1.080E-02 4.299E+00 
513 65 45 24.34 1.035E-05 -1.080E-02 4.299E+00 
514 63 36.5 25.03 1.035E-05 -1.080E-02 4.299E+00

 62 28 25.13 1.035E-05 -1.080E-02 4.299E+00 
516 61 22.5 25.14 1.035E-05 -1.080E-02 4.299E+00 
517 60 23 25.14 1.035E-05 -1.080E-02 4.299E+00 
518 60 24 25.15 1.035E-05 -1.080E-02 4.299E+00 
519 60 24 25.15 1.035E-05 -1.080E-02 4.299E+00

 60 26 25.16 1.035E-05 -1.080E-02 4.299E+00 
521 61 60 25.17 1.035E-05 -1.080E-02 4.299E+00 
522 62 64 25.24 1.035E-05 -1.080E-02 4.299E+00 
523 63 64 25.41 1.035E-05 -1.080E-02 4.299E+00 
524 64 64 26.56 1.035E-05 -1.080E-02 4.299E+00

 62 64 28.84 1.035E-05 -1.080E-02 4.299E+00 
526 56 60 31.08 1.035E-05 -1.080E-02 4.299E+00 
527 53 (a) 32.37 1.035E-05 -1.080E-02 4.299E+00 
528 49 (a) 32.7 1.035E-05 -1.080E-02 4.299E+00 
529 47 (a) 32.76 1.035E-05 -1.080E-02 4.299E+00

 46 (a) 32.82 6.288E-06 -6.906E-03 2.331E+00 
531 45 (a) 32.88 2.223E-06 -3.012E-03 3.623E-01 
532 45 30 33.19 -1.842E-06 8.816E-04 -1.606E+00 
533 46 50 33.89 -1.842E-06 8.816E-04 -1.606E+00 
534 46 50 35.07 -1.842E-06 8.816E-04 -1.606E+00 

47 50 36.61 -1.842E-06 8.816E-04 -1.606E+00 
536 47 50 37.63 -1.842E-06 8.816E-04 -1.606E+00 
537 47 30 38.05 -1.842E-06 8.816E-04 -1.606E+00 
538 46 12 38.67 -1.842E-06 8.816E-04 -1.606E+00 
539 45 10.5 39.32 -1.842E-06 8.816E-04 -1.606E+00 

44 10 39.54 -1.842E-06 8.816E-04 -1.606E+00 
541 41 10 39.55 -1.842E-06 8.816E-04 -1.606E+00 
542 37 9 39.56 -1.842E-06 8.816E-04 -1.606E+00 
543 36 2 39.58 -1.842E-06 8.816E-04 -1.606E+00 
544 35 (a) 39.59 -1.842E-06 8.816E-04 -1.606E+00 

38 67 39.61 -1.842E-06 8.816E-04 -1.606E+00 
546 35 (a) 39.6 -1.842E-06 8.816E-04 -1.606E+00 
547 31 15 39.69 -1.842E-06 8.816E-04 -1.606E+00 
548 28 55 39.99 -1.842E-06 8.816E-04 -1.606E+00 
549 34 44 40.39 -1.842E-06 8.816E-04 -1.606E+00 

35 38.5 41.01 -1.842E-06 8.816E-04 -1.606E+00 
551 36 38.5 41.65 -1.842E-06 8.816E-04 -1.606E+00 
552 36 38.5 41.69 -1.842E-06 8.816E-04 -1.606E+00 
553 37 38.5 41.17 -1.842E-06 8.816E-04 -1.606E+00 
554 39 36 40.47 -1.842E-06 8.816E-04 -1.606E+00 

42 27 39.83 -1.842E-06 8.816E-04 -1.606E+00 
556 45 62 39.39 -1.842E-06 8.816E-04 -1.606E+00 
557 48 45 39.14 -1.842E-06 8.816E-04 -1.606E+00 
558 51 15 38.99 -1.842E-06 8.816E-04 -1.606E+00 
559 51 8 38.88 -1.842E-06 8.816E-04 -1.606E+00 

51 6 38.86 -1.842E-06 8.816E-04 -1.606E+00 
561 48 10 39.17 -1.842E-06 8.816E-04 -1.606E+00 
562 46 11 39.37 -6.139E-07 2.939E-04 -5.353E-01 
563 44 13 38.63 6.139E-07 -2.939E-04 5.353E-01 
564 41 17 36.96 1.842E-06 -8.816E-04 1.606E+00

 37 20 34.87 1.842E-06 -8.816E-04 1.606E+00 
566 34 20 32.73 1.842E-06 -8.816E-04 1.606E+00 
567 30 17 30.53 1.842E-06 -8.816E-04 1.606E+00 
568 26 14 28.27 1.842E-06 -8.816E-04 1.606E+00 
569 23 7 26.02 1.842E-06 -8.816E-04 1.606E+00

 19 2 23.76 1.842E-06 -8.816E-04 1.606E+00 
571 15 (a) 21.37 1.842E-06 -8.816E-04 1.606E+00 
572 11 (a) 18.79 1.842E-06 -8.816E-04 1.606E+00 
573 8 (a) 16.06 1.842E-06 -8.816E-04 1.606E+00 
574 5 (a) 13.05 1.842E-06 -8.816E-04 1.606E+00

 2 (a) 9.54 1.842E-06 -8.816E-04 1.606E+00 
576 0 0 4.59 1.842E-06 -8.816E-04 1.606E+00 
577 0 0 0 1.842E-06 -8.816E-04 1.606E+00

 0 0 0 1.842E-06 -8.816E-04 1.606E+00 
581 0 0 0 8.289E-06 -7.507E-03 1.023E+00 
582 0 0 0 1.474E-05 -1.413E-02 4.394E-01 
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583
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590
591
592
593
594
595
596
597
598
599
600
601
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603
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605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
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623
624
625
626
627
628
629
630
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632
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635
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637
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639
640
641
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644
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649
650
651
652
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654

 4 15 0 2.118E-05 -2.076E-02 -1.439E-01 
19 31 0.78 2.118E-05 -2.076E-02 -1.439E-01 
30 46 1.94 2.118E-05 -2.076E-02 -1.439E-01 
37 68 3.83 2.118E-05 -2.076E-02 -1.439E-01 
40 76 5.98 2.118E-05 -2.076E-02 -1.439E-01 
41 77 8.07 2.118E-05 -2.076E-02 -1.439E-01 

 40.5 78 10.09 2.118E-05 -2.076E-02 -1.439E-01 
40 77 10.29 2.118E-05 -2.076E-02 -1.439E-01 
40 64 7.34 2.118E-05 -2.076E-02 -1.439E-01 
38 10 3.27 2.118E-05 -2.076E-02 -1.439E-01 
38 25 3.24 2.118E-05 -2.076E-02 -1.439E-01 
40 50 5.98 2.118E-05 -2.076E-02 -1.439E-01 
40 36 8.48 2.118E-05 -2.076E-02 -1.439E-01 
40 31 11 2.118E-05 -2.076E-02 -1.439E-01 
40 31 13.62 2.118E-05 -2.076E-02 -1.439E-01 
41 37 16.07 2.118E-05 -2.076E-02 -1.439E-01 
42 97 18.51 2.118E-05 -2.076E-02 -1.439E-01 
43 100 21.51 1.588E-05 -1.615E-02 -7.554E-01 
45 100 24.71 1.058E-05 -1.153E-02 -1.367E+00

 47 100 27.57 5.283E-06 -6.920E-03 -1.978E+00
 48 100 30.04 5.283E-06 -6.920E-03 -1.978E+00
 49 100 32.22 5.283E-06 -6.920E-03 -1.978E+00
 51 97 34.28 5.283E-06 -6.920E-03 -1.978E+00
 52 94 36.22 5.283E-06 -6.920E-03 -1.978E+00
 53 90 38.08 5.283E-06 -6.920E-03 -1.978E+00
 54 87 39.83 5.283E-06 -6.920E-03 -1.978E+00
 56 86 41.63 5.283E-06 -6.920E-03 -1.978E+00
 56 85 43.18 5.283E-06 -6.920E-03 -1.978E+00
 55.5 85 44.33 5.283E-06 -6.920E-03 -1.978E+00
 55 81 45.38 5.283E-06 -6.920E-03 -1.978E+00
 54 77 46.14 5.283E-06 -6.920E-03 -1.978E+00
 53 72 46.39 5.283E-06 -6.920E-03 -1.978E+00
 52 67 46.34 5.283E-06 -6.920E-03 -1.978E+00
 49 60 46.24 5.283E-06 -6.920E-03 -1.978E+00
 46 45 46.14 5.283E-06 -6.920E-03 -1.978E+00
 45 12 46.05 5.283E-06 -6.920E-03 -1.978E+00
 44 10 46.13 5.283E-06 -6.920E-03 -1.978E+00
 44 10 46.49 5.283E-06 -6.920E-03 -1.978E+00
 45 12 46.78 5.283E-06 -6.920E-03 -1.978E+00
 46 14 46.81 5.283E-06 -6.920E-03 -1.978E+00
 47 24 46.95 5.283E-06 -6.920E-03 -1.978E+00
 49 88 47.37 5.283E-06 -6.920E-03 -1.978E+00
 50 90 47.62 2.349E-06 -3.713E-03 -1.409E+00
 51 90 47.58 -5.848E-07 -5.058E-04 -8.401E-01 

52 90 48 -3.519E-06 2.701E-03 -2.710E-01 
53 90 48.46 -3.519E-06 2.701E-03 -2.710E-01 
54 90 48.45 -3.519E-06 2.701E-03 -2.710E-01 
54 90 48.4 -3.519E-06 2.701E-03 -2.710E-01 
54 87 48.59 -3.519E-06 2.701E-03 -2.710E-01 
54 84 49.3 -3.519E-06 2.701E-03 -2.710E-01 
54 80 50.02 -3.519E-06 2.701E-03 -2.710E-01 

 53.5 77 50.27 -3.519E-06 2.701E-03 -2.710E-01 
53 76 50 -3.519E-06 2.701E-03 -2.710E-01 
53 75 49.73 -3.519E-06 2.701E-03 -2.710E-01 
52 73 49.57 -3.519E-06 2.701E-03 -2.710E-01 
51 69 49.31 -3.519E-06 2.701E-03 -2.710E-01 
50 65 49.29 -3.519E-06 2.701E-03 -2.710E-01 
50 60 49.71 -3.519E-06 2.701E-03 -2.710E-01 
49 55 50.02 -3.519E-06 2.701E-03 -2.710E-01 
49 50 50.05 -3.519E-06 2.701E-03 -2.710E-01 
49 50 50.07 -3.519E-06 2.701E-03 -2.710E-01 

 49.5 60 50.33 -3.519E-06 2.701E-03 -2.710E-01 
 49.5 65 50.75 -3.519E-06 2.701E-03 -2.710E-01 

50 70 51.03 -3.519E-06 2.701E-03 -2.710E-01 
 50.5 75 51.47 -3.519E-06 2.701E-03 -2.710E-01 

51 80 51.92 -3.519E-06 2.701E-03 -2.710E-01 
52 85 51.93 -3.519E-06 2.701E-03 -2.710E-01 
53 90 51.9 -4.549E-06 3.697E-03 -6.366E-01 
54 90 51.87 -5.579E-06 4.693E-03 -1.002E+00 
55 90 51.85 -6.609E-06 5.688E-03 -1.368E+00 
55 88 51.82 -6.609E-06 5.688E-03 -1.368E+00 
55 84 51.82 -6.609E-06 5.688E-03 -1.368E+00 
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55 79 52.54 -6.609E-06 5.688E-03 -1.368E+00 
55 74 53.59 -6.609E-06 5.688E-03 -1.368E+00 
55 69 54.19 -6.609E-06 5.688E-03 -1.368E+00 
55 64 54.26 -6.609E-06 5.688E-03 -1.368E+00 
55 59 54.07 -6.609E-06 5.688E-03 -1.368E+00 
55 54 53.93 -6.609E-06 5.688E-03 -1.368E+00 
55 49 53.92 -6.609E-06 5.688E-03 -1.368E+00 
55 44.5 53.9 -6.609E-06 5.688E-03 -1.368E+00 
55 39 53.89 -6.609E-06 5.688E-03 -1.368E+00 
55 34 53.88 -6.609E-06 5.688E-03 -1.368E+00 
55 27 53.87 -6.609E-06 5.688E-03 -1.368E+00 
55 18 53.85 -6.609E-06 5.688E-03 -1.368E+00 
55 8 53.81 -6.609E-06 5.688E-03 -1.368E+00 
55 6 53.67 -6.609E-06 5.688E-03 -1.368E+00 
55 13 53.67 -6.609E-06 5.688E-03 -1.368E+00 
55 27 54.32 -6.609E-06 5.688E-03 -1.368E+00 

55.5 30 54.88 -6.609E-06 5.688E-03 -1.368E+00 
56 30 54.87 -6.609E-06 5.688E-03 -1.368E+00 
57 30 54.86 -6.609E-06 5.688E-03 -1.368E+00 
58 34 54.75 -6.609E-06 5.688E-03 -1.368E+00

 59 46 54.28 -5.500E-06 4.582E-03 -7.225E-01 
59 89 53.84 -4.390E-06 3.477E-03 -7.706E-02 
59 90 54.02 -3.280E-06 2.371E-03 5.683E-01

 59 91 54.48 -3.280E-06 2.371E-03 5.683E-01
 59 91 54.76 -3.280E-06 2.371E-03 5.683E-01
 60 91 54.84 -3.280E-06 2.371E-03 5.683E-01
 60 91 54.87 -3.280E-06 2.371E-03 5.683E-01
 60.5 90 54.9 -3.280E-06 2.371E-03 5.683E-01
 61 89 54.93 -3.280E-06 2.371E-03 5.683E-01
 61.5 88 54.97 -3.280E-06 2.371E-03 5.683E-01
 62 83 55 -3.280E-06 2.371E-03 5.683E-01
 63 73 55.03 -3.280E-06 2.371E-03 5.683E-01
 65 70 55.06 -3.280E-06 2.371E-03 5.683E-01
 66 71 55.1 -3.280E-06 2.371E-03 5.683E-01
 67 74 55.12 -3.280E-06 2.371E-03 5.683E-01
 67.5 79 55.15 -3.280E-06 2.371E-03 5.683E-01
 68 85 55.16 -3.280E-06 2.371E-03 5.683E-01
 68.5 90 55.18 -3.280E-06 2.371E-03 5.683E-01
 69 94 55.33 -3.280E-06 2.371E-03 5.683E-01
 69.5 96 55.85 -3.280E-06 2.371E-03 5.683E-01
 70 98 56.52 -3.280E-06 2.371E-03 5.683E-01
 70.5 100 57.05 -3.280E-06 2.371E-03 5.683E-01
 71 100 57.31 -3.280E-06 2.371E-03 5.683E-01
 72 100 57.35 -3.280E-06 2.371E-03 5.683E-01
 72 100 57.34 -3.280E-06 2.371E-03 5.683E-01
 72 100 57.34 -2.967E-06 2.047E-03 8.641E-01
 72 100 57.33 -2.653E-06 1.723E-03 1.160E+00
 72 100 57.33 -2.340E-06 1.399E-03 1.456E+00
 72 100 57.33 -2.340E-06 1.399E-03 1.456E+00
 72 100 57.32 -2.340E-06 1.399E-03 1.456E+00
 72 100 57.31 -2.340E-06 1.399E-03 1.456E+00
 72 100 57.3 -2.340E-06 1.399E-03 1.456E+00
 72.5 100 57.39 -2.340E-06 1.399E-03 1.456E+00
 73 100 57.71 -2.340E-06 1.399E-03 1.456E+00
 73.5 100 58.14 -2.340E-06 1.399E-03 1.456E+00
 74 100 58.34 -2.340E-06 1.399E-03 1.456E+00
 74 100 58.34 -2.340E-06 1.399E-03 1.456E+00
 74.5 100 58.33 -2.340E-06 1.399E-03 1.456E+00
 75 100 58.33 -2.340E-06 1.399E-03 1.456E+00
 75 100 58.32 -2.340E-06 1.399E-03 1.456E+00
 75 100 58.31 -2.340E-06 1.399E-03 1.456E+00
 75 100 58.3 -2.340E-06 1.399E-03 1.456E+00
 75 100 58.3 -2.340E-06 1.399E-03 1.456E+00
 75 100 58.3 -2.340E-06 1.399E-03 1.456E+00
 75 100 58.3 -2.340E-06 1.399E-03 1.456E+00
 75 100 58.48 -2.340E-06 1.399E-03 1.456E+00
 75 100 58.92 -2.340E-06 1.399E-03 1.456E+00
 75 100 59.26 -2.340E-06 1.399E-03 1.456E+00
 75 98 59.34 -2.340E-06 1.399E-03 1.456E+00
 75 90 59.32 -2.340E-06 1.399E-03 1.456E+00
 75 34 59.37 -3.622E-06 2.640E-03 9.220E-01
 74 15 59.67 -4.905E-06 3.881E-03 3.883E-01 
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 72 3 60.11 -6.187E-06 5.122E-03 -1.455E-01 
70 (a) 60.32 -6.187E-06 5.122E-03 -1.455E-01 
69 (a) 60.3 -6.187E-06 5.122E-03 -1.455E-01 
68 (a) 60.29 -6.187E-06 5.122E-03 -1.455E-01 

 70.5 53 60.27 -6.187E-06 5.122E-03 -1.455E-01 
73 80 60.26 -6.187E-06 5.122E-03 -1.455E-01 
75 88 60.25 -6.187E-06 5.122E-03 -1.455E-01 
77 94 60.18 -6.187E-06 5.122E-03 -1.455E-01 
79 97 59.83 -6.187E-06 5.122E-03 -1.455E-01 
82 97 59.36 -6.187E-06 5.122E-03 -1.455E-01 
85 98 59.65 -6.187E-06 5.122E-03 -1.455E-01 
85 98 60.12 -6.187E-06 5.122E-03 -1.455E-01 
87 97 59.8 -6.187E-06 5.122E-03 -1.455E-01 
90 95 59.82 -6.187E-06 5.122E-03 -1.455E-01 
92 90 60.18 -6.187E-06 5.122E-03 -1.455E-01 
93 88 60.27 -6.187E-06 5.122E-03 -1.455E-01 
94 86 60.31 -6.187E-06 5.122E-03 -1.455E-01 
95 83 60.35 -6.187E-06 5.122E-03 -1.455E-01 
96 79 60.37 -6.187E-06 5.122E-03 -1.455E-01 
97 74 60.35 -6.187E-06 5.122E-03 -1.455E-01 
98 68 60.33 -6.187E-06 5.122E-03 -1.455E-01 
99 62 60.3 -6.187E-06 5.122E-03 -1.455E-01 

100 54 60.26 -6.187E-06 5.122E-03 -1.455E-01 
100 30 60.45 -7.791E-06 6.722E-03 -9.485E-01 
100 22 61.12 -9.395E-06 8.322E-03 -1.752E+00 
100 20 61.91 -1.100E-05 9.923E-03 -2.555E+00 
100 22 62.23 -1.100E-05 9.923E-03 -2.555E+00 
100 30 62.19 -1.100E-05 9.923E-03 -2.555E+00 
100 65 62.17 -1.100E-05 9.923E-03 -2.555E+00 
100 76 62.19 -1.100E-05 9.923E-03 -2.555E+00 
100 80 62.24 -1.100E-05 9.923E-03 -2.555E+00 
100 78 62.28 -1.100E-05 9.923E-03 -2.555E+00 
100 72 62.3 -1.100E-05 9.923E-03 -2.555E+00 
100 54 62.79 -1.100E-05 9.923E-03 -2.555E+00 
95 30 63.22 -1.100E-05 9.923E-03 -2.555E+00 
85 12 63.11 -1.100E-05 9.923E-03 -2.555E+00

 68 (a) 62.97 -1.100E-05 9.923E-03 -2.555E+00
 57 (a) 62.82 -1.100E-05 9.923E-03 -2.555E+00
 56 (a) 62.67 -1.100E-05 9.923E-03 -2.555E+00
 57 (a) 62.52 -1.100E-05 9.923E-03 -2.555E+00
 57 (a) 62.37 -1.100E-05 9.923E-03 -2.555E+00 

57 22 62.32 -1.100E-05 9.923E-03 -2.555E+00 
58 40 62.45 -1.100E-05 9.923E-03 -2.555E+00 
59 45 62.64 -1.100E-05 9.923E-03 -2.555E+00 
59 46 62.69 -1.100E-05 9.923E-03 -2.555E+00 

59.5 45 62.66 -1.100E-05 9.923E-03 -2.555E+00 
60 33 62.62 -1.100E-05 9.923E-03 -2.555E+00 
60 0 62.59 -1.100E-05 9.923E-03 -2.555E+00

 60 (a) 62.55 -1.027E-05 9.176E-03 -2.095E+00
 60 (a) 62.51 -9.541E-06 8.429E-03 -1.636E+00 

60 34 62.44 -8.813E-06 7.683E-03 -1.177E+00 
60 50 62.37 -8.813E-06 7.683E-03 -1.177E+00 
60 60 62.29 -8.813E-06 7.683E-03 -1.177E+00 
60 69 62.21 -8.813E-06 7.683E-03 -1.177E+00 
60 75 62.15 -8.813E-06 7.683E-03 -1.177E+00 
60 79 62.46 -8.813E-06 7.683E-03 -1.177E+00 
61 83 63.4 -8.813E-06 7.683E-03 -1.177E+00 
61 84 63.97 -8.813E-06 7.683E-03 -1.177E+00 
61 85 63.98 -8.813E-06 7.683E-03 -1.177E+00 
62 85 63.94 -8.813E-06 7.683E-03 -1.177E+00 
62 85 63.93 -8.813E-06 7.683E-03 -1.177E+00 
62 85 63.92 -8.813E-06 7.683E-03 -1.177E+00 
63 85 63.92 -8.813E-06 7.683E-03 -1.177E+00 
63 85 63.91 -8.813E-06 7.683E-03 -1.177E+00 
64 85 64.21 -8.813E-06 7.683E-03 -1.177E+00 
64 85 64.61 -8.813E-06 7.683E-03 -1.177E+00 
64 85 64.5 -8.813E-06 7.683E-03 -1.177E+00 
64 85 64.05 -8.813E-06 7.683E-03 -1.177E+00 
64 85 63.83 -8.813E-06 7.683E-03 -1.177E+00 
64 84.5 63.81 -8.813E-06 7.683E-03 -1.177E+00 
64 84 63.79 -8.813E-06 7.683E-03 -1.177E+00 
64 83 63.77 -8.813E-06 7.683E-03 -1.177E+00 

A-163 



 

     
     
     

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     

     
     

   
   
   
   
   
   
   
   
   
   
   
   

799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870

64 82 63.76 -8.813E-06 7.683E-03 -1.177E+00 
64 81 63.75 -8.873E-06 7.725E-03 -1.104E+00 
64 77 63.73 -8.933E-06 7.767E-03 -1.032E+00

 64 72 63.72 -8.993E-06 7.810E-03 -9.592E-01 
65 67 63.7 -8.993E-06 7.810E-03 -9.592E-01 
66 64 63.69 -8.993E-06 7.810E-03 -9.592E-01 
67 60 63.69 -8.993E-06 7.810E-03 -9.592E-01 
69 62.3 63.68 -8.993E-06 7.810E-03 -9.592E-01 
72 84 64.1 -8.993E-06 7.810E-03 -9.592E-01 
73 90.5 64.6 -8.993E-06 7.810E-03 -9.592E-01 
74 91 64.73 -8.993E-06 7.810E-03 -9.592E-01 
74 90 64.73 -8.993E-06 7.810E-03 -9.592E-01 
74 84.5 64.73 -8.993E-06 7.810E-03 -9.592E-01 
73 74 64.72 -8.993E-06 7.810E-03 -9.592E-01 
72 66 64.71 -8.993E-06 7.810E-03 -9.592E-01 
71 60 64.71 -8.993E-06 7.810E-03 -9.592E-01 
70 54 64.7 -8.993E-06 7.810E-03 -9.592E-01 
69 50 64.69 -8.993E-06 7.810E-03 -9.592E-01 
68 49 64.68 -8.993E-06 7.810E-03 -9.592E-01 
68 48 64.82 -8.993E-06 7.810E-03 -9.592E-01 
68 48 65.27 -8.993E-06 7.810E-03 -9.592E-01 
68 48.5 65.65 -8.993E-06 7.810E-03 -9.592E-01 
68 49 65.71 -8.993E-06 7.810E-03 -9.592E-01 
68 51 65.72 -8.993E-06 7.810E-03 -9.592E-01 
68 53.5 65.72 -8.993E-06 7.810E-03 -9.592E-01 
68 55 65.72 -8.993E-06 7.810E-03 -9.592E-01 
68 58 65.71 -8.993E-06 7.810E-03 -9.592E-01 
68 60 65.7 -8.993E-06 7.810E-03 -9.592E-01 
68 62 65.69 -8.993E-06 7.810E-03 -9.592E-01 
68 64 65.67 -8.993E-06 7.810E-03 -9.592E-01 
68 67 65.27 -8.993E-06 7.810E-03 -9.592E-01 
69 68.5 64.33 -8.993E-06 7.810E-03 -9.592E-01 
70 70 63.65 -8.993E-06 7.810E-03 -9.592E-01 
70 70 63.5 -8.993E-06 7.810E-03 -9.592E-01 
70 70 63.49 -8.993E-06 7.810E-03 -9.592E-01 
70 70 63.49 -8.993E-06 7.810E-03 -9.592E-01 
70 70 63.37 -8.993E-06 7.810E-03 -9.592E-01 
70 70 63.01 -8.993E-06 7.810E-03 -9.592E-01 
71 66 62.6 -8.993E-06 7.810E-03 -9.592E-01 
73 64 62.44 -8.993E-06 7.810E-03 -9.592E-01 
75 64 62.45 -8.993E-06 7.810E-03 -9.592E-01 
77 98 62.47 -5.933E-06 4.759E-03 5.464E-01

 79 100 62.5 -2.873E-06 1.709E-03 2.052E+00
 81 100 62.52 1.865E-07 -1.342E-03 3.558E+00
 82 100 62.54 1.865E-07 -1.342E-03 3.558E+00
 83 100 62.57 1.865E-07 -1.342E-03 3.558E+00
 84 98 62.7 1.865E-07 -1.342E-03 3.558E+00
 84 94 62.9 1.865E-07 -1.342E-03 3.558E+00
 85 93 63.11 1.865E-07 -1.342E-03 3.558E+00
 86 94 63.32 1.865E-07 -1.342E-03 3.558E+00
 87 98 63.53 1.865E-07 -1.342E-03 3.558E+00
 89 100 63.74 1.865E-07 -1.342E-03 3.558E+00
 92 100 62.2 1.865E-07 -1.342E-03 3.558E+00
 95 100 62.67 1.865E-07 -1.342E-03 3.558E+00
 97.5 100 63.19 1.865E-07 -1.342E-03 3.558E+00
 100 100 63.62 1.865E-07 -1.342E-03 3.558E+00
 100 100 64.06 1.865E-07 -1.342E-03 3.558E+00
 100 100 64.19 6.218E-08 -4.474E-04 1.186E+00 

100 100 63.87 -6.218E-08 4.474E-04 -1.186E+00 
100 97 63.38 -1.865E-07 1.342E-03 -3.558E+00

 96 (a) 62.62 -1.865E-07 1.342E-03 -3.558E+00
 94 (a) 61.32 -1.865E-07 1.342E-03 -3.558E+00
 91 (a) 59.72 -1.865E-07 1.342E-03 -3.558E+00
 88 (a) 58.3 -1.865E-07 1.342E-03 -3.558E+00
 86 (a) 57.08 -1.865E-07 1.342E-03 -3.558E+00
 84 (a) 55.85 -1.865E-07 1.342E-03 -3.558E+00
 82 (a) 54.61 -1.865E-07 1.342E-03 -3.558E+00
 79 (a) 53.36 -1.865E-07 1.342E-03 -3.558E+00
 77 (a) 52.1 -1.865E-07 1.342E-03 -3.558E+00
 75 (a) 50.74 -1.865E-07 1.342E-03 -3.558E+00
 73 (a) 49.34 -1.865E-07 1.342E-03 -3.558E+00
 72 (a) 48.05 -1.865E-07 1.342E-03 -3.558E+00 
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871 72 (a) 46.82 -1.865E-07 1.342E-03 -3.558E+00 
872 72 (a) 45.61 -1.865E-07 1.342E-03 -3.558E+00 
873 71 8 44.37 -1.865E-07 1.342E-03 -3.558E+00 
874 68 9 43.06 -1.865E-07 1.342E-03 -3.558E+00 
875 64 (a) 41.65 -1.865E-07 1.342E-03 -3.558E+00 
876 58 (a) 40.32 -1.865E-07 1.342E-03 -3.558E+00 
877 56 53 39.28 -1.865E-07 1.342E-03 -3.558E+00 
878 56 67 38.4 -1.865E-07 1.342E-03 -3.558E+00 
879 56 70 37.3 -1.865E-07 1.342E-03 -3.558E+00 
880 56 67 35.79 -1.865E-07 1.342E-03 -3.558E+00 
881 55 60 34.14 -1.865E-07 1.342E-03 -3.558E+00 
882 54 60 32.69 -1.865E-07 1.342E-03 -3.558E+00 
883 49 75 31.38 -1.865E-07 1.342E-03 -3.558E+00 
884 38 80 29.63 -1.865E-07 1.342E-03 -3.558E+00 
885 30 78 27.22 -1.865E-07 1.342E-03 -3.558E+00 
886 25 53 25.01 -1.865E-07 1.342E-03 -3.558E+00 
887 18 32 23.09 -1.865E-07 1.342E-03 -3.558E+00 
888 14 16 20.23 -1.865E-07 1.342E-03 -3.558E+00 
889 9 3 17.2 -1.865E-07 1.342E-03 -3.558E+00 
890 5 (a) 12.61 -1.865E-07 1.342E-03 -3.558E+00 
891 1 (a) 7.43 -1.865E-07 1.342E-03 -3.558E+00 
892 0 0 2.81 -1.865E-07 1.342E-03 -3.558E+00 
893 0 0 0 -1.865E-07 1.342E-03 -3.558E+00 
900 0 0 0 -1.865E-07 1.342E-03 -3.558E+00 
901 0 0 0 8.801E-06 -7.855E-03 -7.493E-01 
902 0 0 0 1.779E-05 -1.705E-02 2.059E+00 
903 0 0 0 2.678E-05 -2.625E-02 4.867E+00 
919 0 0 0 2.678E-05 -2.625E-02 4.867E+00 
920 4.5 47 2.63 2.678E-05 -2.625E-02 4.867E+00 
921 12 85 4.93 2.678E-05 -2.625E-02 4.867E+00 
922 30 97 7.24 2.678E-05 -2.625E-02 4.867E+00 
923 42 100 9.73 2.678E-05 -2.625E-02 4.867E+00 
924 51 100 11.91 2.678E-05 -2.625E-02 4.867E+00 
925 54 100 14.16 2.678E-05 -2.625E-02 4.867E+00 
926 54 97 16.04 2.678E-05 -2.625E-02 4.867E+00 
927 52 90 17.98 2.678E-05 -2.625E-02 4.867E+00 
928 48 75 20.21 2.678E-05 -2.625E-02 4.867E+00 
929 44 57 22.03 2.678E-05 -2.625E-02 4.867E+00 
930 37 47 22.35 8.925E-06 -8.749E-03 1.622E+00 
931 29 40 21.52 -8.925E-06 8.749E-03 -1.622E+00 
932 24 34 20.04 -2.678E-05 2.625E-02 -4.867E+00 
933 21 27 18.29 -2.678E-05 2.625E-02 -4.867E+00 
934 22 24 16.4 -2.678E-05 2.625E-02 -4.867E+00 
935 22.5 22 14.4 -2.678E-05 2.625E-02 -4.867E+00 
936 20 16 12.23 -2.678E-05 2.625E-02 -4.867E+00 
937 15 7 9.84 -2.678E-05 2.625E-02 -4.867E+00 
938 10 0 8.55 -2.678E-05 2.625E-02 -4.867E+00 
939 5 (a) 7.56 -2.678E-05 2.625E-02 -4.867E+00 
940 2 (a) 6.14 -2.678E-05 2.625E-02 -4.867E+00 
941 1 (a) 2.6 -2.678E-05 2.625E-02 -4.867E+00 
942 0 0 0 -2.678E-05 2.625E-02 -4.867E+00 
943 0 0 0 -2.678E-05 2.625E-02 -4.867E+00 
944 0 0 0 -1.658E-05 1.607E-02 -3.386E+00 
945 1 0 1.06 -6.376E-06 5.889E-03 -1.905E+00 
946 5 20 2.16 3.823E-06 -4.291E-03 -4.241E-01 
947 15 43 3.3 3.823E-06 -4.291E-03 -4.241E-01 
948 28 52 4.37 3.823E-06 -4.291E-03 -4.241E-01 
949 34 64 5.42 3.823E-06 -4.291E-03 -4.241E-01 
950 37 74 6.47 3.823E-06 -4.291E-03 -4.241E-01 
951 37.5 90 7.51 3.823E-06 -4.291E-03 -4.241E-01 
952 37 56 8.55 3.823E-06 -4.291E-03 -4.241E-01 
953 36 27 9.55 3.823E-06 -4.291E-03 -4.241E-01 
954 35 (a) 10.25 3.823E-06 -4.291E-03 -4.241E-01 
955 33 (a) 10.78 3.823E-06 -4.291E-03 -4.241E-01 
956 29 (a) 11.16 3.823E-06 -4.291E-03 -4.241E-01 
957 29 (a) 11.76 3.823E-06 -4.291E-03 -4.241E-01 
958 29 (a) 12.59 3.823E-06 -4.291E-03 -4.241E-01 
959 34 30 13.8 3.823E-06 -4.291E-03 -4.241E-01 
960 38 75 14.85 3.823E-06 -4.291E-03 -4.241E-01 
961 34 70 15.59 3.823E-06 -4.291E-03 -4.241E-01 
962 31 25 16.2 3.823E-06 -4.291E-03 -4.241E-01 
963 28 (a) 16.82 3.823E-06 -4.291E-03 -4.241E-01 
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964 26 (a) 17.55 3.823E-06 -4.291E-03 -4.241E-01 
965 24 (a) 17.91 3.823E-06 -4.291E-03 -4.241E-01 
966 23 4 18.08 3.823E-06 -4.291E-03 -4.241E-01 
967 23 22 18.1 3.823E-06 -4.291E-03 -4.241E-01 
968 24 30 18.31 3.823E-06 -4.291E-03 -4.241E-01 
969 23 32 18.67 3.823E-06 -4.291E-03 -4.241E-01 
970 22 25 19.23 7.198E-06 -7.629E-03 2.015E+00 
971 18 18 19.69 1.057E-05 -1.097E-02 4.453E+00 
972 16 14 20.02 1.395E-05 -1.430E-02 6.892E+00 
973 15 10 19.94 1.395E-05 -1.430E-02 6.892E+00 
974 15 0 19.8 1.395E-05 -1.430E-02 6.892E+00 
975 15 (a) 19.69 1.395E-05 -1.430E-02 6.892E+00 
976 15 (a) 19.76 1.395E-05 -1.430E-02 6.892E+00 
977 18 (a) 19.93 1.395E-05 -1.430E-02 6.892E+00 
978 25 40 20.24 1.395E-05 -1.430E-02 6.892E+00 
979 37 90 20.69 1.395E-05 -1.430E-02 6.892E+00 
980 46 90 21.23 1.395E-05 -1.430E-02 6.892E+00 
981 49 90 21.78 1.395E-05 -1.430E-02 6.892E+00 
982 49 90 22.15 1.395E-05 -1.430E-02 6.892E+00 
983 49 85 22.33 1.395E-05 -1.430E-02 6.892E+00 
984 47 77 22.36 1.395E-05 -1.430E-02 6.892E+00 
985 44 59 22.36 4.650E-06 -4.768E-03 2.297E+00 
986 43 36 22.33 -4.650E-06 4.768E-03 -2.297E+00 
987 42 13 22.15 -1.395E-05 1.430E-02 -6.892E+00 
988 40 (a) 21.91 -1.395E-05 1.430E-02 -6.892E+00 
989 41 65 21.62 -1.395E-05 1.430E-02 -6.892E+00 
990 44 65 21.32 -1.395E-05 1.430E-02 -6.892E+00 
991 45 65 21.01 -1.395E-05 1.430E-02 -6.892E+00 
992 45 62 20.7 -1.395E-05 1.430E-02 -6.892E+00 
993 44 56 20.48 -1.395E-05 1.430E-02 -6.892E+00 
994 42 46 20.31 -1.395E-05 1.430E-02 -6.892E+00 
995 41 36 20.13 -1.395E-05 1.430E-02 -6.892E+00 
996 39 20 19.86 -1.395E-05 1.430E-02 -6.892E+00 
997 38 4 19.49 -1.395E-05 1.430E-02 -6.892E+00 
998 37 33 19.11 -1.395E-05 1.430E-02 -6.892E+00 
999 38 39 18.71 -1.395E-05 1.430E-02 -6.892E+00 

1,000 36 40 18.3 -1.395E-05 1.430E-02 -6.892E+00 
1,001 35 40 17.86 -1.395E-05 1.430E-02 -6.892E+00 
1,002 33 39 17.39 -1.395E-05 1.430E-02 -6.892E+00 
1,003 30 36 16.86 -1.395E-05 1.430E-02 -6.892E+00 
1,004 27 33 16.31 -1.395E-05 1.430E-02 -6.892E+00 
1,005 22 24 15.75 -1.395E-05 1.430E-02 -6.892E+00 
1,006 21 (a) 15.24 -1.395E-05 1.430E-02 -6.892E+00 
1,007 20 (a) 14.73 -1.395E-05 1.430E-02 -6.892E+00 
1,008 18 (a) 14.23 -1.395E-05 1.430E-02 -6.892E+00 
1,009 17 28 13.73 -1.395E-05 1.430E-02 -6.892E+00 
1,010 16 5 12.79 -1.395E-05 1.430E-02 -6.892E+00 
1,011 14 (a) 11.11 -1.395E-05 1.430E-02 -6.892E+00 
1,012 12 (a) 9.43 -1.395E-05 1.430E-02 -6.892E+00 
1,013 9 (a) 7.75 -1.395E-05 1.430E-02 -6.892E+00 
1,014 7 (a) 6.07 -1.395E-05 1.430E-02 -6.892E+00 
1,015 5 (a) 4.39 -4.650E-06 4.768E-03 -2.297E+00 
1,016 4 (a) 2.71 4.650E-06 -4.768E-03 2.297E+00 
1,017 3 (a) 1.03 1.395E-05 -1.430E-02 6.892E+00 
1,018 2 (a) 0.19 1.395E-05 -1.430E-02 6.892E+00 
1,019 0 0 0 1.395E-05 -1.430E-02 6.892E+00 
1,020 0 0 0 1.395E-05 -1.430E-02 6.892E+00 
1,021 0 0 0 1.458E-05 -1.532E-02 5.630E+00 
1,022 0 0 0 1.520E-05 -1.634E-02 4.368E+00 
1,023 0 0 0 1.583E-05 -1.736E-02 3.105E+00 
1,024 0 0 0 1.583E-05 -1.736E-02 3.105E+00 
1,025 2 7 3.25 1.583E-05 -1.736E-02 3.105E+00 
1,026 6 15 5.47 1.583E-05 -1.736E-02 3.105E+00 
1,027 10 28 6.71 1.583E-05 -1.736E-02 3.105E+00 
1,028 11 26 6.71 1.583E-05 -1.736E-02 3.105E+00 
1,029 10 10 6.71 5.277E-06 -5.787E-03 1.035E+00 
1,030 8 3 6.55 -5.277E-06 5.787E-03 -1.035E+00 
1,031 5 0 6.01 -1.583E-05 1.736E-02 -3.105E+00 
1,032 2 0 5.15 -1.583E-05 1.736E-02 -3.105E+00 
1,033 0 0 3.9 -1.583E-05 1.736E-02 -3.105E+00 
1,034 0 0 2.19 -1.583E-05 1.736E-02 -3.105E+00 
1,035 0 0 0 -5.277E-06 5.787E-03 -1.035E+00 
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1,036 0 0 0 5.277E-06 -5.787E-03 1.035E+00 
1,037 0 0 0 1.583E-05 -1.736E-02 3.105E+00 
1,060 0 0 0 1.583E-05 -1.736E-02 3.105E+00 
1,061 4 5 1.95 1.583E-05 -1.736E-02 3.105E+00 
1,062 11 35 3.7 1.583E-05 -1.736E-02 3.105E+00 
1,063 21 73 5.53 1.583E-05 -1.736E-02 3.105E+00 
1,064 25 86 7.22 1.583E-05 -1.736E-02 3.105E+00 
1,065 26 90 8.64 1.583E-05 -1.736E-02 3.105E+00 
1,066 25 90 10.33 1.583E-05 -1.736E-02 3.105E+00 
1,067 23 83 11.18 5.277E-06 -5.787E-03 1.035E+00 
1,068 20 32 10.57 -5.277E-06 5.787E-03 -1.035E+00 
1,069 16 (a) 9.33 -1.583E-05 1.736E-02 -3.105E+00 
1,070 14 (a) 7.87 -1.583E-05 1.736E-02 -3.105E+00 
1,071 10 (a) 6.27 -1.583E-05 1.736E-02 -3.105E+00 
1,072 7 (a) 4.58 -1.583E-05 1.736E-02 -3.105E+00 
1,073 3 (a) 3.81 -1.583E-05 1.736E-02 -3.105E+00 
1,074 1 (a) 2.35 -1.583E-05 1.736E-02 -3.105E+00 
1,075 0 0 0 -1.583E-05 1.736E-02 -3.105E+00 
1,076 0 0 0 -6.540E-06 7.597E-03 -2.563E+00 
1,077 0 0 0 2.749E-06 -2.167E-03 -2.021E+00 
1,078 0 0 0 1.204E-05 -1.193E-02 -1.480E+00 
1,097 0 0 0 1.204E-05 -1.193E-02 -1.480E+00 
1,098 1 3 1.35 1.204E-05 -1.193E-02 -1.480E+00 
1,099 3 6 3.37 1.204E-05 -1.193E-02 -1.480E+00 
1,100 6 13 6.4 1.204E-05 -1.193E-02 -1.480E+00 
1,101 9 14 8.47 1.204E-05 -1.193E-02 -1.480E+00 
1,102 12 16 9.57 1.204E-05 -1.193E-02 -1.480E+00 
1,103 15 28 10.19 1.204E-05 -1.193E-02 -1.480E+00 
1,104 18 60 10.35 1.204E-05 -1.193E-02 -1.480E+00 
1,105 20 47 10.46 1.204E-05 -1.193E-02 -1.480E+00 
1,106 21 31 10.11 1.204E-05 -1.193E-02 -1.480E+00 
1,107 21 15 9.12 1.204E-05 -1.193E-02 -1.480E+00 
1,108 20 (a) 7.81 1.133E-05 -1.140E-02 1.667E-01 
1,109 20 (a) 7.87 1.062E-05 -1.087E-02 1.813E+00 
1,110 20 (a) 9.57 9.917E-06 -1.035E-02 3.459E+00 
1,111 20 70 9.75 9.917E-06 -1.035E-02 3.459E+00 
1,112 21 83 9.84 9.917E-06 -1.035E-02 3.459E+00 
1,113 22 84 9.96 9.917E-06 -1.035E-02 3.459E+00 
1,114 22 83 10.13 3.306E-06 -3.449E-03 1.153E+00 
1,115 18 78 9.36 -3.306E-06 3.449E-03 -1.153E+00 
1,116 14 68 8.8 -9.917E-06 1.035E-02 -3.459E+00 
1,117 8 10 7.67 -9.917E-06 1.035E-02 -3.459E+00 
1,118 4 4 6.08 -9.917E-06 1.035E-02 -3.459E+00 
1,119 1 0 4.03 -9.917E-06 1.035E-02 -3.459E+00 
1,120 0 0 0 -3.306E-06 3.449E-03 -1.153E+00 
1,121 0 0 0 3.306E-06 -3.449E-03 1.153E+00 
1,122 0 0 0 9.917E-06 -1.035E-02 3.459E+00 
1,125 0 1 0 9.917E-06 -1.035E-02 3.459E+00 
1,126 1 5 3.25 9.917E-06 -1.035E-02 3.459E+00 
1,127 5 18 5.47 9.917E-06 -1.035E-02 3.459E+00 
1,128 9 19 6.71 9.917E-06 -1.035E-02 3.459E+00 
1,129 12 18 6.71 9.917E-06 -1.035E-02 3.459E+00 
1,130 12 15 6.71 9.917E-06 -1.035E-02 3.459E+00 
1,131 9 10 6.55 9.917E-06 -1.035E-02 3.459E+00 
1,132 5 5 6.01 9.917E-06 -1.035E-02 3.459E+00 
1,133 2 2 5.15 9.917E-06 -1.035E-02 3.459E+00 
1,134 0 0 3.9 9.917E-06 -1.035E-02 3.459E+00 
1,135 0 0 2.19 9.917E-06 -1.035E-02 3.459E+00 
1,136 0 0 0 6.611E-06 -6.897E-03 2.306E+00 
1,137 0 0 0 3.306E-06 -3.449E-03 1.153E+00 
1,138 0 0 0 0 0 0 
1,167 0 0 0 0 0 0 

aClosed throttle motoring. 
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(c) The following transient duty cycletest interval applies for compression-ignition engines and 
powertrains when testing over the duty cycle specified in § 1036.512: 

TABLE 2 OF APPENDIX B—TRANSIENT DUTY CYCLETEST INTERVAL FOR COMPRESSION-IGNITION 

ENGINES AND POWERTRAINS UNDER § 1036.512 

Record 
(seconds) 

Engine testing Powertrain testing 
Normalized 

revolutions per minute 
(percent) 

Normalized 
torque 

(percent) 

Vehicle speed 
(mi/hr) 

Road grade coefficients 

a b c 

1 0 0 0 0 0 0 
2 0 0 0 1.248E-05 -1.073E-02 1.064E+00 
3 0 0 0 1.872E-05 -1.609E-02 1.596E+00 
24 0 0 0 1.872E-05 -1.609E-02 1.596E+00 
25 0 3.67 0 1.872E-05 -1.609E-02 1.596E+00 
26 0 47.69 0 1.872E-05 -1.609E-02 1.596E+00 
27 2.78 59.41 0.33 1.872E-05 -1.609E-02 1.596E+00 
28 8.12 84.54 1.67 1.872E-05 -1.609E-02 1.596E+00 
29 13.95 80 2.83 1.872E-05 -1.609E-02 1.596E+00 
30 29.9 80 4.02 1.872E-05 -1.609E-02 1.596E+00 
31 33.87 79.29 5.64 1.872E-05 -1.609E-02 1.596E+00 
32 27.86 38.25 7.39 1.872E-05 -1.609E-02 1.596E+00 
33 19.63 26.67 8.83 1.872E-05 -1.609E-02 1.596E+00 
34 26.79 15.1 9.15 1.872E-05 -1.609E-02 1.596E+00 
35 19.85 16.47 9.7 1.872E-05 -1.609E-02 1.596E+00 
36 17.51 28.05 11.37 1.872E-05 -1.609E-02 1.596E+00 
37 17.86 20.38 13.04 1.872E-05 -1.609E-02 1.596E+00 
38 16.37 (a) 14.74 1.872E-05 -1.609E-02 1.596E+00 
39 5.85 (a) 16.41 2.033E-05 -1.775E-02 3.890E+00 
40 14.13 (a) 16.85 2.194E-05 -1.941E-02 6.184E+00 
41 21.1 (a) 16.09 2.356E-05 -2.107E-02 8.477E+00 
42 15.63 (a) 15.23 2.356E-05 -2.107E-02 8.477E+00 
43 12.67 62.52 14.22 2.356E-05 -2.107E-02 8.477E+00 
44 14.86 69.36 13.02 2.356E-05 -2.107E-02 8.477E+00 
45 24.79 60 12.47 2.356E-05 -2.107E-02 8.477E+00 
46 33.06 63.79 13.05 2.356E-05 -2.107E-02 8.477E+00 
47 42.29 75.36 14.26 2.356E-05 -2.107E-02 8.477E+00 
48 48.9 80 15.09 2.356E-05 -2.107E-02 8.477E+00 
49 51.52 80 15.42 2.356E-05 -2.107E-02 8.477E+00 
50 48.24 79.92 15.96 2.356E-05 -2.107E-02 8.477E+00 
51 51.79 65.03 16.58 2.356E-05 -2.107E-02 8.477E+00 
52 52.37 43.23 17.61 2.356E-05 -2.107E-02 8.477E+00 
53 56.14 50 18.33 2.356E-05 -2.107E-02 8.477E+00 
54 62.35 50 18.65 2.356E-05 -2.107E-02 8.477E+00 
55 64.29 42.05 19.67 2.356E-05 -2.107E-02 8.477E+00 
56 67.69 40 20.47 2.356E-05 -2.107E-02 8.477E+00 
57 75.2 42.2 20.57 2.356E-05 -2.107E-02 8.477E+00 
58 74.88 41.28 20.68 2.356E-05 -2.107E-02 8.477E+00 
59 71.92 (a) 21.56 2.356E-05 -2.107E-02 8.477E+00 
60 71.88 (a) 23.19 2.356E-05 -2.107E-02 8.477E+00 
61 69.64 (a) 23.64 7.852E-06 -7.024E-03 2.826E+00 
62 71.24 (a) 22.75 -7.852E-06 7.024E-03 -2.826E+00 
63 71.72 30.54 21.81 -2.356E-05 2.107E-02 -8.477E+00 
64 76.41 42.12 20.79 -2.356E-05 2.107E-02 -8.477E+00 
65 73.02 50 19.86 -2.356E-05 2.107E-02 -8.477E+00 
66 69.64 50 19.18 -2.356E-05 2.107E-02 -8.477E+00 
67 72.09 43.16 18.75 -2.356E-05 2.107E-02 -8.477E+00 
68 82.23 73.65 18.43 -2.356E-05 2.107E-02 -8.477E+00 
69 78.58 (a) 18.61 -2.356E-05 2.107E-02 -8.477E+00 
70 75 (a) 19.11 -2.356E-05 2.107E-02 -8.477E+00 
71 75 (a) 18.76 -2.356E-05 2.107E-02 -8.477E+00 
72 72.47 (a) 17.68 -2.356E-05 2.107E-02 -8.477E+00 
73 62.91 (a) 16.46 -2.356E-05 2.107E-02 -8.477E+00 
74 58.93 13.57 15.06 -2.356E-05 2.107E-02 -8.477E+00 
75 55.56 29.43 13.41 -2.356E-05 2.107E-02 -8.477E+00 
76 57.14 20 11.91 -2.356E-05 2.107E-02 -8.477E+00 
77 56.68 17.42 11.09 -2.356E-05 2.107E-02 -8.477E+00 
78 53.88 10 10.9 -2.356E-05 2.107E-02 -8.477E+00 
79 50.76 10 11.4 -2.356E-05 2.107E-02 -8.477E+00 
80 50 (a) 12.38 -2.356E-05 2.107E-02 -8.477E+00 
81 46.83 (a) 13.02 -2.356E-05 2.107E-02 -8.477E+00 
82 35.63 10 12.3 -2.356E-05 2.107E-02 -8.477E+00 
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83 32.48 10 10.32 -2.356E-05 2.107E-02 -8.477E+00 
84 26.79 10 9.7 -2.356E-05 2.107E-02 -8.477E+00 
85 24.94 10 11.05 -2.356E-05 2.107E-02 -8.477E+00 
86 23.21 16.74 11.88 -2.356E-05 2.107E-02 -8.477E+00 
87 24.7 3.36 12.21 -2.356E-05 2.107E-02 -8.477E+00 
88 25 (a) 13.29 -2.356E-05 2.107E-02 -8.477E+00 
89 24.47 (a) 13.73 -2.356E-05 2.107E-02 -8.477E+00 
90 18.71 (a) 12.77 -2.356E-05 2.107E-02 -8.477E+00 
91 10.85 (a) 11.46 -2.356E-05 2.107E-02 -8.477E+00 
92 3.4 (a) 9.84 -2.356E-05 2.107E-02 -8.477E+00 
93 0 0 7.62 -2.356E-05 2.107E-02 -8.477E+00 
94 0 0 3.57 -2.356E-05 2.107E-02 -8.477E+00 
95 0 0.91 1.33 -2.356E-05 2.107E-02 -8.477E+00 
96 0 7.52 0 -2.356E-05 2.107E-02 -8.477E+00 
97 0 0 0 -2.356E-05 2.107E-02 -8.477E+00 
99 0 0 0 -2.356E-05 2.107E-02 -8.477E+00 

100 0 0 0 -9.275E-06 8.450E-03 -4.643E+00 
101 0 0 0 5.004E-06 -4.171E-03 -8.092E-01 
102 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
128 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
129 1.58 (a) 0 1.928E-05 -1.679E-02 3.025E+00 
130 1.43 (a) 0 1.928E-05 -1.679E-02 3.025E+00 
131 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
132 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
133 1.91 9.28 0 1.928E-05 -1.679E-02 3.025E+00 
134 2.75 0 0 1.928E-05 -1.679E-02 3.025E+00 
135 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
146 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
147 0 5.51 0 1.928E-05 -1.679E-02 3.025E+00 
148 0 11.34 0 1.928E-05 -1.679E-02 3.025E+00 
149 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
157 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
158 0 0.21 0 1.928E-05 -1.679E-02 3.025E+00 
159 0 30 0 1.928E-05 -1.679E-02 3.025E+00 
160 0 26.78 0 1.928E-05 -1.679E-02 3.025E+00 
161 0 20 0 1.928E-05 -1.679E-02 3.025E+00 
162 0 20 0 1.928E-05 -1.679E-02 3.025E+00 
163 0 4.12 0 1.928E-05 -1.679E-02 3.025E+00 
164 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
183 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
184 0 20 0 1.928E-05 -1.679E-02 3.025E+00 
185 0 20 0 1.928E-05 -1.679E-02 3.025E+00 
186 0 11.73 0 1.928E-05 -1.679E-02 3.025E+00 
187 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
213 0 0 0 1.928E-05 -1.679E-02 3.025E+00 
214 0 73.41 0 1.928E-05 -1.679E-02 3.025E+00 
215 0 90 0 1.928E-05 -1.679E-02 3.025E+00 
216 27.95 81.3 0 1.928E-05 -1.679E-02 3.025E+00 
217 36.74 90 2.8 1.928E-05 -1.679E-02 3.025E+00 
218 39.29 90 5.59 1.928E-05 -1.679E-02 3.025E+00 
219 41.44 90 8.39 1.928E-05 -1.679E-02 3.025E+00 
220 45.57 82.41 11.19 1.928E-05 -1.679E-02 3.025E+00 
221 59.52 80 14.3 1.928E-05 -1.679E-02 3.025E+00 
222 66.99 90 16.03 1.928E-05 -1.679E-02 3.025E+00 
223 80.22 90 17.3 1.928E-05 -1.679E-02 3.025E+00 
224 86.41 93.88 19.72 1.928E-05 -1.679E-02 3.025E+00 
225 86.53 50.94 23.18 1.928E-05 -1.679E-02 3.025E+00 
226 84.46 17.02 25.27 1.928E-05 -1.679E-02 3.025E+00 
227 88.54 28.6 26.91 1.928E-05 -1.679E-02 3.025E+00 
228 89.29 39.83 28.89 1.928E-05 -1.679E-02 3.025E+00 
229 89.29 30 29.43 1.928E-05 -1.679E-02 3.025E+00 
230 89.29 26.69 29.5 1.928E-05 -1.679E-02 3.025E+00 
231 90.16 20 30.49 1.928E-05 -1.679E-02 3.025E+00 
232 89.92 20 32.02 1.928E-05 -1.679E-02 3.025E+00 
233 89.29 36.06 32.91 1.928E-05 -1.679E-02 3.025E+00 
234 85.86 40 32.55 1.928E-05 -1.679E-02 3.025E+00 
235 85.51 30 32.26 1.928E-05 -1.679E-02 3.025E+00 
236 84.42 32.75 32.65 1.928E-05 -1.679E-02 3.025E+00 
237 86.48 35.68 33.5 1.928E-05 -1.679E-02 3.025E+00 
238 88.55 30 34.96 1.928E-05 -1.679E-02 3.025E+00 
239 89.29 44.93 36.44 1.928E-05 -1.679E-02 3.025E+00 
240 90.9 50 36.95 6.428E-06 -5.597E-03 1.008E+00 
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241 77.27 (a) 37.02 -6.428E-06 5.597E-03 -1.008E+00 
242 56.75 (a) 36.97 -1.928E-05 1.679E-02 -3.025E+00 
243 50 (a) 36.37 -1.928E-05 1.679E-02 -3.025E+00 
244 41.07 (a) 35.56 -1.928E-05 1.679E-02 -3.025E+00 
245 37.38 45.18 34.72 -1.928E-05 1.679E-02 -3.025E+00 
246 34.21 78.47 33.84 -1.928E-05 1.679E-02 -3.025E+00 
247 32.13 80 33.4 -1.928E-05 1.679E-02 -3.025E+00 
248 27.71 80 32.93 -1.928E-05 1.679E-02 -3.025E+00 
249 22.64 80 31.98 -1.928E-05 1.679E-02 -3.025E+00 
250 20.58 60.97 30.98 -1.928E-05 1.679E-02 -3.025E+00 
251 16.25 27.34 29.91 -1.928E-05 1.679E-02 -3.025E+00 
252 11.46 43.71 28.73 -1.928E-05 1.679E-02 -3.025E+00 
253 9.02 68.95 27.34 -1.928E-05 1.679E-02 -3.025E+00 
254 3.38 68.95 25.85 -1.928E-05 1.679E-02 -3.025E+00 
255 1.32 44.28 24.49 -1.928E-05 1.679E-02 -3.025E+00 
256 0 0 23.19 -1.928E-05 1.679E-02 -3.025E+00 
257 0 0 21.87 -1.928E-05 1.679E-02 -3.025E+00 
258 0 0 17.39 -1.928E-05 1.679E-02 -3.025E+00 
259 0 0 12.92 -1.928E-05 1.679E-02 -3.025E+00 
260 0 0 8.45 -1.928E-05 1.679E-02 -3.025E+00 
261 0 0 3.97 -1.928E-05 1.679E-02 -3.025E+00 
262 0 0 0 -1.928E-05 1.679E-02 -3.025E+00 
263 0 24.97 0 -1.928E-05 1.679E-02 -3.025E+00 
264 0 17.16 0 -1.928E-05 1.679E-02 -3.025E+00 
265 0 6.2 0 -6.926E-06 5.240E-03 8.504E-01 
266 0 10 0 5.431E-06 -6.313E-03 4.726E+00 
267 0 10 0 1.779E-05 -1.787E-02 8.601E+00 
268 0 0 0 1.779E-05 -1.787E-02 8.601E+00 
320 0 0 0 1.779E-05 -1.787E-02 8.601E+00 
321 0 15.55 0 1.779E-05 -1.787E-02 8.601E+00 
322 0 20 0 1.779E-05 -1.787E-02 8.601E+00 
323 21.59 19.08 1.2 1.779E-05 -1.787E-02 8.601E+00 
324 20.54 10 2.18 1.779E-05 -1.787E-02 8.601E+00 
325 10.32 1.86 2.88 1.779E-05 -1.787E-02 8.601E+00 
326 6.13 (a) 3 1.779E-05 -1.787E-02 8.601E+00 
327 5.36 (a) 2.28 1.779E-05 -1.787E-02 8.601E+00 
328 0.64 (a) 0 1.779E-05 -1.787E-02 8.601E+00 
329 0 0 0 1.779E-05 -1.787E-02 8.601E+00 
374 0 0 0 1.779E-05 -1.787E-02 8.601E+00 
375 0 0 0 2.077E-05 -1.947E-02 7.751E+00 
376 0 0 0 2.376E-05 -2.108E-02 6.900E+00 
377 0 29.59 0 2.674E-05 -2.269E-02 6.050E+00 
378 -1.34 87.46 0 2.674E-05 -2.269E-02 6.050E+00 
379 7.93 100 1.15 2.674E-05 -2.269E-02 6.050E+00 
380 41.11 100 3.82 2.674E-05 -2.269E-02 6.050E+00 
381 68.65 100 6.11 2.674E-05 -2.269E-02 6.050E+00 
382 71.43 100 10 2.674E-05 -2.269E-02 6.050E+00 
383 73.34 94.64 14.52 2.674E-05 -2.269E-02 6.050E+00 
384 76.24 83.07 18.09 2.674E-05 -2.269E-02 6.050E+00 
385 78.3 88.51 20.64 2.674E-05 -2.269E-02 6.050E+00 
386 82.14 79.83 22.36 2.674E-05 -2.269E-02 6.050E+00 
387 82.14 61.66 23.7 2.674E-05 -2.269E-02 6.050E+00 
388 84.45 66.77 24.8 2.674E-05 -2.269E-02 6.050E+00 
389 91.86 60 25.26 2.674E-05 -2.269E-02 6.050E+00 
390 94.64 72.76 25.44 2.674E-05 -2.269E-02 6.050E+00 
391 97.48 8.43 25.57 2.674E-05 -2.269E-02 6.050E+00 
392 99.92 (a) 25.79 2.674E-05 -2.269E-02 6.050E+00 
393 73.21 (a) 25.8 2.674E-05 -2.269E-02 6.050E+00 
394 70.83 (a) 24.98 2.674E-05 -2.269E-02 6.050E+00 
395 63.53 (a) 23.7 2.674E-05 -2.269E-02 6.050E+00 
396 61.46 (a) 22.23 2.674E-05 -2.269E-02 6.050E+00 
397 69.96 49.17 20.51 2.674E-05 -2.269E-02 6.050E+00 
398 73.21 70 18.44 2.674E-05 -2.269E-02 6.050E+00 
399 72.01 69.46 18.19 2.674E-05 -2.269E-02 6.050E+00 
400 82.9 60 21.27 2.674E-05 -2.269E-02 6.050E+00 
401 87.04 60 23.53 2.674E-05 -2.269E-02 6.050E+00 
402 88.35 60 23.88 2.674E-05 -2.269E-02 6.050E+00 
403 89.95 60 24.03 2.674E-05 -2.269E-02 6.050E+00 
404 92.57 43.17 24.17 2.228E-05 -1.969E-02 5.457E+00 
405 92.86 10.04 24.3 1.781E-05 -1.670E-02 4.864E+00 
406 71.98 20 24.09 1.335E-05 -1.370E-02 4.271E+00 
407 74.44 20 24.97 1.335E-05 -1.370E-02 4.271E+00 
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436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
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 72.38 15.29 25.32 4.449E-06 -4.566E-03 1.424E+00 
71.43 10 24.15 -4.449E-06 4.566E-03 -1.424E+00

 68.63 (a) 23.14 -1.335E-05 1.370E-02 -4.271E+00
 66.17 (a) 22.38 -1.335E-05 1.370E-02 -4.271E+00
 63.93 (a) 21.58 -1.335E-05 1.370E-02 -4.271E+00
 63.02 (a) 20.06 -1.335E-05 1.370E-02 -4.271E+00
 69.64 (a) 18.29 -1.335E-05 1.370E-02 -4.271E+00 

71.69 1.45 16.16 -1.335E-05 1.370E-02 -4.271E+00 
71.91 17.3 13.44 -1.335E-05 1.370E-02 -4.271E+00 
69.85 11.13 11 -1.335E-05 1.370E-02 -4.271E+00 
70.04 19.55 10.13 -7.827E-06 7.759E-03 -3.711E+00 
75.32 24.16 11.5 -2.306E-06 1.819E-03 -3.150E+00

 64.43 80 13.65 3.214E-06 -4.121E-03 -2.590E+00
 70.63 74.83 15.03 3.214E-06 -4.121E-03 -2.590E+00
 80.44 16.04 17.5 3.214E-06 -4.121E-03 -2.590E+00
 66.11 (a) 20.79 3.214E-06 -4.121E-03 -2.590E+00
 60.73 (a) 22.92 3.214E-06 -4.121E-03 -2.590E+00
 61.19 (a) 23.23 3.214E-06 -4.121E-03 -2.590E+00
 53.03 (a) 22.42 3.214E-06 -4.121E-03 -2.590E+00
 56.73 (a) 21.51 3.214E-06 -4.121E-03 -2.590E+00
 62.5 2.38 20.46 3.214E-06 -4.121E-03 -2.590E+00
 65.27 17.76 19.25 3.214E-06 -4.121E-03 -2.590E+00
 64.4 (a) 19.61 3.214E-06 -4.121E-03 -2.590E+00
 60.06 (a) 21.94 3.214E-06 -4.121E-03 -2.590E+00
 32.17 (a) 22.99 3.214E-06 -4.121E-03 -2.590E+00
 18.53 (a) 22.51 3.214E-06 -4.121E-03 -2.590E+00
 10.26 (a) 21.98 3.214E-06 -4.121E-03 -2.590E+00
 -1.87 0 21.39 3.214E-06 -4.121E-03 -2.590E+00
 -0.65 0 20.73 3.214E-06 -4.121E-03 -2.590E+00
 7.65 60 20.38 3.214E-06 -4.121E-03 -2.590E+00
 27.28 61.93 20.38 3.214E-06 -4.121E-03 -2.590E+00
 59.91 63 20.78 3.214E-06 -4.121E-03 -2.590E+00
 76.81 39.85 21.84 3.214E-06 -4.121E-03 -2.590E+00
 79.76 30 23.6 3.214E-06 -4.121E-03 -2.590E+00
 81.82 30 25.31 3.214E-06 -4.121E-03 -2.590E+00
 87.39 10.4 26.41 3.214E-06 -4.121E-03 -2.590E+00
 87.26 1.37 27.29 3.214E-06 -4.121E-03 -2.590E+00
 85.71 10 27.97 3.214E-06 -4.121E-03 -2.590E+00
 85.71 0.96 28.2 3.214E-06 -4.121E-03 -2.590E+00
 85.71 (a) 28.31 3.214E-06 -4.121E-03 -2.590E+00
 76.13 28.34 29.22 3.214E-06 -4.121E-03 -2.590E+00
 78.16 30.76 29.63 3.214E-06 -4.121E-03 -2.590E+00
 76.93 29.18 29.64 3.214E-06 -4.121E-03 -2.590E+00
 78.57 20 30.67 3.214E-06 -4.121E-03 -2.590E+00
 77.87 20 32.17 3.214E-06 -4.121E-03 -2.590E+00
 76.79 20 33.1 3.214E-06 -4.121E-03 -2.590E+00
 78.05 20 33.3 3.214E-06 -4.121E-03 -2.590E+00
 78.57 11.32 33.15 3.214E-06 -4.121E-03 -2.590E+00
 69.5 (a) 32.66 3.214E-06 -4.121E-03 -2.590E+00
 64.29 (a) 31.98 3.214E-06 -4.121E-03 -2.590E+00
 63.68 (a) 31.48 3.214E-06 -4.121E-03 -2.590E+00
 62.5 0.04 31.39 3.214E-06 -4.121E-03 -2.590E+00
 62.5 (a) 31.3 3.214E-06 -4.121E-03 -2.590E+00
 66.86 (a) 32.2 3.214E-06 -4.121E-03 -2.590E+00
 66.13 (a) 33.13 3.214E-06 -4.121E-03 -2.590E+00
 60.48 (a) 33.13 3.214E-06 -4.121E-03 -2.590E+00
 58.93 (a) 33.14 3.214E-06 -4.121E-03 -2.590E+00
 57.35 (a) 33.14 3.214E-06 -4.121E-03 -2.590E+00
 55.36 (a) 33.15 3.214E-06 -4.121E-03 -2.590E+00
 49.95 (a) 33.16 3.214E-06 -4.121E-03 -2.590E+00
 48.21 (a) 33.16 3.214E-06 -4.121E-03 -2.590E+00
 59.31 (a) 33.17 2.308E-06 -3.167E-03 -2.524E+00
 67.15 70 33.3 1.401E-06 -2.214E-03 -2.458E+00
 76.79 54.53 33.56 4.942E-07 -1.260E-03 -2.391E+00
 76.79 24.56 35.59 4.942E-07 -1.260E-03 -2.391E+00
 79.29 (a) 39.04 4.942E-07 -1.260E-03 -2.391E+00
 80.36 (a) 41.83 4.942E-07 -1.260E-03 -2.391E+00
 94.18 (a) 43.06 4.942E-07 -1.260E-03 -2.391E+00
 66.07 (a) 43.13 4.942E-07 -1.260E-03 -2.391E+00
 65.48 (a) 43.21 4.942E-07 -1.260E-03 -2.391E+00
 63.41 10 43.29 4.942E-07 -1.260E-03 -2.391E+00
 68.27 29.38 43.37 4.942E-07 -1.260E-03 -2.391E+00 
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480 72.87 40 44 4.942E-07 -1.260E-03 -2.391E+00 
481 69.79 30.39 45.13 4.942E-07 -1.260E-03 -2.391E+00 
482 66.19 26.46 47.02 4.942E-07 -1.260E-03 -2.391E+00 
483 80.36 0 49.2 4.942E-07 -1.260E-03 -2.391E+00 
484 81.13 0 49.92 4.942E-07 -1.260E-03 -2.391E+00 
485 82.14 (a) 50.36 4.942E-07 -1.260E-03 -2.391E+00 
486 83.48 (a) 51.52 4.942E-07 -1.260E-03 -2.391E+00 
487 83.93 (a) 52.11 4.942E-07 -1.260E-03 -2.391E+00 
488 84.04 (a) 52.12 4.942E-07 -1.260E-03 -2.391E+00 
489 79.43 (a) 52.14 4.942E-07 -1.260E-03 -2.391E+00 
490 56.47 (a) 52.16 4.942E-07 -1.260E-03 -2.391E+00 
491 55.36 (a) 52.18 4.942E-07 -1.260E-03 -2.391E+00 
492 44.23 45.37 52.2 4.942E-07 -1.260E-03 -2.391E+00 
493 46.87 86.99 52.22 4.942E-07 -1.260E-03 -2.391E+00 
494 57.14 90 52.16 4.942E-07 -1.260E-03 -2.391E+00 
495 58.03 90 52.53 4.942E-07 -1.260E-03 -2.391E+00 
496 64.22 93.22 52.98 4.942E-07 -1.260E-03 -2.391E+00 
497 70.42 95.21 53.65 4.942E-07 -1.260E-03 -2.391E+00 
498 73.21 83.64 54.77 4.942E-07 -1.260E-03 -2.391E+00 
499 77.46 80 55.14 4.942E-07 -1.260E-03 -2.391E+00 
500 83.67 80 54.57 4.942E-07 -1.260E-03 -2.391E+00 
501 84.71 80 53.63 4.942E-07 -1.260E-03 -2.391E+00 
502 92.5 80 52.7 4.942E-07 -1.260E-03 -2.391E+00 
503 90.38 41.89 52.03 4.942E-07 -1.260E-03 -2.391E+00 
504 85.25 24.85 51.66 4.942E-07 -1.260E-03 -2.391E+00 
505 87.5 50 51.42 4.942E-07 -1.260E-03 -2.391E+00 
506 89.1 50 51.28 4.942E-07 -1.260E-03 -2.391E+00 
507 94.83 46.82 51.13 4.942E-07 -1.260E-03 -2.391E+00 
508 98.96 (a) 51.53 4.942E-07 -1.260E-03 -2.391E+00 
509 87.99 (a) 52.04 1.647E-07 -4.200E-04 -7.972E-01 
510 63.35 (a) 51.32 -1.647E-07 4.200E-04 7.972E-01 
511 60.06 (a) 49.2 -4.942E-07 1.260E-03 2.391E+00 
512 54.43 (a) 46.43 -4.942E-07 1.260E-03 2.391E+00 
513 42.88 (a) 43.58 -4.942E-07 1.260E-03 2.391E+00 
514 46.71 (a) 40.65 -4.942E-07 1.260E-03 2.391E+00 
515 48.21 (a) 37.62 -4.942E-07 1.260E-03 2.391E+00 
516 58.28 (a) 34.62 -4.942E-07 1.260E-03 2.391E+00 
517 69.64 (a) 31.62 -4.942E-07 1.260E-03 2.391E+00 
518 51.44 (a) 28.44 -4.942E-07 1.260E-03 2.391E+00 
519 38.02 (a) 25.01 -4.942E-07 1.260E-03 2.391E+00 
520 34.65 (a) 21.38 -4.942E-07 1.260E-03 2.391E+00 
521 19.97 (a) 17.39 -4.942E-07 1.260E-03 2.391E+00 
522 3.14 (a) 12.76 -4.942E-07 1.260E-03 2.391E+00 
523 0 0 6.14 -4.942E-07 1.260E-03 2.391E+00 
524 -1.3 36.39 0 -4.942E-07 1.260E-03 2.391E+00 
525 -0.21 5.75 0 -4.942E-07 1.260E-03 2.391E+00 
526 0 0 0 -4.942E-07 1.260E-03 2.391E+00 
527 0 0 0 -4.942E-07 1.260E-03 2.391E+00 
528 0 0 0 -4.942E-07 1.260E-03 2.391E+00 
529 0 0 0 -4.942E-07 1.260E-03 2.391E+00 
530 0 0 0 7.439E-06 -5.768E-03 1.455E+00 
531 0 0 0 1.537E-05 -1.280E-02 5.195E-01 
532 0 0 0 2.331E-05 -1.982E-02 -4.165E-01 
543 0 0 0 2.331E-05 -1.982E-02 -4.165E-01 
544 0 (a) 0 2.331E-05 -1.982E-02 -4.165E-01 
545 0 0 0 2.331E-05 -1.982E-02 -4.165E-01 
546 -0.67 0 0 2.331E-05 -1.982E-02 -4.165E-01 
547 -0.5 0 0 2.331E-05 -1.982E-02 -4.165E-01 
548 3.57 (a) 0 2.331E-05 -1.982E-02 -4.165E-01 
549 0.61 (a) 0 2.331E-05 -1.982E-02 -4.165E-01 
550 0 0 0 2.331E-05 -1.982E-02 -4.165E-01 
551 0 0 0 2.331E-05 -1.982E-02 -4.165E-01 
552 0 2.6 0 2.331E-05 -1.982E-02 -4.165E-01 
553 0 20 0 2.331E-05 -1.982E-02 -4.165E-01 
554 0 20 0 2.331E-05 -1.982E-02 -4.165E-01 
555 0 7.96 0 2.331E-05 -1.982E-02 -4.165E-01 
556 0 0 0 2.331E-05 -1.982E-02 -4.165E-01 
557 0 0 0 2.331E-05 -1.982E-02 -4.165E-01 
558 0 78.53 0 2.331E-05 -1.982E-02 -4.165E-01 
559 1.65 60 0 2.331E-05 -1.982E-02 -4.165E-01 
560 9.91 63.88 2.8 2.331E-05 -1.982E-02 -4.165E-01 
561 14.29 70 6.02 2.331E-05 -1.982E-02 -4.165E-01 
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580

590

600

610

620

630

562 26.83 70 8.57 2.331E-05 -1.982E-02 -4.165E-01 
563 38.29 70 11.07 2.331E-05 -1.982E-02 -4.165E-01 
564 50.09 70 13.68 2.331E-05 -1.982E-02 -4.165E-01 
565 56.6 66.52 16.52 2.331E-05 -1.982E-02 -4.165E-01 
566 63.09 59.94 19.38 2.331E-05 -1.982E-02 -4.165E-01 
567 65.16 80 21.91 2.331E-05 -1.982E-02 -4.165E-01 
568 69.53 86.46 24.34 2.331E-05 -1.982E-02 -4.165E-01 
569 78.6 90 27.02 2.331E-05 -1.982E-02 -4.165E-01 

 80.36 90 29.41 2.331E-05 -1.982E-02 -4.165E-01 
571 82.35 100 31.57 2.331E-05 -1.982E-02 -4.165E-01 
572 83.93 100 33.52 2.331E-05 -1.982E-02 -4.165E-01 
573 84.7 100 35.75 2.331E-05 -1.982E-02 -4.165E-01 
574 85.71 100 38.34 2.331E-05 -1.982E-02 -4.165E-01 
575 87.04 100 40.83 2.331E-05 -1.982E-02 -4.165E-01 
576 97.18 100 43.37 2.331E-05 -1.982E-02 -4.165E-01 
577 98.21 83.92 44.9 2.331E-05 -1.982E-02 -4.165E-01 
578 93.54 (a) 45.32 7.769E-06 -6.608E-03 -1.388E-01 
579 78.13 (a) 45.25 -7.769E-06 6.608E-03 1.388E-01

 80.36 0 44.24 -2.331E-05 1.982E-02 4.165E-01 
581 81.59 (a) 42.61 -2.331E-05 1.982E-02 4.165E-01 
582 73.07 (a) 40.93 -2.331E-05 1.982E-02 4.165E-01 
583 58.92 (a) 39.03 -2.331E-05 1.982E-02 4.165E-01 
584 56.86 (a) 36.96 -2.331E-05 1.982E-02 4.165E-01 
585 54.22 (a) 34.84 -2.331E-05 1.982E-02 4.165E-01 
586 50.94 (a) 32.66 -2.331E-05 1.982E-02 4.165E-01 
587 47.74 (a) 30.4 -2.331E-05 1.982E-02 4.165E-01 
588 45.02 (a) 28.04 -2.331E-05 1.982E-02 4.165E-01 
589 39.56 (a) 25.57 -2.331E-05 1.982E-02 4.165E-01

 33.55 37.91 22.94 -2.331E-05 1.982E-02 4.165E-01 
591 29.89 20 20.11 -2.331E-05 1.982E-02 4.165E-01 
592 27.82 20 18.17 -2.331E-05 1.982E-02 4.165E-01 
593 25.76 20 17.2 -2.331E-05 1.982E-02 4.165E-01 
594 19.76 20 16.06 -2.331E-05 1.982E-02 4.165E-01 
595 8.31 (a) 14.93 -2.331E-05 1.982E-02 4.165E-01 
596 0 0 13.78 -2.331E-05 1.982E-02 4.165E-01 
597 0 0 10.72 -2.331E-05 1.982E-02 4.165E-01 
598 0 0 6.24 -2.331E-05 1.982E-02 4.165E-01 
599 0 0 1.77 -2.331E-05 1.982E-02 4.165E-01

 0 0 0 -2.331E-05 1.982E-02 4.165E-01 
605 0 0 0 -2.331E-05 1.982E-02 4.165E-01 
606 2.25 6.3 0 -2.331E-05 1.982E-02 4.165E-01 
607 9.2 17.87 0 -1.029E-05 8.762E-03 1.296E+00 
608 12.4 20 0.75 2.727E-06 -2.302E-03 2.176E+00 
609 18.04 20 1.9 1.574E-05 -1.337E-02 3.055E+00

 21.49 22.59 3.81 1.574E-05 -1.337E-02 3.055E+00 
611 29.76 17.5 5.91 1.574E-05 -1.337E-02 3.055E+00 
612 35.98 (a) 7.92 1.574E-05 -1.337E-02 3.055E+00 
613 42.72 (a) 9.86 1.574E-05 -1.337E-02 3.055E+00 
614 58.93 7.78 9.37 1.574E-05 -1.337E-02 3.055E+00 
615 60.71 10.93 5.32 1.574E-05 -1.337E-02 3.055E+00 
616 60.35 32.04 1.45 1.574E-05 -1.337E-02 3.055E+00 
617 58.93 40 4.28 1.574E-05 -1.337E-02 3.055E+00 
618 59.86 40 6.78 1.574E-05 -1.337E-02 3.055E+00 
619 60.71 40 9.12 1.574E-05 -1.337E-02 3.055E+00

 60.71 48.33 11.69 1.574E-05 -1.337E-02 3.055E+00 
621 67.79 99.53 14.17 1.574E-05 -1.337E-02 3.055E+00 
622 69.64 100 16.35 1.574E-05 -1.337E-02 3.055E+00 
623 69.64 100 19.18 1.574E-05 -1.337E-02 3.055E+00 
624 68.81 100 22.35 1.574E-05 -1.337E-02 3.055E+00 
625 67.86 100 25.17 1.574E-05 -1.337E-02 3.055E+00 
626 67.86 100 27.6 1.574E-05 -1.337E-02 3.055E+00 
627 67.86 100 29.72 1.574E-05 -1.337E-02 3.055E+00 
628 67.53 100 31.71 1.574E-05 -1.337E-02 3.055E+00 
629 65.18 97.5 33.6 1.574E-05 -1.337E-02 3.055E+00

 68.58 90 35.39 1.574E-05 -1.337E-02 3.055E+00 
631 71.66 90 37.08 1.574E-05 -1.337E-02 3.055E+00 
632 74.5 90 38.83 1.574E-05 -1.337E-02 3.055E+00 
633 75 98.79 40.28 1.574E-05 -1.337E-02 3.055E+00 
634 75 100 41.29 1.574E-05 -1.337E-02 3.055E+00 
635 74.65 100 42.31 1.574E-05 -1.337E-02 3.055E+00 
636 73.21 100 42.9 1.574E-05 -1.337E-02 3.055E+00 
637 74.13 94.91 42.94 1.574E-05 -1.337E-02 3.055E+00 
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638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
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671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
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700
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709

 77.38 90 42.83 1.574E-05 -1.337E-02 3.055E+00
 80.04 90 42.74 1.574E-05 -1.337E-02 3.055E+00
 80.36 99.81 42.65 1.574E-05 -1.337E-02 3.055E+00
 79.87 100 42.56 1.574E-05 -1.337E-02 3.055E+00
 76.79 100 42.88 1.574E-05 -1.337E-02 3.055E+00
 76.79 95.47 43.29 1.574E-05 -1.337E-02 3.055E+00
 77.88 90 43.3 1.574E-05 -1.337E-02 3.055E+00
 78.57 90 43.37 1.574E-05 -1.337E-02 3.055E+00
 78.57 80.74 43.79 1.574E-05 -1.337E-02 3.055E+00
 78.57 79.17 44.07 1.574E-05 -1.337E-02 3.055E+00
 78.57 77.21 44.01 1.574E-05 -1.337E-02 3.055E+00
 78.57 100 44.41 1.046E-05 -8.994E-03 2.433E+00
 78.57 94.45 44.85 5.183E-06 -4.623E-03 1.811E+00
 78.57 90 44.83 -9.733E-08 -2.513E-04 1.190E+00
 78.57 90 44.78 -9.733E-08 -2.513E-04 1.190E+00
 80.36 90 45 -9.733E-08 -2.513E-04 1.190E+00
 80.03 90 45.8 -9.733E-08 -2.513E-04 1.190E+00
 79.18 90 46.46 -9.733E-08 -2.513E-04 1.190E+00
 80.36 90 46.54 -9.733E-08 -2.513E-04 1.190E+00
 80.36 90 46.12 -9.733E-08 -2.513E-04 1.190E+00
 81.81 81.86 45.94 -9.733E-08 -2.513E-04 1.190E+00
 82.14 80 45.81 -9.733E-08 -2.513E-04 1.190E+00
 80.36 81.29 45.45 -9.733E-08 -2.513E-04 1.190E+00
 79.85 92.86 45.81 -9.733E-08 -2.513E-04 1.190E+00
 77.78 100 46.26 -9.733E-08 -2.513E-04 1.190E+00
 76.79 100 46.32 -9.733E-08 -2.513E-04 1.190E+00
 76.79 100 46.28 -9.733E-08 -2.513E-04 1.190E+00
 80.05 100 46.46 -9.733E-08 -2.513E-04 1.190E+00
 80.36 99.27 46.92 -9.733E-08 -2.513E-04 1.190E+00
 80.77 90 47.16 -9.733E-08 -2.513E-04 1.190E+00
 82.84 90 47.58 -9.733E-08 -2.513E-04 1.190E+00
 84.9 90 48.04 -9.733E-08 -2.513E-04 1.190E+00
 89.48 82.97 48.05 -9.733E-08 -2.513E-04 1.190E+00
 91.07 80 48.02 -9.733E-08 -2.513E-04 1.190E+00
 91.07 70.18 48 -9.733E-08 -2.513E-04 1.190E+00
 91.07 80 47.97 -9.733E-08 -2.513E-04 1.190E+00
 86.91 50.07 47.95 -9.733E-08 -2.513E-04 1.190E+00
 77.7 (a) 47.95 -9.733E-08 -2.513E-04 1.190E+00
 76.79 (a) 48.86 -9.733E-08 -2.513E-04 1.190E+00
 65.29 22.19 49.92 -9.733E-08 -2.513E-04 1.190E+00
 67.65 39.62 50.26 -9.733E-08 -2.513E-04 1.190E+00
 67.64 48.8 50.18 -9.733E-08 -2.513E-04 1.190E+00
 67.06 37.23 49.91 -9.733E-08 -2.513E-04 1.190E+00
 69.64 34.34 49.9 -9.733E-08 -2.513E-04 1.190E+00
 71.76 40 49.88 -9.733E-08 -2.513E-04 1.190E+00
 69.21 47.49 49.87 -9.733E-08 -2.513E-04 1.190E+00
 72.71 50 49.86 -9.733E-08 -2.513E-04 1.190E+00
 73.33 39.36 49.85 -9.733E-08 -2.513E-04 1.190E+00
 75 27.79 49.83 -9.733E-08 -2.513E-04 1.190E+00
 75 16.21 49.82 -9.733E-08 -2.513E-04 1.190E+00
 75 15.36 49.67 -9.733E-08 -2.513E-04 1.190E+00
 76.24 26.93 49.6 -9.733E-08 -2.513E-04 1.190E+00
 76.79 30 50.23 -9.733E-08 -2.513E-04 1.190E+00
 76.79 30.08 50.78 -9.733E-08 -2.513E-04 1.190E+00
 76.49 40 50.77 -9.733E-08 -2.513E-04 1.190E+00
 75.58 40 50.76 -9.733E-08 -2.513E-04 1.190E+00
 76.79 35.2 50.64 -9.733E-08 -2.513E-04 1.190E+00
 77.93 30 50.14 -9.733E-08 -2.513E-04 1.190E+00
 78.57 22.05 49.74 -9.733E-08 -2.513E-04 1.190E+00
 76.87 (a) 50.07 -9.733E-08 -2.513E-04 1.190E+00
 74.8 (a) 50.56 -9.733E-08 -2.513E-04 1.190E+00
 72.74 (a) 50.73 -2.744E-06 1.973E-03 3.071E-01
 72.95 (a) 50.76 -5.391E-06 4.198E-03 -5.755E-01 
 76.04 (a) 50.79 -8.038E-06 6.423E-03 -1.458E+00
 75.46 (a) 50.82 -8.038E-06 6.423E-03 -1.458E+00
 73.4 (a) 50.85 -8.038E-06 6.423E-03 -1.458E+00
 71.33 (a) 50.88 -8.038E-06 6.423E-03 -1.458E+00
 69.27 (a) 50.91 -8.038E-06 6.423E-03 -1.458E+00 

67.86 6.31 50.94 -8.038E-06 6.423E-03 -1.458E+00 
70.68 0 50.98 -8.038E-06 6.423E-03 -1.458E+00 
67.11 27.36 51 -8.038E-06 6.423E-03 -1.458E+00 
64.29 40 51.03 -8.038E-06 6.423E-03 -1.458E+00 
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64.29 40 51.04 -8.038E-06 6.423E-03 -1.458E+00 
66.07 38.44 51.05 -8.038E-06 6.423E-03 -1.458E+00 
66.07 30 51.19 -8.038E-06 6.423E-03 -1.458E+00 
66.07 30 51.69 -8.038E-06 6.423E-03 -1.458E+00 
66.07 36.28 52.35 -8.038E-06 6.423E-03 -1.458E+00 
64.67 47.86 52.85 -8.038E-06 6.423E-03 -1.458E+00 
60.92 59.43 53.06 -8.038E-06 6.423E-03 -1.458E+00 
65.89 50 53.07 -8.038E-06 6.423E-03 -1.458E+00 
64.75 50 53.06 -8.038E-06 6.423E-03 -1.458E+00 
66.07 45.85 53.06 -8.038E-06 6.423E-03 -1.458E+00 
65.04 57.18 53.05 -8.038E-06 6.423E-03 -1.458E+00 
68.2 62.7 53.05 -8.038E-06 6.423E-03 -1.458E+00 

72.81 60 53.05 -8.038E-06 6.423E-03 -1.458E+00 
71.59 60 53.04 -8.038E-06 6.423E-03 -1.458E+00

 74.64 60 53.03 -6.308E-06 4.994E-03 -7.637E-01 
 74.5 56.4 53.02 -4.577E-06 3.565E-03 -6.931E-02 
 76.79 50 53.24 -2.847E-06 2.136E-03 6.251E-01
 77.99 50 53.73 -2.847E-06 2.136E-03 6.251E-01
 77.09 50 53.98 -2.847E-06 2.136E-03 6.251E-01
 76.79 40.11 53.98 -2.847E-06 2.136E-03 6.251E-01
 78.83 61.47 53.98 -2.847E-06 2.136E-03 6.251E-01
 79.27 63.92 53.98 -2.847E-06 2.136E-03 6.251E-01
 77.61 50 53.97 -2.847E-06 2.136E-03 6.251E-01
 77.46 50 53.95 -2.847E-06 2.136E-03 6.251E-01
 78.17 42.24 53.95 -2.847E-06 2.136E-03 6.251E-01
 78.57 49.34 53.94 -2.847E-06 2.136E-03 6.251E-01
 76.79 50.91 53.94 -2.847E-06 2.136E-03 6.251E-01
 76.79 67.45 53.94 -2.847E-06 2.136E-03 6.251E-01
 76.79 81.88 54.15 -2.847E-06 2.136E-03 6.251E-01
 77.79 70 54.65 -2.847E-06 2.136E-03 6.251E-01
 79.86 77.21 54.92 -2.847E-06 2.136E-03 6.251E-01
 81.93 88.78 54.9 -2.847E-06 2.136E-03 6.251E-01
 80.42 89.65 54.89 -2.847E-06 2.136E-03 6.251E-01
 82.14 80 54.97 -2.847E-06 2.136E-03 6.251E-01
 82.77 80 55.44 -2.847E-06 2.136E-03 6.251E-01
 83.93 80 55.82 -2.847E-06 2.136E-03 6.251E-01
 83.93 80 55.8 -2.847E-06 2.136E-03 6.251E-01
 83.93 80 55.79 -2.847E-06 2.136E-03 6.251E-01
 83.93 80 55.78 -2.847E-06 2.136E-03 6.251E-01
 83.93 81.37 55.76 -5.174E-06 4.059E-03 -2.026E-01 

84.46 87.05 55.75 -7.501E-06 5.983E-03 -1.030E+00 
85.71 57.4 55.74 -9.827E-06 7.906E-03 -1.858E+00 
85.71 42.19 55.42 -9.827E-06 7.906E-03 -1.858E+00 
85.71 42.33 54.91 -9.827E-06 7.906E-03 -1.858E+00 
85.71 40 55.19 -9.827E-06 7.906E-03 -1.858E+00 
85.71 38.37 55.64 -9.827E-06 7.906E-03 -1.858E+00 
85.71 12.83 55.31 -9.827E-06 7.906E-03 -1.858E+00

 85.71 (a) 55.36 -9.827E-06 7.906E-03 -1.858E+00
 85.71 (a) 55.75 -9.827E-06 7.906E-03 -1.858E+00
 85.71 (a) 55.78 -9.827E-06 7.906E-03 -1.858E+00 

87.27 7.37 55.81 -9.827E-06 7.906E-03 -1.858E+00 
89.33 19.74 55.85 -9.827E-06 7.906E-03 -1.858E+00 
91.07 11.83 55.86 -9.827E-06 7.906E-03 -1.858E+00 
91.07 26.81 55.84 -9.827E-06 7.906E-03 -1.858E+00 
91.96 49.96 55.81 -9.827E-06 7.906E-03 -1.858E+00 
92.86 60 55.78 -9.827E-06 7.906E-03 -1.858E+00 
91.4 60 55.74 -9.827E-06 7.906E-03 -1.858E+00 
92.8 60 56.19 -9.827E-06 7.906E-03 -1.858E+00 

92.86 40 57.13 -9.827E-06 7.906E-03 -1.858E+00 
92.86 25.75 57.59 -9.827E-06 7.906E-03 -1.858E+00

 92.07 (a) 57.55 -9.827E-06 7.906E-03 -1.858E+00
 90 (a) 57.52 -9.827E-06 7.906E-03 -1.858E+00
 89.29 (a) 57.53 -9.827E-06 7.906E-03 -1.858E+00 

90.92 44.88 57.58 -9.827E-06 7.906E-03 -1.858E+00 
91.07 36.4 57.63 -1.014E-05 8.189E-03 -1.873E+00

 91.07 (a) 57.64 -1.045E-05 8.472E-03 -1.887E+00
 91.07 (a) 58.11 -1.077E-05 8.756E-03 -1.902E+00
 90.1 (a) 58.52 -1.077E-05 8.756E-03 -1.902E+00
 90.54 (a) 58.38 -1.077E-05 8.756E-03 -1.902E+00
 89.54 (a) 58.24 -1.077E-05 8.756E-03 -1.902E+00
 87.47 (a) 58.1 -1.077E-05 8.756E-03 -1.902E+00
 85.71 (a) 57.96 -1.077E-05 8.756E-03 -1.902E+00 
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85.71 10 57.81 -1.077E-05 8.756E-03 -1.902E+00 
85.71 0.23 57.67 -1.077E-05 8.756E-03 -1.902E+00

 85.71 (a) 57.66 -1.077E-05 8.756E-03 -1.902E+00
 85.71 (a) 57.89 -1.077E-05 8.756E-03 -1.902E+00
 84 (a) 58.03 -1.077E-05 8.756E-03 -1.902E+00
 69.64 (a) 57.99 -1.077E-05 8.756E-03 -1.902E+00
 69.15 (a) 57.96 -1.077E-05 8.756E-03 -1.902E+00 

63.99 28.96 57.93 -1.077E-05 8.756E-03 -1.902E+00 
59.98 80 57.89 -1.077E-05 8.756E-03 -1.902E+00 
59.38 87.48 57.85 -1.077E-05 8.756E-03 -1.902E+00 
63.78 90 57.8 -1.077E-05 8.756E-03 -1.902E+00 
66.19 90 57.72 -1.077E-05 8.756E-03 -1.902E+00 
67.46 92.2 57.65 -1.077E-05 8.756E-03 -1.902E+00 
66.74 100 57.57 -1.077E-05 8.756E-03 -1.902E+00 
68.81 94.65 57.5 -1.077E-05 8.756E-03 -1.902E+00 
70.88 83.08 57.8 -1.077E-05 8.756E-03 -1.902E+00 
71.43 71.51 58.72 -1.077E-05 8.756E-03 -1.902E+00 
71.44 69.93 59.25 -8.819E-06 7.137E-03 -1.079E+00

 73.51 58.36 59.19 -6.873E-06 5.518E-03 -2.559E-01 
75 50 59.16 -4.927E-06 3.899E-03 5.670E-01

 75 59.58 59.15 -4.927E-06 3.899E-03 5.670E-01
 75 76.36 59.15 -4.927E-06 3.899E-03 5.670E-01
 75 80 59.14 -4.927E-06 3.899E-03 5.670E-01
 75 70.49 59.14 -4.927E-06 3.899E-03 5.670E-01
 73.21 80 59.62 -4.927E-06 3.899E-03 5.670E-01
 72.74 82.66 59.93 -4.927E-06 3.899E-03 5.670E-01
 71.43 90 59.42 -4.927E-06 3.899E-03 5.670E-01
 69.36 90 59.07 -4.927E-06 3.899E-03 5.670E-01
 66.54 75.24 59.05 -4.927E-06 3.899E-03 5.670E-01
 69.27 78.96 59.03 -4.927E-06 3.899E-03 5.670E-01
 73.12 80 59.02 -4.927E-06 3.899E-03 5.670E-01
 71.8 80 59 -4.927E-06 3.899E-03 5.670E-01
 73.21 83.68 58.99 -4.927E-06 3.899E-03 5.670E-01
 74.15 79.5 58.97 -4.927E-06 3.899E-03 5.670E-01
 75 70 58.96 -4.927E-06 3.899E-03 5.670E-01
 75 61.6 58.95 -4.927E-06 3.899E-03 5.670E-01
 75 50.03 58.94 -4.927E-06 3.899E-03 5.670E-01
 76.79 60 58.93 -4.927E-06 3.899E-03 5.670E-01
 76.79 60 58.93 -4.927E-06 3.899E-03 5.670E-01
 76.79 69.39 59.38 -4.927E-06 3.899E-03 5.670E-01
 79.03 73.73 59.87 -4.927E-06 3.899E-03 5.670E-01
 78.96 70 59.91 -4.927E-06 3.899E-03 5.670E-01
 78.57 70 59.9 -4.927E-06 3.899E-03 5.670E-01
 83.93 70.99 59.89 -4.927E-06 3.899E-03 5.670E-01
 84.38 80 59.88 -4.927E-06 3.899E-03 5.670E-01
 84.97 80 59.88 -4.927E-06 3.899E-03 5.670E-01
 84.95 80 59.87 -4.927E-06 3.899E-03 5.670E-01
 84.41 80 59.86 -5.382E-06 4.139E-03 6.372E-01
 83.93 80 59.85 -5.838E-06 4.378E-03 7.074E-01
 83.93 77.89 59.84 -6.294E-06 4.618E-03 7.776E-01
 83.93 31.99 60.25 -6.294E-06 4.618E-03 7.776E-01
 83.93 43.57 60.73 -6.294E-06 4.618E-03 7.776E-01
 83.93 60.28 60.8 -6.294E-06 4.618E-03 7.776E-01
 83.93 63.29 60.81 -6.294E-06 4.618E-03 7.776E-01
 83.93 76.57 60.81 -6.294E-06 4.618E-03 7.776E-01
 83.93 89.86 60.81 -6.294E-06 4.618E-03 7.776E-01
 84.19 90 60.8 -6.294E-06 4.618E-03 7.776E-01
 87.32 87 60.79 -6.294E-06 4.618E-03 7.776E-01
 91.88 80 60.78 -6.294E-06 4.618E-03 7.776E-01
 92.86 73.85 60.77 -6.294E-06 4.618E-03 7.776E-01
 92.86 62.28 60.34 -6.294E-06 4.618E-03 7.776E-01
 92.86 69.29 59.34 -6.294E-06 4.618E-03 7.776E-01
 94.64 70 58.76 -6.294E-06 4.618E-03 7.776E-01
 94.64 62.7 58.76 -6.294E-06 4.618E-03 7.776E-01
 94.64 40 58.75 -6.294E-06 4.618E-03 7.776E-01
 93.64 40 58.75 -6.294E-06 4.618E-03 7.776E-01
 92.86 32.85 58.57 -6.294E-06 4.618E-03 7.776E-01
 92.86 30 58.08 -7.448E-06 5.557E-03 8.947E-02
 92.86 0.3 57.77 -8.602E-06 6.495E-03 -5.987E-01 

92.53 11.87 57.78 -9.756E-06 7.434E-03 -1.287E+00 
89.84 13.12 57.8 -9.756E-06 7.434E-03 -1.287E+00 
87.5 5.01 57.82 -9.756E-06 7.434E-03 -1.287E+00 
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854 86.32 10 57.84 -9.756E-06 7.434E-03 -1.287E+00 
855 85.71 (a) 57.86 -9.756E-06 7.434E-03 -1.287E+00 
856 85.71 (a) 57.88 -9.756E-06 7.434E-03 -1.287E+00 
857 85.71 (a) 57.99 -9.756E-06 7.434E-03 -1.287E+00 
858 85.21 (a) 58.19 -9.756E-06 7.434E-03 -1.287E+00 
859 83.93 (a) 58.39 -9.756E-06 7.434E-03 -1.287E+00 
860 83.93 (a) 58.59 -9.756E-06 7.434E-03 -1.287E+00 
861 85.29 5.18 58.79 -9.756E-06 7.434E-03 -1.287E+00 
862 87.35 (a) 59 -9.756E-06 7.434E-03 -1.287E+00 
863 87.5 (a) 57.32 -9.756E-06 7.434E-03 -1.287E+00 
864 87.5 (a) 58.15 -9.756E-06 7.434E-03 -1.287E+00 
865 86.8 (a) 58.57 -9.756E-06 7.434E-03 -1.287E+00 
866 85.71 6.35 58.99 -9.756E-06 7.434E-03 -1.287E+00 
867 85.71 12.98 59.41 -3.252E-06 2.478E-03 -4.290E-01 
868 85.71 10 59.38 3.252E-06 -2.478E-03 4.290E-01 
869 85.65 10 58.9 9.756E-06 -7.434E-03 1.287E+00 
870 82.14 10 58.42 9.756E-06 -7.434E-03 1.287E+00 
871 82.14 10 57.46 9.756E-06 -7.434E-03 1.287E+00 
872 83.02 14.89 55.85 9.756E-06 -7.434E-03 1.287E+00 
873 83.93 13.54 54.38 9.756E-06 -7.434E-03 1.287E+00 
874 81.06 42.12 53.19 9.756E-06 -7.434E-03 1.287E+00 
875 78.64 40.4 52 9.756E-06 -7.434E-03 1.287E+00 
876 76.99 30 50.8 9.756E-06 -7.434E-03 1.287E+00 
877 78.57 32.75 49.59 9.756E-06 -7.434E-03 1.287E+00 
878 77.8 44.32 48.39 9.756E-06 -7.434E-03 1.287E+00 
879 75.73 50 47.07 9.756E-06 -7.434E-03 1.287E+00 
880 73.67 50 45.71 9.756E-06 -7.434E-03 1.287E+00 
881 73.21 50 44.46 9.756E-06 -7.434E-03 1.287E+00 
882 73.32 40 43.27 9.756E-06 -7.434E-03 1.287E+00 
883 74.22 35.64 42.1 9.756E-06 -7.434E-03 1.287E+00 
884 71.43 20 40.89 9.756E-06 -7.434E-03 1.287E+00 
885 75.23 51.95 39.61 9.756E-06 -7.434E-03 1.287E+00 
886 77.34 66.21 38.22 9.756E-06 -7.434E-03 1.287E+00 
887 75.28 60 36.96 9.756E-06 -7.434E-03 1.287E+00 
888 73.21 9.96 36.06 9.756E-06 -7.434E-03 1.287E+00 
889 70.85 1.61 35.23 9.756E-06 -7.434E-03 1.287E+00 
890 67.29 19.56 34.02 9.756E-06 -7.434E-03 1.287E+00 
891 65.22 40 32.37 9.756E-06 -7.434E-03 1.287E+00 
892 63.15 8.35 30.81 9.756E-06 -7.434E-03 1.287E+00 
893 61.09 (a) 29.57 9.756E-06 -7.434E-03 1.287E+00 
894 42.1 8.95 28.26 9.756E-06 -7.434E-03 1.287E+00 
895 31.96 10 25.94 9.756E-06 -7.434E-03 1.287E+00 
896 29.42 7.38 23.56 9.756E-06 -7.434E-03 1.287E+00 
897 26.04 (a) 22 9.756E-06 -7.434E-03 1.287E+00 
898 14.71 (a) 19.21 9.756E-06 -7.434E-03 1.287E+00 
899 1.9 (a) 16.51 9.756E-06 -7.434E-03 1.287E+00 
900 0 0 12.12 9.756E-06 -7.434E-03 1.287E+00 
901 0 0 7.07 9.756E-06 -7.434E-03 1.287E+00 
902 0 0 2.6 9.756E-06 -7.434E-03 1.287E+00 
903 0 0 0 9.756E-06 -7.434E-03 1.287E+00 
904 0 0 0 1.390E-05 -1.206E-02 3.180E+00 
905 0 0 0 1.805E-05 -1.669E-02 5.073E+00 
906 0 0 0 2.219E-05 -2.131E-02 6.967E+00 
926 0 0 0 2.219E-05 -2.131E-02 6.967E+00 
927 0 3.67 0 2.219E-05 -2.131E-02 6.967E+00 
928 0 47.69 0 2.219E-05 -2.131E-02 6.967E+00 
929 2.78 59.41 0.33 2.219E-05 -2.131E-02 6.967E+00 
930 8.12 84.54 1.67 2.219E-05 -2.131E-02 6.967E+00 
931 13.95 80 2.83 2.219E-05 -2.131E-02 6.967E+00 
932 29.9 80 4.02 2.219E-05 -2.131E-02 6.967E+00 
933 33.87 79.29 5.64 2.219E-05 -2.131E-02 6.967E+00 
934 27.86 38.25 7.39 2.219E-05 -2.131E-02 6.967E+00 
935 19.63 26.67 8.83 2.219E-05 -2.131E-02 6.967E+00 
936 26.79 15.1 9.15 2.219E-05 -2.131E-02 6.967E+00 
937 19.85 16.47 9.7 2.219E-05 -2.131E-02 6.967E+00 
938 17.51 28.05 11.37 2.219E-05 -2.131E-02 6.967E+00 
939 17.86 20.38 13.04 2.219E-05 -2.131E-02 6.967E+00 
940 16.37 (a) 14.74 2.219E-05 -2.131E-02 6.967E+00 
941 5.85 (a) 16.41 2.219E-05 -2.131E-02 6.967E+00 
942 14.13 (a) 16.85 2.219E-05 -2.131E-02 6.967E+00 
943 21.1 (a) 16.09 2.219E-05 -2.131E-02 6.967E+00 
944 15.63 (a) 15.23 2.219E-05 -2.131E-02 6.967E+00 
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945 12.67 62.52 14.22 2.219E-05 -2.131E-02 6.967E+00 
946 14.86 69.36 13.02 2.219E-05 -2.131E-02 6.967E+00 
947 24.79 60 12.47 2.219E-05 -2.131E-02 6.967E+00 
948 33.06 63.79 13.05 2.219E-05 -2.131E-02 6.967E+00 
949 42.29 75.36 14.26 2.219E-05 -2.131E-02 6.967E+00 
950 48.9 80 15.09 2.219E-05 -2.131E-02 6.967E+00 
951 51.52 80 15.42 2.219E-05 -2.131E-02 6.967E+00 
952 48.24 79.92 15.96 2.219E-05 -2.131E-02 6.967E+00 
953 51.79 65.03 16.58 2.219E-05 -2.131E-02 6.967E+00 
954 52.37 43.23 17.61 2.219E-05 -2.131E-02 6.967E+00 
955 56.14 50 18.33 2.219E-05 -2.131E-02 6.967E+00 
956 62.35 50 18.65 2.219E-05 -2.131E-02 6.967E+00 
957 64.29 42.05 19.67 2.219E-05 -2.131E-02 6.967E+00 
958 67.69 40 20.47 2.219E-05 -2.131E-02 6.967E+00 
959 75.2 42.2 20.57 2.219E-05 -2.131E-02 6.967E+00 
960 74.88 41.28 20.68 2.219E-05 -2.131E-02 6.967E+00 
961 71.92 (a) 21.56 2.219E-05 -2.131E-02 6.967E+00 
962 71.88 (a) 23.19 2.219E-05 -2.131E-02 6.967E+00 
963 69.64 (a) 23.64 7.398E-06 -7.105E-03 2.322E+00 
964 71.24 (a) 22.75 -7.398E-06 7.105E-03 -2.322E+00 
965 71.72 30.54 21.81 -2.219E-05 2.131E-02 -6.967E+00 
966 76.41 42.12 20.79 -2.219E-05 2.131E-02 -6.967E+00 
967 73.02 50 19.86 -2.219E-05 2.131E-02 -6.967E+00 
968 69.64 50 19.18 -2.219E-05 2.131E-02 -6.967E+00 
969 72.09 43.16 18.75 -2.219E-05 2.131E-02 -6.967E+00 
970 82.23 73.65 18.43 -2.219E-05 2.131E-02 -6.967E+00 
971 78.58 (a) 18.61 -2.219E-05 2.131E-02 -6.967E+00 
972 75 (a) 19.11 -2.219E-05 2.131E-02 -6.967E+00 
973 75 (a) 18.76 -2.219E-05 2.131E-02 -6.967E+00 
974 72.47 (a) 17.68 -2.219E-05 2.131E-02 -6.967E+00 
975 62.91 (a) 16.46 -2.219E-05 2.131E-02 -6.967E+00 
976 58.93 13.57 15.06 -2.219E-05 2.131E-02 -6.967E+00 
977 55.56 29.43 13.41 -2.219E-05 2.131E-02 -6.967E+00 
978 57.14 20 11.91 -2.219E-05 2.131E-02 -6.967E+00 
979 56.68 17.42 11.09 -2.219E-05 2.131E-02 -6.967E+00 
980 53.88 10 10.9 -2.219E-05 2.131E-02 -6.967E+00 
981 50.76 10 11.4 -2.219E-05 2.131E-02 -6.967E+00 
982 50 (a) 12.38 -2.219E-05 2.131E-02 -6.967E+00 
983 46.83 (a) 13.02 -2.219E-05 2.131E-02 -6.967E+00 
984 35.63 10 12.3 -2.219E-05 2.131E-02 -6.967E+00 
985 32.48 10 10.32 -2.219E-05 2.131E-02 -6.967E+00 
986 26.79 10 9.7 -2.219E-05 2.131E-02 -6.967E+00 
987 24.94 10 11.05 -2.219E-05 2.131E-02 -6.967E+00 
988 23.21 16.74 11.88 -2.219E-05 2.131E-02 -6.967E+00 
989 24.7 3.36 12.21 -2.219E-05 2.131E-02 -6.967E+00 
990 25 (a) 13.29 -2.219E-05 2.131E-02 -6.967E+00 
991 24.47 (a) 13.73 -2.219E-05 2.131E-02 -6.967E+00 
992 18.71 (a) 12.77 -2.219E-05 2.131E-02 -6.967E+00 
993 10.85 (a) 11.46 -2.219E-05 2.131E-02 -6.967E+00 
994 3.4 (a) 9.84 -2.219E-05 2.131E-02 -6.967E+00 
995 0 0 7.62 -2.219E-05 2.131E-02 -6.967E+00 
996 0 0 3.57 -2.219E-05 2.131E-02 -6.967E+00 
997 0 0.91 1.33 -2.219E-05 2.131E-02 -6.967E+00 
998 0 7.52 0 -2.219E-05 2.131E-02 -6.967E+00 
999 0 0 0 -2.219E-05 2.131E-02 -6.967E+00 

1,000 0 0 0 -4.577E-06 5.686E-03 -3.784E+00 
1,001 0 0 0 1.304E-05 -9.944E-03 -6.018E-01 
1,002 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,030 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,031 1.58 (a) 0 3.066E-05 -2.557E-02 2.581E+00 
1,032 1.43 (a) 0 3.066E-05 -2.557E-02 2.581E+00 
1,033 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,034 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,035 1.91 9.28 0 3.066E-05 -2.557E-02 2.581E+00 
1,036 2.75 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,037 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,048 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,049 0 5.51 0 3.066E-05 -2.557E-02 2.581E+00 
1,050 0 11.34 0 3.066E-05 -2.557E-02 2.581E+00 
1,051 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,059 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,060 0 0.21 0 3.066E-05 -2.557E-02 2.581E+00 
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1,061 0 30 0 3.066E-05 -2.557E-02 2.581E+00 
1,062 0 26.78 0 3.066E-05 -2.557E-02 2.581E+00 
1,063 0 20 0 3.066E-05 -2.557E-02 2.581E+00 
1,064 0 20 0 3.066E-05 -2.557E-02 2.581E+00 
1,065 0 4.12 0 3.066E-05 -2.557E-02 2.581E+00 
1,066 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,085 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,086 0 20 0 3.066E-05 -2.557E-02 2.581E+00 
1,087 0 20 0 3.066E-05 -2.557E-02 2.581E+00 
1,088 0 11.73 0 3.066E-05 -2.557E-02 2.581E+00 
1,089 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,115 0 0 0 3.066E-05 -2.557E-02 2.581E+00 
1,116 0 73.41 0 3.066E-05 -2.557E-02 2.581E+00 
1,117 0 90 0 3.066E-05 -2.557E-02 2.581E+00 
1,118 27.95 81.3 2.83 3.066E-05 -2.557E-02 2.581E+00 
1,119 36.74 90 5.87 3.066E-05 -2.557E-02 2.581E+00 
1,120 39.29 90 8.67 3.066E-05 -2.557E-02 2.581E+00 
1,121 41.44 90 11.47 3.066E-05 -2.557E-02 2.581E+00 
1,122 45.57 82.41 14.26 3.066E-05 -2.557E-02 2.581E+00 
1,123 59.52 80 16.91 3.066E-05 -2.557E-02 2.581E+00 
1,124 66.99 90 18.33 3.066E-05 -2.557E-02 2.581E+00 
1,125 80.22 90 19.35 3.066E-05 -2.557E-02 2.581E+00 
1,126 86.41 93.88 21.55 3.066E-05 -2.557E-02 2.581E+00 
1,127 86.53 50.94 24.84 3.066E-05 -2.557E-02 2.581E+00 
1,128 84.46 17.02 26.81 3.066E-05 -2.557E-02 2.581E+00 
1,129 88.54 28.6 28.36 2.397E-05 -2.025E-02 2.539E+00 
1,130 89.29 39.83 30.31 1.729E-05 -1.494E-02 2.498E+00 
1,131 89.29 30 30.82 1.060E-05 -9.616E-03 2.457E+00 
1,132 89.29 26.69 30.86 1.060E-05 -9.616E-03 2.457E+00 
1,133 90.16 20 31.82 1.060E-05 -9.616E-03 2.457E+00 
1,134 89.92 20 33.33 1.060E-05 -9.616E-03 2.457E+00 
1,135 89.29 36.06 34.2 1.060E-05 -9.616E-03 2.457E+00 
1,136 85.86 40 33.82 1.060E-05 -9.616E-03 2.457E+00 
1,137 85.51 30 33.51 1.060E-05 -9.616E-03 2.457E+00 
1,138 84.42 32.75 33.87 1.060E-05 -9.616E-03 2.457E+00 
1,139 86.48 35.68 34.7 1.060E-05 -9.616E-03 2.457E+00 
1,140 88.55 30 36.14 1.060E-05 -9.616E-03 2.457E+00 
1,141 89.29 44.93 37.6 1.060E-05 -9.616E-03 2.457E+00 
1,142 90.9 50 38.09 1.060E-05 -9.616E-03 2.457E+00 
1,143 77.27 (a) 38.13 3.535E-06 -3.205E-03 8.188E-01 
1,144 56.75 (a) 38.05 -3.535E-06 3.205E-03 -8.188E-01 
1,145 50 (a) 37.47 -1.060E-05 9.616E-03 -2.457E+00 
1,146 41.07 (a) 36.69 -1.060E-05 9.616E-03 -2.457E+00 
1,147 37.38 45.18 35.89 -1.060E-05 9.616E-03 -2.457E+00 
1,148 34.21 78.47 35.06 -1.060E-05 9.616E-03 -2.457E+00 
1,149 32.13 80 34.63 -1.060E-05 9.616E-03 -2.457E+00 
1,150 27.71 80 34.13 -1.060E-05 9.616E-03 -2.457E+00 
1,151 22.64 80 33.15 -1.060E-05 9.616E-03 -2.457E+00 
1,152 20.58 60.97 32.12 -1.060E-05 9.616E-03 -2.457E+00 
1,153 16.25 27.34 31.02 -1.060E-05 9.616E-03 -2.457E+00 
1,154 11.46 43.71 29.82 -1.060E-05 9.616E-03 -2.457E+00 
1,155 9.02 68.95 28.41 -1.060E-05 9.616E-03 -2.457E+00 
1,156 3.38 68.95 26.91 -1.060E-05 9.616E-03 -2.457E+00 
1,157 1.32 44.28 25.53 -1.060E-05 9.616E-03 -2.457E+00 
1,158 0 0 24.21 -1.060E-05 9.616E-03 -2.457E+00 
1,159 0 0 22.88 -1.060E-05 9.616E-03 -2.457E+00 
1,160 0 0 18.4 -1.060E-05 9.616E-03 -2.457E+00 
1,161 0 0 13.93 -1.060E-05 9.616E-03 -2.457E+00 
1,162 0 0 9.45 -1.060E-05 9.616E-03 -2.457E+00 
1,163 0 0 4.98 -1.060E-05 9.616E-03 -2.457E+00 
1,164 0 0 0.5 -7.069E-06 6.411E-03 -1.638E+00 
1,165 0 24.97 0 -3.535E-06 3.205E-03 -8.188E-01 
1,166 0 17.16 0 0 0 0 
1,167 0 6.2 0 0 0 0 
1,168 0 10 0 0 0 0 
1,169 0 10 0 0 0 0 
1,170 0 0 0 0 0 0 
1,199 0 0 0 0 0 0 

aClosed throttle motoring. 
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(d) The following transient Low Load Cycleduty cycle applies for compression-ignition engines 
and powertrains when testing under § 1036.514: 

TABLE 3 OF APPENDIX B—LOW LOAD CYCLETRANSIENT DUTY CYCLE FOR COMPRESSION-
IGNITION ENGINES AND POWERTRAINS UNDER § 1036.514 

Record 
(seconds) 

Engine testing Powertrain testing 
Normalized 

revolutions per minute 
(percent) 

Normalized 
torque 

(percent) 

Vehicle speed 
(mi/hr) 

Road grade coefficients 

a b c 

1 0 0 0 0 0 0 
2 0 0 0 -4.441E-06 -1.101E-03 -8.083E-02 
3 0 0 0 -6.661E-06 -1.651E-03 -1.213E-01 
69 0 0 0 -6.661E-06 -1.651E-03 -1.213E-01 

3 5 0 -6.661E-06 -1.651E-03 -1.213E-01 
71 7 10 0 -6.661E-06 -1.651E-03 -1.213E-01 
72 15.1 16.5 2.81 -6.661E-06 -1.651E-03 -1.213E-01 
73 28.3 10.4 3.37 -6.661E-06 -1.651E-03 -1.213E-01 
74 46 11.1 4.13 -6.661E-06 -1.651E-03 -1.213E-01 
75 66.5 12.3 5.01 -6.661E-06 -1.651E-03 -1.213E-01 
76 37.6 1 4.76 -6.661E-06 -1.651E-03 -1.213E-01 
77 54.6 20.7 5.82 -6.661E-06 -1.651E-03 -1.213E-01 
78 76.6 15.9 7.07 -6.661E-06 -1.651E-03 -1.213E-01 
79 47.9 2 6.8 -6.661E-06 -1.651E-03 -1.213E-01 

64.7 36.4 8.13 -6.661E-06 -1.651E-03 -1.213E-01 
81 77.4 29.6 9.59 -6.661E-06 -1.651E-03 -1.213E-01 
82 28.2 2.9 9.11 -6.661E-06 -1.651E-03 -1.213E-01 
83 48.4 54.9 11.38 -6.661E-06 -1.651E-03 -1.213E-01 
84 72.1 17.7 14.2 -6.661E-06 -1.651E-03 -1.213E-01 
85 82.5 10.7 15.43 -6.661E-06 -1.651E-03 -1.213E-01 
86 60.2 1.1 16.12 -6.661E-06 -1.651E-03 -1.213E-01 
87 64.4 (a) 16.88 -6.661E-06 -1.651E-03 -1.213E-01 
88 67.8 (a) 17.38 -6.661E-06 -1.651E-03 -1.213E-01 
89 62.7 12 17.72 -6.661E-06 -1.651E-03 -1.213E-01 

47 28.9 18.17 -6.661E-06 -1.651E-03 -1.213E-01 
91 52.3 (a) 19.23 -6.661E-06 -1.651E-03 -1.213E-01 
92 54.5 (a) 19.66 -6.661E-06 -1.651E-03 -1.213E-01 
93 54.7 (a) 19.7 -6.661E-06 -1.651E-03 -1.213E-01 
94 53.6 (a) 19.49 -6.661E-06 -1.651E-03 -1.213E-01 
95 50.4 (a) 18.89 -6.661E-06 -1.651E-03 -1.213E-01 
96 46 (a) 18.06 -6.661E-06 -1.651E-03 -1.213E-01 
97 44.1 (a) 17.69 -6.661E-06 -1.651E-03 -1.213E-01 
98 42.5 (a) 17.39 -6.661E-06 -1.651E-03 -1.213E-01 
99 42.4 (a) 17.38 -6.661E-06 -1.651E-03 -1.213E-01 

43 (a) 17.5 -6.661E-06 -1.651E-03 -1.213E-01 
101 42.5 (a) 17.39 -6.661E-06 -1.651E-03 -1.213E-01 
102 41.4 (a) 17.18 -6.661E-06 -1.651E-03 -1.213E-01 
103 41.6 (a) 17.21 -6.661E-06 -1.651E-03 -1.213E-01 
104 42.1 (a) 17.31 -2.220E-06 -5.503E-04 -4.042E-02 
105 41.4 (a) 17.18 2.220E-06 5.503E-04 4.042E-02 
106 40.6 (a) 17.06 6.661E-06 1.651E-03 1.213E-01 
107 38.2 (a) 16.57 6.661E-06 1.651E-03 1.213E-01 
108 35.4 0.8 16.04 6.661E-06 1.651E-03 1.213E-01 
109 34 2.8 15.78 6.661E-06 1.651E-03 1.213E-01 

33 4.5 15.59 6.661E-06 1.651E-03 1.213E-01 
111 32.3 5.3 15.45 6.661E-06 1.651E-03 1.213E-01 
112 31.5 0 15.31 6.661E-06 1.651E-03 1.213E-01 
113 28.9 (a) 14.85 6.661E-06 1.651E-03 1.213E-01 
114 28.8 (a) 14.84 6.661E-06 1.651E-03 1.213E-01 
115 24.9 (a) 14.1 6.661E-06 1.651E-03 1.213E-01 
116 19.1 (a) 13.06 6.661E-06 1.651E-03 1.213E-01 
117 29.8 (a) 11.8 6.661E-06 1.651E-03 1.213E-01 
118 20.6 (a) 10.43 6.661E-06 1.651E-03 1.213E-01 
119 14.7 (a) 9.55 6.661E-06 1.651E-03 1.213E-01 

19.7 16.8 9.1 6.661E-06 1.651E-03 1.213E-01 
121 21.8 (a) 8.39 6.661E-06 1.651E-03 1.213E-01 
122 15.2 (a) 7.62 6.661E-06 1.651E-03 1.213E-01 
123 24.8 10.6 6.59 6.661E-06 1.651E-03 1.213E-01 
124 20.5 9.5 5.05 6.661E-06 1.651E-03 1.213E-01 
125 19.7 15.6 4.15 6.661E-06 1.651E-03 1.213E-01 
126 8.5 (a) 3.29 6.661E-06 1.651E-03 1.213E-01 
127 0 0 2.77 6.661E-06 1.651E-03 1.213E-01 
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128 0.5 5.4 2.69 6.661E-06 1.651E-03 1.213E-01 
129 0 0 2.45 6.661E-06 1.651E-03 1.213E-01 
130 0.5 5.7 2.08 6.661E-06 1.651E-03 1.213E-01 
131 1.7 9.8 1.69 6.661E-06 1.651E-03 1.213E-01 
132 6.7 14.6 1.64 2.220E-06 5.503E-04 4.042E-02 
133 6.5 12 1.83 -2.220E-06 -5.503E-04 -4.042E-02 
134 6.5 9.8 2.02 -6.661E-06 -1.651E-03 -1.213E-01 
135 6.6 8.6 2.14 -6.661E-06 -1.651E-03 -1.213E-01 
136 6 8.1 2.21 -6.661E-06 -1.651E-03 -1.213E-01 
137 4.5 7.3 2.21 -6.661E-06 -1.651E-03 -1.213E-01 
138 3.4 8.2 2.22 -6.661E-06 -1.651E-03 -1.213E-01 
139 8 17 2.44 -6.661E-06 -1.651E-03 -1.213E-01 
140 17.4 8 2.91 -6.661E-06 -1.651E-03 -1.213E-01 
141 28.3 6.2 3.38 -6.661E-06 -1.651E-03 -1.213E-01 
142 35.4 9.6 3.68 -6.661E-06 -1.651E-03 -1.213E-01 
143 51 9.7 4.35 -6.661E-06 -1.651E-03 -1.213E-01 
144 62 10.6 4.82 -6.661E-06 -1.651E-03 -1.213E-01 
145 32.4 1 4.49 -6.661E-06 -1.651E-03 -1.213E-01 
146 58.1 24.4 6.01 -6.661E-06 -1.651E-03 -1.213E-01 
147 89.1 27.9 7.71 -6.661E-06 -1.651E-03 -1.213E-01 
148 32.4 3 7.32 -6.661E-06 -1.651E-03 -1.213E-01 
149 38.6 17.1 8.08 -6.661E-06 -1.651E-03 -1.213E-01 
150 48.9 19.8 9.02 -6.661E-06 -1.651E-03 -1.213E-01 
151 61.4 18.7 10.16 -6.661E-06 -1.651E-03 -1.213E-01 
152 70.7 14.8 11.03 -6.661E-06 -1.651E-03 -1.213E-01 
153 45.7 0.8 10.91 -6.661E-06 -1.651E-03 -1.213E-01 
154 49 20.7 11.51 -6.661E-06 -1.651E-03 -1.213E-01 
155 57.5 23.4 12.49 -6.661E-06 -1.651E-03 -1.213E-01 
156 66.7 22.1 13.56 -6.661E-06 -1.651E-03 -1.213E-01 
157 48.7 5.8 13.8 -6.661E-06 -1.651E-03 -1.213E-01 
158 44.5 14.3 13.91 -6.661E-06 -1.651E-03 -1.213E-01 
159 45 6.9 14 -6.661E-06 -1.651E-03 -1.213E-01 
160 44.3 1.5 13.91 -6.661E-06 -1.651E-03 -1.213E-01 
161 46.4 19.2 14.19 -6.661E-06 -1.651E-03 -1.213E-01 
162 48.3 6.9 14.48 -2.220E-06 -5.503E-04 -4.042E-02 
163 48.2 5.8 14.47 2.220E-06 5.503E-04 4.042E-02 
164 47.6 5.8 14.38 6.661E-06 1.651E-03 1.213E-01 
165 46.6 4 14.24 6.661E-06 1.651E-03 1.213E-01 
166 45.1 3.6 14.02 6.661E-06 1.651E-03 1.213E-01 
167 44 2.9 13.86 6.661E-06 1.651E-03 1.213E-01 
168 42.4 3.4 13.63 6.661E-06 1.651E-03 1.213E-01 
169 41.7 1 13.52 6.661E-06 1.651E-03 1.213E-01 
170 37.9 (a) 12.97 6.661E-06 1.651E-03 1.213E-01 
171 32.7 (a) 12.22 6.661E-06 1.651E-03 1.213E-01 
172 20.8 (a) 10.49 6.661E-06 1.651E-03 1.213E-01 
173 18.8 13.7 8 6.661E-06 1.651E-03 1.213E-01 
174 16.3 3.5 5.87 6.661E-06 1.651E-03 1.213E-01 
175 14.1 5.3 4.27 6.661E-06 1.651E-03 1.213E-01 
176 6.7 1.3 2.95 6.661E-06 1.651E-03 1.213E-01 
177 0.1 5.9 1.76 6.661E-06 1.651E-03 1.213E-01 
178 0 0 0.96 2.220E-06 5.503E-04 4.042E-02 
179 0 0 0 -2.220E-06 -5.503E-04 -4.042E-02 
180 0 0 0 -6.661E-06 -1.651E-03 -1.213E-01 
181 0 0 0 -6.661E-06 -1.651E-03 -1.213E-01 
182 1.2 6.3 0 -6.661E-06 -1.651E-03 -1.213E-01 
183 2 9.9 0.14 -6.661E-06 -1.651E-03 -1.213E-01 
184 5.1 12 0.51 -6.661E-06 -1.651E-03 -1.213E-01 
185 4.6 8.7 0.72 -6.661E-06 -1.651E-03 -1.213E-01 
186 0 0 0.84 -6.661E-06 -1.651E-03 -1.213E-01 
187 0 0 0.93 -6.661E-06 -1.651E-03 -1.213E-01 
188 0 0 0.71 -6.661E-06 -1.651E-03 -1.213E-01 
189 0 0 0 -6.661E-06 -1.651E-03 -1.213E-01 
199 0 0 0 -6.661E-06 -1.651E-03 -1.213E-01 
200 0 0 0 -7.610E-07 -4.944E-03 1.232E+00 
201 0 0 0 5.139E-06 -8.238E-03 2.586E+00 
202 0 0 0 1.104E-05 -1.153E-02 3.939E+00 
206 0 0 0 1.104E-05 -1.153E-02 3.939E+00 
207 1.1 9.2 0.02 1.104E-05 -1.153E-02 3.939E+00 
208 5.9 22 0.55 1.104E-05 -1.153E-02 3.939E+00 
209 6.7 24.1 1.47 1.104E-05 -1.153E-02 3.939E+00 
210 7 18.6 2.39 1.104E-05 -1.153E-02 3.939E+00 
211 14.8 11.2 2.79 1.104E-05 -1.153E-02 3.939E+00 
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212 24.9 10.8 3.23 1.104E-05 -1.153E-02 3.939E+00 
213 37.7 8.2 3.78 1.104E-05 -1.153E-02 3.939E+00 
214 50.4 7.7 4.33 1.104E-05 -1.153E-02 3.939E+00 
215 62.3 8.3 4.84 1.104E-05 -1.153E-02 3.939E+00 
216 30.7 4.7 4.37 1.104E-05 -1.153E-02 3.939E+00 
217 34.2 19.4 4.69 1.104E-05 -1.153E-02 3.939E+00 
218 52.4 12.2 5.72 1.104E-05 -1.153E-02 3.939E+00 
219 63.4 7.7 6.35 3.680E-06 -3.844E-03 1.313E+00 
220 46.8 0.5 6.78 -3.680E-06 3.844E-03 -1.313E+00 
221 41.8 2.7 6.57 -1.104E-05 1.153E-02 -3.939E+00 
222 38.8 3.8 6.35 -1.104E-05 1.153E-02 -3.939E+00 
223 36.3 4.7 6.17 -1.104E-05 1.153E-02 -3.939E+00 
224 36.1 3.5 6.16 -1.104E-05 1.153E-02 -3.939E+00 
225 35.4 1.6 6.11 -1.104E-05 1.153E-02 -3.939E+00 
226 34.9 (a) 6.08 -1.104E-05 1.153E-02 -3.939E+00 
227 29.9 (a) 5.72 -1.104E-05 1.153E-02 -3.939E+00 
228 24.6 (a) 5.34 -1.104E-05 1.153E-02 -3.939E+00 
229 17.9 (a) 4.87 -1.104E-05 1.153E-02 -3.939E+00 
230 17.3 16.4 4.41 -1.104E-05 1.153E-02 -3.939E+00 
231 22 (a) 4.05 -1.104E-05 1.153E-02 -3.939E+00 
232 14.1 (a) 3.6 -1.104E-05 1.153E-02 -3.939E+00 
233 5.4 1.4 3.26 -1.104E-05 1.153E-02 -3.939E+00 
234 0.1 5.8 2.63 -1.104E-05 1.153E-02 -3.939E+00 
235 0 0 2.18 -1.104E-05 1.153E-02 -3.939E+00 
236 0 0 1.93 -1.104E-05 1.153E-02 -3.939E+00 
237 0 0 1.6 -1.104E-05 1.153E-02 -3.939E+00 
238 0 0 1.23 -3.680E-06 3.844E-03 -1.313E+00 
239 0 0 0 3.680E-06 -3.844E-03 1.313E+00 
240 0 0 0 1.104E-05 -1.153E-02 3.939E+00 
249 0 0 0 1.104E-05 -1.153E-02 3.939E+00 
250 1 5.3 0.19 1.104E-05 -1.153E-02 3.939E+00 
251 1.1 9.9 0.83 1.104E-05 -1.153E-02 3.939E+00 
252 3.4 9.1 1.57 1.104E-05 -1.153E-02 3.939E+00 
253 1.1 7.6 2.11 1.104E-05 -1.153E-02 3.939E+00 
254 2.8 9.5 2.28 1.104E-05 -1.153E-02 3.939E+00 
255 7.7 11.8 2.49 1.104E-05 -1.153E-02 3.939E+00 
256 11.9 14.4 2.66 1.104E-05 -1.153E-02 3.939E+00 
257 19.1 14.4 2.98 1.104E-05 -1.153E-02 3.939E+00 
258 34.6 10.2 3.64 1.104E-05 -1.153E-02 3.939E+00 
259 48 9.5 4.22 1.104E-05 -1.153E-02 3.939E+00 
260 57.2 10.1 4.62 1.104E-05 -1.153E-02 3.939E+00 
261 52 12.7 4.84 1.104E-05 -1.153E-02 3.939E+00 
262 40.4 23.7 5.03 1.104E-05 -1.153E-02 3.939E+00 
263 69.3 13.6 6.67 1.104E-05 -1.153E-02 3.939E+00 
264 58.9 7.7 7.26 1.104E-05 -1.153E-02 3.939E+00 
265 59.1 17.7 7.77 1.104E-05 -1.153E-02 3.939E+00 
266 67.1 6.2 8.37 3.680E-06 -3.844E-03 1.313E+00 
267 43.5 2.9 8.25 -3.680E-06 3.844E-03 -1.313E+00 
268 35.8 (a) 7.87 -1.104E-05 1.153E-02 -3.939E+00 
269 24.1 (a) 6.81 -1.104E-05 1.153E-02 -3.939E+00 
270 14 12.1 5.29 -1.104E-05 1.153E-02 -3.939E+00 
271 18.6 9.1 3.71 -1.104E-05 1.153E-02 -3.939E+00 
272 0 0 2.81 -1.104E-05 1.153E-02 -3.939E+00 
273 0 0 2.43 -1.104E-05 1.153E-02 -3.939E+00 
274 0 0 1.88 -1.104E-05 1.153E-02 -3.939E+00 
275 0 0 1.27 -1.104E-05 1.153E-02 -3.939E+00 
276 0 0 0 -1.104E-05 1.153E-02 -3.939E+00 
299 0 0 0 -1.104E-05 1.153E-02 -3.939E+00 
300 0 0 0 -5.060E-06 5.253E-03 -2.462E+00 
301 0 0 0 9.196E-07 -1.025E-03 -9.843E-01 
302 0 0 0 6.899E-06 -7.304E-03 4.932E-01 
314 0 0 0 6.899E-06 -7.304E-03 4.932E-01 
315 0.9 9 0.08 6.899E-06 -7.304E-03 4.932E-01 
316 7.2 32.1 0.9 6.899E-06 -7.304E-03 4.932E-01 
317 8.2 21.3 2.5 6.899E-06 -7.304E-03 4.932E-01 
318 19.5 20.4 2.98 6.899E-06 -7.304E-03 4.932E-01 
319 35.5 11 3.68 6.899E-06 -7.304E-03 4.932E-01 
320 54.3 10.6 4.49 6.899E-06 -7.304E-03 4.932E-01 
321 59.1 13.7 4.93 6.899E-06 -7.304E-03 4.932E-01 
322 28 5.9 4.13 6.899E-06 -7.304E-03 4.932E-01 
323 35 17.6 4.75 6.899E-06 -7.304E-03 4.932E-01 
324 50.2 9.8 5.61 6.899E-06 -7.304E-03 4.932E-01 
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325 62.3 5.7 6.29 6.899E-06 -7.304E-03 4.932E-01 
326 52.2 3.7 6.99 6.899E-06 -7.304E-03 4.932E-01 
327 47.5 (a) 6.98 6.899E-06 -7.304E-03 4.932E-01 
328 43.5 (a) 6.7 6.899E-06 -7.304E-03 4.932E-01 
329 39.8 3.7 6.42 6.899E-06 -7.304E-03 4.932E-01 
330 44.2 7.2 6.73 6.899E-06 -7.304E-03 4.932E-01 
331 54.1 7.2 7.43 6.899E-06 -7.304E-03 4.932E-01 
332 60.4 10.3 7.88 6.899E-06 -7.304E-03 4.932E-01 
333 70.3 13.2 8.51 6.899E-06 -7.304E-03 4.932E-01 
334 41.7 2.3 8.39 6.899E-06 -7.304E-03 4.932E-01 
335 57.1 18.5 9.77 6.899E-06 -7.304E-03 4.932E-01 
336 74.6 21.3 11.37 6.899E-06 -7.304E-03 4.932E-01 
337 60.4 9.2 11.8 6.899E-06 -7.304E-03 4.932E-01 
338 56 33.9 12.3 6.899E-06 -7.304E-03 4.932E-01 
339 72.4 35.4 14.2 6.899E-06 -7.304E-03 4.932E-01 
340 86.3 23.8 15.85 6.899E-06 -7.304E-03 4.932E-01 
341 37 0.5 15.94 6.899E-06 -7.304E-03 4.932E-01 
342 38.1 32.8 16.49 6.899E-06 -7.304E-03 4.932E-01 
343 44.6 28.9 17.72 6.899E-06 -7.304E-03 4.932E-01 
344 49.2 17.2 18.61 6.899E-06 -7.304E-03 4.932E-01 
345 50.2 0.1 18.82 2.300E-06 -2.435E-03 1.644E-01 
346 48.5 (a) 18.52 -2.300E-06 2.435E-03 -1.644E-01 
347 46.7 (a) 18.17 -6.899E-06 7.304E-03 -4.932E-01 
348 43.9 (a) 17.66 -6.899E-06 7.304E-03 -4.932E-01 
349 41.2 (a) 17.14 -6.899E-06 7.304E-03 -4.932E-01 
350 38 (a) 16.55 -6.899E-06 7.304E-03 -4.932E-01 
351 34 (a) 15.8 -6.899E-06 7.304E-03 -4.932E-01 
352 28.8 (a) 14.83 -6.899E-06 7.304E-03 -4.932E-01 
353 21.2 (a) 13.42 -6.899E-06 7.304E-03 -4.932E-01 
354 31.1 5.3 11.61 -6.899E-06 7.304E-03 -4.932E-01 
355 18.6 (a) 10.13 -6.899E-06 7.304E-03 -4.932E-01 
356 13 (a) 9.29 -6.899E-06 7.304E-03 -4.932E-01 
357 23.6 12.3 8.6 -6.899E-06 7.304E-03 -4.932E-01 
358 14.2 (a) 7.51 -6.899E-06 7.304E-03 -4.932E-01 
359 14.2 5.5 5.49 -6.899E-06 7.304E-03 -4.932E-01 
360 19.1 12.4 3.82 -6.899E-06 7.304E-03 -4.932E-01 
361 0 0 2.45 -6.899E-06 7.304E-03 -4.932E-01 
362 0.1 5.6 1.45 -6.899E-06 7.304E-03 -4.932E-01 
363 0 0 0.71 -6.899E-06 7.304E-03 -4.932E-01 
364 0 0 0 -6.899E-06 7.304E-03 -4.932E-01 
399 0 0 0 -6.899E-06 7.304E-03 -4.932E-01 
400 0 0 0 -2.724E-06 2.689E-03 2.988E-01 
401 0 0 0 1.450E-06 -1.927E-03 1.091E+00 
402 0 0 0 5.625E-06 -6.542E-03 1.883E+00 
421 0 0 0 5.625E-06 -6.542E-03 1.883E+00 
422 0.6 9.9 0.03 5.625E-06 -6.542E-03 1.883E+00 
423 5 14 0.21 5.625E-06 -6.542E-03 1.883E+00 
424 5.1 12.1 0.57 5.625E-06 -6.542E-03 1.883E+00 
425 1.7 7.9 0.71 5.625E-06 -6.542E-03 1.883E+00 
426 0.1 5.8 0.6 5.625E-06 -6.542E-03 1.883E+00 
427 0 0 0 5.625E-06 -6.542E-03 1.883E+00 
435 0 0 0 5.625E-06 -6.542E-03 1.883E+00 
436 4.4 15.4 0.06 5.625E-06 -6.542E-03 1.883E+00 
437 6 20.4 0.92 5.625E-06 -6.542E-03 1.883E+00 
438 6 14.1 1.52 5.625E-06 -6.542E-03 1.883E+00 
439 6 10.3 1.84 5.625E-06 -6.542E-03 1.883E+00 
440 4.4 8.7 2.03 5.625E-06 -6.542E-03 1.883E+00 
441 2.5 9.1 2.09 5.625E-06 -6.542E-03 1.883E+00 
442 7.5 15.1 2.24 5.625E-06 -6.542E-03 1.883E+00 
443 12 13.2 2.68 5.625E-06 -6.542E-03 1.883E+00 
444 24.5 12.2 3.21 5.625E-06 -6.542E-03 1.883E+00 
445 45.3 9.5 4.1 5.625E-06 -6.542E-03 1.883E+00 
446 68.4 11.4 5.09 5.625E-06 -6.542E-03 1.883E+00 
447 45.7 1.5 5.35 5.625E-06 -6.542E-03 1.883E+00 
448 72.7 23 6.84 5.625E-06 -6.542E-03 1.883E+00 
449 64.8 9.8 7.54 5.625E-06 -6.542E-03 1.883E+00 
450 66.2 29.8 8.25 5.625E-06 -6.542E-03 1.883E+00 
451 86.5 23.4 9.88 5.625E-06 -6.542E-03 1.883E+00 
452 36.8 2.3 10.12 5.625E-06 -6.542E-03 1.883E+00 
453 43.3 21.8 10.84 5.625E-06 -6.542E-03 1.883E+00 
454 51.4 24.5 11.78 5.625E-06 -6.542E-03 1.883E+00 
455 58.2 21.2 12.58 5.625E-06 -6.542E-03 1.883E+00 
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456 60.8 16.9 12.9 5.625E-06 -6.542E-03 1.883E+00 
457 34.8 0.7 12.15 5.625E-06 -6.542E-03 1.883E+00 
458 34.4 31.3 12.41 5.625E-06 -6.542E-03 1.883E+00 
459 36.8 2.8 12.8 5.625E-06 -6.542E-03 1.883E+00 
460 36 (a) 12.7 5.625E-06 -6.542E-03 1.883E+00 
461 35.9 (a) 12.7 5.625E-06 -6.542E-03 1.883E+00 
462 31.1 (a) 11.97 5.625E-06 -6.542E-03 1.883E+00 
463 25 5.7 11.05 5.625E-06 -6.542E-03 1.883E+00 
464 24.2 0.4 10.94 5.625E-06 -6.542E-03 1.883E+00 
465 22.1 3.9 10.64 5.625E-06 -6.542E-03 1.883E+00 
466 22.4 30.1 10.65 5.625E-06 -6.542E-03 1.883E+00 
467 28.8 20.2 11.59 1.875E-06 -2.181E-03 6.276E-01 
468 30.6 1.6 11.89 -1.875E-06 2.181E-03 -6.276E-01 
469 27.9 (a) 11.5 -5.625E-06 6.542E-03 -1.883E+00 
470 21.3 (a) 10.54 -5.625E-06 6.542E-03 -1.883E+00 
471 13.9 (a) 9.43 -5.625E-06 6.542E-03 -1.883E+00 
472 25.3 11.7 8.58 -5.625E-06 6.542E-03 -1.883E+00 
473 17.8 (a) 7.91 -5.625E-06 6.542E-03 -1.883E+00 
474 12.1 1.4 7.29 -5.625E-06 6.542E-03 -1.883E+00 
475 24.1 (a) 6.8 -5.625E-06 6.542E-03 -1.883E+00 
476 16.4 (a) 6.09 -5.625E-06 6.542E-03 -1.883E+00 
477 21.6 16.5 5.65 -5.625E-06 6.542E-03 -1.883E+00 
478 26.4 (a) 5.48 -5.625E-06 6.542E-03 -1.883E+00 
479 16.2 (a) 4.74 -5.625E-06 6.542E-03 -1.883E+00 
480 24.6 10.5 4.03 -5.625E-06 6.542E-03 -1.883E+00 
481 8.2 1.1 3.27 -5.625E-06 6.542E-03 -1.883E+00 
482 0 0 2.33 -5.625E-06 6.542E-03 -1.883E+00 
483 0 0 1.15 -5.625E-06 6.542E-03 -1.883E+00 
484 0 0 0.43 -5.625E-06 6.542E-03 -1.883E+00 
485 0 0 0 -5.625E-06 6.542E-03 -1.883E+00 
499 0 0 0 -5.625E-06 6.542E-03 -1.883E+00 
500 0 0 0 -1.425E-06 1.947E-03 -4.329E-01 
501 0 0 0 2.774E-06 -2.648E-03 1.017E+00 
502 0 0 0 6.974E-06 -7.244E-03 2.467E+00 
511 0 0 0 6.974E-06 -7.244E-03 2.467E+00 
512 7.5 45.3 0.58 6.974E-06 -7.244E-03 2.467E+00 
513 6.5 32.7 1.79 6.974E-06 -7.244E-03 2.467E+00 
514 7.6 23.8 2.49 6.974E-06 -7.244E-03 2.467E+00 
515 12.7 8.8 2.71 6.974E-06 -7.244E-03 2.467E+00 
516 18.8 14.4 2.96 6.974E-06 -7.244E-03 2.467E+00 
517 30.4 12.7 3.47 6.974E-06 -7.244E-03 2.467E+00 
518 44 10.6 4.05 6.974E-06 -7.244E-03 2.467E+00 
519 53.2 8.3 4.46 6.974E-06 -7.244E-03 2.467E+00 
520 57.7 10 4.65 6.974E-06 -7.244E-03 2.467E+00 
521 48.5 11.5 4.82 6.974E-06 -7.244E-03 2.467E+00 
522 33.7 25.7 4.67 6.974E-06 -7.244E-03 2.467E+00 
523 49.9 16 5.59 6.974E-06 -7.244E-03 2.467E+00 
524 68.1 20.4 6.6 6.974E-06 -7.244E-03 2.467E+00 
525 50.4 5.3 6.85 6.974E-06 -7.244E-03 2.467E+00 
526 51.1 21.9 7.21 6.974E-06 -7.244E-03 2.467E+00 
527 65 22.8 8.2 6.974E-06 -7.244E-03 2.467E+00 
528 78.1 19.5 9.02 6.974E-06 -7.244E-03 2.467E+00 
529 46.8 2.9 8.85 6.974E-06 -7.244E-03 2.467E+00 
530 51.1 19.3 9.24 6.974E-06 -7.244E-03 2.467E+00 
531 59.7 26.7 10.01 6.974E-06 -7.244E-03 2.467E+00 
532 68.8 23.9 10.86 6.974E-06 -7.244E-03 2.467E+00 
533 45 0.5 10.83 6.974E-06 -7.244E-03 2.467E+00 
534 46.8 44.3 11.24 6.974E-06 -7.244E-03 2.467E+00 
535 55.7 25 12.3 6.974E-06 -7.244E-03 2.467E+00 
536 58.9 11.6 12.68 6.974E-06 -7.244E-03 2.467E+00 
537 45.1 8.5 12.61 6.974E-06 -7.244E-03 2.467E+00 
538 35.7 39.3 12.6 6.974E-06 -7.244E-03 2.467E+00 
539 43.2 34.4 13.7 6.974E-06 -7.244E-03 2.467E+00 
540 46.2 16.8 14.18 2.325E-06 -2.415E-03 8.223E-01 
541 46.7 9.6 14.25 -2.325E-06 2.415E-03 -8.223E-01 
542 45.6 (a) 14.1 -6.974E-06 7.244E-03 -2.467E+00 
543 42.7 (a) 13.67 -6.974E-06 7.244E-03 -2.467E+00 
544 38.4 (a) 13.04 -6.974E-06 7.244E-03 -2.467E+00 
545 33.4 (a) 12.3 -6.974E-06 7.244E-03 -2.467E+00 
546 28 (a) 11.51 -6.974E-06 7.244E-03 -2.467E+00 
547 23.9 (a) 10.9 -6.974E-06 7.244E-03 -2.467E+00 
548 18.9 (a) 10.18 -6.974E-06 7.244E-03 -2.467E+00 
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12.9 8.6 8.96 -6.974E-06 7.244E-03 -2.467E+00 
15.4 (a) 7.54 -6.974E-06 7.244E-03 -2.467E+00 
25.2 8.4 6.62 -6.974E-06 7.244E-03 -2.467E+00 
11.1 2.8 5.48 -6.974E-06 7.244E-03 -2.467E+00 
15.6 6.4 3.51 -6.974E-06 7.244E-03 -2.467E+00 
0.3 13.3 2.71 -2.325E-06 2.415E-03 -8.223E-01 
3.8 31.8 3.01 2.325E-06 -2.415E-03 8.223E-01 
16.6 25.5 3.73 6.974E-06 -7.244E-03 2.467E+00 
25.4 25.7 4.22 6.974E-06 -7.244E-03 2.467E+00 
48.8 26.5 5.52 6.974E-06 -7.244E-03 2.467E+00 
77.9 30.8 7.14 6.974E-06 -7.244E-03 2.467E+00 
55.5 3.1 7.32 6.974E-06 -7.244E-03 2.467E+00 
61 36.7 7.9 6.974E-06 -7.244E-03 2.467E+00 

78.8 26.1 9.19 6.974E-06 -7.244E-03 2.467E+00 
65.7 26 9.75 6.974E-06 -7.244E-03 2.467E+00 
31.5 17.9 9.49 6.974E-06 -7.244E-03 2.467E+00 
43.2 45.2 10.82 6.974E-06 -7.244E-03 2.467E+00 
48.7 15.9 11.49 6.974E-06 -7.244E-03 2.467E+00 
49.3 10.9 11.57 6.974E-06 -7.244E-03 2.467E+00 
50.1 12.6 11.66 6.974E-06 -7.244E-03 2.467E+00 
56.6 37.8 12.39 6.974E-06 -7.244E-03 2.467E+00 
61.9 18.7 13.03 6.974E-06 -7.244E-03 2.467E+00 
64.6 12.8 13.17 6.974E-06 -7.244E-03 2.467E+00 
37.2 2.8 12.85 6.974E-06 -7.244E-03 2.467E+00 
44.1 64.1 13.82 6.974E-06 -7.244E-03 2.467E+00 
53.1 39.7 15.16 6.974E-06 -7.244E-03 2.467E+00 
56.8 23.5 15.73 6.974E-06 -7.244E-03 2.467E+00 
59.2 24.4 16.07 6.974E-06 -7.244E-03 2.467E+00 
43.3 7.9 16.09 6.974E-06 -7.244E-03 2.467E+00 
35.4 41.4 16.01 6.974E-06 -7.244E-03 2.467E+00 
37.7 21.3 16.47 6.974E-06 -7.244E-03 2.467E+00 
37.9 17.9 16.49 6.974E-06 -7.244E-03 2.467E+00 
38.4 17.3 16.59 2.325E-06 -2.415E-03 8.223E-01 
38.8 13.3 16.67 -2.325E-06 2.415E-03 -8.223E-01 
37.4 10.8 16.41 -6.974E-06 7.244E-03 -2.467E+00 
36.6 11.5 16.26 -6.974E-06 7.244E-03 -2.467E+00 
34.8 6.5 15.92 -6.974E-06 7.244E-03 -2.467E+00 
33 (a) 15.59 -6.974E-06 7.244E-03 -2.467E+00 

29.9 (a) 15.04 -6.974E-06 7.244E-03 -2.467E+00 
24 (a) 13.92 -6.974E-06 7.244E-03 -2.467E+00 

29.3 13.3 12.46 -6.974E-06 7.244E-03 -2.467E+00 
20.2 (a) 10.38 -6.974E-06 7.244E-03 -2.467E+00 
17 14.9 8.45 -6.974E-06 7.244E-03 -2.467E+00 

15.4 8.8 5.03 -6.974E-06 7.244E-03 -2.467E+00 
2.5 1.3 2.58 -6.974E-06 7.244E-03 -2.467E+00 
0.1 5.7 1.52 -6.974E-06 7.244E-03 -2.467E+00 
0 0 1.09 -6.974E-06 7.244E-03 -2.467E+00 
0 0 0.71 -2.325E-06 2.415E-03 -8.223E-01 
0 0 0 2.325E-06 -2.415E-03 8.223E-01 
0 0 0 6.974E-06 -7.244E-03 2.467E+00 

6.4 30.8 0.13 6.974E-06 -7.244E-03 2.467E+00 
6.8 38.6 1.14 6.974E-06 -7.244E-03 2.467E+00 
6.7 31.6 2.17 6.974E-06 -7.244E-03 2.467E+00 
12.7 18.1 2.71 6.974E-06 -7.244E-03 2.467E+00 
25.1 8.8 3.25 6.974E-06 -7.244E-03 2.467E+00 
31.3 14 3.51 6.974E-06 -7.244E-03 2.467E+00 
48.5 8.2 4.25 6.974E-06 -7.244E-03 2.467E+00 
57.3 7.4 4.63 6.974E-06 -7.244E-03 2.467E+00 
49.5 15 4.48 6.974E-06 -7.244E-03 2.467E+00 
16.2 6.7 3.48 6.974E-06 -7.244E-03 2.467E+00 
29.3 45.7 4.41 6.974E-06 -7.244E-03 2.467E+00 
69.5 40.4 6.66 6.974E-06 -7.244E-03 2.467E+00 
70.3 25.8 7.73 6.974E-06 -7.244E-03 2.467E+00 
35.7 13.9 7.84 6.974E-06 -7.244E-03 2.467E+00 
38 4.9 8.05 6.974E-06 -7.244E-03 2.467E+00 

37.8 4.4 8.04 6.974E-06 -7.244E-03 2.467E+00 
37.5 4.3 8.01 6.974E-06 -7.244E-03 2.467E+00 
37.3 4.3 7.99 6.974E-06 -7.244E-03 2.467E+00 
37 4.4 7.96 6.974E-06 -7.244E-03 2.467E+00 

36.7 4.4 7.94 6.974E-06 -7.244E-03 2.467E+00 
36.5 4.5 7.92 6.974E-06 -7.244E-03 2.467E+00 
36.9 12.3 7.95 6.974E-06 -7.244E-03 2.467E+00 
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44.6 20.6 8.65 6.974E-06 -7.244E-03 2.467E+00 
51.4 10.4 9.28 6.974E-06 -7.244E-03 2.467E+00 
53.7 (a) 9.49 6.974E-06 -7.244E-03 2.467E+00 
53.5 (a) 9.48 6.974E-06 -7.244E-03 2.467E+00 
54.2 16.7 9.52 6.974E-06 -7.244E-03 2.467E+00 
62.2 18.4 10.26 6.974E-06 -7.244E-03 2.467E+00 
65.7 8.9 10.78 6.974E-06 -7.244E-03 2.467E+00 
43.8 (a) 10.94 6.974E-06 -7.244E-03 2.467E+00 
42.4 1.5 10.77 6.974E-06 -7.244E-03 2.467E+00 
41.8 4.6 10.7 6.974E-06 -7.244E-03 2.467E+00 
41.6 5.1 10.67 6.974E-06 -7.244E-03 2.467E+00 
41.4 5.1 10.66 6.974E-06 -7.244E-03 2.467E+00 
41.3 5.2 10.65 6.974E-06 -7.244E-03 2.467E+00 
41.2 5.2 10.63 6.974E-06 -7.244E-03 2.467E+00 
41.1 5.2 10.62 6.974E-06 -7.244E-03 2.467E+00 
41 5.2 10.61 6.974E-06 -7.244E-03 2.467E+00 
41 5.3 10.6 6.974E-06 -7.244E-03 2.467E+00 

40.9 5.3 10.59 6.974E-06 -7.244E-03 2.467E+00 
40.8 5.3 10.58 6.974E-06 -7.244E-03 2.467E+00 
40.7 5.3 10.58 6.974E-06 -7.244E-03 2.467E+00 
42.1 13.3 10.73 6.974E-06 -7.244E-03 2.467E+00 
45.4 13.6 11.11 6.974E-06 -7.244E-03 2.467E+00 
50.5 9.9 11.71 6.974E-06 -7.244E-03 2.467E+00 
53.2 5.7 12.03 6.974E-06 -7.244E-03 2.467E+00 
54.6 (a) 12.2 6.974E-06 -7.244E-03 2.467E+00 
53.9 0.3 12.12 6.974E-06 -7.244E-03 2.467E+00 
53.3 4.7 12.04 6.974E-06 -7.244E-03 2.467E+00 
53.1 5.3 12.02 6.974E-06 -7.244E-03 2.467E+00 
53.1 5.4 12.01 4.837E-06 -5.146E-03 1.740E+00 
53 5.4 12.01 2.700E-06 -3.048E-03 1.013E+00 
53 5.4 12 5.632E-07 -9.497E-04 2.854E-01 

52.9 5.4 12 5.632E-07 -9.497E-04 2.854E-01 
52.9 5.4 12 5.632E-07 -9.497E-04 2.854E-01 
52.9 5.4 11.99 5.632E-07 -9.497E-04 2.854E-01 
52.8 5.4 11.99 5.632E-07 -9.497E-04 2.854E-01 
52.8 5.4 11.98 5.632E-07 -9.497E-04 2.854E-01 
52.8 5.4 11.98 5.632E-07 -9.497E-04 2.854E-01 
52.8 5.4 11.98 5.632E-07 -9.497E-04 2.854E-01 
52.7 5.4 11.97 5.632E-07 -9.497E-04 2.854E-01 
55.2 16.3 12.25 5.632E-07 -9.497E-04 2.854E-01 
58.7 16.1 12.65 5.632E-07 -9.497E-04 2.854E-01 
54 10.8 12.89 5.632E-07 -9.497E-04 2.854E-01 

38.1 35.5 12.97 5.632E-07 -9.497E-04 2.854E-01 
44.3 23.7 13.88 5.632E-07 -9.497E-04 2.854E-01 
46.3 1.7 14.19 5.632E-07 -9.497E-04 2.854E-01 
46.4 (a) 14.22 5.632E-07 -9.497E-04 2.854E-01 
45.8 7.8 14.11 5.632E-07 -9.497E-04 2.854E-01 
50.4 34.7 14.77 5.632E-07 -9.497E-04 2.854E-01 
54.7 15.2 15.43 5.632E-07 -9.497E-04 2.854E-01 
57.6 (a) 15.88 5.632E-07 -9.497E-04 2.854E-01 
54.1 (a) 15.37 5.632E-07 -9.497E-04 2.854E-01 
52.1 (a) 15.06 5.632E-07 -9.497E-04 2.854E-01 
52 (a) 15.04 5.632E-07 -9.497E-04 2.854E-01 

51.3 5.7 14.94 5.632E-07 -9.497E-04 2.854E-01 
51.3 6.8 14.93 5.632E-07 -9.497E-04 2.854E-01 
51.6 11.2 14.97 5.632E-07 -9.497E-04 2.854E-01 
54.2 11.5 15.35 5.632E-07 -9.497E-04 2.854E-01 
54.7 16.5 15.43 5.632E-07 -9.497E-04 2.854E-01 
54.4 22.6 15.38 5.632E-07 -9.497E-04 2.854E-01 
55.3 8.6 15.52 5.632E-07 -9.497E-04 2.854E-01 
55.8 1.3 15.6 5.632E-07 -9.497E-04 2.854E-01 
55.5 4.3 15.56 5.632E-07 -9.497E-04 2.854E-01 
55.3 6.3 15.53 5.632E-07 -9.497E-04 2.854E-01 
55.3 6.5 15.52 5.632E-07 -9.497E-04 2.854E-01 
55.3 6.5 15.52 5.632E-07 -9.497E-04 2.854E-01 
55.3 6.5 15.52 5.632E-07 -9.497E-04 2.854E-01 
55.3 6.5 15.51 5.632E-07 -9.497E-04 2.854E-01 
55.2 4.8 15.51 5.632E-07 -9.497E-04 2.854E-01 
54.4 2.7 15.39 5.632E-07 -9.497E-04 2.854E-01 
55.2 (a) 15.52 5.632E-07 -9.497E-04 2.854E-01 
54.2 13.3 15.36 5.632E-07 -9.497E-04 2.854E-01 
54.1 11.8 15.34 5.632E-07 -9.497E-04 2.854E-01 
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693 54.7 5.3 15.43 5.632E-07 -9.497E-04 2.854E-01 
694 55.4 (a) 15.54 5.632E-07 -9.497E-04 2.854E-01 
695 54.9 1.9 15.46 5.632E-07 -9.497E-04 2.854E-01 
696 54.5 6.2 15.4 5.632E-07 -9.497E-04 2.854E-01 
697 54.5 7.2 15.41 5.632E-07 -9.497E-04 2.854E-01 
698 54.5 6.3 15.41 5.632E-07 -9.497E-04 2.854E-01 
699 54 (a) 15.33 4.087E-07 -8.219E-04 3.495E-01 
700 54.8 (a) 15.46 2.542E-07 -6.940E-04 4.136E-01 
701 54.1 (a) 15.36 9.973E-08 -5.661E-04 4.778E-01 
702 53.2 6.7 15.21 9.973E-08 -5.661E-04 4.778E-01 
703 53.5 5.8 15.25 9.973E-08 -5.661E-04 4.778E-01 
704 53 (a) 15.19 9.973E-08 -5.661E-04 4.778E-01 
705 50.9 8.6 14.87 9.973E-08 -5.661E-04 4.778E-01 
706 50.7 11.7 14.84 9.973E-08 -5.661E-04 4.778E-01 
707 51.1 7.8 14.9 9.973E-08 -5.661E-04 4.778E-01 
708 51.2 6.6 14.92 9.973E-08 -5.661E-04 4.778E-01 
709 51.2 6.5 14.92 9.973E-08 -5.661E-04 4.778E-01 
710 51.2 6.5 14.92 9.973E-08 -5.661E-04 4.778E-01 
711 51.2 6.5 14.92 9.973E-08 -5.661E-04 4.778E-01 
712 51.3 6.5 14.92 9.973E-08 -5.661E-04 4.778E-01 
713 51.3 6.5 14.92 9.973E-08 -5.661E-04 4.778E-01 
714 51.3 6.5 14.93 9.973E-08 -5.661E-04 4.778E-01 
732 51.3 6.5 14.93 9.973E-08 -5.661E-04 4.778E-01 
733 51.3 6.5 14.94 9.973E-08 -5.661E-04 4.778E-01 
734 51.4 10.5 14.95 9.973E-08 -5.661E-04 4.778E-01 
735 53.1 11.2 15.19 9.973E-08 -5.661E-04 4.778E-01 
736 52.9 5.3 15.17 9.973E-08 -5.661E-04 4.778E-01 
737 53.8 2.9 15.3 9.973E-08 -5.661E-04 4.778E-01 
738 55.5 (a) 15.56 9.973E-08 -5.661E-04 4.778E-01 
739 55.1 2 15.5 9.973E-08 -5.661E-04 4.778E-01 
740 55.7 6.8 15.58 9.973E-08 -5.661E-04 4.778E-01 
741 55.9 5.3 15.61 9.973E-08 -5.661E-04 4.778E-01 
742 54.1 18 15.33 9.973E-08 -5.661E-04 4.778E-01 
743 53.9 14.8 15.3 9.973E-08 -5.661E-04 4.778E-01 
744 55 9.5 15.47 9.973E-08 -5.661E-04 4.778E-01 
745 55.4 1.9 15.54 9.973E-08 -5.661E-04 4.778E-01 
746 55.7 8.4 15.58 9.973E-08 -5.661E-04 4.778E-01 
747 57.4 (a) 15.85 9.973E-08 -5.661E-04 4.778E-01 
748 56.7 (a) 15.77 9.973E-08 -5.661E-04 4.778E-01 
749 32.2 (a) 15.36 9.973E-08 -5.661E-04 4.778E-01 
750 30.2 25.4 15.05 9.973E-08 -5.661E-04 4.778E-01 
751 28.9 43.8 14.8 9.973E-08 -5.661E-04 4.778E-01 
752 29.6 37.9 14.93 9.973E-08 -5.661E-04 4.778E-01 
753 30.5 13.4 15.11 3.324E-08 -1.887E-04 1.593E-01 
754 30.6 (a) 15.14 -3.324E-08 1.887E-04 -1.593E-01 
755 29.2 (a) 14.88 -9.973E-08 5.661E-04 -4.778E-01 
756 28.7 (a) 14.79 -9.973E-08 5.661E-04 -4.778E-01 
757 28.2 (a) 14.69 -9.973E-08 5.661E-04 -4.778E-01 
758 27.7 8.5 14.6 -9.973E-08 5.661E-04 -4.778E-01 
759 27.5 (a) 14.55 -9.973E-08 5.661E-04 -4.778E-01 
760 24.9 (a) 14.09 -9.973E-08 5.661E-04 -4.778E-01 
761 23.1 (a) 13.76 -9.973E-08 5.661E-04 -4.778E-01 
762 21 8.9 12.81 -9.973E-08 5.661E-04 -4.778E-01 
763 34.4 (a) 12.32 -9.973E-08 5.661E-04 -4.778E-01 
764 30.1 (a) 11.83 -9.973E-08 5.661E-04 -4.778E-01 
765 22.8 (a) 10.76 -9.973E-08 5.661E-04 -4.778E-01 
766 13.2 (a) 9.35 -9.973E-08 5.661E-04 -4.778E-01 
767 17.9 7.1 7.87 -9.973E-08 5.661E-04 -4.778E-01 
768 21.7 10.3 6.32 -9.973E-08 5.661E-04 -4.778E-01 
769 15.3 (a) 4.47 -9.973E-08 5.661E-04 -4.778E-01 
770 0.9 (a) 2.49 -9.973E-08 5.661E-04 -4.778E-01 
771 0.1 5.6 1.67 -9.973E-08 5.661E-04 -4.778E-01 
772 0 0 1.55 -9.973E-08 5.661E-04 -4.778E-01 
773 0 0 1.46 -9.973E-08 5.661E-04 -4.778E-01 
774 0 0 0.71 -9.973E-08 5.661E-04 -4.778E-01 
775 0 0 0 -9.973E-08 5.661E-04 -4.778E-01 
799 0 0 0 -9.973E-08 5.661E-04 -4.778E-01 
800 0 0 0 3.522E-06 -3.252E-03 6.821E-01 
801 0 0 0 7.144E-06 -7.070E-03 1.842E+00 
802 0 0 0 1.077E-05 -1.089E-02 3.002E+00 
810 0 0 0 1.077E-05 -1.089E-02 3.002E+00 
811 7.7 34.4 1.28 1.077E-05 -1.089E-02 3.002E+00 
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812 16.2 15.7 2.87 1.077E-05 -1.089E-02 3.002E+00 
813 37.9 5.1 3.79 1.077E-05 -1.089E-02 3.002E+00 
814 51.4 10.8 4.37 1.077E-05 -1.089E-02 3.002E+00 
815 71.1 18.9 5.19 1.077E-05 -1.089E-02 3.002E+00 
816 49.8 (a) 5.6 1.077E-05 -1.089E-02 3.002E+00 
817 65.6 18.1 6.47 1.077E-05 -1.089E-02 3.002E+00 
818 43.5 4.8 6.4 1.077E-05 -1.089E-02 3.002E+00 
819 47.4 35.6 6.93 1.077E-05 -1.089E-02 3.002E+00 
820 73 32.8 8.77 1.077E-05 -1.089E-02 3.002E+00 
821 76.2 29 9.82 1.077E-05 -1.089E-02 3.002E+00 
822 33.1 6.8 9.69 1.077E-05 -1.089E-02 3.002E+00 
823 44.9 51 11.01 1.077E-05 -1.089E-02 3.002E+00 
824 60.1 44.1 12.8 1.077E-05 -1.089E-02 3.002E+00 
825 67 22.5 13.62 1.077E-05 -1.089E-02 3.002E+00 
826 72.5 28.6 14.25 1.077E-05 -1.089E-02 3.002E+00 
827 46 2.8 13.95 1.077E-05 -1.089E-02 3.002E+00 
828 51 60.5 14.84 1.077E-05 -1.089E-02 3.002E+00 
829 63 33.5 16.62 1.077E-05 -1.089E-02 3.002E+00 
830 65.5 25.2 17 1.077E-05 -1.089E-02 3.002E+00 
831 57.8 12.7 17.13 1.077E-05 -1.089E-02 3.002E+00 
832 40.4 36 16.96 1.077E-05 -1.089E-02 3.002E+00 
833 43.6 24.7 17.56 1.077E-05 -1.089E-02 3.002E+00 
834 44.1 21.8 17.66 3.588E-06 -3.630E-03 1.001E+00 
835 45 10.9 17.84 -3.588E-06 3.630E-03 -1.001E+00 
836 44.3 (a) 17.71 -1.077E-05 1.089E-02 -3.002E+00 
837 42 (a) 17.28 -1.077E-05 1.089E-02 -3.002E+00 
838 38.5 (a) 16.63 -1.077E-05 1.089E-02 -3.002E+00 
839 35.3 (a) 16.03 -1.077E-05 1.089E-02 -3.002E+00 
840 31.3 (a) 15.29 -1.077E-05 1.089E-02 -3.002E+00 
841 24.9 (a) 14.1 -1.077E-05 1.089E-02 -3.002E+00 
842 29.1 12.7 12.28 -1.077E-05 1.089E-02 -3.002E+00 
843 20.4 (a) 10.41 -1.077E-05 1.089E-02 -3.002E+00 
844 14.7 12.9 8.82 -1.077E-05 1.089E-02 -3.002E+00 
845 14.7 (a) 7.57 -1.077E-05 1.089E-02 -3.002E+00 
846 17.2 6.5 5.93 -1.077E-05 1.089E-02 -3.002E+00 
847 16.7 12.3 3.77 -1.077E-05 1.089E-02 -3.002E+00 
848 0 0 1.51 -1.077E-05 1.089E-02 -3.002E+00 
849 0 0 0 -1.077E-05 1.089E-02 -3.002E+00 
864 0 0 0 -1.077E-05 1.089E-02 -3.002E+00 
865 0 0 0 -3.199E-06 3.169E-03 -1.698E+00 
866 0 0 0 4.367E-06 -4.551E-03 -3.934E-01 
867 0 0 0 1.193E-05 -1.227E-02 9.108E-01 
869 0 0 0 1.193E-05 -1.227E-02 9.108E-01 
870 3 5 0 1.193E-05 -1.227E-02 9.108E-01 
871 7 10 0 1.193E-05 -1.227E-02 9.108E-01 
872 58.6 22.6 5.59 1.193E-05 -1.227E-02 9.108E-01 
873 84.8 19.9 6.92 1.193E-05 -1.227E-02 9.108E-01 
874 46.7 3.3 6.66 1.193E-05 -1.227E-02 9.108E-01 
875 51.2 10.4 7.09 1.193E-05 -1.227E-02 9.108E-01 
876 56.5 10.6 7.46 1.193E-05 -1.227E-02 9.108E-01 
877 70.3 14.4 8.4 1.193E-05 -1.227E-02 9.108E-01 
878 53.2 10.4 8.86 1.193E-05 -1.227E-02 9.108E-01 
879 50.4 34.3 9.51 9.979E-06 -1.043E-02 9.264E-01 
880 81.5 54.8 12.38 8.023E-06 -8.594E-03 9.420E-01 
881 91.3 5.4 13.38 6.068E-06 -6.755E-03 9.576E-01 
882 63.6 10.3 13.29 6.068E-06 -6.755E-03 9.576E-01 
883 57.9 37.8 13.65 6.068E-06 -6.755E-03 9.576E-01 
884 80.1 61.2 16.37 6.068E-06 -6.755E-03 9.576E-01 
885 89.5 24 17.62 6.068E-06 -6.755E-03 9.576E-01 
886 60.8 7.4 17.9 6.068E-06 -6.755E-03 9.576E-01 
887 57.2 41.9 18.28 6.068E-06 -6.755E-03 9.576E-01 
888 65.4 8.4 19.71 6.068E-06 -6.755E-03 9.576E-01 
889 65.6 5.5 19.75 5.713E-06 -6.392E-03 4.768E-01 
890 35.9 0.3 19.56 5.358E-06 -6.028E-03 -3.992E-03 
891 35.4 31.2 19.87 5.004E-06 -5.665E-03 -4.848E-01 
892 37.3 19 20.32 5.004E-06 -5.665E-03 -4.848E-01 
893 40.5 38 21 5.004E-06 -5.665E-03 -4.848E-01 
894 46.4 56.4 22.32 5.004E-06 -5.665E-03 -4.848E-01 
895 52.5 39.6 23.74 5.004E-06 -5.665E-03 -4.848E-01 
896 54.6 7.8 24.26 5.004E-06 -5.665E-03 -4.848E-01 
897 53.3 (a) 23.98 5.004E-06 -5.665E-03 -4.848E-01 
898 51.2 (a) 23.51 5.004E-06 -5.665E-03 -4.848E-01 
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899 49.3 (a) 23.08 3.154E-06 -3.810E-03 -3.535E-01 
900 47.4 (a) 22.66 1.304E-06 -1.954E-03 -2.222E-01 
901 46 6.4 22.31 -5.462E-07 -9.930E-05 -9.097E-02 
902 45.9 7.6 22.29 -5.462E-07 -9.930E-05 -9.097E-02 
903 46.4 18.3 22.38 -5.462E-07 -9.930E-05 -9.097E-02 
904 48.1 23.5 22.75 -5.462E-07 -9.930E-05 -9.097E-02 
905 50 22.5 23.2 -5.462E-07 -9.930E-05 -9.097E-02 
906 50.5 8.6 23.34 -5.462E-07 -9.930E-05 -9.097E-02 
907 48.9 (a) 22.99 -5.462E-07 -9.930E-05 -9.097E-02 
908 48.2 11 22.8 -5.462E-07 -9.930E-05 -9.097E-02 
909 47.5 3.6 22.66 9.609E-07 -1.656E-03 1.853E-01 
910 48.3 14.9 22.82 2.468E-06 -3.213E-03 4.616E-01 
911 48.7 13 22.92 3.975E-06 -4.769E-03 7.379E-01 
912 47.8 (a) 22.74 3.975E-06 -4.769E-03 7.379E-01 
913 47.8 14.5 22.71 3.975E-06 -4.769E-03 7.379E-01 
914 48.3 10.1 22.82 3.975E-06 -4.769E-03 7.379E-01 
915 48.3 6.4 22.84 3.975E-06 -4.769E-03 7.379E-01 
916 48.2 7 22.8 3.975E-06 -4.769E-03 7.379E-01 
917 48.3 12.5 22.83 3.975E-06 -4.769E-03 7.379E-01 
918 48.1 6.6 22.79 3.975E-06 -4.769E-03 7.379E-01 
919 48.2 12.1 22.79 3.975E-06 -4.769E-03 7.379E-01 
920 49.2 17.9 23.02 1.325E-06 -1.590E-03 2.460E-01 
921 50.7 11.7 23.36 -1.325E-06 1.590E-03 -2.460E-01 
922 49.4 (a) 23.1 -3.975E-06 4.769E-03 -7.379E-01 
923 47.2 (a) 22.61 -3.975E-06 4.769E-03 -7.379E-01 
924 44.8 (a) 22.06 -3.975E-06 4.769E-03 -7.379E-01 
925 42.1 (a) 21.45 -3.975E-06 4.769E-03 -7.379E-01 
926 39.1 (a) 20.76 -3.975E-06 4.769E-03 -7.379E-01 
927 36.2 (a) 20.11 -3.975E-06 4.769E-03 -7.379E-01 
928 33.5 (a) 19.48 -3.975E-06 4.769E-03 -7.379E-01 
929 29.8 (a) 18.65 -3.975E-06 4.769E-03 -7.379E-01 
930 25.1 (a) 17.59 -3.975E-06 4.769E-03 -7.379E-01 
931 20.4 (a) 16.52 -3.975E-06 4.769E-03 -7.379E-01 
932 23.8 13.5 15.18 -3.975E-06 4.769E-03 -7.379E-01 
933 29.8 1.8 13.26 -3.975E-06 4.769E-03 -7.379E-01 
934 15.6 (a) 11.39 -3.975E-06 4.769E-03 -7.379E-01 
935 19.4 14.3 9.71 -3.975E-06 4.769E-03 -7.379E-01 
936 16.1 (a) 8.52 -3.975E-06 4.769E-03 -7.379E-01 
937 16.3 13.1 6.98 -3.975E-06 4.769E-03 -7.379E-01 
938 17.8 11.5 4.9 -3.975E-06 4.769E-03 -7.379E-01 
939 8.6 1.8 2.92 -3.975E-06 4.769E-03 -7.379E-01 
940 0 0 2.39 -3.975E-06 4.769E-03 -7.379E-01 
941 0 0 2.44 -3.975E-06 4.769E-03 -7.379E-01 
942 0 0 2.37 -3.975E-06 4.769E-03 -7.379E-01 
943 1 5 1.67 -3.975E-06 4.769E-03 -7.379E-01 
944 5 8.7 1.17 -3.975E-06 4.769E-03 -7.379E-01 
945 5.4 7.6 1.34 -3.975E-06 4.769E-03 -7.379E-01 
946 0 0 1.28 -3.975E-06 4.769E-03 -7.379E-01 
947 0 0 0.56 -1.325E-06 1.590E-03 -2.460E-01 
948 0 0 0 1.325E-06 -1.590E-03 2.460E-01 
949 0 0 0 3.975E-06 -4.769E-03 7.379E-01 
952 0 0 0 3.975E-06 -4.769E-03 7.379E-01 
953 5.4 16.3 0.27 3.975E-06 -4.769E-03 7.379E-01 
954 7.2 26 1.4 3.975E-06 -4.769E-03 7.379E-01 
955 27.1 23 2.96 3.975E-06 -4.769E-03 7.379E-01 
956 64.4 18 4.35 3.975E-06 -4.769E-03 7.379E-01 
957 44.8 3.7 4.75 3.975E-06 -4.769E-03 7.379E-01 
958 60.6 28.7 5.67 3.975E-06 -4.769E-03 7.379E-01 
959 92.5 23.9 7.29 3.975E-06 -4.769E-03 7.379E-01 
960 53 1.3 7.23 3.975E-06 -4.769E-03 7.379E-01 
961 85.2 41.6 9.37 3.975E-06 -4.769E-03 7.379E-01 
962 56.3 0.4 9.93 3.975E-06 -4.769E-03 7.379E-01 
963 67.8 48.8 11.11 3.975E-06 -4.769E-03 7.379E-01 
964 101.7 55.3 13.96 3.975E-06 -4.769E-03 7.379E-01 
965 31.9 2.4 13.82 3.975E-06 -4.769E-03 7.379E-01 
966 37.3 57.2 14.93 3.975E-06 -4.769E-03 7.379E-01 
967 54.7 82.5 17.81 3.975E-06 -4.769E-03 7.379E-01 
968 64.3 12.2 19.52 3.975E-06 -4.769E-03 7.379E-01 
969 65.1 8.7 19.67 3.461E-06 -4.200E-03 7.130E-01 
970 36.8 1 19.69 2.947E-06 -3.630E-03 6.882E-01 
971 35.5 20.2 19.9 2.433E-06 -3.060E-03 6.633E-01 
972 36.9 14.6 20.23 2.433E-06 -3.060E-03 6.633E-01 
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973 38.2 14.8 20.52 2.433E-06 -3.060E-03 6.633E-01 
974 38.9 8 20.69 8.109E-07 -1.020E-03 2.211E-01 
975 39 7.7 20.7 -8.109E-07 1.020E-03 -2.211E-01 
976 37.5 (a) 20.38 -2.433E-06 3.060E-03 -6.633E-01 
977 35.6 (a) 19.95 -2.433E-06 3.060E-03 -6.633E-01 
978 33.1 (a) 19.4 -2.433E-06 3.060E-03 -6.633E-01 
979 30 (a) 18.69 -2.433E-06 3.060E-03 -6.633E-01 
980 26.2 (a) 17.83 -2.433E-06 3.060E-03 -6.633E-01 
981 21.9 (a) 16.86 -2.433E-06 3.060E-03 -6.633E-01 
982 18.1 (a) 15.98 -2.433E-06 3.060E-03 -6.633E-01 
983 40.7 16.1 15.23 -2.433E-06 3.060E-03 -6.633E-01 
984 36 (a) 14.81 -2.433E-06 3.060E-03 -6.633E-01 
985 33.7 (a) 14.4 -2.433E-06 3.060E-03 -6.633E-01 
986 32 (a) 14.12 -2.433E-06 3.060E-03 -6.633E-01 
987 29.3 (a) 13.67 -2.433E-06 3.060E-03 -6.633E-01 
988 27 (a) 13.29 -2.433E-06 3.060E-03 -6.633E-01 
989 24.6 (a) 12.89 -2.433E-06 3.060E-03 -6.633E-01 
990 21.8 (a) 12.41 -2.433E-06 3.060E-03 -6.633E-01 
991 18.2 (a) 11.82 -2.433E-06 3.060E-03 -6.633E-01 
992 9.9 6.7 9.97 -2.433E-06 3.060E-03 -6.633E-01 
993 16 2.1 8.01 -2.433E-06 3.060E-03 -6.633E-01 
994 13.4 4 5.89 -2.433E-06 3.060E-03 -6.633E-01 
995 11.3 5.7 3.93 -2.433E-06 3.060E-03 -6.633E-01 
996 0 0 2.5 -2.433E-06 3.060E-03 -6.633E-01 
997 0.3 3.9 2.18 -2.433E-06 3.060E-03 -6.633E-01 
998 0.2 3.5 1.91 -2.433E-06 3.060E-03 -6.633E-01 
999 0 0 2.01 -2.433E-06 3.060E-03 -6.633E-01 
1000 0 0 2.13 -2.433E-06 3.060E-03 -6.633E-01 
1001 0 0 2.04 -2.433E-06 3.060E-03 -6.633E-01 
1002 0 0 0.61 -2.433E-06 3.060E-03 -6.633E-01 
1003 0 0 0 -2.433E-06 3.060E-03 -6.633E-01 
1014 0 0 0 -2.433E-06 3.060E-03 -6.633E-01 
1015 0 0 0 -1.410E-06 1.623E-03 -4.817E-01 
1016 0 0 0 -3.875E-07 1.855E-04 -3.001E-01 
1017 1 7.6 0.01 6.352E-07 -1.252E-03 -1.186E-01 
1018 7.8 34.2 0.94 6.352E-07 -1.252E-03 -1.186E-01 
1019 27.5 19.7 2.99 6.352E-07 -1.252E-03 -1.186E-01 
1020 67.8 18.4 4.47 6.352E-07 -1.252E-03 -1.186E-01 
1021 39.9 5.8 4.45 6.352E-07 -1.252E-03 -1.186E-01 
1022 39.1 27.8 4.59 6.352E-07 -1.252E-03 -1.186E-01 
1023 90.5 36.7 7.17 6.352E-07 -1.252E-03 -1.186E-01 
1024 55.7 1.3 7.32 6.352E-07 -1.252E-03 -1.186E-01 
1025 81.4 46.8 9.1 6.352E-07 -1.252E-03 -1.186E-01 
1026 56.6 2.7 9.86 6.352E-07 -1.252E-03 -1.186E-01 
1027 62.2 36.5 10.61 6.352E-07 -1.252E-03 -1.186E-01 
1028 81 44.1 12.35 6.352E-07 -1.252E-03 -1.186E-01 
1029 64.2 11 13.32 6.352E-07 -1.252E-03 -1.186E-01 
1030 56.2 37.2 13.44 6.352E-07 -1.252E-03 -1.186E-01 
1031 77.1 77.9 15.98 6.352E-07 -1.252E-03 -1.186E-01 
1032 103.6 47.7 18.47 6.352E-07 -1.252E-03 -1.186E-01 
1033 56.1 2.9 18.15 6.352E-07 -1.252E-03 -1.186E-01 
1034 65 62.1 19.55 6.352E-07 -1.252E-03 -1.186E-01 
1035 72.1 27.2 20.81 6.352E-07 -1.252E-03 -1.186E-01 
1036 75 19.5 21.31 6.352E-07 -1.252E-03 -1.186E-01 
1037 42.6 1.6 21.12 6.352E-07 -1.252E-03 -1.186E-01 
1038 43.4 47.9 21.65 6.352E-07 -1.252E-03 -1.186E-01 
1039 47.3 26.8 22.57 6.352E-07 -1.252E-03 -1.186E-01 
1040 49 21.4 22.98 6.352E-07 -1.252E-03 -1.186E-01 
1041 50.5 23.2 23.32 6.352E-07 -1.252E-03 -1.186E-01 
1042 51.9 20.3 23.63 6.352E-07 -1.252E-03 -1.186E-01 
1043 53.2 19.4 23.92 6.352E-07 -1.252E-03 -1.186E-01 
1044 54.1 14.5 24.14 6.352E-07 -1.252E-03 -1.186E-01 
1045 54 6.5 24.13 6.352E-07 -1.252E-03 -1.186E-01 
1046 54.9 26.4 24.3 6.352E-07 -1.252E-03 -1.186E-01 
1047 58 38 24.99 6.352E-07 -1.252E-03 -1.186E-01 
1048 60.7 25.2 25.63 6.352E-07 -1.252E-03 -1.186E-01 
1049 32.4 (a) 25.39 6.352E-07 -1.252E-03 -1.186E-01 
1050 29.8 7.6 25.06 6.352E-07 -1.252E-03 -1.186E-01 
1051 28.4 (a) 24.66 6.352E-07 -1.252E-03 -1.186E-01 
1052 26.2 (a) 23.99 6.352E-07 -1.252E-03 -1.186E-01 
1053 25.2 14.1 23.63 6.352E-07 -1.252E-03 -1.186E-01 
1054 26.9 47.6 24.13 6.352E-07 -1.252E-03 -1.186E-01 
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1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126

30.5 70.4 25.2 6.352E-07 -1.252E-03 -1.186E-01 
32.1 12.2 25.77 6.352E-07 -1.252E-03 -1.186E-01 
32.6 26.7 25.89 6.352E-07 -1.252E-03 -1.186E-01 
34.5 44 26.46 6.352E-07 -1.252E-03 -1.186E-01 
36.5 34.5 27.06 6.352E-07 -1.252E-03 -1.186E-01 
37.7 26.5 27.46 6.352E-07 -1.252E-03 -1.186E-01 
38.6 23.3 27.72 6.352E-07 -1.252E-03 -1.186E-01 
39.3 20.6 27.95 6.352E-07 -1.252E-03 -1.186E-01 
39.6 19.9 28.03 6.352E-07 -1.252E-03 -1.186E-01 
40.1 23.2 28.19 6.352E-07 -1.252E-03 -1.186E-01 
40.7 25.2 28.38 6.352E-07 -1.252E-03 -1.186E-01 
41.6 27.3 28.64 6.352E-07 -1.252E-03 -1.186E-01 
42.4 23.5 28.9 6.352E-07 -1.252E-03 -1.186E-01 
42.9 22.5 29.04 6.352E-07 -1.252E-03 -1.186E-01 
43.2 15.8 29.14 6.352E-07 -1.252E-03 -1.186E-01 
43.1 15.6 29.13 6.352E-07 -1.252E-03 -1.186E-01 
43.2 17.1 29.17 6.352E-07 -1.252E-03 -1.186E-01 
43.2 13.8 29.17 6.352E-07 -1.252E-03 -1.186E-01 
43.2 14.7 29.15 6.352E-07 -1.252E-03 -1.186E-01 
43 22.7 29.09 6.352E-07 -1.252E-03 -1.186E-01 

43.8 24.6 29.31 6.352E-07 -1.252E-03 -1.186E-01 
44.2 13.7 29.46 6.352E-07 -1.252E-03 -1.186E-01 
44 6.9 29.39 6.352E-07 -1.252E-03 -1.186E-01 

42.9 (a) 29.08 6.352E-07 -1.252E-03 -1.186E-01 
41.4 2.9 28.62 6.352E-07 -1.252E-03 -1.186E-01 
41 14 28.48 6.352E-07 -1.252E-03 -1.186E-01 

41.1 17.7 28.5 6.352E-07 -1.252E-03 -1.186E-01 
41.7 15 28.69 6.352E-07 -1.252E-03 -1.186E-01 
42.4 19.8 28.91 6.352E-07 -1.252E-03 -1.186E-01 
43.5 17.4 29.24 6.352E-07 -1.252E-03 -1.186E-01 
44 10.8 29.41 6.352E-07 -1.252E-03 -1.186E-01 

44.3 10 29.51 6.352E-07 -1.252E-03 -1.186E-01 
44.5 6.5 29.55 6.352E-07 -1.252E-03 -1.186E-01 
44.1 0.4 29.46 6.352E-07 -1.252E-03 -1.186E-01 
43.4 1.2 29.24 6.352E-07 -1.252E-03 -1.186E-01 
43.2 7.3 29.17 6.352E-07 -1.252E-03 -1.186E-01 
43.1 4.7 29.14 6.352E-07 -1.252E-03 -1.186E-01 
42.8 4.7 29.04 6.352E-07 -1.252E-03 -1.186E-01 
42.6 5.8 28.97 6.352E-07 -1.252E-03 -1.186E-01 
42.6 9.8 28.97 6.352E-07 -1.252E-03 -1.186E-01 
42.9 13.4 29.06 6.352E-07 -1.252E-03 -1.186E-01 
43.4 19 29.22 6.352E-07 -1.252E-03 -1.186E-01 
44.2 15 29.47 6.352E-07 -1.252E-03 -1.186E-01 
44.6 11.5 29.59 6.352E-07 -1.252E-03 -1.186E-01 
44.8 5.5 29.66 3.896E-07 -1.022E-03 -3.475E-01 
44.1 (a) 29.47 1.440E-07 -7.913E-04 -5.765E-01 
43.1 (a) 29.125 -1.016E-07 -5.610E-04 -8.055E-01 
42.8 10.3 29.03 -1.016E-07 -5.610E-04 -8.055E-01 
43 0.7 29.1 -1.016E-07 -5.610E-04 -8.055E-01 
42 (a) 28.82 -1.016E-07 -5.610E-04 -8.055E-01 

41.3 (a) 28.60 -1.016E-07 -5.610E-04 -8.055E-01 
40.7 (a) 28.41 -1.016E-07 -5.610E-04 -8.055E-01 
40 1.3 28.19 -1.016E-07 -5.610E-04 -8.055E-01 

39.6 6.1 28.07 -1.016E-07 -5.610E-04 -8.055E-01 
39.4 2.4 28.01 -1.016E-07 -5.610E-04 -8.055E-01 
38.8 (a) 27.84 -1.016E-07 -5.610E-04 -8.055E-01 
38.1 0.1 27.62 -1.016E-07 -5.610E-04 -8.055E-01 
37.4 (a) 27.4 -1.016E-07 -5.610E-04 -8.055E-01 
36.1 (a) 27.01 -1.016E-07 -5.610E-04 -8.055E-01 
35 (a) 26.68 -1.016E-07 -5.610E-04 -8.055E-01 
34 (a) 26.35 -1.016E-07 -5.610E-04 -8.055E-01 

32.7 (a) 25.98 -1.016E-07 -5.610E-04 -8.055E-01 
31 (a) 25.46 -1.016E-07 -5.610E-04 -8.055E-01 

29.8 0.8 25.05 -1.016E-07 -5.610E-04 -8.055E-01 
30 8.2 25.12 -1.016E-07 -5.610E-04 -8.055E-01 

29.8 1.2 25.07 -1.016E-07 -5.610E-04 -8.055E-01 
29.1 (a) 24.86 -1.016E-07 -5.610E-04 -8.055E-01 
28 (a) 24.51 -1.016E-07 -5.610E-04 -8.055E-01 

26.8 (a) 24.15 -1.016E-07 -5.610E-04 -8.055E-01 
25.7 (a) 23.82 -1.016E-07 -5.610E-04 -8.055E-01 
24 (a) 23.3 -1.016E-07 -5.610E-04 -8.055E-01 

22.3 (a) 22.79 -1.016E-07 -5.610E-04 -8.055E-01 
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1127 21.1 (a) 22.39 -1.016E-07 -5.610E-04 -8.055E-01 
1128 21 21.6 22.35 -1.016E-07 -5.610E-04 -8.055E-01 
1129 22.6 36.9 22.82 -1.016E-07 -5.610E-04 -8.055E-01 
1130 24.9 37.1 23.52 -1.016E-07 -5.610E-04 -8.055E-01 
1131 26.9 30.8 24.15 -1.016E-07 -5.610E-04 -8.055E-01 
1132 28.5 29.6 24.65 -1.016E-07 -5.610E-04 -8.055E-01 
1133 29.8 23.4 25.04 -1.016E-07 -5.610E-04 -8.055E-01 
1134 30.7 21.9 25.31 -1.016E-07 -5.610E-04 -8.055E-01 
1135 31.8 20.3 25.65 -3.387E-08 -1.870E-04 -2.685E-01 
1136 32.2 (a) 25.81 3.387E-08 1.870E-04 2.685E-01 
1137 30.6 (a) 25.35 1.016E-07 5.610E-04 8.055E-01 
1138 27.7 (a) 24.45 1.016E-07 5.610E-04 8.055E-01 
1139 24.8 (a) 23.57 1.016E-07 5.610E-04 8.055E-01 
1140 22.1 (a) 22.73 1.016E-07 5.610E-04 8.055E-01 
1141 20.1 (a) 22.1 1.016E-07 5.610E-04 8.055E-01 
1142 18.5 (a) 21.62 1.016E-07 5.610E-04 8.055E-01 
1143 21.2 11.1 20.87 1.016E-07 5.610E-04 8.055E-01 
1144 36.3 (a) 20.12 1.016E-07 5.610E-04 8.055E-01 
1145 33.4 (a) 19.46 1.016E-07 5.610E-04 8.055E-01 
1146 30.7 (a) 18.86 1.016E-07 5.610E-04 8.055E-01 
1147 27.9 (a) 18.21 1.016E-07 5.610E-04 8.055E-01 
1148 24.4 (a) 17.42 1.016E-07 5.610E-04 8.055E-01 
1149 21.2 (a) 16.68 1.016E-07 5.610E-04 8.055E-01 
1150 17.9 (a) 15.94 1.016E-07 5.610E-04 8.055E-01 
1151 38.8 9.1 14.61 1.016E-07 5.610E-04 8.055E-01 
1152 20.3 (a) 12.21 1.016E-07 5.610E-04 8.055E-01 
1153 15.9 12.7 8.78 1.016E-07 5.610E-04 8.055E-01 
1154 12.6 (a) 4.16 1.016E-07 5.610E-04 8.055E-01 
1155 0 0 1.53 3.387E-08 1.870E-04 2.685E-01 
1156 0 0 0.05 -3.387E-08 -1.870E-04 -2.685E-01 
1157 0 0 0 -1.016E-07 -5.610E-04 -8.055E-01 
1163 0 0 0 -1.016E-07 -5.610E-04 -8.055E-01 
1164 0 0 0 1.960E-06 -2.704E-03 -3.877E-01 
1165 2 7.7 0 4.021E-06 -4.848E-03 3.015E-02 
1166 8.3 40.4 1.67 6.082E-06 -6.991E-03 4.480E-01 
1167 34.3 17.6 3.22 6.082E-06 -6.991E-03 4.480E-01 
1168 65.7 16.8 4.4 6.082E-06 -6.991E-03 4.480E-01 
1169 35.6 5.8 4.25 6.082E-06 -6.991E-03 4.480E-01 
1170 13.2 5.7 3.18 6.082E-06 -6.991E-03 4.480E-01 
1171 0 0 2.29 6.082E-06 -6.991E-03 4.480E-01 
1172 0 0 1.95 6.082E-06 -6.991E-03 4.480E-01 
1173 57.3 38.8 4.02 6.082E-06 -6.991E-03 4.480E-01 
1174 59.1 9.7 5.22 6.082E-06 -6.991E-03 4.480E-01 
1175 63.4 29.7 5.81 6.082E-06 -6.991E-03 4.480E-01 
1176 76 29.9 7.71 6.082E-06 -6.991E-03 4.480E-01 
1177 24 4.9 6.89 6.082E-06 -6.991E-03 4.480E-01 
1178 42.7 53.3 8.77 6.082E-06 -6.991E-03 4.480E-01 
1179 81.2 36.8 12.38 6.082E-06 -6.991E-03 4.480E-01 
1180 85.8 (a) 12.88 6.082E-06 -6.991E-03 4.480E-01 
1181 50.4 (a) 12.56 6.082E-06 -6.991E-03 4.480E-01 
1182 45.6 9.1 12.17 6.082E-06 -6.991E-03 4.480E-01 
1183 57.4 46.7 13.57 6.082E-06 -6.991E-03 4.480E-01 
1184 77.6 53.7 16.08 6.082E-06 -6.991E-03 4.480E-01 
1185 89.2 19.2 17.59 6.082E-06 -6.991E-03 4.480E-01 
1186 69.4 15.3 17.8 6.082E-06 -6.991E-03 4.480E-01 
1187 56.2 36.1 18.12 6.082E-06 -6.991E-03 4.480E-01 
1188 67.1 29.4 19.96 6.082E-06 -6.991E-03 4.480E-01 
1189 72.5 36.6 20.86 6.082E-06 -6.991E-03 4.480E-01 
1190 45.1 5.9 20.96 6.082E-06 -6.991E-03 4.480E-01 
1191 41.1 43.2 21.15 6.082E-06 -6.991E-03 4.480E-01 
1192 48.2 57.4 22.73 6.082E-06 -6.991E-03 4.480E-01 
1193 53.6 36.3 24 6.082E-06 -6.991E-03 4.480E-01 
1194 56.9 28.7 24.76 6.082E-06 -6.991E-03 4.480E-01 
1195 58.6 15.2 25.16 6.082E-06 -6.991E-03 4.480E-01 
1196 34 4.8 25.14 6.082E-06 -6.991E-03 4.480E-01 
1197 28.5 (a) 24.67 6.082E-06 -6.991E-03 4.480E-01 
1198 28.6 16.6 24.68 6.082E-06 -6.991E-03 4.480E-01 
1199 28.3 2.3 24.6 5.416E-06 -6.524E-03 4.641E-01 
1200 29 25.8 24.79 4.750E-06 -6.058E-03 4.802E-01 
1201 29.5 20.8 24.95 4.084E-06 -5.591E-03 4.963E-01 
1202 30.3 31.8 25.18 4.084E-06 -5.591E-03 4.963E-01 
1203 31.7 29.4 25.6 4.084E-06 -5.591E-03 4.963E-01 
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1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275

32.7 26.6 25.94 4.084E-06 -5.591E-03 4.963E-01 
33.8 20.6 26.27 4.084E-06 -5.591E-03 4.963E-01 
34.1 14.2 26.38 4.084E-06 -5.591E-03 4.963E-01 
34.3 8.5 26.45 4.084E-06 -5.591E-03 4.963E-01 
34.2 7.6 26.41 4.084E-06 -5.591E-03 4.963E-01 
34.2 15.7 26.41 4.084E-06 -5.591E-03 4.963E-01 
34.9 17 26.6 4.084E-06 -5.591E-03 4.963E-01 
35.2 14.2 26.7 4.084E-06 -5.591E-03 4.963E-01 
35.2 13.2 26.7 4.084E-06 -5.591E-03 4.963E-01 
35.2 7.2 26.72 1.361E-06 -1.864E-03 1.654E-01 
34.9 (a) 26.62 -1.361E-06 1.864E-03 -1.654E-01 
33.8 (a) 26.32 -4.084E-06 5.591E-03 -4.963E-01 
31.6 (a) 25.65 -4.084E-06 5.591E-03 -4.963E-01 
29.2 (a) 24.9 -4.084E-06 5.591E-03 -4.963E-01 
26.7 (a) 24.15 -4.084E-06 5.591E-03 -4.963E-01 
24.4 (a) 23.44 -4.084E-06 5.591E-03 -4.963E-01 
22.1 (a) 22.74 -4.084E-06 5.591E-03 -4.963E-01 
20 (a) 22.07 -4.084E-06 5.591E-03 -4.963E-01 

17.8 (a) 21.41 -4.084E-06 5.591E-03 -4.963E-01 
36.2 16.7 20.77 -4.084E-06 5.591E-03 -4.963E-01 
36.2 (a) 20.11 -4.084E-06 5.591E-03 -4.963E-01 
32.5 (a) 19.26 -4.084E-06 5.591E-03 -4.963E-01 
28.3 (a) 18.3 -4.084E-06 5.591E-03 -4.963E-01 
22.2 (a) 16.94 -4.084E-06 5.591E-03 -4.963E-01 
25.2 13.9 14.9 -4.084E-06 5.591E-03 -4.963E-01 
25.8 2 12.71 -4.084E-06 5.591E-03 -4.963E-01 
14.1 (a) 11.12 -4.084E-06 5.591E-03 -4.963E-01 
10.6 7.4 10.12 -4.084E-06 5.591E-03 -4.963E-01 
20.8 0.2 8.74 -4.084E-06 5.591E-03 -4.963E-01 
12.3 (a) 8.03 -4.084E-06 5.591E-03 -4.963E-01 
10.5 3.1 7.8 -4.084E-06 5.591E-03 -4.963E-01 
12.8 9.3 7.68 -4.084E-06 5.591E-03 -4.963E-01 
29.4 3.1 7.48 -1.361E-06 1.864E-03 -1.654E-01 
37.4 23.4 8.32 1.361E-06 -1.864E-03 1.654E-01 
53.5 32.7 9.8 4.084E-06 -5.591E-03 4.963E-01 
77.8 51.3 12.04 4.084E-06 -5.591E-03 4.963E-01 
80.8 31 13.87 4.084E-06 -5.591E-03 4.963E-01 
29.1 2.8 13.62 4.084E-06 -5.591E-03 4.963E-01 
38.6 63.7 15.13 4.084E-06 -5.591E-03 4.963E-01 
56.9 37.5 18.23 1.361E-06 -1.864E-03 1.654E-01 
58.8 (a) 18.63 -1.361E-06 1.864E-03 -1.654E-01 
55.1 (a) 18.02 -4.084E-06 5.591E-03 -4.963E-01 
51.3 (a) 17.37 -4.084E-06 5.591E-03 -4.963E-01 
47.4 (a) 16.71 -4.084E-06 5.591E-03 -4.963E-01 
43.4 (a) 16.04 -4.084E-06 5.591E-03 -4.963E-01 
38.5 (a) 15.23 -4.084E-06 5.591E-03 -4.963E-01 
30.4 (a) 13.88 -4.084E-06 5.591E-03 -4.963E-01 
19.7 (a) 12.09 -4.084E-06 5.591E-03 -4.963E-01 
11.8 (a) 10.75 -4.084E-06 5.591E-03 -4.963E-01 
29.1 16.9 10.16 -1.361E-06 1.864E-03 -1.654E-01 
29.1 4.3 10.12 1.361E-06 -1.864E-03 1.654E-01 
34.4 24.4 10.75 4.084E-06 -5.591E-03 4.963E-01 
46.4 34.7 12.22 4.084E-06 -5.591E-03 4.963E-01 
61.2 45.4 14.05 4.084E-06 -5.591E-03 4.963E-01 
79.1 53.2 16.27 4.084E-06 -5.591E-03 4.963E-01 
95.4 38.8 17.96 4.084E-06 -5.591E-03 4.963E-01 
54.9 2.5 17.77 4.084E-06 -5.591E-03 4.963E-01 
56.1 5.8 18.16 4.084E-06 -5.591E-03 4.963E-01 
55.1 0.8 18 4.084E-06 -5.591E-03 4.963E-01 
53.7 0.4 17.76 4.084E-06 -5.591E-03 4.963E-01 
52.2 0.1 17.51 1.361E-06 -1.864E-03 1.654E-01 
51.4 4.3 17.37 -1.361E-06 1.864E-03 -1.654E-01 
48.8 (a) 16.94 -4.084E-06 5.591E-03 -4.963E-01 
44.2 (a) 16.19 -4.084E-06 5.591E-03 -4.963E-01 
35.3 (a) 14.72 -4.084E-06 5.591E-03 -4.963E-01 
23.4 (a) 12.72 -4.084E-06 5.591E-03 -4.963E-01 
11.3 (a) 10.68 -4.084E-06 5.591E-03 -4.963E-01 
24.3 5.9 9.21 -4.084E-06 5.591E-03 -4.963E-01 
10.1 (a) 7.77 -4.084E-06 5.591E-03 -4.963E-01 
20 1.1 6.54 -4.084E-06 5.591E-03 -4.963E-01 

17.9 11.7 4.66 -4.084E-06 5.591E-03 -4.963E-01 
6.3 0.7 2.8 -1.361E-06 1.864E-03 -1.654E-01 
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1280

1285

1290

1295

1300

1305

1310

1315

1320

1325

1330

1335

1340

1345

1350

1276 9.6 23.3 3.12 1.361E-06 -1.864E-03 1.654E-01 
1277 33.1 16.3 4.31 4.084E-06 -5.591E-03 4.963E-01 
1278 58.7 18.9 5.6 4.084E-06 -5.591E-03 4.963E-01 
1279 87.6 26.5 6.99 4.084E-06 -5.591E-03 4.963E-01 

48.5 1.8 6.84 4.084E-06 -5.591E-03 4.963E-01 
1281 74.4 41.3 8.63 4.084E-06 -5.591E-03 4.963E-01 
1282 64.1 12.5 9.83 4.084E-06 -5.591E-03 4.963E-01 
1283 57.1 34.6 10.14 4.084E-06 -5.591E-03 4.963E-01 
1284 91 78.4 13.22 4.084E-06 -5.591E-03 4.963E-01 

38.6 8.5 13.95 4.084E-06 -5.591E-03 4.963E-01 
1286 32.8 40 14.2 4.084E-06 -5.591E-03 4.963E-01 
1287 47 74.3 16.52 4.084E-06 -5.591E-03 4.963E-01 
1288 64.2 53.9 19.43 4.084E-06 -5.591E-03 4.963E-01 
1289 70.4 21.4 20.54 4.084E-06 -5.591E-03 4.963E-01 

71.9 7.4 20.81 4.084E-06 -5.591E-03 4.963E-01 
1291 39.8 2.4 20.61 4.084E-06 -5.591E-03 4.963E-01 
1292 39.6 32 20.81 4.084E-06 -5.591E-03 4.963E-01 
1293 42.7 24 21.52 4.084E-06 -5.591E-03 4.963E-01 
1294 44.6 20.6 21.98 4.084E-06 -5.591E-03 4.963E-01 

47.3 31.6 22.58 4.084E-06 -5.591E-03 4.963E-01 
1296 49.9 22.2 23.18 4.084E-06 -5.591E-03 4.963E-01 
1297 50.7 9.1 23.38 4.084E-06 -5.591E-03 4.963E-01 
1298 50.1 0.8 23.24 4.084E-06 -5.591E-03 4.963E-01 
1299 49.4 4.5 23.08 4.084E-06 -5.591E-03 4.963E-01 

48 (a) 22.79 1.361E-06 -1.864E-03 1.654E-01 
1301 46.9 1.9 22.53 -1.361E-06 1.864E-03 -1.654E-01 
1302 45.9 0 22.29 -4.084E-06 5.591E-03 -4.963E-01 
1303 44.2 (a) 21.93 -4.084E-06 5.591E-03 -4.963E-01 
1304 42.2 (a) 21.47 -4.084E-06 5.591E-03 -4.963E-01 

39.1 (a) 20.77 -4.084E-06 5.591E-03 -4.963E-01 
1306 33.2 (a) 19.45 -4.084E-06 5.591E-03 -4.963E-01 
1307 25.5 (a) 17.72 -4.084E-06 5.591E-03 -4.963E-01 
1308 16 3.5 15.24 -4.084E-06 5.591E-03 -4.963E-01 
1309 27.1 (a) 12.8 -4.084E-06 5.591E-03 -4.963E-01 

8.7 (a) 10.26 -4.084E-06 5.591E-03 -4.963E-01 
1311 11.4 5.9 7.19 -4.084E-06 5.591E-03 -4.963E-01 
1312 13.8 6.7 5.46 -4.084E-06 5.591E-03 -4.963E-01 
1313 14.3 (a) 4.52 -4.084E-06 5.591E-03 -4.963E-01 
1314 30 14.9 4.17 -1.361E-06 1.864E-03 -1.654E-01 

27.8 0.3 4.06 1.361E-06 -1.864E-03 1.654E-01 
1316 41.8 16.8 4.74 4.084E-06 -5.591E-03 4.963E-01 
1317 68.8 20.7 6.11 4.084E-06 -5.591E-03 4.963E-01 
1318 65.3 16.6 6.88 4.084E-06 -5.591E-03 4.963E-01 
1319 50.9 30.1 7.04 4.084E-06 -5.591E-03 4.963E-01 

71.4 14.2 8.48 4.084E-06 -5.591E-03 4.963E-01 
1321 65.7 16.8 8.79 4.084E-06 -5.591E-03 4.963E-01 
1322 41.5 12.7 8.72 4.084E-06 -5.591E-03 4.963E-01 
1323 45.3 9 9.08 1.361E-06 -1.864E-03 1.654E-01 
1324 47 (a) 9.26 -1.361E-06 1.864E-03 -1.654E-01 

41.1 (a) 8.71 -4.084E-06 5.591E-03 -4.963E-01 
1326 34.1 (a) 8.06 -4.084E-06 5.591E-03 -4.963E-01 
1327 23.5 (a) 7.08 -4.084E-06 5.591E-03 -4.963E-01 
1328 8.1 1.2 5.51 -4.084E-06 5.591E-03 -4.963E-01 
1329 19.1 9.4 3.49 -4.084E-06 5.591E-03 -4.963E-01 

0 0 2.56 -4.084E-06 5.591E-03 -4.963E-01 
1331 0.9 7.7 2.34 -1.361E-06 1.864E-03 -1.654E-01 
1332 0.7 3.4 2.53 1.361E-06 -1.864E-03 1.654E-01 
1333 0 0 2.45 4.084E-06 -5.591E-03 4.963E-01 
1334 7.5 17.5 3.02 4.084E-06 -5.591E-03 4.963E-01 

22.4 12 3.77 4.084E-06 -5.591E-03 4.963E-01 
1336 36 10.8 4.46 4.084E-06 -5.591E-03 4.963E-01 
1337 48.2 6.5 5.09 1.361E-06 -1.864E-03 1.654E-01 
1338 48 0.2 5.09 -1.361E-06 1.864E-03 -1.654E-01 
1339 39.2 (a) 4.65 -4.084E-06 5.591E-03 -4.963E-01 

27.4 (a) 4.05 -4.084E-06 5.591E-03 -4.963E-01 
1341 15.9 (a) 3.46 -4.084E-06 5.591E-03 -4.963E-01 
1342 2 0.2 2.89 -4.084E-06 5.591E-03 -4.963E-01 
1343 0.1 3.8 1.88 -4.084E-06 5.591E-03 -4.963E-01 
1344 0 0 1.24 -4.084E-06 5.591E-03 -4.963E-01 

0 0 0 -4.084E-06 5.591E-03 -4.963E-01 
1349 0 0 0 -4.084E-06 5.591E-03 -4.963E-01 

0 0 0 2.872E-07 7.170E-04 1.226E-01 
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1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422

0 0 0 4.658E-06 -4.157E-03 7.415E-01 
1.1 6.8 0.02 9.029E-06 -9.032E-03 1.360E+00 
6.1 21.6 0.65 9.029E-06 -9.032E-03 1.360E+00 
6.4 18.5 1.96 9.029E-06 -9.032E-03 1.360E+00 
17.4 10.1 2.61 9.029E-06 -9.032E-03 1.360E+00 
30.9 7.8 3.11 9.029E-06 -9.032E-03 1.360E+00 
44.5 8.4 3.62 9.029E-06 -9.032E-03 1.360E+00 
61.1 10.5 4.24 9.029E-06 -9.032E-03 1.360E+00 
35.1 0.4 4.33 9.029E-06 -9.032E-03 1.360E+00 
52.5 23.7 5.27 9.029E-06 -9.032E-03 1.360E+00 
83.5 20.9 6.86 9.029E-06 -9.032E-03 1.360E+00 
50.3 0.8 6.89 9.029E-06 -9.032E-03 1.360E+00 
68 37.5 8.2 9.029E-06 -9.032E-03 1.360E+00 

85.5 25.2 9.88 9.029E-06 -9.032E-03 1.360E+00 
52.7 8.2 9.77 9.029E-06 -9.032E-03 1.360E+00 
73.4 39.6 11.65 9.029E-06 -9.032E-03 1.360E+00 
89.5 27.4 13.24 9.029E-06 -9.032E-03 1.360E+00 
53 6 13.1 9.029E-06 -9.032E-03 1.360E+00 

63.6 11.9 14.41 9.029E-06 -9.032E-03 1.360E+00 
65.6 12.2 14.65 7.296E-06 -7.440E-03 1.057E+00 
37.4 1 14.67 5.562E-06 -5.849E-03 7.534E-01 
38.7 40 15.19 3.829E-06 -4.257E-03 4.499E-01 
45.5 24.5 16.35 3.829E-06 -4.257E-03 4.499E-01 
49 17.2 16.95 3.829E-06 -4.257E-03 4.499E-01 

51.4 13.6 17.35 3.829E-06 -4.257E-03 4.499E-01 
52.5 7.2 17.56 3.829E-06 -4.257E-03 4.499E-01 
51.4 (a) 17.38 3.829E-06 -4.257E-03 4.499E-01 
48.9 (a) 16.96 3.829E-06 -4.257E-03 4.499E-01 
45.8 (a) 16.44 3.829E-06 -4.257E-03 4.499E-01 
42.4 (a) 15.88 3.829E-06 -4.257E-03 4.499E-01 
38.5 (a) 15.23 3.829E-06 -4.257E-03 4.499E-01 
38.6 11.6 15.22 3.829E-06 -4.257E-03 4.499E-01 
39.9 6.5 15.44 1.276E-06 -1.419E-03 1.500E-01 
39.3 2 15.34 -1.276E-06 1.419E-03 -1.500E-01 
37.9 (a) 15.12 -3.829E-06 4.257E-03 -4.499E-01 
35.1 (a) 14.65 -3.829E-06 4.257E-03 -4.499E-01 
32.2 (a) 14.16 -3.829E-06 4.257E-03 -4.499E-01 
27.3 (a) 13.35 -3.829E-06 4.257E-03 -4.499E-01 
18.7 (a) 11.92 -3.829E-06 4.257E-03 -4.499E-01 
10.4 8.1 9.91 -3.829E-06 4.257E-03 -4.499E-01 
14.8 4.6 7.88 -3.829E-06 4.257E-03 -4.499E-01 
13.2 3.6 5.88 -3.829E-06 4.257E-03 -4.499E-01 
13.6 8.9 3.69 -3.829E-06 4.257E-03 -4.499E-01 

0 0 2.44 -5.773E-06 6.214E-03 -9.832E-01 
0 0 2.26 -7.717E-06 8.171E-03 -1.516E+00 

0.5 9.5 2.01 -3.221E-06 3.376E-03 -6.833E-01 
5.4 7.1 1.94 3.221E-06 -3.376E-03 6.833E-01 
8.2 9 2.27 9.662E-06 -1.013E-02 2.050E+00 
21.2 10.3 2.74 9.662E-06 -1.013E-02 2.050E+00 
43.7 13.1 3.58 9.662E-06 -1.013E-02 2.050E+00 
68.2 16.2 4.51 9.662E-06 -1.013E-02 2.050E+00 
35.2 2 4.36 9.662E-06 -1.013E-02 2.050E+00 
67.5 31.5 6.02 9.662E-06 -1.013E-02 2.050E+00 
78.2 22.2 7.27 9.662E-06 -1.013E-02 2.050E+00 
54 18.5 7.27 9.662E-06 -1.013E-02 2.050E+00 

89.3 35.3 9.67 9.662E-06 -1.013E-02 2.050E+00 
54.6 0.9 9.76 9.662E-06 -1.013E-02 2.050E+00 
64.4 29.5 10.83 9.662E-06 -1.013E-02 2.050E+00 
77.2 23.7 12.04 9.662E-06 -1.013E-02 2.050E+00 
49 2.1 12.27 9.662E-06 -1.013E-02 2.050E+00 

52.1 40.4 12.93 9.662E-06 -1.013E-02 2.050E+00 
63.3 18.4 14.36 9.662E-06 -1.013E-02 2.050E+00 
62.3 (a) 14.27 9.662E-06 -1.013E-02 2.050E+00 
29.7 (a) 13.64 9.662E-06 -1.013E-02 2.050E+00 
24.2 (a) 12.82 9.662E-06 -1.013E-02 2.050E+00 
18.8 (a) 11.92 9.662E-06 -1.013E-02 2.050E+00 
14.1 (a) 11.12 9.662E-06 -1.013E-02 2.050E+00 
10.5 (a) 10.5 8.531E-06 -9.269E-03 1.714E+00 
11.3 25.6 10.63 7.400E-06 -8.410E-03 1.379E+00 
14.9 15.2 11.24 6.269E-06 -7.552E-03 1.044E+00 
12.8 (a) 10.9 6.269E-06 -7.552E-03 1.044E+00 
25 9.3 9.25 6.269E-06 -7.552E-03 1.044E+00 
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1423 18.6 9.1 8.81 6.269E-06 -7.552E-03 1.044E+00 
1424 24.5 24.4 9.52 6.269E-06 -7.552E-03 1.044E+00 
1425 32.7 24.2 10.54 6.269E-06 -7.552E-03 1.044E+00 
1426 41.1 24.4 11.59 6.269E-06 -7.552E-03 1.044E+00 
1427 50 26 12.69 6.269E-06 -7.552E-03 1.044E+00 
1428 58.6 18.7 13.77 6.269E-06 -7.552E-03 1.044E+00 
1429 64 25.5 14.44 6.269E-06 -7.552E-03 1.044E+00 
1430 37.7 1.4 14.67 6.269E-06 -7.552E-03 1.044E+00 
1431 38.4 30.5 15.15 2.090E-06 -2.517E-03 3.478E-01 
1432 39.3 (a) 15.34 -2.090E-06 2.517E-03 -3.478E-01 
1433 36.4 (a) 14.86 -6.269E-06 7.552E-03 -1.044E+00 
1434 33.4 (a) 14.36 -6.269E-06 7.552E-03 -1.044E+00 
1435 29.7 (a) 13.74 -6.269E-06 7.552E-03 -1.044E+00 
1436 25.8 (a) 13.08 -6.269E-06 7.552E-03 -1.044E+00 
1437 21.3 (a) 12.34 -6.269E-06 7.552E-03 -1.044E+00 
1438 17.5 (a) 11.69 -6.269E-06 7.552E-03 -1.044E+00 
1439 15.1 1.2 11.28 -6.269E-06 7.552E-03 -1.044E+00 
1440 14.3 2.3 11.14 -6.269E-06 7.552E-03 -1.044E+00 
1441 12.6 (a) 10.86 -6.269E-06 7.552E-03 -1.044E+00 
1442 9.9 (a) 10.42 -6.269E-06 7.552E-03 -1.044E+00 
1443 27.4 13.6 9.89 -6.269E-06 7.552E-03 -1.044E+00 
1444 23 (a) 9.37 -6.269E-06 7.552E-03 -1.044E+00 
1445 20.8 3.5 9.09 -6.269E-06 7.552E-03 -1.044E+00 
1446 20.5 5.3 9.05 -6.269E-06 7.552E-03 -1.044E+00 
1447 18.5 (a) 8.8 -6.269E-06 7.552E-03 -1.044E+00 
1448 11.9 (a) 8 -6.269E-06 7.552E-03 -1.044E+00 
1449 22.4 6.1 6.71 -6.269E-06 7.552E-03 -1.044E+00 
1450 10 8.7 5.21 -6.269E-06 7.552E-03 -1.044E+00 
1451 6.7 0.6 2.72 -6.269E-06 7.552E-03 -1.044E+00 
1452 0 0 0.95 -6.269E-06 7.552E-03 -1.044E+00 
1453 0 0 0 -6.269E-06 7.552E-03 -1.044E+00 
1454 0 0 0 -6.269E-06 7.552E-03 -1.044E+00 
1455 0 0 0 -1.593E-06 2.190E-03 -8.036E-01 
1456 0 0 0 3.083E-06 -3.171E-03 -5.636E-01 
1457 0 0 0 7.759E-06 -8.533E-03 -3.236E-01 
1518 0 0 0 7.759E-06 -8.533E-03 -3.236E-01 
1519 5.1 15 0.14 7.759E-06 -8.533E-03 -3.236E-01 
1520 7 25.8 1.71 7.759E-06 -8.533E-03 -3.236E-01 
1521 18.1 9.5 2.64 7.759E-06 -8.533E-03 -3.236E-01 
1522 28.4 7.1 3.02 7.759E-06 -8.533E-03 -3.236E-01 
1523 44.9 9.8 3.64 7.759E-06 -8.533E-03 -3.236E-01 
1524 57.8 6.7 4.13 7.759E-06 -8.533E-03 -3.236E-01 
1525 33.6 4.5 4.17 7.759E-06 -8.533E-03 -3.236E-01 
1526 37.9 12.1 4.56 7.759E-06 -8.533E-03 -3.236E-01 
1527 48.5 6.2 5.11 2.586E-06 -2.844E-03 -1.079E-01 
1528 49.9 1.3 5.19 -2.586E-06 2.844E-03 1.079E-01 
1529 42.5 (a) 4.82 -7.759E-06 8.533E-03 3.236E-01 
1530 30.4 (a) 4.2 -7.759E-06 8.533E-03 3.236E-01 
1531 18.7 (a) 3.61 -7.759E-06 8.533E-03 3.236E-01 
1532 4 0.9 2.85 -7.759E-06 8.533E-03 3.236E-01 
1533 0.1 3.9 1.94 -7.759E-06 8.533E-03 3.236E-01 
1534 0 0 1.16 -2.586E-06 2.844E-03 1.079E-01 
1535 0 0 0 2.586E-06 -2.844E-03 -1.079E-01 
1536 0 0 0 7.759E-06 -8.533E-03 -3.236E-01 
1560 0 0 0 7.759E-06 -8.533E-03 -3.236E-01 
1561 3 5 0 7.759E-06 -8.533E-03 -3.236E-01 
1562 7 10 0 7.759E-06 -8.533E-03 -3.236E-01 
1563 4.7 8.1 0.62 7.759E-06 -8.533E-03 -3.236E-01 
1564 2 6.4 1.04 7.759E-06 -8.533E-03 -3.236E-01 
1565 6.2 11.6 1.54 7.759E-06 -8.533E-03 -3.236E-01 
1566 8.6 8.9 2.49 7.759E-06 -8.533E-03 -3.236E-01 
1567 20.7 5.2 2.98 7.759E-06 -8.533E-03 -3.236E-01 
1568 28 1.9 3.28 2.586E-06 -2.844E-03 -1.079E-01 
1569 25.6 (a) 3.19 -2.586E-06 2.844E-03 1.079E-01 
1570 14.9 (a) 2.75 -7.759E-06 8.533E-03 3.236E-01 
1571 0 0 1.3 -2.586E-06 2.844E-03 1.079E-01 
1572 0 0 0 2.586E-06 -2.844E-03 -1.079E-01 
1573 1.2 6.5 0.05 7.759E-06 -8.533E-03 -3.236E-01 
1574 6.8 23.2 1.12 7.759E-06 -8.533E-03 -3.236E-01 
1575 16.6 14.1 2.81 7.759E-06 -8.533E-03 -3.236E-01 
1576 52.5 14.5 4.24 7.759E-06 -8.533E-03 -3.236E-01 
1577 76.9 22.6 5.6 7.759E-06 -8.533E-03 -3.236E-01 
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1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649

52.1 12.3 5.96 7.759E-06 -8.533E-03 -3.236E-01 
94.5 27.6 8.32 7.759E-06 -8.533E-03 -3.236E-01 
56.4 1 8.63 7.759E-06 -8.533E-03 -3.236E-01 
66 5.3 9.37 2.586E-06 -2.844E-03 -1.079E-01 

49.2 6.7 9.62 -2.586E-06 2.844E-03 1.079E-01 
31.3 (a) 9.11 -7.759E-06 8.533E-03 3.236E-01 
22.1 (a) 8.11 -7.759E-06 8.533E-03 3.236E-01 
12.1 (a) 7.01 -7.759E-06 8.533E-03 3.236E-01 
27.3 8.2 6.04 -7.759E-06 8.533E-03 3.236E-01 
16 (a) 5.42 -2.586E-06 2.844E-03 1.079E-01 

17.4 10.5 5.5 2.586E-06 -2.844E-03 -1.079E-01 
33.7 15.4 6.79 7.759E-06 -8.533E-03 -3.236E-01 
43.6 (a) 7.61 7.759E-06 -8.533E-03 -3.236E-01 
37.7 (a) 7.15 7.759E-06 -8.533E-03 -3.236E-01 
34.8 6.5 6.89 7.759E-06 -8.533E-03 -3.236E-01 
60.7 30.4 8.88 7.759E-06 -8.533E-03 -3.236E-01 
90.6 21.4 11.28 7.759E-06 -8.533E-03 -3.236E-01 
54.9 (a) 11.48 7.759E-06 -8.533E-03 -3.236E-01 
48.4 (a) 10.97 7.759E-06 -8.533E-03 -3.236E-01 
56.5 19.6 11.78 7.759E-06 -8.533E-03 -3.236E-01 
72 21.8 13.47 7.759E-06 -8.533E-03 -3.236E-01 

85.8 26.9 14.92 7.759E-06 -8.533E-03 -3.236E-01 
32.2 2.2 15.21 7.759E-06 -8.533E-03 -3.236E-01 
42.2 31.8 17.03 7.759E-06 -8.533E-03 -3.236E-01 
46.5 1.9 17.89 7.759E-06 -8.533E-03 -3.236E-01 
57.8 21.7 19.09 2.586E-06 -2.844E-03 -1.079E-01 
37.1 4.8 19.37 -2.586E-06 2.844E-03 1.079E-01 
36.7 (a) 19.31 -7.759E-06 8.533E-03 3.236E-01 
32.8 (a) 18.5 -7.759E-06 8.533E-03 3.236E-01 
27.8 (a) 17.4 -7.759E-06 8.533E-03 3.236E-01 
22.8 (a) 16.33 -7.759E-06 8.533E-03 3.236E-01 
16.5 (a) 14.97 -7.759E-06 8.533E-03 3.236E-01 
10.3 7.6 12.74 -7.759E-06 8.533E-03 3.236E-01 
12.8 6.4 10.27 -7.759E-06 8.533E-03 3.236E-01 
30.4 11.4 8.67 -7.759E-06 8.533E-03 3.236E-01 
12.4 (a) 7.07 -7.992E-06 8.661E-03 1.236E+00 

0 0 4.45 -8.224E-06 8.788E-03 2.148E+00 
1.1 1.4 3.71 -2.819E-06 2.972E-03 1.020E+00 
43.1 4.2 5.47 2.819E-06 -2.972E-03 -1.020E+00 
54.9 6.5 6.15 8.457E-06 -8.916E-03 -3.061E+00 
74.6 17.4 7.24 8.457E-06 -8.916E-03 -3.061E+00 
52.3 1.4 8.08 8.457E-06 -8.916E-03 -3.061E+00 
67.1 23.5 9.41 8.457E-06 -8.916E-03 -3.061E+00 
79.1 1.9 10.43 2.819E-06 -2.972E-03 -1.020E+00 
46.4 (a) 10.52 -2.819E-06 2.972E-03 1.020E+00 
39 (a) 9.95 -8.457E-06 8.916E-03 3.061E+00 

28.8 (a) 8.85 -8.457E-06 8.916E-03 3.061E+00 
16.6 (a) 7.52 -8.457E-06 8.916E-03 3.061E+00 
20.1 14.2 6.17 -8.457E-06 8.916E-03 3.061E+00 
15.4 (a) 5.37 -2.819E-06 2.972E-03 1.020E+00 
17.1 10.6 5.48 2.819E-06 -2.972E-03 -1.020E+00 
40.8 26.5 7.31 8.457E-06 -8.916E-03 -3.061E+00 
69.8 18.3 9.64 8.457E-06 -8.916E-03 -3.061E+00 
85.7 13.1 10.91 8.457E-06 -8.916E-03 -3.061E+00 
51.9 1.7 11.25 8.457E-06 -8.916E-03 -3.061E+00 
72.1 42.7 13.42 8.457E-06 -8.916E-03 -3.061E+00 
84.4 29.2 15.77 8.457E-06 -8.916E-03 -3.061E+00 
35.6 (a) 15.91 8.457E-06 -8.916E-03 -3.061E+00 
40.5 30.3 16.73 8.457E-06 -8.916E-03 -3.061E+00 
52.7 44.5 18.91 8.457E-06 -8.916E-03 -3.061E+00 
65.4 19.1 21.27 2.819E-06 -2.972E-03 -1.020E+00 
67.1 (a) 21.64 -2.819E-06 2.972E-03 1.020E+00 
34 (a) 21.56 -8.457E-06 8.916E-03 3.061E+00 

31.3 (a) 21.28 -8.457E-06 8.916E-03 3.061E+00 
29.3 (a) 20.79 -8.457E-06 8.916E-03 3.061E+00 
25.4 (a) 19.83 -8.457E-06 8.916E-03 3.061E+00 
19.9 (a) 18.43 -8.457E-06 8.916E-03 3.061E+00 
23 5.7 16.06 -8.457E-06 8.916E-03 3.061E+00 
8.9 5.7 12.52 -8.457E-06 8.916E-03 3.061E+00 
12.4 7.5 8.98 -8.457E-06 8.916E-03 3.061E+00 
16.5 2.7 7.22 -8.457E-06 8.916E-03 3.061E+00 
25 10.8 5.92 -8.457E-06 8.916E-03 3.061E+00 
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1650 16.3 4.1 5.43 -2.819E-06 2.972E-03 1.020E+00 
1651 41.5 28.9 7.37 2.819E-06 -2.972E-03 -1.020E+00 
1652 82.3 43.6 10.55 8.457E-06 -8.916E-03 -3.061E+00 
1653 56.9 0.2 11.66 8.457E-06 -8.916E-03 -3.061E+00 
1654 70.1 45.2 13.2 8.457E-06 -8.916E-03 -3.061E+00 
1655 72.7 29.1 15.78 8.457E-06 -8.916E-03 -3.061E+00 
1656 36.9 16.9 16.11 8.457E-06 -8.916E-03 -3.061E+00 
1657 42.7 (a) 17.2 2.819E-06 -2.972E-03 -1.020E+00 
1658 41.3 (a) 16.96 -2.819E-06 2.972E-03 1.020E+00 
1659 37.7 (a) 16.32 -8.457E-06 8.916E-03 3.061E+00 
1660 34.5 (a) 15.73 -8.457E-06 8.916E-03 3.061E+00 
1661 27 (a) 14.41 -8.457E-06 8.916E-03 3.061E+00 
1662 15 (a) 12.23 -8.457E-06 8.916E-03 3.061E+00 
1663 11.6 0.1 9.56 -8.457E-06 8.916E-03 3.061E+00 
1664 10 (a) 6.48 -8.457E-06 8.916E-03 3.061E+00 
1665 15.6 9.8 3.7 -8.457E-06 8.916E-03 3.061E+00 
1666 0 0 0.19 -8.457E-06 8.916E-03 3.061E+00 
1667 0 0 0 -8.457E-06 8.916E-03 3.061E+00 
1668 0 0 0 1.191E-06 -1.811E-04 2.220E+00 
1669 0 0 0 1.084E-05 -9.278E-03 1.379E+00 
1670 0 0 0 2.049E-05 -1.837E-02 5.378E-01 
1678 0 0 0 2.049E-05 -1.837E-02 5.378E-01 
1679 1.4 7.2 0.05 2.049E-05 -1.837E-02 5.378E-01 
1680 6.6 22.6 0.85 2.049E-05 -1.837E-02 5.378E-01 
1681 16.2 15.4 2.8 2.049E-05 -1.837E-02 5.378E-01 
1682 59.1 19.5 4.49 2.049E-05 -1.837E-02 5.378E-01 
1683 67.4 17.1 5.91 2.049E-05 -1.837E-02 5.378E-01 
1684 62.3 17.7 6.54 2.049E-05 -1.837E-02 5.378E-01 
1685 77.8 11.5 7.55 2.049E-05 -1.837E-02 5.378E-01 
1686 41.8 (a) 7.48 2.049E-05 -1.837E-02 5.378E-01 
1687 35.9 (a) 7 2.049E-05 -1.837E-02 5.378E-01 
1688 39.3 0.2 7.27 6.829E-06 -6.125E-03 1.793E-01 
1689 34.3 (a) 6.88 -6.829E-06 6.125E-03 -1.793E-01 
1690 9.5 3.5 4.95 -6.829E-06 6.125E-03 -1.793E-01 
1691 0 0 0 6.829E-06 -6.125E-03 1.793E-01 
1692 0 0 0 2.049E-05 -1.837E-02 5.378E-01 
1693 0 0 0 2.049E-05 -1.837E-02 5.378E-01 
1694 0.5 6.5 0.15 2.049E-05 -1.837E-02 5.378E-01 
1695 3.6 6.9 0.57 2.049E-05 -1.837E-02 5.378E-01 
1696 5.4 9.3 1.14 2.049E-05 -1.837E-02 5.378E-01 
1697 5.5 6.2 1.71 2.049E-05 -1.837E-02 5.378E-01 
1698 3.1 3.5 2.03 2.049E-05 -1.837E-02 5.378E-01 
1699 0 0 2.12 2.049E-05 -1.837E-02 5.378E-01 
1700 0 0 1.59 2.049E-05 -1.837E-02 5.378E-01 
1701 0 0 0 2.049E-05 -1.837E-02 5.378E-01 
1702 3.1 7.4 0.27 2.049E-05 -1.837E-02 5.378E-01 
1703 6.8 20.3 1.79 2.049E-05 -1.837E-02 5.378E-01 
1704 24.6 12.8 3.14 2.049E-05 -1.837E-02 5.378E-01 
1705 64.5 18.2 4.72 2.049E-05 -1.837E-02 5.378E-01 
1706 53.8 7.7 5.69 2.049E-05 -1.837E-02 5.378E-01 
1707 66.6 27.9 6.75 2.049E-05 -1.837E-02 5.378E-01 
1708 72.2 18.5 8.42 2.049E-05 -1.837E-02 5.378E-01 
1709 63.5 31.1 9.1 2.049E-05 -1.837E-02 5.378E-01 
1710 94.7 29.7 11.46 2.049E-05 -1.837E-02 5.378E-01 
1711 55.9 2.1 11.77 2.049E-05 -1.837E-02 5.378E-01 
1712 82.9 60.8 14.55 2.049E-05 -1.837E-02 5.378E-01 
1713 39.6 4.9 15.87 6.829E-06 -6.125E-03 1.793E-01 
1714 38.7 4.2 16.46 -6.829E-06 6.125E-03 -1.793E-01 
1715 37.4 (a) 16.26 -2.049E-05 1.837E-02 -5.378E-01 
1716 32.9 (a) 15.46 -2.049E-05 1.837E-02 -5.378E-01 
1717 27.7 (a) 14.51 -2.049E-05 1.837E-02 -5.378E-01 
1718 23.1 (a) 13.67 -2.049E-05 1.837E-02 -5.378E-01 
1719 17.1 (a) 12.6 -2.049E-05 1.837E-02 -5.378E-01 
1720 9.1 6.4 10.02 -1.891E-05 1.685E-02 4.276E-01 
1721 10.6 3 6.37 -6.829E-06 6.125E-03 -1.793E-01 
1722 37.5 15.4 7.09 5.248E-06 -4.601E-03 -7.862E-01 
1723 73.5 38.4 9.87 1.574E-05 -1.380E-02 -2.358E+00 
1724 87.7 20.1 11.51 1.574E-05 -1.380E-02 -2.358E+00 
1725 56.6 5.6 11.83 1.574E-05 -1.380E-02 -2.358E+00 
1726 85.3 41.3 14.86 1.574E-05 -1.380E-02 -2.358E+00 
1727 41.9 7.1 15.88 1.574E-05 -1.380E-02 -2.358E+00 
1728 40.7 38.8 16.75 1.574E-05 -1.380E-02 -2.358E+00 
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1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800

51.4 13 18.75 1.574E-05 -1.380E-02 -2.358E+00 
51.6 (a) 18.82 1.574E-05 -1.380E-02 -2.358E+00 
33.9 (a) 18.77 1.574E-05 -1.380E-02 -2.358E+00 
34 (a) 18.71 1.574E-05 -1.380E-02 -2.358E+00 
35 1.8 18.92 1.574E-05 -1.380E-02 -2.358E+00 

35.6 (a) 19.07 5.248E-06 -4.601E-03 -7.862E-01 
33.9 (a) 18.71 -5.248E-06 4.601E-03 7.862E-01 
30.3 (a) 17.95 -1.574E-05 1.380E-02 2.358E+00 
25.8 (a) 16.97 -1.574E-05 1.380E-02 2.358E+00 
21 (a) 15.93 -1.574E-05 1.380E-02 2.358E+00 

16.3 (a) 14.9 -1.574E-05 1.380E-02 2.358E+00 
11.5 (a) 13.86 -1.574E-05 1.380E-02 2.358E+00 
18.5 5.5 12.45 -1.722E-05 1.520E-02 1.428E+00 
12.4 8.2 10.28 -1.870E-05 1.660E-02 4.983E-01 
24.2 7.3 7.92 -2.018E-05 1.800E-02 -4.318E-01 
17 6.9 5.23 -2.018E-05 1.800E-02 -4.318E-01 

21.2 11.5 4.36 -6.726E-06 6.000E-03 -1.439E-01 
52.4 26 5.94 6.726E-06 -6.000E-03 1.439E-01 
89.6 29.8 8.35 2.018E-05 -1.800E-02 4.318E-01 
57.8 11.2 8.7 2.018E-05 -1.800E-02 4.318E-01 
97.7 41.2 11.46 2.018E-05 -1.800E-02 4.318E-01 
55.9 (a) 11.77 2.018E-05 -1.800E-02 4.318E-01 
80.7 31.1 14.39 2.018E-05 -1.800E-02 4.318E-01 
71.6 28.9 15.8 2.018E-05 -1.800E-02 4.318E-01 
37 17 16.13 2.018E-05 -1.800E-02 4.318E-01 

41.1 7.7 16.88 2.018E-05 -1.800E-02 4.318E-01 
44.3 7.3 17.47 2.018E-05 -1.800E-02 4.318E-01 
46.7 (a) 17.93 2.018E-05 -1.800E-02 4.318E-01 
30.6 (a) 17.61 2.018E-05 -1.800E-02 4.318E-01 
24.8 (a) 16.74 2.018E-05 -1.800E-02 4.318E-01 
21.2 (a) 15.93 2.018E-05 -1.800E-02 4.318E-01 
21.2 4.1 15.91 2.018E-05 -1.800E-02 4.318E-01 
23.4 2.4 16.39 6.726E-06 -6.000E-03 1.439E-01 
23.4 (a) 16.42 -6.726E-06 6.000E-03 -1.439E-01 
19.7 (a) 15.63 -2.018E-05 1.800E-02 -4.318E-01 
13.8 (a) 14.36 -2.018E-05 1.800E-02 -4.318E-01 
12.6 9.7 12.98 -2.018E-05 1.800E-02 -4.318E-01 
12.5 (a) 11.75 -2.018E-05 1.800E-02 -4.318E-01 
15.5 10.3 10.96 -2.018E-05 1.800E-02 -4.318E-01 
12.4 (a) 9.99 -2.018E-05 1.800E-02 -4.318E-01 
23.1 7.5 7.76 -2.018E-05 1.800E-02 -4.318E-01 
20.1 7.4 5.51 -2.018E-05 1.800E-02 -4.318E-01 
17.8 5.9 3.84 -6.726E-06 6.000E-03 -1.439E-01 

0 0 2.83 -3.978E-06 4.119E-04 -8.900E-02 
0.3 4.2 2.6 -1.229E-06 -5.176E-03 -3.405E-02 
4.6 13.8 3.25 -1.193E-05 1.236E-03 -2.670E-01 
30.1 18.8 4.69 -1.193E-05 1.236E-03 -2.670E-01 
65.5 20.4 6.71 -1.193E-05 1.236E-03 -2.670E-01 
82.3 18 8.02 -1.193E-05 1.236E-03 -2.670E-01 
49 (a) 8.05 -1.193E-05 1.236E-03 -2.670E-01 

42.4 (a) 7.53 -1.193E-05 1.236E-03 -2.670E-01 
34.8 (a) 6.92 -1.193E-05 1.236E-03 -2.670E-01 
29.4 (a) 6.48 -1.193E-05 1.236E-03 -2.670E-01 
25.5 (a) 6.17 -1.193E-05 1.236E-03 -2.670E-01 
22.5 (a) 5.93 -1.193E-05 1.236E-03 -2.670E-01 
18.6 (a) 5.63 -1.193E-05 1.236E-03 -2.670E-01 
13.6 (a) 5.22 -1.193E-05 1.236E-03 -2.670E-01 
12 9.3 4.97 -1.193E-05 1.236E-03 -2.670E-01 

41.9 (a) 5.43 -1.193E-05 1.236E-03 -2.670E-01 
35.6 (a) 5.06 -1.193E-05 1.236E-03 -2.670E-01 
37.1 2 5.14 -1.193E-05 1.236E-03 -2.670E-01 
39.1 0.7 5.25 -1.193E-05 1.236E-03 -2.670E-01 
41.4 2 5.38 -1.193E-05 1.236E-03 -2.670E-01 
42.3 (a) 5.44 -1.193E-05 1.236E-03 -2.670E-01 
39 (a) 5.26 -1.193E-05 1.236E-03 -2.670E-01 

36.5 0.4 5.1 -1.193E-05 1.236E-03 -2.670E-01 
40.6 4.2 5.33 -1.193E-05 1.236E-03 -2.670E-01 
49.4 4.5 5.84 -1.193E-05 1.236E-03 -2.670E-01 
55 1 6.17 -1.193E-05 1.236E-03 -2.670E-01 
53 (a) 6.06 -1.193E-05 1.236E-03 -2.670E-01 

48.6 (a) 5.81 -1.193E-05 1.236E-03 -2.670E-01 
49.8 3.9 5.86 -1.193E-05 1.236E-03 -2.670E-01 

A-199 



 

    
     
     
     
     
     
     
    
    
    
    
     
    
    
    
    
   
    
   
    
    
    
    
    
    
    
    
    
    
    
    
    
    
     
     
     
    
    
  
  
  
   
   
     
    
    
    
   
  
  
   
    
   
   
   
  
   
   
   
   
  
  
   
   
   
   
   
   
   
   
  
  

1801 60.1 4.3 6.45 -1.193E-05 1.236E-03 -2.670E-01 
1802 59.2 12.8 6.71 -3.978E-06 4.119E-04 -8.900E-02 
1803 35.1 (a) 6.94 3.978E-06 -4.119E-04 8.900E-02 
1804 29.4 (a) 6.49 1.193E-05 -1.236E-03 2.670E-01 
1805 23.2 (a) 5.99 1.193E-05 -1.236E-03 2.670E-01 
1806 13.8 (a) 5.25 1.193E-05 -1.236E-03 2.670E-01 
1807 20.3 7.8 3.96 1.193E-05 -1.236E-03 2.670E-01 
1808 0 0 3.07 1.193E-05 -1.236E-03 2.670E-01 
1809 0 0 2.21 1.193E-05 -1.236E-03 2.670E-01 
1810 0 0 0.78 3.978E-06 -4.119E-04 8.900E-02 
1811 7.1 19.8 1.71 -3.978E-06 4.119E-04 -8.900E-02 
1812 19.5 10.8 2.93 -1.193E-05 1.236E-03 -2.670E-01 
1813 43.5 8.5 3.89 -1.193E-05 1.236E-03 -2.670E-01 
1814 61.5 5.7 4.64 -1.193E-05 1.236E-03 -2.670E-01 
1815 39.7 5.8 4.98 -1.193E-05 1.236E-03 -2.670E-01 
1816 33.9 (a) 4.96 -1.193E-05 1.236E-03 -2.670E-01 
1817 33 1.1 4.9 -1.193E-05 1.236E-03 -2.670E-01 
1818 37.8 3.2 5.17 -1.193E-05 1.236E-03 -2.670E-01 
1819 36.2 (a) 5.1 -1.193E-05 1.236E-03 -2.670E-01 
1820 36.4 2.4 5.09 -1.193E-05 1.236E-03 -2.670E-01 
1821 44 5.4 5.52 -1.193E-05 1.236E-03 -2.670E-01 
1822 49 0.9 5.82 -1.193E-05 1.236E-03 -2.670E-01 
1823 52.2 2.6 6.01 -1.193E-05 1.236E-03 -2.670E-01 
1824 55.4 1.1 6.19 -1.193E-05 1.236E-03 -2.670E-01 
1825 58.4 2.2 6.36 -1.193E-05 1.236E-03 -2.670E-01 
1826 66.4 9.6 6.81 -1.193E-05 1.236E-03 -2.670E-01 
1827 37.6 1.9 7.12 -1.193E-05 1.236E-03 -2.670E-01 
1828 37.6 (a) 7.12 -1.193E-05 1.236E-03 -2.670E-01 
1829 39.3 1.9 7.26 -1.193E-05 1.236E-03 -2.670E-01 
1830 42.6 2.4 7.52 -1.193E-05 1.236E-03 -2.670E-01 
1831 44.4 0.2 7.66 -1.193E-05 1.236E-03 -2.670E-01 
1832 45.7 0.9 7.77 -1.193E-05 1.236E-03 -2.670E-01 
1833 48 1 7.95 -3.978E-06 4.119E-04 -8.900E-02 
1834 45 (a) 7.73 3.978E-06 -4.119E-04 8.900E-02 
1835 38.7 (a) 7.23 1.193E-05 -1.236E-03 2.670E-01 
1836 32.8 (a) 6.76 1.193E-05 -1.236E-03 2.670E-01 
1837 25.6 (a) 6.2 1.193E-05 -1.236E-03 2.670E-01 
1838 4.9 0.8 4.18 3.978E-06 -4.119E-04 8.900E-02 
1839 0.1 3.9 0 -3.978E-06 4.119E-04 -8.900E-02 
1840 0 0 0 -1.193E-05 1.236E-03 -2.670E-01 
1852 0 0 0 -1.193E-05 1.236E-03 -2.670E-01 
1853 1 6.7 0.15 -1.193E-05 1.236E-03 -2.670E-01 
1854 6.8 21.9 1.3 -1.193E-05 1.236E-03 -2.670E-01 
1855 17.1 11.1 2.83 -1.193E-05 1.236E-03 -2.670E-01 
1856 35 5.6 3.56 -1.193E-05 1.236E-03 -2.670E-01 
1857 35.7 (a) 3.61 -1.193E-05 1.236E-03 -2.670E-01 
1858 21.8 (a) 3.05 -1.193E-05 1.236E-03 -2.670E-01 
1859 0 0 1.16 -1.193E-05 1.236E-03 -2.670E-01 
1860 0 0 0 -1.193E-05 1.236E-03 -2.670E-01 
1865 0 0 0 -1.193E-05 1.236E-03 -2.670E-01 
1866 2.5 6.8 0.17 -1.193E-05 1.236E-03 -2.670E-01 
1867 5.6 12.3 1.42 -1.193E-05 1.236E-03 -2.670E-01 
1868 4.4 4.8 1.97 -1.193E-05 1.236E-03 -2.670E-01 
1869 0 0 1.94 -1.193E-05 1.236E-03 -2.670E-01 
1870 0 0 0.16 -1.193E-05 1.236E-03 -2.670E-01 
1871 0 0 0 -1.193E-05 1.236E-03 -2.670E-01 
1872 1.6 6.5 0.17 -1.193E-05 1.236E-03 -2.670E-01 
1873 5.1 9.6 1.08 -1.193E-05 1.236E-03 -2.670E-01 
1874 3.4 5.8 1.54 -1.193E-05 1.236E-03 -2.670E-01 
1875 0 0 1.56 -1.193E-05 1.236E-03 -2.670E-01 
1876 0 0 0 -1.193E-05 1.236E-03 -2.670E-01 
1878 0 0 0 -1.193E-05 1.236E-03 -2.670E-01 
1879 1.3 6.6 0.18 -1.193E-05 1.236E-03 -2.670E-01 
1880 4.8 7.7 0.88 -1.193E-05 1.236E-03 -2.670E-01 
1881 0.8 5.4 1.29 -1.193E-05 1.236E-03 -2.670E-01 
1882 0 0 1.67 -1.193E-05 1.236E-03 -2.670E-01 
1883 0.3 4.4 2.01 -1.193E-05 1.236E-03 -2.670E-01 
1884 0 0 2.09 -1.193E-05 1.236E-03 -2.670E-01 
1885 0 0 2.14 -1.193E-05 1.236E-03 -2.670E-01 
1886 0 0 2.12 -1.193E-05 1.236E-03 -2.670E-01 
1887 0 0 1.9 -1.193E-05 1.236E-03 -2.670E-01 
1888 0 0 0.4 -1.193E-05 1.236E-03 -2.670E-01 
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1889 0 0 0 -1.193E-05 1.236E-03 -2.670E-01 
1899 0 0 0 -1.193E-05 1.236E-03 -2.670E-01 
1900 0 0 0 -7.980E-06 -5.261E-04 6.348E-01 
1901 0 0 0 -4.026E-06 -2.288E-03 1.537E+00 
1902 0 0 0 -7.340E-08 -4.050E-03 2.438E+00 
2135 0 0 0 -7.340E-08 -4.050E-03 2.438E+00 
2136 51.7 18.5 4.1 -7.340E-08 -4.050E-03 2.438E+00 
2137 10.6 6.5 3.04 -7.340E-08 -4.050E-03 2.438E+00 
2138 0 0 2.62 -7.340E-08 -4.050E-03 2.438E+00 
2139 18.6 7.7 3.59 -7.340E-08 -4.050E-03 2.438E+00 
2140 6.2 0.7 2.95 -7.340E-08 -4.050E-03 2.438E+00 
2141 0 0 0 -7.340E-08 -4.050E-03 2.438E+00 
2167 0 0 0 -7.340E-08 -4.050E-03 2.438E+00 
2168 7.1 34.5 0.61 -7.340E-08 -4.050E-03 2.438E+00 
2169 10.6 19.6 2.34 -7.340E-08 -4.050E-03 2.438E+00 
2170 29.3 11.2 3.07 -7.340E-08 -4.050E-03 2.438E+00 
2171 41.5 3.5 3.52 -7.340E-08 -4.050E-03 2.438E+00 
2172 37 (a) 3.36 -7.340E-08 -4.050E-03 2.438E+00 
2173 22.1 (a) 2.8 -7.340E-08 -4.050E-03 2.438E+00 
2174 2.6 0.5 1.82 -7.340E-08 -4.050E-03 2.438E+00 
2175 0.1 2.5 0 -7.340E-08 -4.050E-03 2.438E+00 
2176 8.3 41.2 1.26 -7.340E-08 -4.050E-03 2.438E+00 
2177 27 19.8 2.97 -7.340E-08 -4.050E-03 2.438E+00 
2178 48.7 11.1 3.78 -7.340E-08 -4.050E-03 2.438E+00 
2179 61.9 9.8 4.28 -7.340E-08 -4.050E-03 2.438E+00 
2180 30.5 2.3 4.11 -7.340E-08 -4.050E-03 2.438E+00 
2181 25.4 (a) 3.95 -7.340E-08 -4.050E-03 2.438E+00 
2182 5.8 0.5 2.82 -7.340E-08 -4.050E-03 2.438E+00 
2183 0 0 0 -7.340E-08 -4.050E-03 2.438E+00 
2192 0 0 0 -7.340E-08 -4.050E-03 2.438E+00 
2193 0.9 7.1 0.05 -7.340E-08 -4.050E-03 2.438E+00 
2194 8.1 40.6 1.58 -7.340E-08 -4.050E-03 2.438E+00 
2195 27.4 18.8 2.99 -7.340E-08 -4.050E-03 2.438E+00 
2196 46.8 10 3.71 -7.340E-08 -4.050E-03 2.438E+00 
2197 54.8 2 4.02 -7.340E-08 -4.050E-03 2.438E+00 
2198 54.2 1.2 4 -7.340E-08 -4.050E-03 2.438E+00 
2199 50.7 2.7 3.87 -7.340E-08 -4.050E-03 2.438E+00 
2200 50.4 4.4 3.85 -7.340E-08 -4.050E-03 2.438E+00 
2201 53.4 4 3.97 -7.340E-08 -4.050E-03 2.438E+00 
2202 56.1 3.1 4.07 -7.340E-08 -4.050E-03 2.438E+00 
2203 34.8 6.4 4.13 -7.340E-08 -4.050E-03 2.438E+00 
2204 31.5 2.3 4.25 -7.340E-08 -4.050E-03 2.438E+00 
2205 32.1 2.4 4.28 -7.340E-08 -4.050E-03 2.438E+00 
2206 31.4 2.7 4.24 -7.340E-08 -4.050E-03 2.438E+00 
2207 31.4 2.4 4.24 -7.340E-08 -4.050E-03 2.438E+00 
2208 32.5 2.3 4.3 -7.340E-08 -4.050E-03 2.438E+00 
2209 31.8 1.5 4.27 -7.340E-08 -4.050E-03 2.438E+00 
2210 29.8 (a) 4.17 -7.340E-08 -4.050E-03 2.438E+00 
2211 21.4 (a) 3.74 -7.340E-08 -4.050E-03 2.438E+00 
2212 8.8 0.5 3.11 -7.340E-08 -4.050E-03 2.438E+00 
2213 0 0 0 -7.340E-08 -4.050E-03 2.438E+00 
2222 0 0 0 -7.340E-08 -4.050E-03 2.438E+00 
2223 3.6 10.8 0.05 -7.340E-08 -4.050E-03 2.438E+00 
2224 6.7 25.7 1.52 -7.340E-08 -4.050E-03 2.438E+00 
2225 14.1 13.6 2.48 -7.340E-08 -4.050E-03 2.438E+00 
2226 27.4 8 3 -7.340E-08 -4.050E-03 2.438E+00 
2227 44 10.3 3.6 -7.340E-08 -4.050E-03 2.438E+00 
2228 59 7.6 4.17 -7.340E-08 -4.050E-03 2.438E+00 
2229 33.4 1.8 4.21 -7.340E-08 -4.050E-03 2.438E+00 
2230 39.5 11.1 4.64 -7.340E-08 -4.050E-03 2.438E+00 
2231 47.5 4.3 5.06 -7.340E-08 -4.050E-03 2.438E+00 
2232 43.9 (a) 4.89 -7.340E-08 -4.050E-03 2.438E+00 
2233 33.7 (a) 4.37 -7.340E-08 -4.050E-03 2.438E+00 
2234 21.6 (a) 3.76 -7.340E-08 -4.050E-03 2.438E+00 
2235 10.3 (a) 3.18 -7.340E-08 -4.050E-03 2.438E+00 
2236 0 0 2.52 -7.340E-08 -4.050E-03 2.438E+00 
2237 0 0 0.23 -7.340E-08 -4.050E-03 2.438E+00 
2238 0 0 0 -7.340E-08 -4.050E-03 2.438E+00 
2239 0 0 0 -7.340E-08 -4.050E-03 2.438E+00 
2240 0 0 0 2.707E-06 -6.116E-03 2.089E+00 
2241 0 0 0 5.488E-06 -8.182E-03 1.740E+00 
2242 0 0 0 8.269E-06 -1.025E-02 1.390E+00 

A-201 



 

   
   
     
      
      
      
     
      
      
     
      
      
    
     
     
     
     
     
     
     
     
     
     
    
     
     
    
     
    
    
  
     
    
    
    
     
     
      
     
      
     
      
      
      
      
      
     
      
      
      
      
      
      
     
      
      
      
      
      
     
      
      
      
      
     
      
    
     
     
     
     
     

2298
2299
2300
2301
2302
2303
2304
2305
2306
2307
2308
2309
2310
2311
2312
2313
2314
2315
2316
2317
2318
2319
2320
2321
2322
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339
2340
2341
2342
2343
2344
2345
2346
2347
2348
2349
2350
2351
2352
2353
2354
2355
2356
2357
2358
2359
2360
2361
2362
2363
2364
2365
2366
2367
2368
2369

0 0 0 8.269E-06 -1.025E-02 1.390E+00 
2.1 7.2 0 8.269E-06 -1.025E-02 1.390E+00 
8.7 49.6 1.87 8.269E-06 -1.025E-02 1.390E+00 
51.5 35.1 3.84 8.269E-06 -1.025E-02 1.390E+00 
68.4 21.2 5.23 8.269E-06 -1.025E-02 1.390E+00 
72.7 25.8 6.26 8.269E-06 -1.025E-02 1.390E+00 
57.9 7.7 7.16 8.269E-06 -1.025E-02 1.390E+00 
58.4 36.2 7.53 8.269E-06 -1.025E-02 1.390E+00 

106.4 37.8 10.52 8.269E-06 -1.025E-02 1.390E+00 
32.6 2.2 10.28 8.269E-06 -1.025E-02 1.390E+00 
42.1 98.8 11.65 8.269E-06 -1.025E-02 1.390E+00 
64.9 21 14.54 2.756E-06 -3.416E-03 4.635E-01 
65 0.2 14.6 -2.756E-06 3.416E-03 -4.635E-01 

36.2 (a) 14.29 -8.269E-06 1.025E-02 -1.390E+00 
29.8 (a) 13.76 -8.269E-06 1.025E-02 -1.390E+00 
25.8 (a) 13.08 -8.269E-06 1.025E-02 -1.390E+00 
22.5 (a) 12.52 -8.269E-06 1.025E-02 -1.390E+00 
19.3 (a) 11.99 -8.269E-06 1.025E-02 -1.390E+00 
17 (a) 11.6 -8.269E-06 1.025E-02 -1.390E+00 

15.4 4.1 11.32 -8.269E-06 1.025E-02 -1.390E+00 
14.4 1.5 11.15 -8.269E-06 1.025E-02 -1.390E+00 
12.9 (a) 10.91 -8.269E-06 1.025E-02 -1.390E+00 
11.6 8.8 10.11 -8.269E-06 1.025E-02 -1.390E+00 
24.3 1.8 9.3 -8.269E-06 1.025E-02 -1.390E+00 
18.2 (a) 8.77 -8.269E-06 1.025E-02 -1.390E+00 
14.3 (a) 8.28 -8.269E-06 1.025E-02 -1.390E+00 
9.9 (a) 7.75 -8.269E-06 1.025E-02 -1.390E+00 
10.9 3 5.41 -8.269E-06 1.025E-02 -1.390E+00 
5.6 0.7 2.62 -8.269E-06 1.025E-02 -1.390E+00 
0 0 1.42 -8.269E-06 1.025E-02 -1.390E+00 

3.4 7 1.3 -2.756E-06 3.416E-03 -4.635E-01 
6.3 10.9 2.04 2.756E-06 -3.416E-03 4.635E-01 
6.2 3.5 2.17 8.269E-06 -1.025E-02 1.390E+00 
0 0 1.97 8.269E-06 -1.025E-02 1.390E+00 
0 0 1.16 8.269E-06 -1.025E-02 1.390E+00 

8.7 36.1 1.99 8.269E-06 -1.025E-02 1.390E+00 
47.4 34.5 3.7 8.269E-06 -1.025E-02 1.390E+00 
74.6 30.1 4.78 8.269E-06 -1.025E-02 1.390E+00 
38.3 1.3 4.59 8.269E-06 -1.025E-02 1.390E+00 
88.1 38 7.02 8.269E-06 -1.025E-02 1.390E+00 
50.5 0.8 6.88 8.269E-06 -1.025E-02 1.390E+00 
68.9 46.4 8.24 8.269E-06 -1.025E-02 1.390E+00 
69.6 16.4 9.79 8.269E-06 -1.025E-02 1.390E+00 
55.1 35.9 9.94 8.269E-06 -1.025E-02 1.390E+00 
83.9 29.4 12.63 8.269E-06 -1.025E-02 1.390E+00 
87.2 12.3 12.98 8.269E-06 -1.025E-02 1.390E+00 
58.8 6.3 13.3 8.269E-06 -1.025E-02 1.390E+00 
59.1 52.5 13.78 8.269E-06 -1.025E-02 1.390E+00 
85.8 67.1 17.03 8.269E-06 -1.025E-02 1.390E+00 
67.4 11.5 18.36 8.269E-06 -1.025E-02 1.390E+00 
56.8 47.6 18.22 8.269E-06 -1.025E-02 1.390E+00 
69.9 76.1 20.33 8.269E-06 -1.025E-02 1.390E+00 
86.8 76.3 23.13 8.269E-06 -1.025E-02 1.390E+00 
49.1 0.6 22.57 8.269E-06 -1.025E-02 1.390E+00 
45.4 64.4 22.1 8.269E-06 -1.025E-02 1.390E+00 
51.4 80.2 23.4 8.269E-06 -1.025E-02 1.390E+00 
60.2 89.5 25.38 8.269E-06 -1.025E-02 1.390E+00 
69.5 87.4 27.47 8.269E-06 -1.025E-02 1.390E+00 
77.8 85.8 29.37 8.269E-06 -1.025E-02 1.390E+00 
48.5 7.2 29.12 8.269E-06 -1.025E-02 1.390E+00 
40.2 50.8 28.2 8.269E-06 -1.025E-02 1.390E+00 
42 78.2 28.69 8.269E-06 -1.025E-02 1.390E+00 

45.9 91.3 29.83 8.269E-06 -1.025E-02 1.390E+00 
50.4 95.9 31.2 8.269E-06 -1.025E-02 1.390E+00 
50.7 6.9 31.45 8.269E-06 -1.025E-02 1.390E+00 
48.4 11.9 30.75 2.756E-06 -3.416E-03 4.635E-01 
49.2 (a) 31.06 -2.756E-06 3.416E-03 -4.635E-01 
45.8 (a) 30.05 -8.269E-06 1.025E-02 -1.390E+00 
44.2 (a) 29.49 -8.269E-06 1.025E-02 -1.390E+00 
41.5 (a) 28.7 -8.269E-06 1.025E-02 -1.390E+00 
38.7 (a) 27.84 -8.269E-06 1.025E-02 -1.390E+00 
36.4 (a) 27.12 -8.269E-06 1.025E-02 -1.390E+00 
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2370
2371
2372
2373
2374
2375
2376
2377
2378
2379
2380
2381
2382
2383
2384
2385
2386
2387
2388
2389
2390
2391
2392
2393
2394
2395
2396
2397
2398
2399
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
2411
2412
2413
2414
2415
2416
2417
2418
2419
2420
2421
2422
2423
2424
2425
2426
2427
2428
2429
2430
2431
2432
2433
2434
2435
2436
2437
2438
2439
2440
2441

34.2 (a) 26.47 -8.269E-06 1.025E-02 -1.390E+00 
33.2 (a) 26.14 -8.269E-06 1.025E-02 -1.390E+00 
31.5 (a) 25.6 -8.269E-06 1.025E-02 -1.390E+00 
30.4 (a) 25.27 -8.269E-06 1.025E-02 -1.390E+00 
29.3 13.2 24.91 -8.269E-06 1.025E-02 -1.390E+00 
28.7 (a) 24.76 -8.269E-06 1.025E-02 -1.390E+00 
23.6 (a) 23.24 -8.269E-06 1.025E-02 -1.390E+00 
16.8 3.9 20.72 -8.269E-06 1.025E-02 -1.390E+00 
36 (a) 20.05 -8.269E-06 1.025E-02 -1.390E+00 

36.6 (a) 20.21 -8.269E-06 1.025E-02 -1.390E+00 
32.9 (a) 19.43 -8.269E-06 1.025E-02 -1.390E+00 
26.9 (a) 18.01 -8.269E-06 1.025E-02 -1.390E+00 
26.4 (a) 17.88 -8.269E-06 1.025E-02 -1.390E+00 
25.6 (a) 17.73 -8.269E-06 1.025E-02 -1.390E+00 
18.1 (a) 16.06 -8.269E-06 1.025E-02 -1.390E+00 
33 5.8 13.87 -8.269E-06 1.025E-02 -1.390E+00 

19.4 (a) 12.07 -8.269E-06 1.025E-02 -1.390E+00 
9.8 4.3 10.05 -8.269E-06 1.025E-02 -1.390E+00 
20.7 1.1 8.91 -8.269E-06 1.025E-02 -1.390E+00 
18.7 (a) 8.83 -8.269E-06 1.025E-02 -1.390E+00 
13.9 (a) 8.25 -8.269E-06 1.025E-02 -1.390E+00 
12.8 (a) 8.1 -2.756E-06 3.416E-03 -4.635E-01 
14.2 (a) 8.27 2.756E-06 -3.416E-03 4.635E-01 
16.4 4.2 8.54 8.269E-06 -1.025E-02 1.390E+00 
21.4 9.2 9.15 8.269E-06 -1.025E-02 1.390E+00 
23.7 4.3 9.45 8.269E-06 -1.025E-02 1.390E+00 
24.9 5.7 9.59 8.269E-06 -1.025E-02 1.390E+00 
27.2 6.4 9.87 8.269E-06 -1.025E-02 1.390E+00 
29.1 10.6 10.11 8.269E-06 -1.025E-02 1.390E+00 
34.4 19.3 10.75 8.269E-06 -1.025E-02 1.390E+00 
44.5 25.5 12 8.269E-06 -1.025E-02 1.390E+00 
55.9 22 13.43 8.269E-06 -1.025E-02 1.390E+00 
58 4.2 13.72 8.269E-06 -1.025E-02 1.390E+00 

50.3 14.9 13.98 8.269E-06 -1.025E-02 1.390E+00 
31.4 31.9 13.97 8.269E-06 -1.025E-02 1.390E+00 
38.9 18.9 15.25 8.269E-06 -1.025E-02 1.390E+00 
39.4 (a) 15.36 8.269E-06 -1.025E-02 1.390E+00 
36.4 (a) 14.87 8.269E-06 -1.025E-02 1.390E+00 
31.3 (a) 14.03 8.269E-06 -1.025E-02 1.390E+00 
24.5 (a) 12.87 8.269E-06 -1.025E-02 1.390E+00 
18.6 (a) 11.89 8.269E-06 -1.025E-02 1.390E+00 
14.9 (a) 11.27 8.269E-06 -1.025E-02 1.390E+00 
8.9 (a) 10.3 8.269E-06 -1.025E-02 1.390E+00 
33 6 10.6 8.269E-06 -1.025E-02 1.390E+00 

36.4 28.9 11.01 8.269E-06 -1.025E-02 1.390E+00 
45.1 24.4 12.08 8.269E-06 -1.025E-02 1.390E+00 
50.9 12.1 12.82 8.269E-06 -1.025E-02 1.390E+00 
54.2 6.3 13.24 8.269E-06 -1.025E-02 1.390E+00 
53.3 (a) 13.14 8.269E-06 -1.025E-02 1.390E+00 
52.5 3.6 13.04 8.269E-06 -1.025E-02 1.390E+00 
53.9 6.8 13.2 8.269E-06 -1.025E-02 1.390E+00 
54.2 7.5 13.24 8.269E-06 -1.025E-02 1.390E+00 
53 6 13.09 8.269E-06 -1.025E-02 1.390E+00 

54.2 7.9 13.24 8.269E-06 -1.025E-02 1.390E+00 
57.8 8.1 13.69 8.269E-06 -1.025E-02 1.390E+00 
61.4 14 14.12 8.269E-06 -1.025E-02 1.390E+00 
34.1 1 14.14 8.269E-06 -1.025E-02 1.390E+00 
38.7 56.4 15.16 8.269E-06 -1.025E-02 1.390E+00 
57.6 68.8 18.28 8.269E-06 -1.025E-02 1.390E+00 
68.9 33.9 20.25 4.866E-06 -6.427E-03 5.912E-01 
79.9 55.8 22.04 1.464E-06 -2.605E-03 -2.080E-01 
72.1 21.5 23.5 -1.939E-06 1.217E-03 -1.007E+00 
51.1 43.7 23.42 -1.939E-06 1.217E-03 -1.007E+00 
59.3 80.6 25.21 -1.939E-06 1.217E-03 -1.007E+00 
71.3 82 27.89 -1.939E-06 1.217E-03 -1.007E+00 
78.4 27.2 29.63 -1.939E-06 1.217E-03 -1.007E+00 
45.9 2.1 29.47 -1.939E-06 1.217E-03 -1.007E+00 
46.3 70.5 30.03 -1.939E-06 1.217E-03 -1.007E+00 
52.4 83.4 31.83 -1.939E-06 1.217E-03 -1.007E+00 
59.1 50.7 33.93 -1.939E-06 1.217E-03 -1.007E+00 
59.6 21.4 34.17 -1.939E-06 1.217E-03 -1.007E+00 
61.4 19 34.46 -1.939E-06 1.217E-03 -1.007E+00 
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2442
2443
2444
2445
2446
2447
2448
2449
2450
2451
2452
2453
2454
2455
2456
2457
2458
2459
2460
2461
2462
2463
2464
2465
2466
2467
2468
2469
2470
2471
2472
2473
2474
2475
2476
2477
2478
2479
2480
2481
2482
2483
2484
2485
2486
2487
2488
2489
2490
2491
2492
2493
2494
2495
2496
2497
2498
2499
2500
2501
2502
2503
2504
2505
2506
2507
2508
2509
2510
2511
2512
2513

30.4 2.9 34.14 -1.939E-06 1.217E-03 -1.007E+00 
31 36.2 34.54 -1.939E-06 1.217E-03 -1.007E+00 

31.7 30.6 34.83 -1.939E-06 1.217E-03 -1.007E+00 
32.1 13 35.01 -1.939E-06 1.217E-03 -1.007E+00 
32.1 22 35 -1.939E-06 1.217E-03 -1.007E+00 
31.8 (a) 34.93 -1.939E-06 1.217E-03 -1.007E+00 
31.2 17.8 34.64 -1.939E-06 1.217E-03 -1.007E+00 
30.8 (a) 34.51 -1.939E-06 1.217E-03 -1.007E+00 
29.5 (a) 33.99 -1.939E-06 1.217E-03 -1.007E+00 
28.4 (a) 33.51 -1.939E-06 1.217E-03 -1.007E+00 
28.4 28.8 33.46 -1.939E-06 1.217E-03 -1.007E+00 
29.1 23.2 33.77 -1.939E-06 1.217E-03 -1.007E+00 
29.8 21.1 34.07 -1.939E-06 1.217E-03 -1.007E+00 
30.6 19.6 34.4 -1.939E-06 1.217E-03 -1.007E+00 
31.6 15 34.8 -1.939E-06 1.217E-03 -1.007E+00 
32.4 7.4 35.18 -1.939E-06 1.217E-03 -1.007E+00 
33.4 7.3 35.58 -1.939E-06 1.217E-03 -1.007E+00 
34.2 (a) 35.94 -1.939E-06 1.217E-03 -1.007E+00 
35 (a) 36.27 -1.939E-06 1.217E-03 -1.007E+00 

35.8 (a) 36.6 -1.939E-06 1.217E-03 -1.007E+00 
36 (a) 36.71 -1.939E-06 1.217E-03 -1.007E+00 

35.9 (a) 36.64 -1.939E-06 1.217E-03 -1.007E+00 
35.6 (a) 36.51 -1.939E-06 1.217E-03 -1.007E+00 
34.9 (a) 36.22 -1.939E-06 1.217E-03 -1.007E+00 
34 (a) 35.86 -1.939E-06 1.217E-03 -1.007E+00 

33.3 16.5 35.53 -1.939E-06 1.217E-03 -1.007E+00 
33.2 14.2 35.51 -1.939E-06 1.217E-03 -1.007E+00 
33.6 38.9 35.61 -1.939E-06 1.217E-03 -1.007E+00 
34.4 47.8 35.93 -1.939E-06 1.217E-03 -1.007E+00 
34.9 38.6 36.15 -1.939E-06 1.217E-03 -1.007E+00 
34.8 40.6 36.09 -1.939E-06 1.217E-03 -1.007E+00 
34.7 45.1 36.05 -1.939E-06 1.217E-03 -1.007E+00 
34.3 38.1 35.92 -1.939E-06 1.217E-03 -1.007E+00 
34.4 60.8 35.91 -1.939E-06 1.217E-03 -1.007E+00 
33.6 (a) 35.69 -1.939E-06 1.217E-03 -1.007E+00 
30.3 1 34.29 -1.939E-06 1.217E-03 -1.007E+00 
28.4 (a) 33.5 -1.939E-06 1.217E-03 -1.007E+00 
26.7 11.3 32.79 -1.939E-06 1.217E-03 -1.007E+00 
26.4 37.8 32.61 -1.939E-06 1.217E-03 -1.007E+00 
27.2 60.2 32.93 -1.939E-06 1.217E-03 -1.007E+00 
30 78.9 34.07 -1.939E-06 1.217E-03 -1.007E+00 
32 65.3 34.93 -1.939E-06 1.217E-03 -1.007E+00 

33.1 11.8 35.46 -1.939E-06 1.217E-03 -1.007E+00 
33.4 25.9 35.55 -1.939E-06 1.217E-03 -1.007E+00 
34.1 31 35.85 -1.939E-06 1.217E-03 -1.007E+00 
34.2 0.5 35.92 -1.939E-06 1.217E-03 -1.007E+00 
34.9 47.5 36.12 -1.939E-06 1.217E-03 -1.007E+00 
36.9 39.9 37 -1.939E-06 1.217E-03 -1.007E+00 
38.1 44.3 37.5 -1.939E-06 1.217E-03 -1.007E+00 
40.2 62.9 38.31 -1.939E-06 1.217E-03 -1.007E+00 
42.4 52.1 39.27 -1.939E-06 1.217E-03 -1.007E+00 
42.9 4.8 39.53 -1.939E-06 1.217E-03 -1.007E+00 
42.5 12.5 39.36 -1.939E-06 1.217E-03 -1.007E+00 
42.5 17 39.34 -1.939E-06 1.217E-03 -1.007E+00 
42.7 28 39.43 -1.939E-06 1.217E-03 -1.007E+00 
42.8 15 39.5 -1.939E-06 1.217E-03 -1.007E+00 
42.9 17.8 39.51 -1.939E-06 1.217E-03 -1.007E+00 
43 21.5 39.57 -1.939E-06 1.217E-03 -1.007E+00 

43.2 20 39.64 -1.939E-06 1.217E-03 -1.007E+00 
43.5 24.6 39.76 -1.939E-06 1.217E-03 -1.007E+00 
44.2 31.9 40.02 -1.939E-06 1.217E-03 -1.007E+00 
44.1 4.6 40.03 -1.939E-06 1.217E-03 -1.007E+00 
44 24.5 39.98 -1.939E-06 1.217E-03 -1.007E+00 
44 8.7 39.99 -1.939E-06 1.217E-03 -1.007E+00 

43.4 4.4 39.75 -1.939E-06 1.217E-03 -1.007E+00 
43.1 14 39.6 -1.939E-06 1.217E-03 -1.007E+00 
42.6 4.2 39.43 -1.939E-06 1.217E-03 -1.007E+00 
41.7 (a) 39.05 -1.939E-06 1.217E-03 -1.007E+00 
41.2 13.6 38.82 -1.939E-06 1.217E-03 -1.007E+00 
40.8 6.5 38.69 -1.939E-06 1.217E-03 -1.007E+00 
40.7 20.3 38.62 -1.939E-06 1.217E-03 -1.007E+00 
39.8 (a) 38.3 -1.939E-06 1.217E-03 -1.007E+00 
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2514
2515
2516
2517
2518
2519
2520
2521
2522
2523
2524
2525
2526
2527
2528
2529
2530
2531
2532
2533
2534
2535
2536
2537
2538
2539
2540
2541
2542
2543
2544
2545
2546
2547
2548
2549
2550
2551
2552
2553
2554
2555
2556
2557
2558
2559
2560
2561
2562
2563
2564
2565
2566
2567
2568
2569
2570
2571
2572
2573
2574
2575
2576
2577
2578
2579
2580
2581
2582
2583
2584
2585

39 14.7 37.92 -1.939E-06 1.217E-03 -1.007E+00 
39.3 24.9 37.99 -1.939E-06 1.217E-03 -1.007E+00 
38.9 (a) 37.87 -1.939E-06 1.217E-03 -1.007E+00 
38.5 15.5 37.69 -1.939E-06 1.217E-03 -1.007E+00 
38 (a) 37.49 -1.939E-06 1.217E-03 -1.007E+00 

37.3 7 37.22 -1.939E-06 1.217E-03 -1.007E+00 
36.4 (a) 36.84 -1.939E-06 1.217E-03 -1.007E+00 
35.3 (a) 36.4 -1.939E-06 1.217E-03 -1.007E+00 
34.1 (a) 35.89 -1.939E-06 1.217E-03 -1.007E+00 
32.8 (a) 35.34 -1.939E-06 1.217E-03 -1.007E+00 
30.7 (a) 34.5 -1.939E-06 1.217E-03 -1.007E+00 
28.9 (a) 33.74 -1.939E-06 1.217E-03 -1.007E+00 
27.8 (a) 33.25 -1.939E-06 1.217E-03 -1.007E+00 
26.7 (a) 32.79 -1.939E-06 1.217E-03 -1.007E+00 
26.4 20 32.65 -1.939E-06 1.217E-03 -1.007E+00 
26.8 24.1 32.81 -1.939E-06 1.217E-03 -1.007E+00 
27.1 15.6 32.94 -1.939E-06 1.217E-03 -1.007E+00 
27.6 29.9 33.13 -1.939E-06 1.217E-03 -1.007E+00 
28.3 31.9 33.43 -1.939E-06 1.217E-03 -1.007E+00 
28.6 14.2 33.58 -1.939E-06 1.217E-03 -1.007E+00 
29.3 37.8 33.83 -1.939E-06 1.217E-03 -1.007E+00 
30.6 43.6 34.36 -1.939E-06 1.217E-03 -1.007E+00 
31.9 34.4 34.91 -1.939E-06 1.217E-03 -1.007E+00 
31.6 0.9 34.86 -1.939E-06 1.217E-03 -1.007E+00 
32.1 38.6 35 -1.939E-06 1.217E-03 -1.007E+00 
32.6 0.8 35.28 -1.939E-06 1.217E-03 -1.007E+00 
32 (a) 35.02 -1.939E-06 1.217E-03 -1.007E+00 
32 20 34.99 -1.939E-06 1.217E-03 -1.007E+00 

32.1 2.5 35.06 -1.939E-06 1.217E-03 -1.007E+00 
31.3 (a) 34.72 -1.939E-06 1.217E-03 -1.007E+00 
30.3 (a) 34.3 -1.939E-06 1.217E-03 -1.007E+00 
29.5 (a) 34.06 -1.939E-06 1.217E-03 -1.007E+00 
27.9 (a) 33.4 -1.939E-06 1.217E-03 -1.007E+00 
26.1 (a) 32.58 -1.939E-06 1.217E-03 -1.007E+00 
24.8 (a) 32.04 -1.939E-06 1.217E-03 -1.007E+00 
23.1 39.1 31.24 -1.939E-06 1.217E-03 -1.007E+00 
22.3 56.9 30.88 -1.939E-06 1.217E-03 -1.007E+00 
24.3 68.3 31.7 -1.939E-06 1.217E-03 -1.007E+00 
25.9 40.5 32.4 -1.939E-06 1.217E-03 -1.007E+00 
26.8 24.7 32.8 -1.939E-06 1.217E-03 -1.007E+00 
27.5 38.9 33.07 -1.939E-06 1.217E-03 -1.007E+00 
28.3 44.5 33.4 -1.939E-06 1.217E-03 -1.007E+00 
29 26 33.71 -1.939E-06 1.217E-03 -1.007E+00 

29.3 28.1 33.82 -1.939E-06 1.217E-03 -1.007E+00 
29.8 33.5 34.06 -1.939E-06 1.217E-03 -1.007E+00 
30.4 16.3 34.31 -1.939E-06 1.217E-03 -1.007E+00 
30.5 17.6 34.34 -1.939E-06 1.217E-03 -1.007E+00 
30.4 9.3 34.34 -1.939E-06 1.217E-03 -1.007E+00 
30 1 34.16 -1.939E-06 1.217E-03 -1.007E+00 

29.1 (a) 33.82 -1.939E-06 1.217E-03 -1.007E+00 
28.4 11.9 33.48 -1.939E-06 1.217E-03 -1.007E+00 
28.1 (a) 33.38 -1.939E-06 1.217E-03 -1.007E+00 
28.1 30.8 33.33 -1.939E-06 1.217E-03 -1.007E+00 
29.1 37.6 33.75 -1.939E-06 1.217E-03 -1.007E+00 
30.3 40.6 34.26 -1.939E-06 1.217E-03 -1.007E+00 
31.5 24.7 34.77 -1.939E-06 1.217E-03 -1.007E+00 
32.4 37.8 35.1 -1.939E-06 1.217E-03 -1.007E+00 
33.7 44.2 35.63 -1.939E-06 1.217E-03 -1.007E+00 
35.1 37.5 36.22 -1.939E-06 1.217E-03 -1.007E+00 
36.2 38.5 36.7 -1.939E-06 1.217E-03 -1.007E+00 
36.2 (a) 36.77 -1.939E-06 1.217E-03 -1.007E+00 
36.2 31 36.7 -1.939E-06 1.217E-03 -1.007E+00 
36.8 24.9 36.96 -1.939E-06 1.217E-03 -1.007E+00 
37.4 26.1 37.21 -1.939E-06 1.217E-03 -1.007E+00 
37.8 25.3 37.4 -1.939E-06 1.217E-03 -1.007E+00 
38 15.1 37.48 -1.939E-06 1.217E-03 -1.007E+00 

38.1 20.9 37.5 -1.939E-06 1.217E-03 -1.007E+00 
38.2 18.4 37.56 -1.939E-06 1.217E-03 -1.007E+00 
37.7 (a) 37.37 -1.939E-06 1.217E-03 -1.007E+00 
37.7 29.6 37.34 -1.939E-06 1.217E-03 -1.007E+00 
38.4 21.6 37.63 -1.939E-06 1.217E-03 -1.007E+00 
38.7 19.5 37.75 -1.939E-06 1.217E-03 -1.007E+00 
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2602
2603
2604
2605
2606
2607
2608
2609
2610
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2612
2613
2614
2615
2616
2617
2618
2619
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2621
2622
2623
2624
2625
2626
2627
2628
2629
2630
2631
2632
2633
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2650
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2652
2653
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2655
2656
2657

39.2 28.1 37.96 -1.939E-06 1.217E-03 -1.007E+00 
39.8 27.4 38.21 -1.939E-06 1.217E-03 -1.007E+00 
40.2 21.7 38.41 -1.939E-06 1.217E-03 -1.007E+00 
40.4 21.5 38.48 -1.939E-06 1.217E-03 -1.007E+00 
40.9 32.8 38.66 -1.939E-06 1.217E-03 -1.007E+00 
41.7 44.7 38.99 -1.939E-06 1.217E-03 -1.007E+00 
41.5 (a) 38.97 -1.939E-06 1.217E-03 -1.007E+00 
41 29.5 38.69 -1.939E-06 1.217E-03 -1.007E+00 

40.4 12.9 38.48 -1.939E-06 1.217E-03 -1.007E+00 
39.7 22.7 38.17 -1.939E-06 1.217E-03 -1.007E+00 
39.3 22.7 38 -1.939E-06 1.217E-03 -1.007E+00 
38.8 21.6 37.81 -1.939E-06 1.217E-03 -1.007E+00 
38.5 34.9 37.67 -1.939E-06 1.217E-03 -1.007E+00 
38.4 21.9 37.65 -2.270E-06 1.516E-03 -9.082E-01 
38.6 31.5 37.73 -2.601E-06 1.815E-03 -8.092E-01 
39.1 10.7 37.96 -2.932E-06 2.115E-03 -7.102E-01 
39 9.8 37.89 -2.932E-06 2.115E-03 -7.102E-01 

38.9 4.6 37.88 -2.932E-06 2.115E-03 -7.102E-01 
40 37.2 38.27 -2.932E-06 2.115E-03 -7.102E-01 

40.2 (a) 38.45 -2.932E-06 2.115E-03 -7.102E-01 
41 41.4 38.69 -2.932E-06 2.115E-03 -7.102E-01 

42.9 36 39.48 -2.932E-06 2.115E-03 -7.102E-01 
42.5 (a) 39.39 -2.932E-06 2.115E-03 -7.102E-01 
41.2 (a) 38.87 -2.932E-06 2.115E-03 -7.102E-01 
40.9 23.2 38.69 -2.932E-06 2.115E-03 -7.102E-01 
40.9 8.6 38.71 -2.932E-06 2.115E-03 -7.102E-01 
40.4 7.5 38.49 -2.932E-06 2.115E-03 -7.102E-01 
40.2 13.8 38.42 -2.932E-06 2.115E-03 -7.102E-01 
40.4 23.4 38.48 -2.932E-06 2.115E-03 -7.102E-01 
40.9 31.8 38.65 -2.932E-06 2.115E-03 -7.102E-01 
41.1 21.4 38.77 -2.932E-06 2.115E-03 -7.102E-01 
41.8 39 39.02 -2.932E-06 2.115E-03 -7.102E-01 
43.1 38.6 39.58 -2.932E-06 2.115E-03 -7.102E-01 
43.1 5.1 39.63 -2.932E-06 2.115E-03 -7.102E-01 
43.6 42.2 39.79 -2.932E-06 2.115E-03 -7.102E-01 
44.9 40.6 40.32 -2.932E-06 2.115E-03 -7.102E-01 
44.2 (a) 40.09 -2.932E-06 2.115E-03 -7.102E-01 
42.8 (a) 39.52 -2.932E-06 2.115E-03 -7.102E-01 
42.2 29.3 39.22 -2.932E-06 2.115E-03 -7.102E-01 
41.8 13.5 39.06 -2.932E-06 2.115E-03 -7.102E-01 
41.4 30.6 38.86 -2.932E-06 2.115E-03 -7.102E-01 
41.2 15.3 38.8 -2.932E-06 2.115E-03 -7.102E-01 
40.8 26.4 38.62 -2.932E-06 2.115E-03 -7.102E-01 
40.3 21.9 38.44 -2.932E-06 2.115E-03 -7.102E-01 
40.2 30.7 38.39 -2.932E-06 2.115E-03 -7.102E-01 
40.2 28.1 38.4 -2.932E-06 2.115E-03 -7.102E-01 
40 26.8 38.31 -2.932E-06 2.115E-03 -7.102E-01 

40.2 36 38.38 -2.932E-06 2.115E-03 -7.102E-01 
40.4 30.7 38.46 -2.932E-06 2.115E-03 -7.102E-01 
40.7 38.9 38.58 -2.932E-06 2.115E-03 -7.102E-01 
41.2 36.4 38.79 -2.932E-06 2.115E-03 -7.102E-01 
41.5 36.5 38.93 -2.932E-06 2.115E-03 -7.102E-01 
41.8 35.6 39.02 -2.932E-06 2.115E-03 -7.102E-01 
42 35.8 39.1 -2.932E-06 2.115E-03 -7.102E-01 

41.6 13.2 38.99 -2.932E-06 2.115E-03 -7.102E-01 
41 22.6 38.73 -2.932E-06 2.115E-03 -7.102E-01 

41.2 36.5 38.77 -2.932E-06 2.115E-03 -7.102E-01 
41.4 29.7 38.88 -2.932E-06 2.115E-03 -7.102E-01 
41.5 21.1 38.92 -2.932E-06 2.115E-03 -7.102E-01 
41.4 21.8 38.91 -2.932E-06 2.115E-03 -7.102E-01 
41.5 20.2 38.92 -2.932E-06 2.115E-03 -7.102E-01 
41.6 24 38.96 -2.932E-06 2.115E-03 -7.102E-01 
41.7 21.9 39.03 -2.932E-06 2.115E-03 -7.102E-01 
41.9 25.3 39.07 -2.932E-06 2.115E-03 -7.102E-01 
41 (a) 38.79 -2.932E-06 2.115E-03 -7.102E-01 

40.9 36.6 38.67 -2.932E-06 2.115E-03 -7.102E-01 
41.2 14.7 38.82 -2.932E-06 2.115E-03 -7.102E-01 
41.5 32.6 38.9 -2.932E-06 2.115E-03 -7.102E-01 
41.8 21.5 39.05 -2.932E-06 2.115E-03 -7.102E-01 
41.8 24.1 39.07 -2.932E-06 2.115E-03 -7.102E-01 
42 26.5 39.13 -2.932E-06 2.115E-03 -7.102E-01 
42 16.9 39.15 -2.932E-06 2.115E-03 -7.102E-01 
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2658
2659
2660
2661
2662
2663
2664
2665
2666
2667
2668
2669
2670
2671
2672
2673
2674
2675
2676
2677
2678
2679
2680
2681
2682
2683
2684
2685
2686
2687
2688
2689
2690
2691
2692
2693
2694
2695
2696
2697
2698
2699
2700
2701
2702
2703
2704
2705
2706
2707
2708
2709
2710
2711
2712
2713
2714
2715
2716
2717
2718
2719
2720
2721
2722
2723
2724
2725
2726
2727
2728
2729

41.6 18.7 38.98 -2.932E-06 2.115E-03 -7.102E-01 
41.6 33.4 38.93 -2.932E-06 2.115E-03 -7.102E-01 
42 42.5 39.1 -2.932E-06 2.115E-03 -7.102E-01 

43.5 72 39.66 -2.932E-06 2.115E-03 -7.102E-01 
45.9 51.3 40.71 -2.932E-06 2.115E-03 -7.102E-01 
45.4 (a) 40.61 -2.932E-06 2.115E-03 -7.102E-01 
46.1 46.3 40.8 -2.932E-06 2.115E-03 -7.102E-01 
47.1 (a) 41.32 -2.932E-06 2.115E-03 -7.102E-01 
46.7 9.4 41.11 -2.932E-06 2.115E-03 -7.102E-01 
45.7 (a) 40.74 -2.932E-06 2.115E-03 -7.102E-01 
44.4 0.1 40.2 -2.932E-06 2.115E-03 -7.102E-01 
43.2 (a) 39.7 -2.932E-06 2.115E-03 -7.102E-01 
42.5 5.9 39.38 -2.932E-06 2.115E-03 -7.102E-01 
42.6 7 39.41 -2.932E-06 2.115E-03 -7.102E-01 
42.8 8.9 39.52 -2.932E-06 2.115E-03 -7.102E-01 
43.2 (a) 39.69 -2.932E-06 2.115E-03 -7.102E-01 
43.4 (a) 39.78 -2.932E-06 2.115E-03 -7.102E-01 
43.7 (a) 39.91 -2.932E-06 2.115E-03 -7.102E-01 
44.2 (a) 40.1 -2.932E-06 2.115E-03 -7.102E-01 
43.3 (a) 39.81 -2.932E-06 2.115E-03 -7.102E-01 
42 (a) 39.24 -2.932E-06 2.115E-03 -7.102E-01 

40.9 (a) 38.77 -2.932E-06 2.115E-03 -7.102E-01 
41 (a) 38.78 -9.772E-07 7.048E-04 -2.367E-01 

40.5 (a) 38.59 9.772E-07 -7.048E-04 2.367E-01 
39 (a) 37.99 2.932E-06 -2.115E-03 7.102E-01 

37.6 (a) 37.38 2.932E-06 -2.115E-03 7.102E-01 
36 (a) 36.67 2.932E-06 -2.115E-03 7.102E-01 

33.2 (a) 35.53 2.932E-06 -2.115E-03 7.102E-01 
32.2 (a) 35.18 2.932E-06 -2.115E-03 7.102E-01 
29.5 (a) 34.02 2.932E-06 -2.115E-03 7.102E-01 
27.2 (a) 33.01 2.932E-06 -2.115E-03 7.102E-01 
24.5 (a) 31.93 2.932E-06 -2.115E-03 7.102E-01 
21.5 (a) 30.64 2.932E-06 -2.115E-03 7.102E-01 
17.9 (a) 29.19 2.932E-06 -2.115E-03 7.102E-01 
37.6 9.6 26.34 2.932E-06 -2.115E-03 7.102E-01 
24.4 (a) 23.47 2.932E-06 -2.115E-03 7.102E-01 
19.8 (a) 22.01 2.932E-06 -2.115E-03 7.102E-01 
16.8 15.6 21.07 2.932E-06 -2.115E-03 7.102E-01 
38.2 4.6 20.04 2.932E-06 -2.115E-03 7.102E-01 
35.3 53.2 19.82 2.932E-06 -2.115E-03 7.102E-01 
34.8 (a) 19.79 2.932E-06 -2.115E-03 7.102E-01 
28 (a) 18.28 2.932E-06 -2.115E-03 7.102E-01 

18.9 (a) 16.18 2.932E-06 -2.115E-03 7.102E-01 
40.1 12.9 14.95 2.932E-06 -2.115E-03 7.102E-01 
28.6 (a) 13.58 2.932E-06 -2.115E-03 7.102E-01 
16.4 (a) 11.53 2.932E-06 -2.115E-03 7.102E-01 
10.4 (a) 10.49 2.932E-06 -2.115E-03 7.102E-01 
33.4 9.5 10.27 2.932E-06 -2.115E-03 7.102E-01 
28.5 3.5 10.04 2.932E-06 -2.115E-03 7.102E-01 
29.1 14.7 10.11 9.772E-07 -7.048E-04 2.367E-01 
36.1 19.7 10.96 -9.772E-07 7.048E-04 -2.367E-01 
43.7 21.1 11.91 -2.932E-06 2.115E-03 -7.102E-01 
51.1 14.7 12.84 -2.932E-06 2.115E-03 -7.102E-01 
55.9 21.4 13.43 -2.932E-06 2.115E-03 -7.102E-01 
66.5 34.1 14.71 -2.932E-06 2.115E-03 -7.102E-01 
68.3 19.9 15.86 -2.932E-06 2.115E-03 -7.102E-01 
40.6 23.4 15.53 -2.932E-06 2.115E-03 -7.102E-01 
53.5 75.5 17.59 -2.932E-06 2.115E-03 -7.102E-01 
63.9 17.2 19.44 -2.932E-06 2.115E-03 -7.102E-01 
64.5 11.6 19.56 -2.932E-06 2.115E-03 -7.102E-01 
36.4 2.4 19.47 -2.932E-06 2.115E-03 -7.102E-01 
34.5 50 19.63 -2.932E-06 2.115E-03 -7.102E-01 
39.1 24 20.72 -2.932E-06 2.115E-03 -7.102E-01 
41.7 26.3 21.3 -2.932E-06 2.115E-03 -7.102E-01 
43.6 20.8 21.75 -2.932E-06 2.115E-03 -7.102E-01 
45.5 28.8 22.16 -2.932E-06 2.115E-03 -7.102E-01 
47.5 27.2 22.62 -2.932E-06 2.115E-03 -7.102E-01 
47.6 20.8 22.65 -2.932E-06 2.115E-03 -7.102E-01 
48.4 30.2 22.8 -2.932E-06 2.115E-03 -7.102E-01 
48.3 20.1 22.8 -2.932E-06 2.115E-03 -7.102E-01 
50.2 (a) 23.3 -9.772E-07 7.048E-04 -2.367E-01 
49.6 (a) 23.19 9.772E-07 -7.048E-04 2.367E-01 
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2730

2735

2740

2745

2750

2755

2760

2765

2770

2775

2780

2785

2790

2795

2800

46.6 (a) 22.46 2.932E-06 -2.115E-03 7.102E-01 
2731 44.7 (a) 22.03 2.932E-06 -2.115E-03 7.102E-01 
2732 43.1 (a) 21.67 2.932E-06 -2.115E-03 7.102E-01 
2733 41.2 (a) 21.23 2.932E-06 -2.115E-03 7.102E-01 
2734 40.1 1.5 20.97 2.932E-06 -2.115E-03 7.102E-01 

39.5 (a) 20.86 2.932E-06 -2.115E-03 7.102E-01 
2736 37.2 (a) 20.33 2.932E-06 -2.115E-03 7.102E-01 
2737 34.7 (a) 19.76 2.932E-06 -2.115E-03 7.102E-01 
2738 29.9 (a) 18.71 2.932E-06 -2.115E-03 7.102E-01 
2739 21.9 (a) 16.9 2.932E-06 -2.115E-03 7.102E-01 

27.2 14.2 14.92 2.932E-06 -2.115E-03 7.102E-01 
2741 29.7 0.3 13.71 2.932E-06 -2.115E-03 7.102E-01 
2742 24.4 (a) 12.88 2.932E-06 -2.115E-03 7.102E-01 
2743 10.1 (a) 10.5 2.932E-06 -2.115E-03 7.102E-01 
2744 10.4 (a) 7.5 2.932E-06 -2.115E-03 7.102E-01 

16.1 11.8 5.02 2.932E-06 -2.115E-03 7.102E-01 
2746 16.5 9.6 3.25 2.932E-06 -2.115E-03 7.102E-01 
2747 0 0 0.16 2.932E-06 -2.115E-03 7.102E-01 
2748 0 0 0 2.932E-06 -2.115E-03 7.102E-01 
2749 0 0 0 2.932E-06 -2.115E-03 7.102E-01 

0 0 0 2.537E-06 -2.528E-03 -2.959E-02 
2751 0 0 0 2.143E-06 -2.941E-03 -7.694E-01 
2752 0 0 0 1.749E-06 -3.354E-03 -1.509E+00 
2754 0 0 0 1.749E-06 -3.354E-03 -1.509E+00 

5.6 23 0.1 1.749E-06 -3.354E-03 -1.509E+00 
2756 19.9 33.9 2.7 1.749E-06 -3.354E-03 -1.509E+00 
2757 74.4 32.9 4.69 1.749E-06 -3.354E-03 -1.509E+00 
2758 60.9 1 5.72 1.749E-06 -3.354E-03 -1.509E+00 
2759 97.8 33.1 7.34 1.749E-06 -3.354E-03 -1.509E+00 

55.9 2.2 7.4 1.749E-06 -3.354E-03 -1.509E+00 
2761 89.4 50.7 9.63 1.749E-06 -3.354E-03 -1.509E+00 
2762 54.9 1.2 9.81 1.749E-06 -3.354E-03 -1.509E+00 
2763 71.2 57.1 11.41 1.749E-06 -3.354E-03 -1.509E+00 
2764 90.9 17.2 13.4 1.749E-06 -3.354E-03 -1.509E+00 

55.2 0.8 13.37 1.749E-06 -3.354E-03 -1.509E+00 
2766 75 77.5 15.71 1.749E-06 -3.354E-03 -1.509E+00 
2767 85.3 20.8 17.87 1.749E-06 -3.354E-03 -1.509E+00 
2768 52.8 13.4 17.59 1.749E-06 -3.354E-03 -1.509E+00 
2769 65.9 80.7 19.67 1.749E-06 -3.354E-03 -1.509E+00 

85.7 74.1 22.96 1.749E-06 -3.354E-03 -1.509E+00 
2771 53.9 0.2 23.66 1.749E-06 -3.354E-03 -1.509E+00 
2772 55.1 62.4 24.3 1.749E-06 -3.354E-03 -1.509E+00 
2773 65.1 77 26.51 1.749E-06 -3.354E-03 -1.509E+00 
2774 77.2 83 29.24 1.749E-06 -3.354E-03 -1.509E+00 

51.1 6.5 29.99 1.749E-06 -3.354E-03 -1.509E+00 
2776 46.7 52.1 30.18 1.749E-06 -3.354E-03 -1.509E+00 
2777 51.7 78.3 31.64 1.749E-06 -3.354E-03 -1.509E+00 
2778 58.5 62.4 33.74 1.749E-06 -3.354E-03 -1.509E+00 
2779 60.8 33.9 34.5 1.749E-06 -3.354E-03 -1.509E+00 

62 48.1 34.83 1.749E-06 -3.354E-03 -1.509E+00 
2781 65.4 41.7 35.89 1.749E-06 -3.354E-03 -1.509E+00 
2782 67.2 23.3 36.47 1.749E-06 -3.354E-03 -1.509E+00 
2783 68.2 10.3 37 1.749E-06 -3.354E-03 -1.509E+00 
2784 36.5 3.2 36.85 1.749E-06 -3.354E-03 -1.509E+00 

36 7.7 36.65 1.749E-06 -3.354E-03 -1.509E+00 
2786 36 27.9 36.64 1.749E-06 -3.354E-03 -1.509E+00 
2787 36.5 14.5 36.86 1.749E-06 -3.354E-03 -1.509E+00 
2788 35.9 (a) 36.64 1.749E-06 -3.354E-03 -1.509E+00 
2789 34.7 (a) 36.15 1.749E-06 -3.354E-03 -1.509E+00 

33.3 (a) 35.59 1.749E-06 -3.354E-03 -1.509E+00 
2791 32 (a) 35.04 1.749E-06 -3.354E-03 -1.509E+00 
2792 30.6 (a) 34.44 1.749E-06 -3.354E-03 -1.509E+00 
2793 29.2 (a) 33.85 1.749E-06 -3.354E-03 -1.509E+00 
2794 29.2 39.4 33.79 1.749E-06 -3.354E-03 -1.509E+00 

30 (a) 34.16 1.749E-06 -3.354E-03 -1.509E+00 
2796 30 36.7 34.11 1.749E-06 -3.354E-03 -1.509E+00 
2797 32.3 24.1 35.11 1.749E-06 -3.354E-03 -1.509E+00 
2798 33.2 37.9 35.47 1.749E-06 -3.354E-03 -1.509E+00 
2799 33.8 53.5 35.68 1.749E-06 -3.354E-03 -1.509E+00 

35.7 53.5 36.45 1.749E-06 -3.354E-03 -1.509E+00 
2801 36.9 29 37.02 1.749E-06 -3.354E-03 -1.509E+00 
2802 37.2 26.9 37.15 1.749E-06 -3.354E-03 -1.509E+00 
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2803
2804
2805
2806
2807
2808
2809
2810
2811
2812
2813
2814
2815
2816
2817
2818
2819
2820
2821
2822
2823
2824
2825
2826
2827
2828
2829
2830
2831
2832
2833
2834
2835
2836
2837
2838
2839
2840
2841
2842
2843
2844
2845
2846
2847
2848
2849
2850
2851
2852
2853
2854
2855
2856
2857
2858
2859
2860
2861
2862
2863
2864
2865
2866
2867
2868
2869
2870
2871
2872
2873
2874

37.8 1.8 37.44 1.749E-06 -3.354E-03 -1.509E+00 
37.4 17.4 37.25 1.749E-06 -3.354E-03 -1.509E+00 
37.4 9.8 37.26 1.749E-06 -3.354E-03 -1.509E+00 
37.6 16.8 37.3 1.749E-06 -3.354E-03 -1.509E+00 
38.5 36.7 37.66 1.749E-06 -3.354E-03 -1.509E+00 
38.8 0.3 37.86 1.749E-06 -3.354E-03 -1.509E+00 
39.5 (a) 38.14 1.749E-06 -3.354E-03 -1.509E+00 
40.2 (a) 38.46 1.749E-06 -3.354E-03 -1.509E+00 
41.3 38.9 38.82 1.749E-06 -3.354E-03 -1.509E+00 
42 59.2 39.1 1.749E-06 -3.354E-03 -1.509E+00 

42.8 83.1 39.37 1.749E-06 -3.354E-03 -1.509E+00 
44.5 93.3 40.07 1.749E-06 -3.354E-03 -1.509E+00 
45.6 19.9 40.66 1.749E-06 -3.354E-03 -1.509E+00 
46.3 40.8 40.89 5.830E-07 -1.118E-03 -5.031E-01 
45.6 (a) 40.72 -5.830E-07 1.118E-03 5.031E-01 
43.7 (a) 39.89 -1.749E-06 3.354E-03 1.509E+00 
42.4 10.3 39.33 -1.749E-06 3.354E-03 1.509E+00 
41.8 20 39.06 -1.749E-06 3.354E-03 1.509E+00 
41.6 36.9 38.94 -1.749E-06 3.354E-03 1.509E+00 
41 30.8 38.71 -1.749E-06 3.354E-03 1.509E+00 

38.3 (a) 37.68 -1.749E-06 3.354E-03 1.509E+00 
35.1 (a) 36.3 -1.749E-06 3.354E-03 1.509E+00 
32.5 5 35.22 -1.749E-06 3.354E-03 1.509E+00 
31.5 (a) 34.89 -1.749E-06 3.354E-03 1.509E+00 
29.4 (a) 34.01 -1.749E-06 3.354E-03 1.509E+00 
27.3 17.8 33.02 -1.749E-06 3.354E-03 1.509E+00 
26 (a) 32.53 -1.749E-06 3.354E-03 1.509E+00 

24.1 (a) 31.76 -1.749E-06 3.354E-03 1.509E+00 
21.2 2.8 30.51 -1.749E-06 3.354E-03 1.509E+00 
18.8 18.7 29.5 -1.749E-06 3.354E-03 1.509E+00 
17.5 (a) 28.98 -1.749E-06 3.354E-03 1.509E+00 
37.4 20.4 28.34 -1.749E-06 3.354E-03 1.509E+00 
36.9 (a) 27.3 -1.749E-06 3.354E-03 1.509E+00 
31.3 (a) 25.61 -1.749E-06 3.354E-03 1.509E+00 
25.4 (a) 23.8 -1.749E-06 3.354E-03 1.509E+00 
22.2 (a) 22.76 -1.749E-06 3.354E-03 1.509E+00 
20.2 (a) 22.13 -1.749E-06 3.354E-03 1.509E+00 
17.8 (a) 21.41 -1.749E-06 3.354E-03 1.509E+00 
39.4 19.9 20.54 -1.749E-06 3.354E-03 1.509E+00 
30.1 (a) 18.82 -1.749E-06 3.354E-03 1.509E+00 
23.8 (a) 17.32 -1.749E-06 3.354E-03 1.509E+00 
18 0.7 15.96 -1.749E-06 3.354E-03 1.509E+00 

40.1 10.2 14.79 -1.749E-06 3.354E-03 1.509E+00 
30.6 20.8 13.86 -1.749E-06 3.354E-03 1.509E+00 
26.2 (a) 13.15 -1.749E-06 3.354E-03 1.509E+00 
22.5 (a) 12.52 -1.749E-06 3.354E-03 1.509E+00 
20.6 (a) 12.22 -1.749E-06 3.354E-03 1.509E+00 
18.4 (a) 11.84 -1.749E-06 3.354E-03 1.509E+00 
17.5 (a) 11.7 -5.830E-07 1.118E-03 5.031E-01 
19 (a) 11.94 5.830E-07 -1.118E-03 -5.031E-01 

21.8 3.9 12.39 1.749E-06 -3.354E-03 -1.509E+00 
28.5 24.2 13.5 1.749E-06 -3.354E-03 -1.509E+00 
36.5 10 14.85 1.749E-06 -3.354E-03 -1.509E+00 
44.9 26 16.23 1.749E-06 -3.354E-03 -1.509E+00 
56.8 27.8 18.22 1.749E-06 -3.354E-03 -1.509E+00 
61.9 (a) 19.16 1.749E-06 -3.354E-03 -1.509E+00 
55.5 13.5 19.76 1.749E-06 -3.354E-03 -1.509E+00 
38.2 (a) 20.55 1.749E-06 -3.354E-03 -1.509E+00 
40.9 (a) 21.16 1.749E-06 -3.354E-03 -1.509E+00 
43.5 (a) 21.76 1.749E-06 -3.354E-03 -1.509E+00 
44.3 (a) 21.97 1.749E-06 -3.354E-03 -1.509E+00 
41.6 (a) 21.39 1.749E-06 -3.354E-03 -1.509E+00 
39.5 (a) 20.87 1.749E-06 -3.354E-03 -1.509E+00 
37.3 (a) 20.39 1.749E-06 -3.354E-03 -1.509E+00 
37 (a) 20.28 1.749E-06 -3.354E-03 -1.509E+00 

37.4 (a) 20.38 1.749E-06 -3.354E-03 -1.509E+00 
37.7 (a) 20.44 1.749E-06 -3.354E-03 -1.509E+00 
38.8 (a) 20.69 1.749E-06 -3.354E-03 -1.509E+00 
39 (a) 20.75 1.749E-06 -3.354E-03 -1.509E+00 

38.5 (a) 20.63 1.749E-06 -3.354E-03 -1.509E+00 
38.5 (a) 20.63 1.749E-06 -3.354E-03 -1.509E+00 
38.7 (a) 20.67 1.749E-06 -3.354E-03 -1.509E+00 
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2875
2876
2877
2878
2879
2880
2881
2882
2883
2884
2885
2886
2887
2888
2889
2890
2891
2892
2893
2894
2895
2896
2897
2898
2899
2900
2901
2902
2903
2904
2905
2906
2907
2908
2909
2910
2911
2912
2913
2914
2915
2916
2917
2918
2919
2920
2921
2922
2923
2924
2925
2926
2927
2928
2929
2930
2931
2932
2933
2934
2935
2936
2937
2938
2939
2940
2941
2942
2943
2944
2945
2946

38.6 (a) 20.64 1.749E-06 -3.354E-03 -1.509E+00 
41 7.9 21.18 1.749E-06 -3.354E-03 -1.509E+00 

41.1 (a) 21.21 1.749E-06 -3.354E-03 -1.509E+00 
42.5 18.9 21.5 1.749E-06 -3.354E-03 -1.509E+00 
46.9 37.1 22.46 1.749E-06 -3.354E-03 -1.509E+00 
54 59.6 24.02 1.749E-06 -3.354E-03 -1.509E+00 

59.1 32.2 25.23 1.749E-06 -3.354E-03 -1.509E+00 
64.1 48.6 26.33 1.749E-06 -3.354E-03 -1.509E+00 
71.8 61.2 28.08 1.749E-06 -3.354E-03 -1.509E+00 
88.5 48.4 30.11 1.749E-06 -3.354E-03 -1.509E+00 
46.5 2.9 29.79 1.749E-06 -3.354E-03 -1.509E+00 
47.6 80.3 30.43 1.749E-06 -3.354E-03 -1.509E+00 
53.5 84.4 32.17 1.749E-06 -3.354E-03 -1.509E+00 
60.7 91.2 34.34 1.749E-06 -3.354E-03 -1.509E+00 
68 89.5 36.57 1.749E-06 -3.354E-03 -1.509E+00 

83.8 30 38.16 1.749E-06 -3.354E-03 -1.509E+00 
38.8 3.1 37.86 1.749E-06 -3.354E-03 -1.509E+00 
40.5 84.5 38.44 1.749E-06 -3.354E-03 -1.509E+00 
43.8 87.5 39.75 1.749E-06 -3.354E-03 -1.509E+00 
47.6 94.8 41.35 1.749E-06 -3.354E-03 -1.509E+00 
51.6 97.2 43.01 1.749E-06 -3.354E-03 -1.509E+00 
55.2 89.3 44.52 1.749E-06 -3.354E-03 -1.509E+00 
57.4 71.7 45.47 1.749E-06 -3.354E-03 -1.509E+00 
59.1 71.9 46.15 1.749E-06 -3.354E-03 -1.509E+00 
61 85.6 46.91 8.186E-08 -1.400E-03 -1.640E+00 

62.4 77.7 47.54 -1.585E-06 5.535E-04 -1.771E+00 
63.3 66.2 47.93 -3.252E-06 2.507E-03 -1.901E+00 
63.7 57.5 48.09 -3.252E-06 2.507E-03 -1.901E+00 
64.8 12.5 48.73 -3.252E-06 2.507E-03 -1.901E+00 
36.2 0.2 48.99 -3.252E-06 2.507E-03 -1.901E+00 
36.1 40.1 48.91 -3.252E-06 2.507E-03 -1.901E+00 
36.4 53.8 49.02 -3.252E-06 2.507E-03 -1.901E+00 
37.2 62.7 49.46 -3.252E-06 2.507E-03 -1.901E+00 
38.3 67.1 50.09 -3.252E-06 2.507E-03 -1.901E+00 
39.6 51.8 50.81 -3.252E-06 2.507E-03 -1.901E+00 
40.1 54.1 51.09 -3.252E-06 2.507E-03 -1.901E+00 
40.1 34.6 51.12 -3.252E-06 2.507E-03 -1.901E+00 
39.8 40.2 50.96 -3.252E-06 2.507E-03 -1.901E+00 
40.8 56.1 51.48 -3.252E-06 2.507E-03 -1.901E+00 
40.3 37.3 51.21 -3.252E-06 2.507E-03 -1.901E+00 
40.6 45.8 51.36 -3.252E-06 2.507E-03 -1.901E+00 
40.6 (a) 51.47 -3.252E-06 2.507E-03 -1.901E+00 
40 11.8 51.13 -3.252E-06 2.507E-03 -1.901E+00 

40.1 18.5 51.14 -3.252E-06 2.507E-03 -1.901E+00 
39.2 25.2 50.64 -3.252E-06 2.507E-03 -1.901E+00 
38.8 40.6 50.38 -3.252E-06 2.507E-03 -1.901E+00 
39 38.4 50.51 -3.252E-06 2.507E-03 -1.901E+00 
39 40 50.51 -3.252E-06 2.507E-03 -1.901E+00 

38.6 71.7 50.24 -3.252E-06 2.507E-03 -1.901E+00 
38.9 89.2 50.37 -3.252E-06 2.507E-03 -1.901E+00 
40.1 18.1 51.15 -3.252E-06 2.507E-03 -1.901E+00 
40.5 (a) 51.42 -3.252E-06 2.507E-03 -1.901E+00 
40.5 (a) 51.4 -1.084E-06 8.357E-04 -6.338E-01 
40.1 (a) 51.2 1.084E-06 -8.357E-04 6.338E-01 
38.6 (a) 50.4 3.252E-06 -2.507E-03 1.901E+00 
36.9 (a) 49.46 3.252E-06 -2.507E-03 1.901E+00 
35.6 (a) 48.7 3.252E-06 -2.507E-03 1.901E+00 
34.3 (a) 47.97 3.252E-06 -2.507E-03 1.901E+00 
33.2 (a) 47.36 3.252E-06 -2.507E-03 1.901E+00 
32.4 7.6 46.87 3.252E-06 -2.507E-03 1.901E+00 
32.2 (a) 46.78 3.252E-06 -2.507E-03 1.901E+00 
31.3 30.2 46.25 3.252E-06 -2.507E-03 1.901E+00 
31.9 21.1 46.58 3.252E-06 -2.507E-03 1.901E+00 
31.2 8.6 46.21 3.252E-06 -2.507E-03 1.901E+00 
31.2 34.6 46.2 3.252E-06 -2.507E-03 1.901E+00 
31.4 5.8 46.33 3.252E-06 -2.507E-03 1.901E+00 
30.6 (a) 45.9 3.252E-06 -2.507E-03 1.901E+00 
29.8 (a) 45.44 3.252E-06 -2.507E-03 1.901E+00 
29.4 37.9 45.2 3.252E-06 -2.507E-03 1.901E+00 
30.2 66.9 45.55 3.252E-06 -2.507E-03 1.901E+00 
30.9 44.1 46.01 3.252E-06 -2.507E-03 1.901E+00 
31.1 35.5 46.15 3.252E-06 -2.507E-03 1.901E+00 
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2947
2948
2949
2950
2951
2952
2953
2954
2955
2956
2957
2958
2959
2960
2961
2962
2963
2964
2965
2966
2967
2968
2969
2970
2971
2972
2973
2974
2975
2976
2977
2978
2979
2980
2981
2982
2983
2984
2985
2986
2987
2988
2989
2990
2991
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2993
2994
2995
2996
2997
2998
2999
3000
3001
3002
3003
3004
3005
3006
3007
3008
3009
3010
3011
3012
3013
3014
3015
3016
3017
3018

31.1 9.2 46.18 3.252E-06 -2.507E-03 1.901E+00 
30.4 20.2 45.75 3.252E-06 -2.507E-03 1.901E+00 
30.5 38.2 45.79 3.252E-06 -2.507E-03 1.901E+00 
31 51.1 46.04 3.252E-06 -2.507E-03 1.901E+00 

32.1 79.8 46.62 3.252E-06 -2.507E-03 1.901E+00 
32.8 30.1 47.1 3.252E-06 -2.507E-03 1.901E+00 
32.1 0.1 46.75 3.252E-06 -2.507E-03 1.901E+00 
31.2 (a) 46.21 3.252E-06 -2.507E-03 1.901E+00 
30.1 (a) 45.66 3.252E-06 -2.507E-03 1.901E+00 
29 (a) 45.04 3.252E-06 -2.507E-03 1.901E+00 

28.1 0.8 44.54 3.252E-06 -2.507E-03 1.901E+00 
28 19.9 44.41 3.252E-06 -2.507E-03 1.901E+00 

27.8 22 44.32 3.252E-06 -2.507E-03 1.901E+00 
27.4 (a) 44.13 3.252E-06 -2.507E-03 1.901E+00 
26.2 (a) 43.49 3.252E-06 -2.507E-03 1.901E+00 
25.3 (a) 42.96 3.252E-06 -2.507E-03 1.901E+00 
24.7 14.5 42.59 3.252E-06 -2.507E-03 1.901E+00 
24.4 34.1 42.43 3.252E-06 -2.507E-03 1.901E+00 
24.6 47.9 42.51 3.252E-06 -2.507E-03 1.901E+00 
25 59.8 42.68 3.252E-06 -2.507E-03 1.901E+00 
25 57.9 42.7 3.252E-06 -2.507E-03 1.901E+00 

24.6 66.1 42.5 3.252E-06 -2.507E-03 1.901E+00 
24 22.9 42.21 3.252E-06 -2.507E-03 1.901E+00 

21.8 40 40.98 3.252E-06 -2.507E-03 1.901E+00 
21.7 68.7 40.86 3.252E-06 -2.507E-03 1.901E+00 
22.8 (a) 41.59 3.252E-06 -2.507E-03 1.901E+00 
21.1 (a) 40.72 3.252E-06 -2.507E-03 1.901E+00 
18.3 (a) 39.16 3.252E-06 -2.507E-03 1.901E+00 
20.6 10.1 38.09 3.252E-06 -2.507E-03 1.901E+00 
40.2 3.7 37.78 1.084E-06 -8.357E-04 6.338E-01 
39.6 62.7 38.09 -1.084E-06 8.357E-04 -6.338E-01 
41.5 38.1 38.92 -3.252E-06 2.507E-03 -1.901E+00 
41.8 11.7 39.06 -3.252E-06 2.507E-03 -1.901E+00 
41.6 (a) 39.04 -3.252E-06 2.507E-03 -1.901E+00 
39.9 (a) 38.34 -3.252E-06 2.507E-03 -1.901E+00 
38.9 (a) 37.87 -3.252E-06 2.507E-03 -1.901E+00 
38.2 12.5 37.57 -3.252E-06 2.507E-03 -1.901E+00 
37.8 27 37.4 -3.252E-06 2.507E-03 -1.901E+00 
38.3 25.4 37.6 -3.252E-06 2.507E-03 -1.901E+00 
39 21 37.9 -3.252E-06 2.507E-03 -1.901E+00 

39.9 17.6 38.29 -3.252E-06 2.507E-03 -1.901E+00 
40.7 36.7 38.56 -3.252E-06 2.507E-03 -1.901E+00 
41.1 47.3 38.74 -3.252E-06 2.507E-03 -1.901E+00 
40.5 34.5 38.48 -3.252E-06 2.507E-03 -1.901E+00 
40.6 3.8 38.57 -3.252E-06 2.507E-03 -1.901E+00 
40.2 (a) 38.45 -3.252E-06 2.507E-03 -1.901E+00 
40 (a) 38.35 -3.252E-06 2.507E-03 -1.901E+00 

40.4 18.4 38.47 -3.252E-06 2.507E-03 -1.901E+00 
41.7 30.6 39 -3.252E-06 2.507E-03 -1.901E+00 
42.6 27.8 39.37 -3.252E-06 2.507E-03 -1.901E+00 
43.4 18.8 39.73 -3.252E-06 2.507E-03 -1.901E+00 
43.2 15.5 39.66 -3.252E-06 2.507E-03 -1.901E+00 
43.5 21.1 39.76 -2.595E-06 1.697E-03 -2.144E+00 
43.9 16.5 39.95 -1.937E-06 8.875E-04 -2.387E+00 
44.1 11 40.03 -1.279E-06 7.771E-05 -2.629E+00 
43.6 0.9 39.83 -1.279E-06 7.771E-05 -2.629E+00 
42.8 2.5 39.49 -1.279E-06 7.771E-05 -2.629E+00 
42.4 31.4 39.28 -1.279E-06 7.771E-05 -2.629E+00 
43.2 48.8 39.59 -1.279E-06 7.771E-05 -2.629E+00 
44.3 39.9 40.05 -1.279E-06 7.771E-05 -2.629E+00 
44.9 41.2 40.32 -1.279E-06 7.771E-05 -2.629E+00 
45.2 46.6 40.41 -1.279E-06 7.771E-05 -2.629E+00 
45.7 53.4 40.63 -1.279E-06 7.771E-05 -2.629E+00 
46.7 44.3 41.06 -1.279E-06 7.771E-05 -2.629E+00 
47.4 40.7 41.35 -1.279E-06 7.771E-05 -2.629E+00 
47.7 21.3 41.53 -1.279E-06 7.771E-05 -2.629E+00 
46.5 10.7 41.02 -1.279E-06 7.771E-05 -2.629E+00 
45.9 14 40.8 -1.279E-06 7.771E-05 -2.629E+00 
45.5 12.2 40.6 -1.279E-06 7.771E-05 -2.629E+00 
45.4 9.7 40.57 -1.279E-06 7.771E-05 -2.629E+00 
45 8.3 40.43 -1.279E-06 7.771E-05 -2.629E+00 

44.3 37.6 40.07 -1.279E-06 7.771E-05 -2.629E+00 
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3019
3020
3021
3022
3023
3024
3025
3026
3027
3028
3029
3030
3031
3032
3033
3034
3035
3036
3037
3038
3039
3040
3041
3042
3043
3044
3045
3046
3047
3048
3049
3050
3051
3052
3053
3054
3055
3056
3057
3058
3059
3060
3061
3062
3063
3064
3065
3066
3067
3068
3069
3070
3071
3072
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3077
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3083
3084
3085
3086
3087
3088
3089
3090

43.8 63.1 39.82 -1.279E-06 7.771E-05 -2.629E+00 
44.9 85.9 40.24 -1.279E-06 7.771E-05 -2.629E+00 
48.1 94.1 41.54 -1.279E-06 7.771E-05 -2.629E+00 
51 50.2 42.85 -1.279E-06 7.771E-05 -2.629E+00 

52.9 22.7 43.67 -1.279E-06 7.771E-05 -2.629E+00 
53.3 0.9 43.88 -1.279E-06 7.771E-05 -2.629E+00 
52.8 3.9 43.66 -1.279E-06 7.771E-05 -2.629E+00 
52.1 (a) 43.4 -1.279E-06 7.771E-05 -2.629E+00 
51.5 (a) 43.16 -1.279E-06 7.771E-05 -2.629E+00 
50.8 (a) 42.86 -1.279E-06 7.771E-05 -2.629E+00 
49.9 (a) 42.45 -1.279E-06 7.771E-05 -2.629E+00 
48.4 20.6 41.79 -1.279E-06 7.771E-05 -2.629E+00 
47.7 33.2 41.51 -1.279E-06 7.771E-05 -2.629E+00 
48.2 1.7 41.74 -1.279E-06 7.771E-05 -2.629E+00 
48.7 (a) 42.03 -1.279E-06 7.771E-05 -2.629E+00 
47.7 (a) 41.57 -1.279E-06 7.771E-05 -2.629E+00 
45.6 38.3 40.62 -1.279E-06 7.771E-05 -2.629E+00 
45.8 49.5 40.69 -1.279E-06 7.771E-05 -2.629E+00 
47 (a) 41.29 -1.279E-06 7.771E-05 -2.629E+00 

47.1 6.7 41.29 -1.279E-06 7.771E-05 -2.629E+00 
46.7 12.3 41.12 -1.279E-06 7.771E-05 -2.629E+00 
46.4 20.6 40.99 -1.279E-06 7.771E-05 -2.629E+00 
46.6 32.4 41.02 -1.279E-06 7.771E-05 -2.629E+00 
47.3 11.8 41.34 -1.279E-06 7.771E-05 -2.629E+00 
46.3 (a) 41 -1.279E-06 7.771E-05 -2.629E+00 
44.9 (a) 40.4 -1.279E-06 7.771E-05 -2.629E+00 
43.6 15.7 39.84 -1.279E-06 7.771E-05 -2.629E+00 
44 29.1 39.95 -1.279E-06 7.771E-05 -2.629E+00 

44.4 17.1 40.16 -1.279E-06 7.771E-05 -2.629E+00 
44.8 23 40.3 -1.279E-06 7.771E-05 -2.629E+00 
44.9 21.9 40.35 -1.279E-06 7.771E-05 -2.629E+00 
45.1 21.5 40.44 -1.279E-06 7.771E-05 -2.629E+00 
44.8 36.8 40.28 -1.279E-06 7.771E-05 -2.629E+00 
44.8 40 40.29 -1.279E-06 7.771E-05 -2.629E+00 
45.4 8.4 40.57 -1.279E-06 7.771E-05 -2.629E+00 
44.5 22.7 40.19 -1.279E-06 7.771E-05 -2.629E+00 
44 43 39.92 -1.279E-06 7.771E-05 -2.629E+00 

45.2 16.5 40.48 -1.279E-06 7.771E-05 -2.629E+00 
45.5 (a) 40.62 -1.279E-06 7.771E-05 -2.629E+00 
45 4 40.43 -4.265E-07 2.590E-05 -8.763E-01 
47 12.5 41.24 4.265E-07 -2.590E-05 8.763E-01 

45.8 (a) 40.82 1.279E-06 -7.771E-05 2.629E+00 
45.6 (a) 40.72 1.279E-06 -7.771E-05 2.629E+00 
45.2 (a) 40.56 1.279E-06 -7.771E-05 2.629E+00 
44.2 (a) 40.13 1.279E-06 -7.771E-05 2.629E+00 
42.6 (a) 39.45 1.279E-06 -7.771E-05 2.629E+00 
41.2 (a) 38.88 1.279E-06 -7.771E-05 2.629E+00 
39.6 (a) 38.22 1.279E-06 -7.771E-05 2.629E+00 
37.3 (a) 37.22 1.279E-06 -7.771E-05 2.629E+00 
35.6 (a) 36.53 1.279E-06 -7.771E-05 2.629E+00 
34.6 (a) 36.11 1.279E-06 -7.771E-05 2.629E+00 
33.4 (a) 35.63 1.279E-06 -7.771E-05 2.629E+00 
31.9 (a) 34.99 1.279E-06 -7.771E-05 2.629E+00 
29.8 (a) 34.12 1.279E-06 -7.771E-05 2.629E+00 
28.2 2.7 33.44 1.279E-06 -7.771E-05 2.629E+00 
28.7 25 33.59 1.279E-06 -7.771E-05 2.629E+00 
28 (a) 33.36 1.279E-06 -7.771E-05 2.629E+00 

27.2 (a) 33.07 1.279E-06 -7.771E-05 2.629E+00 
24.8 (a) 32.09 1.279E-06 -7.771E-05 2.629E+00 
21.8 (a) 30.8 1.279E-06 -7.771E-05 2.629E+00 
19.5 (a) 29.84 1.279E-06 -7.771E-05 2.629E+00 
17.4 (a) 28.96 1.279E-06 -7.771E-05 2.629E+00 
41.9 19.2 28.16 1.279E-06 -7.771E-05 2.629E+00 
38 (a) 27.61 1.279E-06 -7.771E-05 2.629E+00 

35.2 (a) 26.78 1.279E-06 -7.771E-05 2.629E+00 
31.2 (a) 25.54 1.279E-06 -7.771E-05 2.629E+00 
27.6 3 24.41 1.279E-06 -7.771E-05 2.629E+00 
29.3 42.9 24.87 1.279E-06 -7.771E-05 2.629E+00 
29.7 38.8 24.98 1.279E-06 -7.771E-05 2.629E+00 
27 (a) 24.23 1.279E-06 -7.771E-05 2.629E+00 

25.1 (a) 23.7 1.279E-06 -7.771E-05 2.629E+00 
20 (a) 22.18 1.279E-06 -7.771E-05 2.629E+00 
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3091 34.3 15.3 19.97 1.279E-06 -7.771E-05 2.629E+00 
3092 25.8 (a) 17.8 1.279E-06 -7.771E-05 2.629E+00 
3093 22.1 (a) 16.89 1.279E-06 -7.771E-05 2.629E+00 
3094 20.7 (a) 16.57 1.279E-06 -7.771E-05 2.629E+00 
3095 19 (a) 16.19 1.279E-06 -7.771E-05 2.629E+00 
3096 34 17.2 15.05 1.279E-06 -7.771E-05 2.629E+00 
3097 26.1 1.2 13.21 1.279E-06 -7.771E-05 2.629E+00 
3098 11.7 7.9 8.67 1.279E-06 -7.771E-05 2.629E+00 
3099 14.6 7.5 4.71 1.279E-06 -7.771E-05 2.629E+00 
3100 2.1 0.3 2.23 1.279E-06 -7.771E-05 2.629E+00 
3101 0.1 2.1 0.64 4.265E-07 -2.590E-05 8.763E-01 
3102 0 0 0 -4.265E-07 2.590E-05 -8.763E-01 
3103 0 0 0 -1.279E-06 7.771E-05 -2.629E+00 
3124 0 0 0 -1.279E-06 7.771E-05 -2.629E+00 
3125 0.6 10.4 0.19 -1.279E-06 7.771E-05 -2.629E+00 
3126 7.6 32.5 1.28 -1.279E-06 7.771E-05 -2.629E+00 
3127 14.8 14.4 2.8 -1.279E-06 7.771E-05 -2.629E+00 
3128 33.9 8.5 3.61 -1.279E-06 7.771E-05 -2.629E+00 
3129 57.6 11.5 4.62 -1.279E-06 7.771E-05 -2.629E+00 
3130 66.3 12.2 5.82 -1.279E-06 7.771E-05 -2.629E+00 
3131 71.7 30.5 6.74 -1.279E-06 7.771E-05 -2.629E+00 
3132 44.1 5.8 8.12 -1.279E-06 7.771E-05 -2.629E+00 
3133 53.4 37.5 9.38 -1.279E-06 7.771E-05 -2.629E+00 
3134 106.1 78.9 13.44 -1.279E-06 7.771E-05 -2.629E+00 
3135 43.8 1.9 13.76 -1.279E-06 7.771E-05 -2.629E+00 
3136 60 59.6 16.08 -1.279E-06 7.771E-05 -2.629E+00 
3137 90.4 70.2 20.49 -1.279E-06 7.771E-05 -2.629E+00 
3138 62.1 1.8 20.87 -1.279E-06 7.771E-05 -2.629E+00 
3139 71.3 61.6 22.66 -1.279E-06 7.771E-05 -2.629E+00 
3140 85.2 26.5 25.16 -1.279E-06 7.771E-05 -2.629E+00 
3141 54.6 20.2 25.48 -1.279E-06 7.771E-05 -2.629E+00 
3142 64.1 71.4 27.67 -1.279E-06 7.771E-05 -2.629E+00 
3143 76.1 46.3 30.65 -1.279E-06 7.771E-05 -2.629E+00 
3144 51.8 0.8 31.12 -1.279E-06 7.771E-05 -2.629E+00 
3145 50.9 (a) 31.4 -1.279E-06 7.771E-05 -2.629E+00 
3146 51.3 (a) 31.52 -1.279E-06 7.771E-05 -2.629E+00 
3147 51.6 (a) 31.63 -1.279E-06 7.771E-05 -2.629E+00 
3148 51.9 (a) 31.73 -1.279E-06 7.771E-05 -2.629E+00 
3149 51.9 (a) 31.71 -1.279E-06 7.771E-05 -2.629E+00 
3150 51.4 (a) 31.57 -1.279E-06 7.771E-05 -2.629E+00 
3151 50.2 (a) 31.23 -1.279E-06 7.771E-05 -2.629E+00 
3152 48.6 (a) 30.73 -1.279E-06 7.771E-05 -2.629E+00 
3153 47.3 (a) 30.3 -1.279E-06 7.771E-05 -2.629E+00 
3154 47.1 (a) 30.21 -1.279E-06 7.771E-05 -2.629E+00 
3155 47.9 4.9 30.46 -1.279E-06 7.771E-05 -2.629E+00 
3156 49.6 14 30.96 -1.279E-06 7.771E-05 -2.629E+00 
3157 52.5 26 31.86 -1.279E-06 7.771E-05 -2.629E+00 
3158 54.8 14.1 32.6 -1.279E-06 7.771E-05 -2.629E+00 
3159 56.1 5.8 33.02 -1.279E-06 7.771E-05 -2.629E+00 
3160 57 3.4 33.28 -1.279E-06 7.771E-05 -2.629E+00 
3161 57.9 5.5 33.57 -1.279E-06 7.771E-05 -2.629E+00 
3162 58 7.5 33.87 -1.279E-06 7.771E-05 -2.629E+00 
3163 34.6 (a) 33.8 -1.279E-06 7.771E-05 -2.629E+00 
3164 34.3 (a) 33.67 -1.279E-06 7.771E-05 -2.629E+00 
3165 34.2 20.5 33.61 -1.279E-06 7.771E-05 -2.629E+00 
3166 34.8 25.1 33.83 -1.279E-06 7.771E-05 -2.629E+00 
3167 35.3 24.8 34.04 -1.279E-06 7.771E-05 -2.629E+00 
3168 36.1 30.5 34.35 -1.279E-06 7.771E-05 -2.629E+00 
3169 37.2 32.4 34.77 -3.252E-07 -6.690E-04 -2.393E+00 
3170 38.1 28.6 35.16 6.290E-07 -1.416E-03 -2.157E+00 
3171 38.8 25.7 35.44 1.583E-06 -2.162E-03 -1.921E+00 
3172 39.5 26.4 35.7 1.583E-06 -2.162E-03 -1.921E+00 
3173 40.2 27 36 1.583E-06 -2.162E-03 -1.921E+00 
3174 40.9 23.3 36.27 1.583E-06 -2.162E-03 -1.921E+00 
3175 41.2 21.8 36.4 1.583E-06 -2.162E-03 -1.921E+00 
3176 42 32.6 36.67 1.583E-06 -2.162E-03 -1.921E+00 
3177 43.4 41.2 37.21 1.583E-06 -2.162E-03 -1.921E+00 
3178 46.2 74.3 38.28 1.583E-06 -2.162E-03 -1.921E+00 
3179 50.5 90.2 39.97 1.583E-06 -2.162E-03 -1.921E+00 
3180 53.9 41.2 41.41 1.583E-06 -2.162E-03 -1.921E+00 
3181 54.1 13.4 41.56 5.277E-07 -7.208E-04 -6.402E-01 
3182 53.5 (a) 41.33 -5.277E-07 7.208E-04 6.402E-01 
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3183
3184
3185
3186
3187
3188
3189
3190
3191
3192
3193
3194
3195
3196
3197
3198
3199
3200
3201
3202
3203
3204
3205
3206
3207
3208
3209
3210
3211
3212
3213
3214
3215
3216
3217
3218
3219
3220
3221
3222
3223
3224
3225
3226
3227
3228
3229
3230
3231
3232
3233
3234
3235
3236
3237
3238
3239
3240
3241
3242
3243
3244
3245
3246
3247
3248
3249
3250
3251
3252
3253
3254

51.9 (a) 40.72 -1.583E-06 2.162E-03 1.921E+00 
50.3 (a) 40.07 -1.583E-06 2.162E-03 1.921E+00 
48.4 (a) 39.34 -1.583E-06 2.162E-03 1.921E+00 
47 (a) 38.75 -1.583E-06 2.162E-03 1.921E+00 
46 (a) 38.34 -1.583E-06 2.162E-03 1.921E+00 

44.6 (a) 37.79 -1.583E-06 2.162E-03 1.921E+00 
42.5 (a) 37.02 -1.583E-06 2.162E-03 1.921E+00 
38.1 (a) 35.28 -1.583E-06 2.162E-03 1.921E+00 
35.1 (a) 34.03 -1.583E-06 2.162E-03 1.921E+00 
33 (a) 33.19 -1.583E-06 2.162E-03 1.921E+00 

31.5 (a) 32.55 -1.583E-06 2.162E-03 1.921E+00 
30.8 11.8 32.27 -1.583E-06 2.162E-03 1.921E+00 
30.8 15.6 32.23 -1.583E-06 2.162E-03 1.921E+00 
30.6 (a) 32.19 -1.583E-06 2.162E-03 1.921E+00 
28 (a) 31.26 -1.583E-06 2.162E-03 1.921E+00 

21.4 (a) 28.69 -1.583E-06 2.162E-03 1.921E+00 
33.8 6 25.33 -1.583E-06 2.162E-03 1.921E+00 
20.7 (a) 22.12 -1.583E-06 2.162E-03 1.921E+00 
32 8.3 19.64 -1.583E-06 2.162E-03 1.921E+00 
24 (a) 18.09 -1.583E-06 2.162E-03 1.921E+00 

19.9 (a) 17.06 -1.583E-06 2.162E-03 1.921E+00 
40.2 16.1 16.91 -1.583E-06 2.162E-03 1.921E+00 
43.3 26 17.48 -1.583E-06 2.162E-03 1.921E+00 
49.5 24.1 18.65 -1.583E-06 2.162E-03 1.921E+00 
52.6 16.2 19.24 -1.583E-06 2.162E-03 1.921E+00 
56.1 16.8 19.91 -1.583E-06 2.162E-03 1.921E+00 
57.4 1.5 20.18 -1.583E-06 2.162E-03 1.921E+00 
54.3 (a) 19.61 -1.583E-06 2.162E-03 1.921E+00 
51 (a) 18.99 -1.583E-06 2.162E-03 1.921E+00 

47.8 (a) 18.39 -1.583E-06 2.162E-03 1.921E+00 
44.7 (a) 17.8 -1.583E-06 2.162E-03 1.921E+00 
41 (a) 17.12 -1.583E-06 2.162E-03 1.921E+00 

37.3 (a) 16.42 -1.583E-06 2.162E-03 1.921E+00 
31.4 (a) 15.33 -1.583E-06 2.162E-03 1.921E+00 
20.8 (a) 13.35 -1.583E-06 2.162E-03 1.921E+00 
34.5 10.9 12.3 -1.583E-06 2.162E-03 1.921E+00 
29 (a) 11.67 -1.583E-06 2.162E-03 1.921E+00 

22.3 (a) 10.68 -1.583E-06 2.162E-03 1.921E+00 
13.8 (a) 9.44 -1.583E-06 2.162E-03 1.921E+00 
21.9 6.8 8.17 -1.583E-06 2.162E-03 1.921E+00 
16.8 6.7 7.78 -1.583E-06 2.162E-03 1.921E+00 
18.1 12.5 7.93 -1.583E-06 2.162E-03 1.921E+00 
19.5 9.6 8.1 -1.583E-06 2.162E-03 1.921E+00 
20.9 10.3 8.26 -1.583E-06 2.162E-03 1.921E+00 
21.1 4.8 8.28 -1.583E-06 2.162E-03 1.921E+00 
16.2 (a) 7.74 -1.583E-06 2.162E-03 1.921E+00 
19.6 9.3 6.1 -1.583E-06 2.162E-03 1.921E+00 
13.5 1.1 4.38 -1.583E-06 2.162E-03 1.921E+00 
18.2 (a) 3.83 -1.583E-06 2.162E-03 1.921E+00 
13.9 6.2 3.58 -5.277E-07 7.208E-04 6.402E-01 
20.5 14.6 3.94 5.277E-07 -7.208E-04 -6.402E-01 
33.4 9.2 4.66 1.583E-06 -2.162E-03 -1.921E+00 
43.5 8 5.23 1.583E-06 -2.162E-03 -1.921E+00 
54.4 8.7 5.84 1.583E-06 -2.162E-03 -1.921E+00 
66.2 9.2 6.5 1.583E-06 -2.162E-03 -1.921E+00 
43.1 1 6.49 1.583E-06 -2.162E-03 -1.921E+00 
54 16.4 7.41 1.583E-06 -2.162E-03 -1.921E+00 

69.3 13.6 8.51 1.583E-06 -2.162E-03 -1.921E+00 
65.5 13.2 8.99 1.583E-06 -2.162E-03 -1.921E+00 
50 26.4 9.1 1.583E-06 -2.162E-03 -1.921E+00 

62.2 8.9 10.26 1.583E-06 -2.162E-03 -1.921E+00 
60.4 4.5 10.19 1.583E-06 -2.162E-03 -1.921E+00 
33.7 (a) 9.77 1.583E-06 -2.162E-03 -1.921E+00 
27.5 (a) 9.05 1.583E-06 -2.162E-03 -1.921E+00 
16.4 (a) 7.78 1.583E-06 -2.162E-03 -1.921E+00 
23.9 6.8 6.52 1.583E-06 -2.162E-03 -1.921E+00 
13.5 (a) 5.82 2.099E-06 -3.681E-03 -1.983E+00 
21.9 1 4.99 2.615E-06 -5.199E-03 -2.046E+00 
15.2 8.3 4.66 3.131E-06 -6.718E-03 -2.109E+00 
24.2 16.5 5.29 3.131E-06 -6.718E-03 -2.109E+00 
35.3 10.4 6.09 3.131E-06 -6.718E-03 -2.109E+00 
41.6 5.6 6.54 3.131E-06 -6.718E-03 -2.109E+00 
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3255 39.6 (a) 6.41 3.131E-06 -6.718E-03 -2.109E+00 
3256 37.9 3.5 6.29 3.131E-06 -6.718E-03 -2.109E+00 
3257 40.2 5.7 6.44 3.131E-06 -6.718E-03 -2.109E+00 
3258 43.8 5.7 6.7 3.131E-06 -6.718E-03 -2.109E+00 
3259 47 5.1 6.93 3.131E-06 -6.718E-03 -2.109E+00 
3260 51.7 7.4 7.26 3.131E-06 -6.718E-03 -2.109E+00 
3261 60.2 10.7 7.86 3.131E-06 -6.718E-03 -2.109E+00 
3262 69.7 10 8.54 3.131E-06 -6.718E-03 -2.109E+00 
3263 45 0.1 8.49 3.131E-06 -6.718E-03 -2.109E+00 
3264 37 (a) 7.97 3.131E-06 -6.718E-03 -2.109E+00 
3265 29.3 (a) 7.28 3.131E-06 -6.718E-03 -2.109E+00 
3266 20.4 (a) 6.46 3.131E-06 -6.718E-03 -2.109E+00 
3267 12.8 (a) 5.76 3.131E-06 -6.718E-03 -2.109E+00 
3268 30.2 4.2 5.62 3.131E-06 -6.718E-03 -2.109E+00 
3269 45.6 23.4 6.79 3.131E-06 -6.718E-03 -2.109E+00 
3270 66.8 15.6 8.32 1.044E-06 -2.239E-03 -7.030E-01 
3271 77.2 13.6 9.08 -1.044E-06 2.239E-03 7.030E-01 
3272 48.2 2.2 8.93 -3.131E-06 6.718E-03 2.109E+00 
3273 41.3 (a) 8.38 -3.131E-06 6.718E-03 2.109E+00 
3274 33.5 (a) 7.66 -3.131E-06 6.718E-03 2.109E+00 
3275 26 (a) 6.97 -3.131E-06 6.718E-03 2.109E+00 
3276 18.7 (a) 6.3 -3.131E-06 6.718E-03 2.109E+00 
3277 12.2 0.2 5.74 -3.131E-06 6.718E-03 2.109E+00 
3278 20.9 (a) 4.92 -3.131E-06 6.718E-03 2.109E+00 
3279 12.8 6.5 3.34 -3.131E-06 6.718E-03 2.109E+00 
3280 0 0 0.54 -1.044E-06 2.239E-03 7.030E-01 
3281 0 0 0 1.044E-06 -2.239E-03 -7.030E-01 
3282 0 0 0 3.131E-06 -6.718E-03 -2.109E+00 
3556 0 0 0 3.131E-06 -6.718E-03 -2.109E+00 
3557 0.6 11.9 0 3.131E-06 -6.718E-03 -2.109E+00 
3558 6.5 28.8 0.49 3.131E-06 -6.718E-03 -2.109E+00 
3559 7.2 27 2 3.131E-06 -6.718E-03 -2.109E+00 
3560 15.7 15 2.83 3.131E-06 -6.718E-03 -2.109E+00 
3561 34.4 12.3 3.62 3.131E-06 -6.718E-03 -2.109E+00 
3562 64.6 16.7 4.91 3.131E-06 -6.718E-03 -2.109E+00 
3563 50.3 4.6 5.41 3.131E-06 -6.718E-03 -2.109E+00 
3564 65.3 30.7 6.38 3.131E-06 -6.718E-03 -2.109E+00 
3565 47.8 14.2 7.69 3.131E-06 -6.718E-03 -2.109E+00 
3566 38.7 32.5 8.06 3.131E-06 -6.718E-03 -2.109E+00 
3567 84.4 74.8 12.11 3.131E-06 -6.718E-03 -2.109E+00 
3568 42.8 4.5 13.12 3.131E-06 -6.718E-03 -2.109E+00 
3569 44 39.1 13.79 1.044E-06 -2.239E-03 -7.030E-01 
3570 45.5 (a) 14.11 -1.044E-06 2.239E-03 7.030E-01 
3571 39.2 (a) 13.18 -3.131E-06 6.718E-03 2.109E+00 
3572 30.6 (a) 11.93 -3.131E-06 6.718E-03 2.109E+00 
3573 13.5 0.7 9.43 -3.131E-06 6.718E-03 2.109E+00 
3574 14.7 7.9 5.1 -3.131E-06 6.718E-03 2.109E+00 
3575 1.2 (a) 2.51 -3.131E-06 6.718E-03 2.109E+00 
3576 0.1 5.8 1.8 -1.044E-06 2.239E-03 7.030E-01 
3577 4.1 10.8 1.74 1.044E-06 -2.239E-03 -7.030E-01 
3578 6.8 10.2 2.16 3.131E-06 -6.718E-03 -2.109E+00 
3579 5.3 4.6 2.17 3.131E-06 -6.718E-03 -2.109E+00 
3580 0.9 5.4 2 3.131E-06 -6.718E-03 -2.109E+00 
3581 0.3 10.6 2.03 3.131E-06 -6.718E-03 -2.109E+00 
3582 6.1 12.3 2.12 3.131E-06 -6.718E-03 -2.109E+00 
3583 14.3 15.2 2.77 3.131E-06 -6.718E-03 -2.109E+00 
3584 27.3 8.3 3.33 3.131E-06 -6.718E-03 -2.109E+00 
3585 33.1 3.6 3.59 3.131E-06 -6.718E-03 -2.109E+00 
3586 31.1 2.5 3.51 3.131E-06 -6.718E-03 -2.109E+00 
3587 33.3 5.1 3.59 3.131E-06 -6.718E-03 -2.109E+00 
3588 40.7 5.2 3.91 3.131E-06 -6.718E-03 -2.109E+00 
3589 43.5 2.3 4.04 3.131E-06 -6.718E-03 -2.109E+00 
3590 38.6 1.8 3.83 3.131E-06 -6.718E-03 -2.109E+00 
3591 44.8 6.7 4.09 3.131E-06 -6.718E-03 -2.109E+00 
3592 57.6 8.2 4.63 3.131E-06 -6.718E-03 -2.109E+00 
3593 49.5 10.2 4.96 3.131E-06 -6.718E-03 -2.109E+00 
3594 44.3 16.7 5.26 3.131E-06 -6.718E-03 -2.109E+00 
3595 73.3 20.3 6.86 3.131E-06 -6.718E-03 -2.109E+00 
3596 46.1 13 7.63 3.131E-06 -6.718E-03 -2.109E+00 
3597 38.4 32.8 8.03 3.131E-06 -6.718E-03 -2.109E+00 
3598 75 46 11.34 3.131E-06 -6.718E-03 -2.109E+00 
3599 48.3 13.8 12.5 3.131E-06 -6.718E-03 -2.109E+00 
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3600 36.9 36.6 12.76 3.131E-06 -6.718E-03 -2.109E+00 
3601 59.4 72.6 15.98 3.131E-06 -6.718E-03 -2.109E+00 
3602 82.2 57.1 19.37 3.131E-06 -6.718E-03 -2.109E+00 
3603 59.9 2.7 20.07 3.131E-06 -6.718E-03 -2.109E+00 
3604 60.4 43.6 20.65 1.044E-06 -2.239E-03 -7.030E-01 
3605 59.8 (a) 20.68 -1.044E-06 2.239E-03 7.030E-01 
3606 47.9 (a) 18.48 -3.131E-06 6.718E-03 2.109E+00 
3607 35.5 (a) 16.12 -3.131E-06 6.718E-03 2.109E+00 
3608 26.5 (a) 14.4 -3.131E-06 6.718E-03 2.109E+00 
3609 21.3 (a) 13.41 -3.131E-06 6.718E-03 2.109E+00 
3610 33 7.2 11.79 -3.131E-06 6.718E-03 2.109E+00 
3611 11.3 (a) 9.06 -3.131E-06 6.718E-03 2.109E+00 
3612 19.5 12.5 6.43 -3.131E-06 6.718E-03 2.109E+00 
3613 13.9 (a) 4.34 -3.131E-06 6.718E-03 2.109E+00 
3614 0 0 2.11 -1.044E-06 2.239E-03 7.030E-01 
3615 0 0 0 1.044E-06 -2.239E-03 -7.030E-01 
3616 0 0 0 3.131E-06 -6.718E-03 -2.109E+00 
3631 0 0 0 3.131E-06 -6.718E-03 -2.109E+00 
3632 1.1 7.1 0 3.131E-06 -6.718E-03 -2.109E+00 
3633 4.3 13.6 0.11 3.131E-06 -6.718E-03 -2.109E+00 
3634 6.3 22.9 1.02 3.131E-06 -6.718E-03 -2.109E+00 
3635 6.6 17 1.96 3.131E-06 -6.718E-03 -2.109E+00 
3636 6.4 9.9 2.33 3.131E-06 -6.718E-03 -2.109E+00 
3637 7.9 9.9 2.5 3.131E-06 -6.718E-03 -2.109E+00 
3638 15.2 14 2.81 3.131E-06 -6.718E-03 -2.109E+00 
3639 31.5 9.6 3.51 3.131E-06 -6.718E-03 -2.109E+00 
3640 46.2 8.1 4.14 3.131E-06 -6.718E-03 -2.109E+00 
3641 68.3 14.2 5.08 3.131E-06 -6.718E-03 -2.109E+00 
3642 44.3 1.2 5.14 3.131E-06 -6.718E-03 -2.109E+00 
3643 75.6 38.8 6.93 3.131E-06 -6.718E-03 -2.109E+00 
3644 46 8.5 8.06 3.131E-06 -6.718E-03 -2.109E+00 
3645 45 33.7 8.63 3.131E-06 -6.718E-03 -2.109E+00 
3646 89.9 66.8 12.65 3.131E-06 -6.718E-03 -2.109E+00 
3647 40.7 0.4 13.06 3.131E-06 -6.718E-03 -2.109E+00 
3648 46 48 14.06 3.131E-06 -6.718E-03 -2.109E+00 
3649 72.2 82.4 17.83 3.131E-06 -6.718E-03 -2.109E+00 
3650 75.6 17.4 20.25 3.131E-06 -6.718E-03 -2.109E+00 
3651 58.3 36 20.27 3.131E-06 -6.718E-03 -2.109E+00 
3652 71.6 75 22.69 3.131E-06 -6.718E-03 -2.109E+00 
3653 83.1 25.7 24.95 3.131E-06 -6.718E-03 -2.109E+00 
3654 51.8 20.3 24.78 3.131E-06 -6.718E-03 -2.109E+00 
3655 59.3 70.8 26.5 3.131E-06 -6.718E-03 -2.109E+00 
3656 70.7 80.1 29.27 3.131E-06 -6.718E-03 -2.109E+00 
3657 76.9 26.6 30.86 3.131E-06 -6.718E-03 -2.109E+00 
3658 49.2 2.5 30.59 3.131E-06 -6.718E-03 -2.109E+00 
3659 49.7 15.4 31 1.044E-06 -2.239E-03 -7.030E-01 
3660 49.1 (a) 30.84 -1.044E-06 2.239E-03 7.030E-01 
3661 47.5 (a) 30.33 -3.131E-06 6.718E-03 2.109E+00 
3662 46.3 (a) 29.98 -3.131E-06 6.718E-03 2.109E+00 
3663 44 (a) 29.27 -3.131E-06 6.718E-03 2.109E+00 
3664 39.4 (a) 27.91 -3.131E-06 6.718E-03 2.109E+00 
3665 33.2 (a) 25.96 -3.131E-06 6.718E-03 2.109E+00 
3666 28.7 (a) 24.56 -3.131E-06 6.718E-03 2.109E+00 
3667 23.1 (a) 22.84 -3.131E-06 6.718E-03 2.109E+00 
3668 33.7 13.1 20.96 -3.131E-06 6.718E-03 2.109E+00 
3669 30.5 (a) 19.66 -3.131E-06 6.718E-03 2.109E+00 
3670 24.9 (a) 18.32 -3.131E-06 6.718E-03 2.109E+00 
3671 28.2 13.5 15.79 -3.131E-06 6.718E-03 2.109E+00 
3672 22.4 4.6 12.51 -3.131E-06 6.718E-03 2.109E+00 
3673 16.2 2.1 9.73 -3.131E-06 6.718E-03 2.109E+00 
3674 16.5 5.1 7.5 -3.131E-06 6.718E-03 2.109E+00 
3675 14 7.2 5.34 -3.131E-06 6.718E-03 2.109E+00 
3676 13.5 5.4 3.39 -3.131E-06 6.718E-03 2.109E+00 
3677 0 0 2.14 -3.131E-06 6.718E-03 2.109E+00 
3678 0 0 0.73 -1.044E-06 2.239E-03 7.030E-01 
3679 0 0 0 1.044E-06 -2.239E-03 -7.030E-01 
3680 0 0 0 3.131E-06 -6.718E-03 -2.109E+00 
3681 0 0 0 3.131E-06 -6.718E-03 -2.109E+00 
3682 6 24.4 0.26 3.131E-06 -6.718E-03 -2.109E+00 
3683 7.7 33.4 2.05 3.131E-06 -6.718E-03 -2.109E+00 
3684 25.5 15.4 3.24 3.131E-06 -6.718E-03 -2.109E+00 
3685 50.1 13 4.29 3.131E-06 -6.718E-03 -2.109E+00 
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3686
3687
3688
3689
3690
3691
3692
3693
3694
3695
3696
3697
3698
3699
3700
3701
3702
3703
3704
3705
3706
3707
3708
3709
3710
3711
3712
3713
3714
3715
3716
3717
3718
3719
3720
3721
3722
3723
3724
3725
3726
3727
3728
3729
3730
3731
3732
3733
3734
3735
3736
3737
3738
3739
3740
3741
3742
3743
3744
3745
3746
3747
3748
3749
3750
3751
3752
3753
3754
3755
3756
3757

77 16.7 5.45 3.131E-06 -6.718E-03 -2.109E+00 
45.5 1.1 5.36 3.131E-06 -6.718E-03 -2.109E+00 
96 52.9 7.76 3.131E-06 -6.718E-03 -2.109E+00 

34.5 2.6 7.59 3.131E-06 -6.718E-03 -2.109E+00 
59.4 53.3 9.89 3.131E-06 -6.718E-03 -2.109E+00 
89.5 33.2 13.3 3.131E-06 -6.718E-03 -2.109E+00 
39.2 2 13.14 3.131E-06 -6.718E-03 -2.109E+00 
56.1 63.8 15.5 3.131E-06 -6.718E-03 -2.109E+00 
83.3 70 19.5 3.131E-06 -6.718E-03 -2.109E+00 
59.2 0.3 20.13 3.131E-06 -6.718E-03 -2.109E+00 
61.6 50.6 20.86 3.131E-06 -6.718E-03 -2.109E+00 
77.6 83.9 23.79 3.131E-06 -6.718E-03 -2.109E+00 
57.3 6 24.88 3.131E-06 -6.718E-03 -2.109E+00 
53.5 43.8 25.15 3.131E-06 -6.718E-03 -2.109E+00 
62.9 79.6 27.36 3.131E-06 -6.718E-03 -2.109E+00 
75 95.3 30.28 3.131E-06 -6.718E-03 -2.109E+00 

53.6 4.6 31.04 3.131E-06 -6.718E-03 -2.109E+00 
50.6 46.1 31.22 3.131E-06 -6.718E-03 -2.109E+00 
56.4 79.9 32.96 3.131E-06 -6.718E-03 -2.109E+00 
64 93.9 35.29 3.131E-06 -6.718E-03 -2.109E+00 

69.6 37.6 37.14 3.131E-06 -6.718E-03 -2.109E+00 
70.6 21.5 37.49 3.131E-06 -6.718E-03 -2.109E+00 
68 11.4 37.47 3.131E-06 -6.718E-03 -2.109E+00 
43 12.2 37.14 3.131E-06 -6.718E-03 -2.109E+00 

44.5 29.6 37.67 3.131E-06 -6.718E-03 -2.109E+00 
44.4 10.1 37.68 1.044E-06 -2.239E-03 -7.030E-01 
44 7 37.52 -1.044E-06 2.239E-03 7.030E-01 

43.1 2 37.2 -3.131E-06 6.718E-03 2.109E+00 
42.3 1.1 36.88 -3.131E-06 6.718E-03 2.109E+00 
41.2 (a) 36.45 -3.131E-06 6.718E-03 2.109E+00 
40 (a) 35.98 -3.131E-06 6.718E-03 2.109E+00 

38.7 (a) 35.45 -3.131E-06 6.718E-03 2.109E+00 
37.5 (a) 34.98 -3.131E-06 6.718E-03 2.109E+00 
36 (a) 34.35 -3.131E-06 6.718E-03 2.109E+00 

34.9 (a) 33.94 -3.131E-06 6.718E-03 2.109E+00 
32.8 (a) 33.13 -3.131E-06 6.718E-03 2.109E+00 
29.5 (a) 31.82 -3.131E-06 6.718E-03 2.109E+00 
25.9 (a) 30.38 -3.131E-06 6.718E-03 2.109E+00 
22.6 (a) 29.06 -3.131E-06 6.718E-03 2.109E+00 
19.9 (a) 27.94 -3.131E-06 6.718E-03 2.109E+00 
37 7.2 27.13 -3.131E-06 6.718E-03 2.109E+00 

32.7 (a) 25.82 -3.131E-06 6.718E-03 2.109E+00 
25.5 (a) 23.6 -3.131E-06 6.718E-03 2.109E+00 
19.6 4.9 21.48 -3.131E-06 6.718E-03 2.109E+00 
31.1 (a) 19.84 -3.131E-06 6.718E-03 2.109E+00 
25.9 (a) 18.54 -3.131E-06 6.718E-03 2.109E+00 
22.1 (a) 17.61 -3.131E-06 6.718E-03 2.109E+00 
36.9 12.8 16.17 -3.131E-06 6.718E-03 2.109E+00 
23.5 (a) 13.88 -3.131E-06 6.718E-03 2.109E+00 
30.2 6.8 11.44 -3.131E-06 6.718E-03 2.109E+00 
15.8 (a) 9.74 -3.131E-06 6.718E-03 2.109E+00 
22.3 3.5 8.06 -3.131E-06 6.718E-03 2.109E+00 
19.3 15.3 6.77 -3.131E-06 6.718E-03 2.109E+00 
15.8 9.3 5.41 -3.131E-06 6.718E-03 2.109E+00 
16.9 8.5 4.04 -3.131E-06 6.718E-03 2.109E+00 

0 0 2.53 -3.131E-06 6.718E-03 2.109E+00 
0 0 1.29 -1.044E-06 2.239E-03 7.030E-01 
0 0 0 1.044E-06 -2.239E-03 -7.030E-01 

1.7 9.1 0.06 3.131E-06 -6.718E-03 -2.109E+00 
7.1 31.5 1.17 3.131E-06 -6.718E-03 -2.109E+00 
10.3 21.5 2.59 3.131E-06 -6.718E-03 -2.109E+00 
43 17.4 3.98 3.131E-06 -6.718E-03 -2.109E+00 

89.3 31.2 5.76 3.131E-06 -6.718E-03 -2.109E+00 
52.3 1.8 5.74 3.131E-06 -6.718E-03 -2.109E+00 

101.6 65.3 8.02 3.131E-06 -6.718E-03 -2.109E+00 
38 1.8 7.95 3.131E-06 -6.718E-03 -2.109E+00 

65.1 55.2 10.4 3.131E-06 -6.718E-03 -2.109E+00 
78.5 29.8 13.35 3.131E-06 -6.718E-03 -2.109E+00 
40.6 15.2 13.34 3.131E-06 -6.718E-03 -2.109E+00 
60.4 67.5 16.13 3.131E-06 -6.718E-03 -2.109E+00 
90 70.2 20.44 3.131E-06 -6.718E-03 -2.109E+00 

60.3 2.3 20.41 3.131E-06 -6.718E-03 -2.109E+00 
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3775
3776
3777
3778
3779
3780
3781
3782
3783
3784
3785
3786
3787
3788
3789
3790
3791
3792
3793
3794
3795
3796
3797
3798
3799
3800
3801
3802
3803
3804
3805
3806
3807
3808
3809
3810
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3822
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3827
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3829

66.9 60.6 21.82 3.131E-06 -6.718E-03 -2.109E+00 
79.2 30 24.21 3.131E-06 -6.718E-03 -2.109E+00 
51.3 1.2 24.25 3.131E-06 -6.718E-03 -2.109E+00 
53.4 47.7 25.13 3.131E-06 -6.718E-03 -2.109E+00 
55.7 8.4 25.76 3.131E-06 -6.718E-03 -2.109E+00 
55.4 (a) 25.7 3.131E-06 -6.718E-03 -2.109E+00 
54.3 1.4 25.43 3.131E-06 -6.718E-03 -2.109E+00 
53.9 4.1 25.33 3.131E-06 -6.718E-03 -2.109E+00 
54.1 9.3 25.38 3.131E-06 -6.718E-03 -2.109E+00 
55.6 18.5 25.7 3.131E-06 -6.718E-03 -2.109E+00 
59.3 36.6 26.57 3.131E-06 -6.718E-03 -2.109E+00 
63.8 30.1 27.69 3.131E-06 -6.718E-03 -2.109E+00 
66.4 18.2 28.36 3.131E-06 -6.718E-03 -2.109E+00 
43.1 0.4 28.38 3.131E-06 -6.718E-03 -2.109E+00 
43 51.1 28.85 3.131E-06 -6.718E-03 -2.109E+00 

49.6 81 30.82 3.131E-06 -6.718E-03 -2.109E+00 
55.1 49 32.61 -4.060E-06 -1.596E-03 -2.202E+00 
58.9 44.6 33.79 -1.125E-05 3.526E-03 -2.294E+00 
62.5 46.7 34.91 -1.844E-05 8.648E-03 -2.387E+00 
64.9 25.7 35.71 -1.844E-05 8.648E-03 -2.387E+00 
65.7 13.7 35.98 -1.844E-05 8.648E-03 -2.387E+00 
41.7 0.4 35.85 -1.844E-05 8.648E-03 -2.387E+00 
40.5 31.8 36.07 -1.844E-05 8.648E-03 -2.387E+00 
41.2 21 36.4 -1.844E-05 8.648E-03 -2.387E+00 
41.2 7.1 36.43 -1.844E-05 8.648E-03 -2.387E+00 
41.2 11.4 36.39 -1.844E-05 8.648E-03 -2.387E+00 
41.6 20.9 36.54 -1.844E-05 8.648E-03 -2.387E+00 
42.2 21.1 36.79 -1.844E-05 8.648E-03 -2.387E+00 
42.8 19.8 37.01 -1.844E-05 8.648E-03 -2.387E+00 
43.8 30.5 37.39 -1.844E-05 8.648E-03 -2.387E+00 
44.4 17.7 37.66 -1.844E-05 8.648E-03 -2.387E+00 
45.2 27.6 37.98 -1.844E-05 8.648E-03 -2.387E+00 
45.7 16.6 38.18 -1.844E-05 8.648E-03 -2.387E+00 
46.7 31.9 38.56 -1.844E-05 8.648E-03 -2.387E+00 
47.7 27.1 38.96 -1.844E-05 8.648E-03 -2.387E+00 
49.1 37.5 39.52 -1.844E-05 8.648E-03 -2.387E+00 
50.8 40.8 40.19 -1.844E-05 8.648E-03 -2.387E+00 
52.7 45.9 40.94 -1.844E-05 8.648E-03 -2.387E+00 
54.7 44.6 41.74 -1.844E-05 8.648E-03 -2.387E+00 
56.7 46.3 42.52 -1.844E-05 8.648E-03 -2.387E+00 
58.9 52.6 43.37 -1.844E-05 8.648E-03 -2.387E+00 
60.1 16.2 43.94 -1.844E-05 8.648E-03 -2.387E+00 
58 (a) 43.21 -1.844E-05 8.648E-03 -2.387E+00 

34.9 (a) 42.38 -1.844E-05 8.648E-03 -2.387E+00 
32.8 3.8 41.99 -1.844E-05 8.648E-03 -2.387E+00 
32.2 (a) 41.68 -1.844E-05 8.648E-03 -2.387E+00 
31.2 (a) 41.2 -1.844E-05 8.648E-03 -2.387E+00 
29.8 (a) 40.52 -1.844E-05 8.648E-03 -2.387E+00 
28.7 (a) 39.92 -1.844E-05 8.648E-03 -2.387E+00 
27.3 (a) 39.25 -1.844E-05 8.648E-03 -2.387E+00 
25.7 (a) 38.45 -1.844E-05 8.648E-03 -2.387E+00 
24.9 (a) 37.98 -1.844E-05 8.648E-03 -2.387E+00 
23.7 (a) 37.42 -1.844E-05 8.648E-03 -2.387E+00 
22.7 (a) 36.9 -1.844E-05 8.648E-03 -2.387E+00 
21.9 (a) 36.47 -1.844E-05 8.648E-03 -2.387E+00 
20.7 (a) 35.88 -1.844E-05 8.648E-03 -2.387E+00 
19.4 (a) 35.48 -1.844E-05 8.648E-03 -2.387E+00 
38.2 1.1 35.24 -1.844E-05 8.648E-03 -2.387E+00 
38.1 22.8 35.17 -1.844E-05 8.648E-03 -2.387E+00 
39.7 39.3 35.76 -1.844E-05 8.648E-03 -2.387E+00 
41.4 29.7 36.43 -1.844E-05 8.648E-03 -2.387E+00 
41.8 14.7 36.65 -1.342E-05 6.645E-03 -2.027E+00 
41.9 12.7 36.69 -8.405E-06 4.643E-03 -1.667E+00 
42.2 21.3 36.77 -3.386E-06 2.640E-03 -1.307E+00 
43.4 31.2 37.26 -3.386E-06 2.640E-03 -1.307E+00 
44.2 21 37.59 -3.386E-06 2.640E-03 -1.307E+00 
44.7 18.6 37.78 -3.386E-06 2.640E-03 -1.307E+00 
45.1 17.6 37.96 -3.386E-06 2.640E-03 -1.307E+00 
45.4 16.8 38.05 -3.386E-06 2.640E-03 -1.307E+00 
45.9 18.5 38.25 -3.386E-06 2.640E-03 -1.307E+00 
46 13 38.32 -3.386E-06 2.640E-03 -1.307E+00 
46 14.4 38.33 -3.386E-06 2.640E-03 -1.307E+00 
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3830
3831
3832
3833
3834
3835
3836
3837
3838
3839
3840
3841
3842
3843
3844
3845
3846
3847
3848
3849
3850
3851
3852
3853
3854
3855
3856
3857
3858
3859
3860
3861
3862
3863
3864
3865
3866
3867
3868
3869
3870
3871
3872
3873
3874
3875
3876
3877
3878
3879
3880
3881
3882
3883
3884
3885
3886
3887
3888
3889
3890
3891
3892
3893
3894
3895
3896
3897
3898
3899
3900
3901

46.4 10.9 38.46 -3.386E-06 2.640E-03 -1.307E+00 
45.5 (a) 38.15 -3.386E-06 2.640E-03 -1.307E+00 
44.4 (a) 37.72 -3.386E-06 2.640E-03 -1.307E+00 
42.8 (a) 37.08 -3.386E-06 2.640E-03 -1.307E+00 
41.1 (a) 36.43 -3.386E-06 2.640E-03 -1.307E+00 
39.2 (a) 35.66 -3.386E-06 2.640E-03 -1.307E+00 
38.1 (a) 35.2 -3.386E-06 2.640E-03 -1.307E+00 
37.9 10.9 35.1 -3.386E-06 2.640E-03 -1.307E+00 
37.9 12.9 35.1 -3.386E-06 2.640E-03 -1.307E+00 
38.3 17.9 35.22 -3.386E-06 2.640E-03 -1.307E+00 
38.7 8.5 35.4 -3.386E-06 2.640E-03 -1.307E+00 
37.6 (a) 35.02 -3.386E-06 2.640E-03 -1.307E+00 
37.6 14.5 34.95 -3.386E-06 2.640E-03 -1.307E+00 
37.5 8.5 34.93 -3.386E-06 2.640E-03 -1.307E+00 
37.4 7.6 34.88 -3.386E-06 2.640E-03 -1.307E+00 
36.9 5.2 34.72 -3.386E-06 2.640E-03 -1.307E+00 
36.9 13.2 34.69 -3.386E-06 2.640E-03 -1.307E+00 
37.2 13.9 34.8 -3.386E-06 2.640E-03 -1.307E+00 
37 6.9 34.75 -3.386E-06 2.640E-03 -1.307E+00 

36.8 2.4 34.65 -3.386E-06 2.640E-03 -1.307E+00 
35.8 (a) 34.27 -3.386E-06 2.640E-03 -1.307E+00 
35.2 3.1 34.02 -3.386E-06 2.640E-03 -1.307E+00 
34.6 2.3 33.78 -3.386E-06 2.640E-03 -1.307E+00 
34.4 10.4 33.7 -3.386E-06 2.640E-03 -1.307E+00 
34.5 10.5 33.71 -3.386E-06 2.640E-03 -1.307E+00 
34.3 6.5 33.64 -3.386E-06 2.640E-03 -1.307E+00 
34 4.6 33.52 -3.386E-06 2.640E-03 -1.307E+00 

33.5 6 33.34 -3.386E-06 2.640E-03 -1.307E+00 
33.8 20.3 33.42 -3.386E-06 2.640E-03 -1.307E+00 
34.7 28.4 33.77 -3.386E-06 2.640E-03 -1.307E+00 
35.8 31.3 34.24 -3.386E-06 2.640E-03 -1.307E+00 
37.2 29.8 34.76 -3.386E-06 2.640E-03 -1.307E+00 
37.8 18.2 35.05 -3.386E-06 2.640E-03 -1.307E+00 
38.1 14.9 35.16 -3.386E-06 2.640E-03 -1.307E+00 
38.4 11.4 35.28 -3.386E-06 2.640E-03 -1.307E+00 
37.6 (a) 35.01 -3.386E-06 2.640E-03 -1.307E+00 
37.1 1.7 34.79 -3.386E-06 2.640E-03 -1.307E+00 
36.2 (a) 34.42 -3.386E-06 2.640E-03 -1.307E+00 
35.2 (a) 34.03 -3.386E-06 2.640E-03 -1.307E+00 
34.4 (a) 33.69 -3.386E-06 2.640E-03 -1.307E+00 
34.1 10.8 33.59 -3.386E-06 2.640E-03 -1.307E+00 
34.3 14.3 33.65 -3.386E-06 2.640E-03 -1.307E+00 
34.5 13.3 33.72 -3.386E-06 2.640E-03 -1.307E+00 
34.6 12.7 33.78 -3.386E-06 2.640E-03 -1.307E+00 
34.7 12.1 33.8 -3.386E-06 2.640E-03 -1.307E+00 
34.9 19.8 33.88 -3.386E-06 2.640E-03 -1.307E+00 
36.2 30.9 34.36 -3.386E-06 2.640E-03 -1.307E+00 
36.6 15.7 34.57 -3.386E-06 2.640E-03 -1.307E+00 
37.1 13.5 34.77 -1.129E-06 8.799E-04 -4.358E-01 
36.2 (a) 34.44 1.129E-06 -8.799E-04 4.358E-01 
33.1 (a) 33.26 3.386E-06 -2.640E-03 1.307E+00 
29 (a) 31.65 3.386E-06 -2.640E-03 1.307E+00 

24.8 (a) 29.96 3.386E-06 -2.640E-03 1.307E+00 
21.1 (a) 28.47 3.386E-06 -2.640E-03 1.307E+00 
38.5 15.7 27.48 3.386E-06 -2.640E-03 1.307E+00 
35.8 (a) 26.73 3.386E-06 -2.640E-03 1.307E+00 
33.7 (a) 26.07 3.386E-06 -2.640E-03 1.307E+00 
30.7 (a) 25.15 3.386E-06 -2.640E-03 1.307E+00 
27.3 (a) 24.1 3.386E-06 -2.640E-03 1.307E+00 
26.6 13.3 23.83 3.386E-06 -2.640E-03 1.307E+00 
27.9 30.6 24.19 3.386E-06 -2.640E-03 1.307E+00 
30.7 41.6 25.07 3.386E-06 -2.640E-03 1.307E+00 
32.5 15.8 25.65 3.386E-06 -2.640E-03 1.307E+00 
31.9 (a) 25.51 3.386E-06 -2.640E-03 1.307E+00 
21.8 (a) 22.52 3.386E-06 -2.640E-03 1.307E+00 
25.6 4.2 17.98 3.386E-06 -2.640E-03 1.307E+00 
26.8 3.8 14.07 3.386E-06 -2.640E-03 1.307E+00 
20.2 2.5 10.09 3.386E-06 -2.640E-03 1.307E+00 
14.3 2.8 5.72 3.386E-06 -2.640E-03 1.307E+00 
11.3 6.7 3.24 3.386E-06 -2.640E-03 1.307E+00 

0 0 0.61 3.386E-06 -2.640E-03 1.307E+00 
0 0 0 3.386E-06 -2.640E-03 1.307E+00 
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3906 0 0 0 3.386E-06 -2.640E-03 1.307E+00 
3907 0 0 0 6.559E-06 -6.283E-03 3.321E+00 
3908 0 0 0 9.732E-06 -9.925E-03 5.334E+00 
3909 0 0 0 1.291E-05 -1.357E-02 7.347E+00 
3918 0 0 0 1.291E-05 -1.357E-02 7.347E+00 
3919 3 5 0 1.291E-05 -1.357E-02 7.347E+00 
3920 7 10 0 1.291E-05 -1.357E-02 7.347E+00 
3921 6.7 32.8 0.66 1.291E-05 -1.357E-02 7.347E+00 
3922 6.3 35 1.59 1.291E-05 -1.357E-02 7.347E+00 
3923 5.8 25.2 2.33 1.291E-05 -1.357E-02 7.347E+00 
3924 6.1 10.4 2.69 1.291E-05 -1.357E-02 7.347E+00 
3925 0 0 2.52 1.291E-05 -1.357E-02 7.347E+00 
3926 0.1 5.8 1.77 1.291E-05 -1.357E-02 7.347E+00 
3927 0 0 0.66 1.291E-05 -1.357E-02 7.347E+00 
3928 0 0 0 1.291E-05 -1.357E-02 7.347E+00 
3929 0 0 0 1.291E-05 -1.357E-02 7.347E+00 
3930 1.3 9.6 0 1.291E-05 -1.357E-02 7.347E+00 
3931 6.3 36.6 0.32 1.291E-05 -1.357E-02 7.347E+00 
3932 6.5 48.5 1.27 1.291E-05 -1.357E-02 7.347E+00 
3933 5.9 38.4 2.24 1.291E-05 -1.357E-02 7.347E+00 
3934 9.7 20.5 2.84 1.291E-05 -1.357E-02 7.347E+00 
3935 17.5 14.9 3.17 1.291E-05 -1.357E-02 7.347E+00 
3936 22.2 9 3.37 1.291E-05 -1.357E-02 7.347E+00 
3937 22.6 4.6 3.39 1.291E-05 -1.357E-02 7.347E+00 
3938 17.2 3.2 3.16 1.291E-05 -1.357E-02 7.347E+00 
3939 10.7 (a) 2.89 1.291E-05 -1.357E-02 7.347E+00 
3940 0 0 2.72 1.291E-05 -1.357E-02 7.347E+00 
3941 0 0 2.11 1.291E-05 -1.357E-02 7.347E+00 
3942 0 0 1.33 1.291E-05 -1.357E-02 7.347E+00 
3943 0 0 0.85 1.291E-05 -1.357E-02 7.347E+00 
3944 0 0 0.42 1.291E-05 -1.357E-02 7.347E+00 
3945 0 0 0 1.291E-05 -1.357E-02 7.347E+00 
4069 0 0 0 1.291E-05 -1.357E-02 7.347E+00 
4070 1.2 9.5 0 1.291E-05 -1.357E-02 7.347E+00 
4071 5.2 20.5 0.02 1.291E-05 -1.357E-02 7.347E+00 
4072 5 20.8 0.43 1.291E-05 -1.357E-02 7.347E+00 
4073 5.4 23.1 0.8 1.291E-05 -1.357E-02 7.347E+00 
4074 5.1 18.1 1.22 1.291E-05 -1.357E-02 7.347E+00 
4075 4.3 8.7 1.37 1.291E-05 -1.357E-02 7.347E+00 
4076 0 0 1.34 1.291E-05 -1.357E-02 7.347E+00 
4077 0 0 1.03 1.291E-05 -1.357E-02 7.347E+00 
4078 0.8 6.4 0.65 1.291E-05 -1.357E-02 7.347E+00 
4079 5.3 18.7 0.3 1.291E-05 -1.357E-02 7.347E+00 
4080 4.8 19.6 0.26 1.291E-05 -1.357E-02 7.347E+00 
4081 5.5 29.5 0.31 1.291E-05 -1.357E-02 7.347E+00 
4082 6 38.2 0.92 1.291E-05 -1.357E-02 7.347E+00 
4083 4.3 14.8 1.84 1.291E-05 -1.357E-02 7.347E+00 
4084 4.3 8.7 1.92 1.291E-05 -1.357E-02 7.347E+00 
4085 0.1 7.5 2.03 1.291E-05 -1.357E-02 7.347E+00 
4086 0.1 5.9 2.46 1.291E-05 -1.357E-02 7.347E+00 
4087 0.7 5.8 2.47 1.291E-05 -1.357E-02 7.347E+00 
4088 0 0 2.68 1.291E-05 -1.357E-02 7.347E+00 
4089 0 0 2.3 1.291E-05 -1.357E-02 7.347E+00 
4090 0 0 1.2 1.291E-05 -1.357E-02 7.347E+00 
4091 0 0 0.41 1.291E-05 -1.357E-02 7.347E+00 
4092 0 0 0 1.291E-05 -1.357E-02 7.347E+00 
4099 0 0 0 1.291E-05 -1.357E-02 7.347E+00 
4100 0 0 0 1.174E-05 -1.229E-02 6.551E+00 
4101 0 0 0 1.057E-05 -1.102E-02 5.754E+00 
4102 0 0 0 9.395E-06 -9.748E-03 4.957E+00 
4107 0 0 0 9.395E-06 -9.748E-03 4.957E+00 
4108 0.9 5.4 0 9.395E-06 -9.748E-03 4.957E+00 
4109 0.5 5.7 0 9.395E-06 -9.748E-03 4.957E+00 
4110 0 0 0 9.395E-06 -9.748E-03 4.957E+00 
4113 0 0 0 9.395E-06 -9.748E-03 4.957E+00 
4114 0.3 10 0 9.395E-06 -9.748E-03 4.957E+00 
4115 1.1 9.9 0 9.395E-06 -9.748E-03 4.957E+00 
4116 1.6 9.7 0 9.395E-06 -9.748E-03 4.957E+00 
4117 2.8 9.3 0 9.395E-06 -9.748E-03 4.957E+00 
4118 2.3 9 0 9.395E-06 -9.748E-03 4.957E+00 
4119 0.8 9.8 0 9.395E-06 -9.748E-03 4.957E+00 
4120 1.4 9.6 0 9.395E-06 -9.748E-03 4.957E+00 
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4121
4122
4123
4124
4125
4126
4127
4128
4129
4130
4131
4132
4133
4134
4135
4136
4137
4138
4139
4140
4141
4142
4143
4144
4145
4146
4147
4148
4149
4150
4151
4152
4153
4154
4155
4156
4157
4158
4159
4160
4161
4162
4163
4164
4165
4166
4167
4168
4169
4170
4171
4172
4173
4174
4175
4176
4177
4178
4179
4180
4181
4182
4183
4184
4185
4186
4187
4188
4189
4190
4191
4192

4.6 14 0.05 9.395E-06 -9.748E-03 4.957E+00 
4.5 13.1 0.2 9.395E-06 -9.748E-03 4.957E+00 
4.8 16 0.38 9.395E-06 -9.748E-03 4.957E+00 
5.1 18.8 0.54 9.395E-06 -9.748E-03 4.957E+00 
6 31.2 0.73 9.395E-06 -9.748E-03 4.957E+00 

7.1 52.5 1.23 9.395E-06 -9.748E-03 4.957E+00 
6 46 2.1 9.395E-06 -9.748E-03 4.957E+00 

9.5 25.5 2.83 9.395E-06 -9.748E-03 4.957E+00 
21.1 18.5 3.31 9.395E-06 -9.748E-03 4.957E+00 
32.1 12.2 3.78 9.395E-06 -9.748E-03 4.957E+00 
42 7.6 4.19 9.395E-06 -9.748E-03 4.957E+00 
48 9.1 4.44 9.395E-06 -9.748E-03 4.957E+00 

55.9 9.4 4.77 9.395E-06 -9.748E-03 4.957E+00 
33.8 14.3 4.64 9.395E-06 -9.748E-03 4.957E+00 
21.5 25 4.56 9.395E-06 -9.748E-03 4.957E+00 
24.7 9.1 4.75 9.395E-06 -9.748E-03 4.957E+00 
25.5 4.5 4.8 9.395E-06 -9.748E-03 4.957E+00 
28.7 9.9 4.98 9.395E-06 -9.748E-03 4.957E+00 
34.4 10.7 5.31 9.395E-06 -9.748E-03 4.957E+00 
40.5 4.7 5.65 9.395E-06 -9.748E-03 4.957E+00 
42.8 3.3 5.79 9.395E-06 -9.748E-03 4.957E+00 
43.4 0 5.82 9.395E-06 -9.748E-03 4.957E+00 
39.5 (a) 5.61 9.395E-06 -9.748E-03 4.957E+00 
34.1 (a) 5.3 9.395E-06 -9.748E-03 4.957E+00 
22 (a) 4.62 9.395E-06 -9.748E-03 4.957E+00 
0 0 2.84 9.395E-06 -9.748E-03 4.957E+00 
0 0 1.03 9.395E-06 -9.748E-03 4.957E+00 
0 0 0.44 9.395E-06 -9.748E-03 4.957E+00 

1.1 10.1 0.44 9.395E-06 -9.748E-03 4.957E+00 
7.2 38.5 1.04 9.395E-06 -9.748E-03 4.957E+00 
6.5 34.3 2.07 9.395E-06 -9.748E-03 4.957E+00 
6.2 18 2.69 9.395E-06 -9.748E-03 4.957E+00 
13.3 18.5 2.99 9.395E-06 -9.748E-03 4.957E+00 
21.3 13.1 3.32 9.395E-06 -9.748E-03 4.957E+00 
25.8 8.2 3.52 9.395E-06 -9.748E-03 4.957E+00 
27.2 6.2 3.57 9.395E-06 -9.748E-03 4.957E+00 
29.8 3 3.69 9.395E-06 -9.748E-03 4.957E+00 
29.7 3.6 3.68 9.395E-06 -9.748E-03 4.957E+00 
31.4 4.4 3.75 9.395E-06 -9.748E-03 4.957E+00 
31 5.6 3.73 9.395E-06 -9.748E-03 4.957E+00 

29.2 4.6 3.66 9.395E-06 -9.748E-03 4.957E+00 
27 5.2 3.57 9.395E-06 -9.748E-03 4.957E+00 
24 7.4 3.44 9.395E-06 -9.748E-03 4.957E+00 

22.2 8.8 3.37 9.395E-06 -9.748E-03 4.957E+00 
21.8 9 3.35 9.395E-06 -9.748E-03 4.957E+00 
23.2 8.6 3.41 9.395E-06 -9.748E-03 4.957E+00 
23.3 8.9 3.41 9.395E-06 -9.748E-03 4.957E+00 
21.2 6.4 3.33 9.395E-06 -9.748E-03 4.957E+00 
18.2 3.9 3.2 9.395E-06 -9.748E-03 4.957E+00 
13.7 7.6 3.01 9.395E-06 -9.748E-03 4.957E+00 
10.5 10.9 2.88 9.395E-06 -9.748E-03 4.957E+00 
9.9 7.9 2.85 9.395E-06 -9.748E-03 4.957E+00 
5.2 0.5 2.66 9.395E-06 -9.748E-03 4.957E+00 
0 0 2.19 9.395E-06 -9.748E-03 4.957E+00 
0 0 1.22 9.395E-06 -9.748E-03 4.957E+00 
0 0 0.53 9.395E-06 -9.748E-03 4.957E+00 

2.7 10 0.26 9.395E-06 -9.748E-03 4.957E+00 
5.1 19.6 0.04 9.395E-06 -9.748E-03 4.957E+00 
6.8 47.4 0.82 9.395E-06 -9.748E-03 4.957E+00 
6.2 45.8 1.96 9.395E-06 -9.748E-03 4.957E+00 
5.9 29.5 2.65 9.395E-06 -9.748E-03 4.957E+00 
10.2 15.6 2.86 9.395E-06 -9.748E-03 4.957E+00 
12.9 13.2 2.98 9.395E-06 -9.748E-03 4.957E+00 
13.8 17.7 3.01 9.395E-06 -9.748E-03 4.957E+00 
18.1 7.9 3.2 9.395E-06 -9.748E-03 4.957E+00 
17.3 3.6 3.16 9.395E-06 -9.748E-03 4.957E+00 
13.9 2.4 3.02 9.395E-06 -9.748E-03 4.957E+00 
12.6 0.6 2.97 9.395E-06 -9.748E-03 4.957E+00 
10.6 (a) 2.89 9.395E-06 -9.748E-03 4.957E+00 
8.1 4.3 2.77 9.395E-06 -9.748E-03 4.957E+00 
0 0 2.48 9.395E-06 -9.748E-03 4.957E+00 
0 0 1.81 9.395E-06 -9.748E-03 4.957E+00 
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4193 0 0 1.27 9.395E-06 -9.748E-03 4.957E+00 
4194 0.8 8.7 1.01 9.395E-06 -9.748E-03 4.957E+00 
4195 6.5 25 0.93 9.395E-06 -9.748E-03 4.957E+00 
4196 6.3 28.5 1.41 9.395E-06 -9.748E-03 4.957E+00 
4197 5.7 19.5 2 9.395E-06 -9.748E-03 4.957E+00 
4198 5.4 10.8 2.3 9.395E-06 -9.748E-03 4.957E+00 
4199 5.7 10.2 2.32 9.395E-06 -9.748E-03 4.957E+00 
4200 6.6 16.4 2.4 9.395E-06 -9.748E-03 4.957E+00 
4201 6.9 13.9 2.69 9.395E-06 -9.748E-03 4.957E+00 
4202 0 0 2.58 9.395E-06 -9.748E-03 4.957E+00 
4203 0 0 2.18 9.395E-06 -9.748E-03 4.957E+00 
4204 0 0 1.79 9.395E-06 -9.748E-03 4.957E+00 
4205 0 0 1.59 9.395E-06 -9.748E-03 4.957E+00 
4206 0.2 5.8 1.44 9.395E-06 -9.748E-03 4.957E+00 
4207 0.4 5.8 1.29 9.395E-06 -9.748E-03 4.957E+00 
4208 0.7 10 1.24 9.395E-06 -9.748E-03 4.957E+00 
4209 0.5 9.9 1.21 9.395E-06 -9.748E-03 4.957E+00 
4210 0.1 5.9 1.01 9.395E-06 -9.748E-03 4.957E+00 
4211 0 0 0.45 9.395E-06 -9.748E-03 4.957E+00 
4212 0.6 8.4 0.07 9.395E-06 -9.748E-03 4.957E+00 
4213 4.5 13.9 0 9.395E-06 -9.748E-03 4.957E+00 
4214 4.9 19.7 0.06 9.395E-06 -9.748E-03 4.957E+00 
4215 4.9 23.1 0.24 9.395E-06 -9.748E-03 4.957E+00 
4216 4.7 22 0.44 9.395E-06 -9.748E-03 4.957E+00 
4217 4.7 20.2 0.64 9.395E-06 -9.748E-03 4.957E+00 
4218 4.4 15.3 0.78 9.395E-06 -9.748E-03 4.957E+00 
4219 0 0 0.74 9.395E-06 -9.748E-03 4.957E+00 
4220 1.3 9.9 0.72 9.395E-06 -9.748E-03 4.957E+00 
4221 5.6 16.9 0.81 9.395E-06 -9.748E-03 4.957E+00 
4222 5.3 14.9 1.05 9.395E-06 -9.748E-03 4.957E+00 
4223 0.3 8.4 1.06 9.395E-06 -9.748E-03 4.957E+00 
4224 0 0 1.04 9.395E-06 -9.748E-03 4.957E+00 
4225 0.3 6.2 0.99 9.395E-06 -9.748E-03 4.957E+00 
4226 0.1 5.8 0.88 9.395E-06 -9.748E-03 4.957E+00 
4227 0 0 1.12 9.395E-06 -9.748E-03 4.957E+00 
4228 0 0 1.03 9.395E-06 -9.748E-03 4.957E+00 
4229 0 0 0.55 9.395E-06 -9.748E-03 4.957E+00 
4230 0.6 8.3 0.01 9.395E-06 -9.748E-03 4.957E+00 
4231 0 0 0 9.395E-06 -9.748E-03 4.957E+00 
4249 0 0 0 9.395E-06 -9.748E-03 4.957E+00 
4250 0 0 0 9.571E-06 -9.949E-03 4.821E+00 
4251 0 0 0 9.747E-06 -1.015E-02 4.685E+00 
4252 0 0 0 9.923E-06 -1.035E-02 4.549E+00 
4871 0 0 0 9.923E-06 -1.035E-02 4.549E+00 
4872 0.9 7.3 0 9.923E-06 -1.035E-02 4.549E+00 
4873 0 0 0 9.923E-06 -1.035E-02 4.549E+00 
4874 0 0 0 9.923E-06 -1.035E-02 4.549E+00 
4875 1.1 6.6 0 9.923E-06 -1.035E-02 4.549E+00 
4876 5.1 19.6 0 9.923E-06 -1.035E-02 4.549E+00 
4877 6.3 42.9 0.4 9.923E-06 -1.035E-02 4.549E+00 
4878 5.6 42.1 1.15 9.923E-06 -1.035E-02 4.549E+00 
4879 5.1 28.9 1.82 9.923E-06 -1.035E-02 4.549E+00 
4880 5.8 26.2 2.12 9.923E-06 -1.035E-02 4.549E+00 
4881 6.1 23.6 2.56 9.923E-06 -1.035E-02 4.549E+00 
4882 9.3 12.8 2.83 9.923E-06 -1.035E-02 4.549E+00 
4883 12.1 12.2 2.94 9.923E-06 -1.035E-02 4.549E+00 
4884 16.8 15.6 3.14 9.923E-06 -1.035E-02 4.549E+00 
4885 26 16.1 3.52 9.923E-06 -1.035E-02 4.549E+00 
4886 39.2 15.2 4.07 9.923E-06 -1.035E-02 4.549E+00 
4887 55.7 15.4 4.76 9.923E-06 -1.035E-02 4.549E+00 
4888 43.9 13.3 5.16 9.923E-06 -1.035E-02 4.549E+00 
4889 36.9 23.2 5.44 9.923E-06 -1.035E-02 4.549E+00 
4890 48 11.8 6.08 9.923E-06 -1.035E-02 4.549E+00 
4891 55.2 13.7 6.49 9.923E-06 -1.035E-02 4.549E+00 
4892 64.8 10.6 7.04 9.923E-06 -1.035E-02 4.549E+00 
4893 33.1 0.7 7.06 9.923E-06 -1.035E-02 4.549E+00 
4894 34.1 6.1 7.3 9.923E-06 -1.035E-02 4.549E+00 
4895 32.1 (a) 7.15 9.923E-06 -1.035E-02 4.549E+00 
4896 27.4 (a) 6.79 9.923E-06 -1.035E-02 4.549E+00 
4897 18.5 (a) 6.08 9.923E-06 -1.035E-02 4.549E+00 
4898 6.8 0.8 5.2 9.923E-06 -1.035E-02 4.549E+00 
4899 0 0 4 9.923E-06 -1.035E-02 4.549E+00 
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5120

5125

5130

5135

5140

5145

5150

5155

5160

5165

5170

5175

5180

4900 0 0 2.69 9.923E-06 -1.035E-02 4.549E+00 
4901 0 0 1.3 9.923E-06 -1.035E-02 4.549E+00 
4902 0 0 0.37 9.923E-06 -1.035E-02 4.549E+00 
4903 0 0 0 9.923E-06 -1.035E-02 4.549E+00 
4919 0 0 0 9.923E-06 -1.035E-02 4.549E+00 
4920 0 0 0 9.399E-06 -9.777E-03 4.270E+00 
4921 0 0 0 8.875E-06 -9.204E-03 3.992E+00 
4922 0 0 0 8.351E-06 -8.632E-03 3.713E+00 

0 0 0 8.351E-06 -8.632E-03 3.713E+00 
5121 1 7.5 0 8.351E-06 -8.632E-03 3.713E+00 
5122 0 0 0 8.351E-06 -8.632E-03 3.713E+00 
5123 0 0 0 8.351E-06 -8.632E-03 3.713E+00 
5124 1.2 6.9 0 8.351E-06 -8.632E-03 3.713E+00 

5.9 28.2 0.07 8.351E-06 -8.632E-03 3.713E+00 
5126 6 37.9 0.65 8.351E-06 -8.632E-03 3.713E+00 
5127 5.7 36.4 1.29 8.351E-06 -8.632E-03 3.713E+00 
5128 6.4 40.8 1.88 8.351E-06 -8.632E-03 3.713E+00 
5129 7 44.4 2.48 8.351E-06 -8.632E-03 3.713E+00 

17.5 30.8 3.16 8.351E-06 -8.632E-03 3.713E+00 
5131 33 16.5 3.81 8.351E-06 -8.632E-03 3.713E+00 
5132 43.5 15.8 4.25 8.351E-06 -8.632E-03 3.713E+00 
5133 54.5 11.2 4.71 8.351E-06 -8.632E-03 3.713E+00 
5134 45.5 16.1 4.87 8.351E-06 -8.632E-03 3.713E+00 

23.1 31.7 4.65 8.351E-06 -8.632E-03 3.713E+00 
5136 32.4 17.3 5.19 8.351E-06 -8.632E-03 3.713E+00 
5137 40.6 6.3 5.66 8.351E-06 -8.632E-03 3.713E+00 
5138 47.3 (a) 6.05 8.351E-06 -8.632E-03 3.713E+00 
5139 50.3 (a) 6.22 8.351E-06 -8.632E-03 3.713E+00 

51 (a) 6.26 8.351E-06 -8.632E-03 3.713E+00 
5141 48.1 (a) 6.1 8.351E-06 -8.632E-03 3.713E+00 
5142 44.8 (a) 5.91 8.351E-06 -8.632E-03 3.713E+00 
5143 40.4 (a) 5.66 8.351E-06 -8.632E-03 3.713E+00 
5144 37.8 (a) 5.51 8.351E-06 -8.632E-03 3.713E+00 

36.4 (a) 5.42 8.351E-06 -8.632E-03 3.713E+00 
5146 36.8 3.3 5.44 8.351E-06 -8.632E-03 3.713E+00 
5147 41.2 2.4 5.7 8.351E-06 -8.632E-03 3.713E+00 
5148 44.7 3.9 5.9 8.351E-06 -8.632E-03 3.713E+00 
5149 50.1 5.6 6.21 8.351E-06 -8.632E-03 3.713E+00 

57.9 2.6 6.65 2.784E-06 -2.877E-03 1.238E+00 
5151 57.9 12.3 6.84 -2.784E-06 2.877E-03 -1.238E+00 
5152 24.4 (a) 6.54 -8.351E-06 8.632E-03 -3.713E+00 
5153 16.9 1 5.94 -8.351E-06 8.632E-03 -3.713E+00 
5154 10.7 0.7 5.45 -8.351E-06 8.632E-03 -3.713E+00 

28.2 16.1 4.74 -8.351E-06 8.632E-03 -3.713E+00 
5156 5.3 1 3.66 -8.351E-06 8.632E-03 -3.713E+00 
5157 0.1 6 2.44 -8.351E-06 8.632E-03 -3.713E+00 
5158 0 0 1.55 -8.351E-06 8.632E-03 -3.713E+00 
5159 0 0 1.16 -8.351E-06 8.632E-03 -3.713E+00 

0.4 5.8 0.82 -8.351E-06 8.632E-03 -3.713E+00 
5161 1.4 9.5 0.52 -2.558E-06 2.662E-03 -1.372E+00 
5162 6.2 28.4 0.59 3.235E-06 -3.307E-03 9.693E-01 
5163 6.8 41 1.18 9.029E-06 -9.277E-03 3.311E+00 
5164 5.7 34.4 2.06 9.029E-06 -9.277E-03 3.311E+00 

5.4 23.3 2.3 9.029E-06 -9.277E-03 3.311E+00 
5166 5.9 22.2 2.34 9.029E-06 -9.277E-03 3.311E+00 
5167 6.1 21.1 2.39 9.029E-06 -9.277E-03 3.311E+00 
5168 6.2 19.5 2.45 9.029E-06 -9.277E-03 3.311E+00 
5169 6.4 20.2 2.42 9.029E-06 -9.277E-03 3.311E+00 

6.9 29.3 2.28 9.029E-06 -9.277E-03 3.311E+00 
5171 6 18.2 2.49 9.029E-06 -9.277E-03 3.311E+00 
5172 6.7 26.6 2.37 9.029E-06 -9.277E-03 3.311E+00 
5173 5.8 13.1 2.67 9.029E-06 -9.277E-03 3.311E+00 
5174 7 10.2 2.73 9.029E-06 -9.277E-03 3.311E+00 

7.4 9.2 2.75 9.029E-06 -9.277E-03 3.311E+00 
5176 7.5 9 2.75 9.029E-06 -9.277E-03 3.311E+00 
5177 7.5 8.8 2.75 9.029E-06 -9.277E-03 3.311E+00 
5178 7.5 8.8 2.75 9.029E-06 -9.277E-03 3.311E+00 
5179 8.7 16.8 2.8 9.029E-06 -9.277E-03 3.311E+00 

20.1 20.7 3.27 9.029E-06 -9.277E-03 3.311E+00 
5181 33.4 16 3.83 9.029E-06 -9.277E-03 3.311E+00 
5182 49.7 13.4 4.51 9.029E-06 -9.277E-03 3.311E+00 
5183 57.2 6.8 4.83 9.029E-06 -9.277E-03 3.311E+00 
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5184 26.8 1 4.73 9.029E-06 -9.277E-03 3.311E+00 
5185 21.1 24.2 4.54 9.029E-06 -9.277E-03 3.311E+00 
5186 25.4 14 4.79 9.029E-06 -9.277E-03 3.311E+00 
5187 26.1 11.9 4.83 9.029E-06 -9.277E-03 3.311E+00 
5188 28 7.4 4.94 9.029E-06 -9.277E-03 3.311E+00 
5189 28.5 6 4.97 9.029E-06 -9.277E-03 3.311E+00 
5190 28.5 5.7 4.97 9.029E-06 -9.277E-03 3.311E+00 
5191 28.4 5.6 4.96 9.029E-06 -9.277E-03 3.311E+00 
5192 28.2 5.6 4.95 9.029E-06 -9.277E-03 3.311E+00 
5193 28.1 5.6 4.94 9.029E-06 -9.277E-03 3.311E+00 
5194 27.9 5.7 4.94 9.029E-06 -9.277E-03 3.311E+00 
5195 29.5 14.7 5.02 9.029E-06 -9.277E-03 3.311E+00 
5196 40.8 21.2 5.66 9.029E-06 -9.277E-03 3.311E+00 
5197 56.3 21.8 6.54 9.029E-06 -9.277E-03 3.311E+00 
5198 68.3 13.8 7.24 9.029E-06 -9.277E-03 3.311E+00 
5199 33.3 2.8 7.05 9.029E-06 -9.277E-03 3.311E+00 
5200 42.1 40.5 7.9 9.029E-06 -9.277E-03 3.311E+00 
5201 59.3 19.7 9.27 9.029E-06 -9.277E-03 3.311E+00 
5202 67.3 9.5 9.92 9.029E-06 -9.277E-03 3.311E+00 
5203 38.3 0.5 10.23 9.029E-06 -9.277E-03 3.311E+00 
5204 42.7 37 10.89 9.029E-06 -9.277E-03 3.311E+00 
5205 49.4 19.3 11.64 9.029E-06 -9.277E-03 3.311E+00 
5206 56.8 10.7 12.44 9.029E-06 -9.277E-03 3.311E+00 
5207 63.5 24.7 13.15 9.029E-06 -9.277E-03 3.311E+00 
5208 42.4 13.5 13.24 9.029E-06 -9.277E-03 3.311E+00 
5209 25.9 51.3 12.47 9.029E-06 -9.277E-03 3.311E+00 
5210 30.8 72.4 13.18 9.029E-06 -9.277E-03 3.311E+00 
5211 38.7 13.4 14.38 3.010E-06 -3.092E-03 1.104E+00 
5212 38 (a) 14.3 -3.010E-06 3.092E-03 -1.104E+00 
5213 31.1 (a) 13.3 -9.029E-06 9.277E-03 -3.311E+00 
5214 18.8 (a) 11.48 -9.029E-06 9.277E-03 -3.311E+00 
5215 9.7 17.8 9.06 -9.029E-06 9.277E-03 -3.311E+00 
5216 2.1 0.2 6.13 -9.029E-06 9.277E-03 -3.311E+00 
5217 0.1 5.8 3.32 -9.029E-06 9.277E-03 -3.311E+00 
5218 0 0 1.29 -9.029E-06 9.277E-03 -3.311E+00 
5219 0 0 0.34 -9.029E-06 9.277E-03 -3.311E+00 
5220 0 0 0 -9.029E-06 9.277E-03 -3.311E+00 
5249 0 0 0 -9.029E-06 9.277E-03 -3.311E+00 
5250 0 0 0 -7.324E-07 8.211E-04 -3.593E-01 
5251 0 0 0 7.564E-06 -7.634E-03 2.592E+00 
5252 0 0 0 1.586E-05 -1.609E-02 5.543E+00 
5282 0 0 0 1.586E-05 -1.609E-02 5.543E+00 
5283 0.8 9.8 0 1.586E-05 -1.609E-02 5.543E+00 
5284 6.6 37.6 0.49 1.586E-05 -1.609E-02 5.543E+00 
5285 6.5 41.8 1.56 1.586E-05 -1.609E-02 5.543E+00 
5286 5.7 27.5 2.36 1.586E-05 -1.609E-02 5.543E+00 
5287 5.4 14.6 2.62 1.586E-05 -1.609E-02 5.543E+00 
5288 4.3 4.8 2.35 1.586E-05 -1.609E-02 5.543E+00 
5289 0 0 1.8 1.586E-05 -1.609E-02 5.543E+00 
5290 0 0 0.99 1.586E-05 -1.609E-02 5.543E+00 
5291 0 0 0.2 1.586E-05 -1.609E-02 5.543E+00 
5292 1.8 9.6 0 1.586E-05 -1.609E-02 5.543E+00 
5293 7.7 54.2 0.41 1.586E-05 -1.609E-02 5.543E+00 
5294 7.2 74 2.08 1.586E-05 -1.609E-02 5.543E+00 
5295 26.2 44 3.52 1.586E-05 -1.609E-02 5.543E+00 
5296 56.6 26.2 4.78 1.586E-05 -1.609E-02 5.543E+00 
5297 41.1 15.5 4.94 1.586E-05 -1.609E-02 5.543E+00 
5298 15.7 3.7 4.03 1.586E-05 -1.609E-02 5.543E+00 
5299 25.6 54.8 4.78 1.586E-05 -1.609E-02 5.543E+00 
5300 58.4 41.3 6.64 1.586E-05 -1.609E-02 5.543E+00 
5301 79.3 27.1 7.86 1.586E-05 -1.609E-02 5.543E+00 
5302 45 0.8 7.98 1.586E-05 -1.609E-02 5.543E+00 
5303 52.4 49 8.7 1.586E-05 -1.609E-02 5.543E+00 
5304 84.7 84.8 11.22 1.586E-05 -1.609E-02 5.543E+00 
5305 85.6 30.4 12.14 1.586E-05 -1.609E-02 5.543E+00 
5306 47.3 2.8 11.42 1.586E-05 -1.609E-02 5.543E+00 
5307 52.6 65.9 11.95 1.586E-05 -1.609E-02 5.543E+00 
5308 67.5 87.5 13.53 1.586E-05 -1.609E-02 5.543E+00 
5309 85.6 57.5 15.51 1.586E-05 -1.609E-02 5.543E+00 
5310 92.5 52 16.26 1.586E-05 -1.609E-02 5.543E+00 
5311 67.3 17.9 16.49 1.586E-05 -1.609E-02 5.543E+00 
5312 50.8 39.2 16.16 1.586E-05 -1.609E-02 5.543E+00 
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5313
5314
5315
5316
5317
5318
5319
5320
5321
5322
5323
5324
5325
5326
5327
5328
5329
5330
5331
5332
5333
5334
5335
5336
5337
5338
5339
5340
5341
5342
5343
5344
5345
5346
5347
5348
5349
5350
5351
5352
5353
5354
5355
5356
5357
5358
5359
5360
5361
5362
5363
5364
5365
5366
5367
5368
5369
5370
5371
5372
5373
5374
5375
5376
5377
5378
5379
5380
5381
5382
5383
5384

54.7 74.5 16.7 1.586E-05 -1.609E-02 5.543E+00 
61.2 90.7 17.65 1.586E-05 -1.609E-02 5.543E+00 
70.6 97 19.03 1.586E-05 -1.609E-02 5.543E+00 
82.2 95.2 20.76 1.586E-05 -1.609E-02 5.543E+00 
90.7 33.2 22.06 1.586E-05 -1.609E-02 5.543E+00 
53 2.5 22.66 1.586E-05 -1.609E-02 5.543E+00 

58.2 62 23.82 1.586E-05 -1.609E-02 5.543E+00 
64.7 43.3 25.15 1.586E-05 -1.609E-02 5.543E+00 
68.1 53.2 25.84 1.586E-05 -1.609E-02 5.543E+00 
70.3 80.1 26.27 1.586E-05 -1.609E-02 5.543E+00 
73.6 35 26.99 1.586E-05 -1.609E-02 5.543E+00 
74.1 26.3 27.09 1.586E-05 -1.609E-02 5.543E+00 
43.6 7.6 26.9 5.287E-06 -5.363E-03 1.848E+00 
37.1 12.3 26.76 -5.287E-06 5.363E-03 -1.848E+00 
35.9 8.2 26.41 -1.586E-05 1.609E-02 -5.543E+00 
34.1 (a) 25.95 -1.586E-05 1.609E-02 -5.543E+00 
30.2 (a) 24.87 -1.586E-05 1.609E-02 -5.543E+00 
23.3 (a) 23 -1.586E-05 1.609E-02 -5.543E+00 
14.2 (a) 20.44 -1.586E-05 1.609E-02 -5.543E+00 
30.7 1.7 17.84 -1.586E-05 1.609E-02 -5.543E+00 
19.7 (a) 16 -1.586E-05 1.609E-02 -5.543E+00 
15.1 12.6 15.03 -1.586E-05 1.609E-02 -5.543E+00 
43.1 5.7 14.64 -1.586E-05 1.609E-02 -5.543E+00 
39.2 (a) 14.48 -1.586E-05 1.609E-02 -5.543E+00 
35.7 (a) 13.98 -1.586E-05 1.609E-02 -5.543E+00 
30.1 (a) 13.14 -1.586E-05 1.609E-02 -5.543E+00 
24.4 (a) 12.28 -1.586E-05 1.609E-02 -5.543E+00 
21.6 (a) 11.86 -1.586E-05 1.609E-02 -5.543E+00 
21.3 (a) 11.81 -1.586E-05 1.609E-02 -5.543E+00 
20.1 4.4 11.62 -1.586E-05 1.609E-02 -5.543E+00 
20.1 10 11.63 -1.586E-05 1.609E-02 -5.543E+00 
20.4 6.1 11.67 -1.586E-05 1.609E-02 -5.543E+00 
19.1 (a) 11.48 -1.586E-05 1.609E-02 -5.543E+00 
16 (a) 11.03 -1.586E-05 1.609E-02 -5.543E+00 

12.8 (a) 10.54 -1.586E-05 1.609E-02 -5.543E+00 
9.4 (a) 10.04 -1.586E-05 1.609E-02 -5.543E+00 
8.4 (a) 9.9 -1.586E-05 1.609E-02 -5.543E+00 
8.2 (a) 9.88 -1.586E-05 1.609E-02 -5.543E+00 
32.6 20.1 9.63 -1.586E-05 1.609E-02 -5.543E+00 
27.9 (a) 9.32 -5.287E-06 5.363E-03 -1.848E+00 
26.6 20.9 9.18 5.287E-06 -5.363E-03 1.848E+00 
30.9 32 9.62 1.326E-05 -1.356E-02 4.569E+00 
33.2 21.5 9.89 1.065E-05 -1.104E-02 3.596E+00 
32.4 2.7 9.8 8.046E-06 -8.510E-03 2.622E+00 
34.7 19.6 10.04 8.046E-06 -8.510E-03 2.622E+00 
46.7 35.6 11.32 8.046E-06 -8.510E-03 2.622E+00 
61.8 44.7 12.94 8.046E-06 -8.510E-03 2.622E+00 
74.1 43.8 14.28 8.046E-06 -8.510E-03 2.622E+00 
79.1 27.1 14.83 8.046E-06 -8.510E-03 2.622E+00 
40 3 14.23 8.046E-06 -8.510E-03 2.622E+00 

38.7 58.8 14.35 8.046E-06 -8.510E-03 2.622E+00 
47 81.8 15.55 8.046E-06 -8.510E-03 2.622E+00 

59.3 92.7 17.36 8.046E-06 -8.510E-03 2.622E+00 
72.4 96.5 19.31 8.046E-06 -8.510E-03 2.622E+00 
80.9 50.4 20.61 8.046E-06 -8.510E-03 2.622E+00 
85.8 58 21.33 8.046E-06 -8.510E-03 2.622E+00 
47.8 0.5 21.32 8.046E-06 -8.510E-03 2.622E+00 
47.6 52.3 21.65 8.046E-06 -8.510E-03 2.622E+00 
52.8 81.7 22.7 8.046E-06 -8.510E-03 2.622E+00 
59.2 93.4 23.98 8.046E-06 -8.510E-03 2.622E+00 
65.5 98.3 25.28 8.046E-06 -8.510E-03 2.622E+00 
72.3 98.2 26.67 8.046E-06 -8.510E-03 2.622E+00 
75.3 21.6 27.33 8.046E-06 -8.510E-03 2.622E+00 
76.1 42.7 27.48 8.046E-06 -8.510E-03 2.622E+00 
40 1.5 27.03 8.046E-06 -8.510E-03 2.622E+00 

38.4 58.3 27.09 8.046E-06 -8.510E-03 2.622E+00 
40.8 83.1 27.75 8.046E-06 -8.510E-03 2.622E+00 
43.6 92.9 28.53 8.046E-06 -8.510E-03 2.622E+00 
46.7 96.7 29.38 8.046E-06 -8.510E-03 2.622E+00 
50.1 98.4 30.32 8.046E-06 -8.510E-03 2.622E+00 
53 99.3 31.15 8.046E-06 -8.510E-03 2.622E+00 

56.2 99 32.05 8.046E-06 -8.510E-03 2.622E+00 
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5385
5386
5387
5388
5389
5390
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5392
5393
5394
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5397
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5400
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5402
5403
5404
5405
5406
5407
5408
5409
5410
5411
5412
5413
5414
5415
5416
5417
5418
5419
5420
5421
5422
5423
5424
5425
5426
5427
5428
5429
5430
5431
5432
5433
5434
5435
5436
5437
5438
5439
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5447
5448
5449
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5451
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5455
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59.9 58.3 33.11 8.046E-06 -8.510E-03 2.622E+00 
61.8 38.7 33.66 8.046E-06 -8.510E-03 2.622E+00 
62.9 41 33.95 8.046E-06 -8.510E-03 2.622E+00 
30.9 1.4 33.81 8.046E-06 -8.510E-03 2.622E+00 
29.2 64.2 33.85 8.046E-06 -8.510E-03 2.622E+00 
29.7 86 34.03 8.046E-06 -8.510E-03 2.622E+00 
30.5 93.5 34.31 8.046E-06 -8.510E-03 2.622E+00 
31.4 60 34.69 8.046E-06 -8.510E-03 2.622E+00 
31.8 34.9 34.86 8.046E-06 -8.510E-03 2.622E+00 
31.6 45.6 34.78 8.046E-06 -8.510E-03 2.622E+00 
31.8 45.8 34.83 2.682E-06 -2.837E-03 8.740E-01 
31.8 (a) 34.87 -2.682E-06 2.837E-03 -8.740E-01 
30.6 (a) 34.44 -8.046E-06 8.510E-03 -2.622E+00 
29.4 4.1 33.94 -8.046E-06 8.510E-03 -2.622E+00 
28.4 (a) 33.58 -8.046E-06 8.510E-03 -2.622E+00 
27.6 (a) 33.26 -8.046E-06 8.510E-03 -2.622E+00 
26.6 4.6 32.87 -8.046E-06 8.510E-03 -2.622E+00 
26 (a) 32.62 -8.046E-06 8.510E-03 -2.622E+00 
25 14.2 32.25 -8.046E-06 8.510E-03 -2.622E+00 

24.4 8.2 32.02 -8.046E-06 8.510E-03 -2.622E+00 
24.1 (a) 31.92 -8.046E-06 8.510E-03 -2.622E+00 
23.2 (a) 31.57 -8.046E-06 8.510E-03 -2.622E+00 
22.5 (a) 31.29 -8.046E-06 8.510E-03 -2.622E+00 
21.8 (a) 31 -8.046E-06 8.510E-03 -2.622E+00 
20.6 9.5 30.56 -8.046E-06 8.510E-03 -2.622E+00 
19.6 4.5 30.15 -8.046E-06 8.510E-03 -2.622E+00 
18.7 (a) 29.81 -8.046E-06 8.510E-03 -2.622E+00 
18 (a) 29.56 -8.046E-06 8.510E-03 -2.622E+00 

16.5 (a) 28.96 -8.046E-06 8.510E-03 -2.622E+00 
17.2 13.8 28.18 -8.046E-06 8.510E-03 -2.622E+00 
40.8 2.2 27.26 -8.046E-06 8.510E-03 -2.622E+00 
36.4 (a) 26.59 -8.046E-06 8.510E-03 -2.622E+00 
34.8 (a) 26.13 -8.046E-06 8.510E-03 -2.622E+00 
33.5 (a) 25.76 -8.046E-06 8.510E-03 -2.622E+00 
31.7 (a) 25.28 -8.046E-06 8.510E-03 -2.622E+00 
27.1 (a) 24 -8.046E-06 8.510E-03 -2.622E+00 
20 (a) 22.03 -8.046E-06 8.510E-03 -2.622E+00 

26.2 22.1 19.59 -8.046E-06 8.510E-03 -2.622E+00 
25.5 7.2 16.5 -8.046E-06 8.510E-03 -2.622E+00 
33.7 15.3 13.16 -8.046E-06 8.510E-03 -2.622E+00 
15.9 (a) 11.03 -8.046E-06 8.510E-03 -2.622E+00 
10.8 (a) 10.25 -8.046E-06 8.510E-03 -2.622E+00 
9.4 6.8 10.04 -2.682E-06 2.837E-03 -8.740E-01 
11 45 10.27 2.682E-06 -2.837E-03 8.740E-01 

15.6 61.7 10.94 8.046E-06 -8.510E-03 2.622E+00 
20.1 44.6 11.62 8.046E-06 -8.510E-03 2.622E+00 
23.1 47 12.06 8.046E-06 -8.510E-03 2.622E+00 
27 43 12.63 8.046E-06 -8.510E-03 2.622E+00 

31.6 43.2 13.3 8.046E-06 -8.510E-03 2.622E+00 
36.1 33 13.98 8.046E-06 -8.510E-03 2.622E+00 
38.7 21 14.38 8.046E-06 -8.510E-03 2.622E+00 
41.9 36.1 14.84 8.046E-06 -8.510E-03 2.622E+00 
47.2 48.6 15.6 8.046E-06 -8.510E-03 2.622E+00 
55.4 69.9 16.8 8.046E-06 -8.510E-03 2.622E+00 
65.4 71.9 18.28 8.046E-06 -8.510E-03 2.622E+00 
72.7 55 19.38 8.046E-06 -8.510E-03 2.622E+00 
76.7 33.4 19.99 8.046E-06 -8.510E-03 2.622E+00 
41.3 1.5 19.89 8.046E-06 -8.510E-03 2.622E+00 
39.1 49.6 19.92 8.046E-06 -8.510E-03 2.622E+00 
44 79.4 20.89 8.046E-06 -8.510E-03 2.622E+00 

50.2 58 22.17 8.046E-06 -8.510E-03 2.622E+00 
53.4 43.9 22.85 8.046E-06 -8.510E-03 2.622E+00 
56.3 52.2 23.42 8.046E-06 -8.510E-03 2.622E+00 
60.4 67.4 24.25 8.046E-06 -8.510E-03 2.622E+00 
64.7 61.3 25.14 8.046E-06 -8.510E-03 2.622E+00 
68 51.4 25.82 8.046E-06 -8.510E-03 2.622E+00 

70.9 50.6 26.43 8.046E-06 -8.510E-03 2.622E+00 
41 6.3 26.52 8.046E-06 -8.510E-03 2.622E+00 

36.5 46.3 26.57 8.046E-06 -8.510E-03 2.622E+00 
38 57.7 26.99 8.046E-06 -8.510E-03 2.622E+00 

39.9 59.5 27.49 8.046E-06 -8.510E-03 2.622E+00 
41.9 65.2 28.07 8.046E-06 -8.510E-03 2.622E+00 
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5457 44.4 77.2 28.74 8.046E-06 -8.510E-03 2.622E+00 
5458 46.9 69.5 29.45 8.046E-06 -8.510E-03 2.622E+00 
5459 48.7 48.9 29.97 8.046E-06 -8.510E-03 2.622E+00 
5460 49.9 38.1 30.32 8.046E-06 -8.510E-03 2.622E+00 
5461 50.3 19.6 30.43 8.046E-06 -8.510E-03 2.622E+00 
5462 49.5 (a) 30.26 8.046E-06 -8.510E-03 2.622E+00 
5463 48.2 (a) 29.88 2.682E-06 -2.837E-03 8.740E-01 
5464 46.6 (a) 29.44 -2.682E-06 2.837E-03 -8.740E-01 
5465 45.3 (a) 29.06 -8.046E-06 8.510E-03 -2.622E+00 
5466 43.5 (a) 28.59 -8.046E-06 8.510E-03 -2.622E+00 
5467 40.3 (a) 27.7 -8.046E-06 8.510E-03 -2.622E+00 
5468 35.8 (a) 26.44 -8.046E-06 8.510E-03 -2.622E+00 
5469 32.1 (a) 25.39 -8.046E-06 8.510E-03 -2.622E+00 
5470 28.4 (a) 24.37 -8.046E-06 8.510E-03 -2.622E+00 
5471 22.8 (a) 22.82 -8.046E-06 8.510E-03 -2.622E+00 
5472 14.5 6.3 20.09 -8.046E-06 8.510E-03 -2.622E+00 
5473 22.7 (a) 16.17 -8.046E-06 8.510E-03 -2.622E+00 
5474 27.5 8.8 12.18 -8.046E-06 8.510E-03 -2.622E+00 
5475 6.4 3.7 9.5 -8.046E-06 8.510E-03 -2.622E+00 
5476 20.7 (a) 8.26 -8.046E-06 8.510E-03 -2.622E+00 
5477 13.7 (a) 7.79 -8.046E-06 8.510E-03 -2.622E+00 
5478 9.9 (a) 7.38 -8.046E-06 8.510E-03 -2.622E+00 
5479 0 0 6.77 -8.046E-06 8.510E-03 -2.622E+00 
5480 0 0 6.1 -8.046E-06 8.510E-03 -2.622E+00 
5481 0 0 5.44 -8.046E-06 8.510E-03 -2.622E+00 
5482 0 0 5.21 -8.046E-06 8.510E-03 -2.622E+00 
5483 0.7 5.9 5.25 -8.046E-06 8.510E-03 -2.622E+00 
5484 36.3 46.1 5.77 -8.046E-06 8.510E-03 -2.622E+00 
5485 34.1 (a) 5.3 -8.046E-06 8.510E-03 -2.622E+00 
5486 26.5 (a) 4.86 -8.046E-06 8.510E-03 -2.622E+00 
5487 20.6 2.3 4.52 -8.046E-06 8.510E-03 -2.622E+00 
5488 16 (a) 4.26 -8.046E-06 8.510E-03 -2.622E+00 
5489 10.2 (a) 3.93 -8.046E-06 8.510E-03 -2.622E+00 
5490 0 0 3.43 -8.046E-06 8.510E-03 -2.622E+00 
5491 0 0 2.99 -8.046E-06 8.510E-03 -2.622E+00 
5492 0 0 3.03 -8.046E-06 8.510E-03 -2.622E+00 
5493 0 0 2.99 -8.046E-06 8.510E-03 -2.622E+00 
5494 0 0 2.61 -8.046E-06 8.510E-03 -2.622E+00 
5495 0 0 2.22 -8.046E-06 8.510E-03 -2.622E+00 
5496 0 0 1.85 -8.046E-06 8.510E-03 -2.622E+00 
5497 0 0 1.69 -8.046E-06 8.510E-03 -2.622E+00 
5498 0 0 1.59 -8.046E-06 8.510E-03 -2.622E+00 
5499 0 0 1.57 -8.046E-06 8.510E-03 -2.622E+00 
5500 0 0 1.59 -8.046E-06 8.510E-03 -2.622E+00 
5501 0 0 1.45 -8.046E-06 8.510E-03 -2.622E+00 
5502 0 0 1.09 -8.046E-06 8.510E-03 -2.622E+00 
5503 0 0 0.62 -8.046E-06 8.510E-03 -2.622E+00 
5504 0 0 0.27 -8.046E-06 8.510E-03 -2.622E+00 
5505 0 0 0 -8.046E-06 8.510E-03 -2.622E+00 

aClosed throttle motoring. 

Appendix C to of Part 1036 — Default Engine Fuel Maps for § 1036.540 
GEM contains the This appendix includes default steady-state fuel maps in this appendix for 
performing cycle-average engine fuel mapping as described in §§ 1036.535 and 
1036.5405053(b)(2). Note that manufacturers have the option to replace these default values in 
GEM if they generate a steady-state fuel map as described in § 1036.535(b). 
(a) Use the following default fuel map for compression-ignition engines that will be installed in 
Tractors and Vocational Heavy HDV: 

TABLE 1 OF APPENDIX C—DEFAULT FUEL MAP FOR COMPRESSION-IGNITION ENGINES INSTALLED 

IN TRACTORS AND VOCATIONAL HEAVY HDV 
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Engine 
Speed 
(r/min) 

Engine 
Torque 
(N∙m) 

Fuel Mass 
Rate 

(g/sec) 
666.7 0 0.436 
833.3 0 0.665 
1000.0 0 0.94 
1166.7 0 1.002 

1333.3 0 1.17 
1500.0 0 1.5 
1666.7 0 1.899 
1833.3 0 2.378 
2000.0 0 2.93 
2166.7 0 3.516 
2333.3 0 4.093 

2500.0 0 4.672 
500.0 300 0.974 
666.7 300 1.405 
833.3 300 1.873 
1000.0 300 2.324 
1166.7 300 2.598 
1333.3 300 2.904 



 

  
  
  

  
  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

  
  

  
  

  
  
  

  
 
  

  
  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

  
  

  
  

  
  
  

  
  
  

  
  
  

  

  

1500.0 300 3.397 
1666.7 300 3.994 
1833.3 300 4.643 
2000.0 300 5.372 
2166.7 300 6.141 
2333.3 300 7.553 
2500.0 300 8.449 
500.0 600 1.723 
666.7 600 2.391 
833.3 600 3.121 
1000.0 600 3.756 
1166.7 600 4.197 
1333.3 600 4.776 
1500.0 600 5.492 
1666.7 600 6.277 
1833.3 600 7.129 
2000.0 600 8.069 
2166.7 600 9.745 
2333.3 600 11.213 
2500.0 600 12.59 
500.0 900 2.637 
666.7 900 3.444 
833.3 900 4.243 
1000.0 900 4.997 
1166.7 900 5.802 
1333.3 900 6.702 
1500.0 900 7.676 
1666.7 900 8.7 
1833.3 900 9.821 
2000.0 900 11.08 
2166.7 900 13.051 
2333.3 900 15.002 
2500.0 900 16.862 
500.0 1200 3.833 
666.7 1200 4.679 
833.3 1200 5.535 
1000.0 1200 6.519 
1166.7 1200 7.603 
1333.3 1200 8.735 
1500.0 1200 9.948 
1666.7 1200 11.226 
1833.3 1200 12.622 

2000.0 1200 14.228 
2166.7 1200 16.488 
2333.3 1200 18.921 
2500.0 1200 21.263 
500.0 1500 6.299 
666.7 1500 6.768 
833.3 1500 6.95 
1000.0 1500 8.096 
1166.7 1500 9.399 
1333.3 1500 10.764 
1500.0 1500 12.238 
1666.7 1500 13.827 
1833.3 1500 15.586 
2000.0 1500 17.589 
2166.7 1500 20.493 
2333.3 1500 23.366 
2500.0 1500 26.055 
500.0 1800 9.413 
666.7 1800 9.551 
833.3 1800 8.926 
1000.0 1800 9.745 
1166.7 1800 11.26 
1333.3 1800 12.819 
1500.0 1800 14.547 
1666.7 1800 16.485 
1833.3 1800 18.697 
2000.0 1800 21.535 
2166.7 1800 24.981 
2333.3 1800 28.404 
2500.0 1800 31.768 
500.0 2100 13.128 
666.7 2100 12.936 
833.3 2100 12.325 
1000.0 2100 11.421 
1166.7 2100 13.174 
1333.3 2100 14.969 
1500.0 2100 16.971 
1666.7 2100 19.274 
1833.3 2100 22.09 
2000.0 2100 25.654 
2166.7 2100 29.399 
2333.3 2100 32.958 

2500.0 2100 36.543 
500.0 2400 17.446 
666.7 2400 16.922 
833.3 2400 15.981 
1000.0 2400 14.622 
1166.7 2400 15.079 
1333.3 2400 17.165 
1500.0 2400 19.583 
1666.7 2400 22.408 
1833.3 2400 25.635 
2000.0 2400 29.22 
2166.7 2400 33.168 
2333.3 2400 37.233 
2500.0 2400 41.075 
500.0 2700 22.365 
666.7 2700 21.511 
833.3 2700 20.225 
1000.0 2700 17.549 
1166.7 2700 17.131 
1333.3 2700 19.588 
1500.0 2700 22.514 
1666.7 2700 25.574 
1833.3 2700 28.909 
2000.0 2700 32.407 
2166.7 2700 36.18 
2333.3 2700 40.454 
2500.0 2700 44.968 
500.0 3000 27.476 
666.7 3000 22.613 
833.3 3000 19.804 
1000.0 3000 17.266 
1166.7 3000 19.197 
1333.3 3000 22.109 
1500.0 3000 25.288 
1666.7 3000 28.44 
1833.3 3000 31.801 
2000.0 3000 35.405 
2166.7 3000 39.152 
2333.3 3000 42.912 
2500.0 3000 47.512 
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(b) Use the following default fuel map for compression-ignition engines that will be installed in 
Vocational Light HDV and Vocational Medium HDV: 

TABLE 2 OF APPENDIX C—DEFAULT FUEL MAP FOR COMPRESSION-IGNITION ENGINES INSTALLED 

IN VOCATIONAL LIGHT HDV AND VOCATIONAL MEDIUM HDV 
Engine 
Speed 
(r/min) 

Engine 
Torque 
(N∙m) 

Fuel Mass 
Rate 

(g/sec) 
708.3 0 0.255 
916.7 0 0.263 
1125.0 0 0.342 
1333.3 0 0.713 
1541.7 0 0.885 
1750.0 0 1.068 
1958.3 0 1.27 
2166.7 0 1.593 
2375.0 0 1.822 
2583.3 0 2.695 
2791.7 0 4.016 
3000.0 0 5.324 
500.0 120 0.515 
708.3 120 0.722 
916.7 120 0.837 
1125.0 120 1.097 
1333.3 120 1.438 
1541.7 120 1.676 
1750.0 120 1.993 
1958.3 120 2.35 
2166.7 120 2.769 
2375.0 120 3.306 
2583.3 120 4.004 
2791.7 120 4.78 
3000.0 120 5.567 
500.0 240 0.862 
708.3 240 1.158 
916.7 240 1.462 
1125.0 240 1.85 
1333.3 240 2.246 
1541.7 240 2.603 
1750.0 240 3.086 
1958.3 240 3.516 
2166.7 240 4.093 
2375.0 240 4.726 
2583.3 240 5.372 
2791.7 240 6.064 
3000.0 240 6.745 
500.0 360 1.221 
708.3 360 1.651 
916.7 360 2.099 
1125.0 360 2.62 
1333.3 360 3.116 
1541.7 360 3.604 
1750.0 360 4.172 
1958.3 360 4.754 

2166.7 360 5.451 
2375.0 360 6.16 
2583.3 360 7.009 
2791.7 360 8.007 
3000.0 360 8.995 
500.0 480 1.676 
708.3 480 2.194 
916.7 480 2.76 
1125.0 480 3.408 
1333.3 480 4.031 
1541.7 480 4.649 
1750.0 480 5.309 
1958.3 480 6.052 
2166.7 480 6.849 
2375.0 480 7.681 
2583.3 480 8.783 
2791.7 480 10.073 
3000.0 480 11.36 
500.0 600 2.147 
708.3 600 2.787 
916.7 600 3.478 
1125.0 600 4.227 
1333.3 600 4.999 
1541.7 600 5.737 
1750.0 600 6.511 
1958.3 600 7.357 
2166.7 600 8.289 
2375.0 600 9.295 
2583.3 600 10.541 
2791.7 600 11.914 
3000.0 600 13.286 
500.0 720 2.744 
708.3 720 3.535 
916.7 720 4.356 
1125.0 720 5.102 
1333.3 720 5.968 
1541.7 720 6.826 
1750.0 720 7.733 
1958.3 720 8.703 
2166.7 720 9.792 
2375.0 720 10.984 
2583.3 720 12.311 
2791.7 720 13.697 
3000.0 720 15.071 
500.0 840 3.518 
708.3 840 4.338 
916.7 840 5.186 
1125.0 840 6.063 
1333.3 840 6.929 

1541.7 840 7.883 
1750.0 840 8.94 
1958.3 840 10.093 
2166.7 840 11.329 
2375.0 840 12.613 
2583.3 840 13.983 
2791.7 840 15.419 
3000.0 840 16.853 
500.0 960 4.251 
708.3 960 5.098 
916.7 960 5.974 
1125.0 960 6.917 
1333.3 960 7.889 
1541.7 960 8.913 
1750.0 960 10.152 
1958.3 960 11.482 
2166.7 960 12.87 
2375.0 960 14.195 
2583.3 960 15.562 
2791.7 960 16.995 
3000.0 960 18.492 
500.0 1080 4.978 
708.3 1080 5.928 
916.7 1080 6.877 
1125.0 1080 7.827 
1333.3 1080 8.838 
1541.7 1080 9.91 
1750.0 1080 11.347 
1958.3 1080 12.85 
2166.7 1080 14.398 
2375.0 1080 15.745 
2583.3 1080 17.051 
2791.7 1080 18.477 
3000.0 1080 19.971 
500.0 1200 5.888 
708.3 1200 6.837 
916.7 1200 7.787 
1125.0 1200 8.736 
1333.3 1200 9.786 
1541.7 1200 10.908 
1750.0 1200 12.541 
1958.3 1200 14.217 
2166.7 1200 15.925 
2375.0 1200 17.3 
2583.3 1200 18.606 
2791.7 1200 19.912 
3000.0 1200 21.357 
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(c) Use the following default fuel map for all spark-ignition engines: 

TABLE 3 OF APPENDIX C—DEFAULT FUEL MAP FOR SPARK-IGNITION ENGINES 
Engine 
Speed 
(r/min) 

Engine 
Torque 
(N∙m) 

Fuel Mass 
Rate 

(g/sec) 
875 0 0.535 
1250 0 0.734 
1625 0 0.975 
2000 0 1.238 
2375 0 1.506 
2750 0 1.772 
3125 0 2.070 
3500 0 2.394 
3875 0 2.795 
4250 0 3.312 
4625 0 3.349 
5000 0 3.761 
500 65 0.458 
875 65 0.759 
1250 65 1.065 
1625 65 1.430 
2000 65 1.812 
2375 65 2.220 
2750 65 2.650 
3125 65 3.114 
3500 65 3.646 
3875 65 4.225 
4250 65 4.861 
4625 65 5.328 
5000 65 6.028 
500 130 0.666 
875 130 1.063 
1250 130 1.497 
1625 130 1.976 
2000 130 2.469 
2375 130 3.015 
2750 130 3.590 
3125 130 4.218 
3500 130 4.900 
3875 130 5.652 
4250 130 6.484 
4625 130 7.308 
5000 130 8.294 
500 195 0.856 
875 195 1.377 
1250 195 1.923 
1625 195 2.496 
2000 195 3.111 
2375 195 3.759 
2750 195 4.490 
3125 195 5.269 

3500 195 6.130 
3875 195 7.124 
4250 195 8.189 
4625 195 9.288 
5000 195 10.561 
500 260 1.079 
875 260 1.716 
1250 260 2.373 
1625 260 3.083 
2000 260 3.832 
2375 260 4.599 
2750 260 5.443 
3125 260 6.391 
3500 260 7.444 
3875 260 8.564 
4250 260 9.821 
4625 260 11.268 
5000 260 12.828 
500 325 1.354 
875 325 2.060 
1250 325 2.844 
1625 325 3.696 
2000 325 4.579 
2375 325 5.466 
2750 325 6.434 
3125 325 7.542 
3500 325 8.685 
3875 325 9.768 
4250 325 11.011 
4625 325 13.249 
5000 325 15.095 
500 390 1.609 
875 390 2.440 
1250 390 3.317 
1625 390 4.310 
2000 390 5.342 
2375 390 6.362 
2750 390 7.489 
3125 390 8.716 
3500 390 9.865 
3875 390 10.957 
4250 390 12.405 
4625 390 15.229 
5000 390 17.363 
500 455 2.245 
875 455 2.969 
1250 455 3.867 
1625 455 4.992 
2000 455 6.215 

2375 455 7.415 
2750 455 8.760 
3125 455 10.175 
3500 455 11.530 
3875 455 12.889 
4250 455 14.686 
4625 455 17.243 
5000 455 19.633 
500 520 3.497 
875 520 4.444 
1250 520 5.084 
1625 520 5.764 
2000 520 7.205 
2375 520 8.597 
2750 520 10.135 
3125 520 11.708 
3500 520 12.962 
3875 520 14.225 
4250 520 15.647 
4625 520 17.579 
5000 520 20.031 
500 585 5.179 
875 585 5.962 
1250 585 5.800 
1625 585 6.341 
2000 585 7.906 
2375 585 9.452 
2750 585 10.979 
3125 585 13.019 
3500 585 13.966 
3875 585 15.661 
4250 585 16.738 
4625 585 17.935 
5000 585 19.272 
500 650 6.834 
875 650 7.316 
1250 650 5.632 
1625 650 6.856 
2000 650 8.471 
2375 650 10.068 
2750 650 11.671 
3125 650 14.655 
3500 650 14.804 
3875 650 16.539 
4250 650 18.415 
4625 650 19.152 
5000 650 20.330 
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PART 1037— CONTROL OF EMISSIONS FROM NEW HEAVY-DUTY MOTOR 
VEHICLES 

93. The authority citation for part 1037 continues to read as follows: 
Authority: 42 U.S.C. 7401 - 7671q. 

94. Amend § 1037.1 by revising paragraph (a) to read as follows: 

§ 1037.1 Applicability. 
(a) The regulations in this part 1037 apply for all new heavy-duty vehicles, except as provided in 
§§ 1037.5 and 1037.104. This includes electric vehicles, fuel cell vehicles, and vehicles fueled 
by conventional and alternative fuels. This also includes certain trailers as described in 
§§ 1037.5, 1037.150, and 1037.801. 
* * * * * 

95. Amend § 1037.5 by revising paragraph (e) to read as follows: 

§ 1037.5 Excluded vehicles. 
* * * * * 
(e) Vehicles subject to the heavy-duty emission standards of 40 CFR part 86. See 40 CFR 
86.1816 and 86.1819 for emission standards that apply for these vehicles. This exclusion 
generally applies for complete heavy-duty vehicles at or below 14,000 pounds GVWR and all 
vehicles at or below 14,000 pounds GVWR that have no installed propulsion engine, such as 
electric vehicles. 
* * * * * 

96. Amend § 1037.10 by revising paragraph (c) to read as follows: 

§ 1037.10 How is this part organized? 
* * * * * 
(c) Subpart C of this part describes how to apply for a certificate of conformity. 
* * * * * 

97. Revise § 1037.101 to read as follows: 

§ 1037.101 Overview of emission standards. 
This part specifies emission standards for certain vehicles and for certain pollutants.  This part 
contains standards and other regulations applicable to the emission of the air pollutant defined as 
the aggregate group of six greenhouse gases: carbon dioxide, nitrous oxide, methane, 
hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride. 
(a) You must show that vehicles meet the following emission standards: 

(1) Exhaust emissions of criteria pollutants. Criteria pollutant standards for NOX, HC, PM, 
and CO apply as described in § 1037.102. These pollutants are sometimes described 
collectively as “criteria pollutants” because they are either criteria pollutants under the Clean 
Air Act or precursors to the criteria pollutants ozone and PM. 
(2) Exhaust emissions of greenhouse gases. These pollutants are described collectively in 
this part as “greenhouse gas pollutants” because they are regulated primarily based on their 
impact on the climate. Emission standards apply as follows for greenhouse gas (GHG) 
emissions: 

(i) CO2, CH4, and N2O emission standards apply as described in §§ 1037.105 through 
1037.107. 
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(ii) Hydrofluorocarbon standards apply as described in § 1037.115(e). These pollutants 
are also “greenhouse gas pollutants” but are treated separately from exhaust greenhouse 
gas pollutants listed in paragraph (b)(2)(i) of this section. 

(3) Fuel evaporative and refueling emissions. Requirements related to fuel evaporative and 
refueling emissions are described in § 1037.103. 

(b) The regulated heavy-duty vehicles are addressed in different groups as follows: 
(1) For criteria pollutants, vocational vehicles and tractors are regulated based on gross 
vehicle weight rating (GVWR), whether they are considered “spark-ignition” or 
“compression-ignition,” and whether they are first sold as complete or incomplete vehicles. 
(2) For greenhouse gas pollutants, vehicles are regulated in the following groups: 

(i) Tractors above 26,000 pounds GVWR. 
(ii) Trailers. 
(iii) Vocational vehicles. 

(3) The greenhouse gas emission standards apply differently depending on the vehicle service 
class as described in § 1037.140. In addition, standards apply differently for vehicles with 
spark-ignition and compression-ignition engines.  References in this part 1037 to “spark-
ignition” or “compression-ignition” generally relate to the application of standards under 40 
CFR 1036.140. For example, a vehicle with an engine certified to spark-ignition standards 
under 40 CFR part 1036 is generally subject to requirements under this part 1037 that apply 
for spark-ignition vehicles. However, note that emission standards for Heavy HDE are 
considered to be compression-ignition standards for purposes of applying vehicle emission 
standards under this part. Also, for spark-ignition engines voluntarily certified as 
compression-ignition engines under 40 CFR part 1036, you must choose at certification 
whether your vehicles are subject to spark-ignition standards or compression-ignition 
standards. Heavy-duty vehicles with no installed propulsion engine, such as electric 
vehicles, are subject to compression-ignition emission standards for the purpose of 
calculating emission credits. 
(4) For evaporative and refueling emissions, vehicles are regulated based on the type of fuel 
they use. Vehicles fueled with volatile liquid fuels or gaseous fuels are subject to 
evaporative and refueling emission standards. 

98. Revise § 1037.102 to read as follows: 

§ 1037.102 Exhaust emission standards for NOx, HC, PM, and CO. 
(a) Engines installed in heavy-duty vehicles are subject to criteria pollutant standards for NOx, 
HC, PM, and CO under 40 CFR part 86 through model year 2026 and 40 CFR part 1036 for 
model years 2027 and later. 
(b) Heavy-duty vehicles with no installed propulsion engine, such as electric vehicles, are subject 
to criteria pollutant standards under this part. The emission standards that apply are the same as 
the standards that apply for compression-ignition engines under 40 CFR 86.007-11 and 1036.104 
for a given model year. Additional requirements apply to vehicles with no installed propulsion 
engine as specified in this part. 

(1) You may state in the application for certification that vehicles with no installed 
propulsion engine comply with all the requirements of this part related to criteria emission 
standards instead of submitting test data. Tailpipe emissions of criteria pollutants from 
vehicles with no installed propulsion engine are deemed to be zero.Where this part references 
standards or other requirements in 40 CFR part 86 or 1036 that apply differently based on 
primary intended service class, apply the Light HDE provisions to Light HDV, apply the 
Medium HDE provisions to Medium HDV, and apply the Heavy HDE provisions to Heavy 
HDV. 
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(2) Vehicles with no installed propulsion engines may not generate NOx credits. Criteria
pollutant emission standards and related requirements apply for the useful life specified in 40 
CFR 86.001-2 through model year 2026 and as specified in 40 CFR 1036.104 for model year 
2027 and later. You may alternatively select the useful life values identified in § 1037.105(e) if 
you do not generate NOx credits under § 1037.616. 
(3) The following requirements apply for vehicles generating NOx credits under § 1037.616: 

(i) Electric vehicles. Measure initial useable battery energy for electric vehicles using the test 
procedure in § 1037.552. Useable battery energy must remain at or above 70 percent 
throughout the useful life. 
(ii) Fuel cell vehicles. Measure initial fuel cell voltage for fuel cell vehicles using the test 
procedure in § 1037.554. Fuel cell voltage must remain at or above 80 percent throughout the 
useful life. 

99. Amend § 1037.103 by: 

a. Revising paragraph (b)(1). 
b. Removing paragraph (b)(6). 
c. Revising paragraphs (f) and (g)(1) and (2). 
The revisions read as follows: 

§ 1037.103 Evaporative and refueling emission standards. 
* * * * * 
(b) * * * 

(1) The refueling standards in 40 CFR 86.1813-17(b) and the related provisions in 40 CFR 
part 86, subpart S, apply to complete vehicles starting in model year 2022.; Those standards 
and related provisions apply they are optional for incomplete vehicles starting in model year 
2027, or as described in the alternate phase-in schedule described in 40 CFR 86.1813-17(b). 
If you do not certify all your incomplete heavy-duty vehicles above 14,000 pounds GVWR to 
the refueling standards in model year 2027, you must use the alternate phase-in schedule 
described in 40 CFR 86.1813-17(b). 

* * * * * 
(f) Useful life. The evaporative and refueling emission standards of this section apply for the full 
useful life, expressed in service miles or calendar years, whichever comes first. The useful life 
values for the standards of this section are the same as the values described for evaporative 
emission standards in 40 CFR 86.1805. 
(g) * * * 

(1) Auxiliary engines and associated fuel-system components must be installed when testing 
fully assembled vehicles. If the auxiliary engine draws fuel from a separate fuel tank, you 
must fill the extra fuel tank before the start of diurnal testing as described for the vehicle’s 
main fuel tank. Use good engineering judgment to ensure that any nonmetal portions of the 
fuel system related to the auxiliary engine have reached stabilized levels of permeation 
emissions. The auxiliary engine must not operate during the running loss test or any other 
portion of testing under this section. 
(2) For testing with partially assembled vehicles, you may omit installation of auxiliary 
engines and associated fuel-system components as long as those components installed in the 
final configuration are certified to meet the applicable emission standards for Small SI 
equipment described in 40 CFR 1054.112 or for Large SI engines in 40 CFR 1048.105.  For 
any fuel-system components that you do not install, your installation instructions must 
describe this certification requirement. 
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100. Amend § 1037.105 by revising paragraphs (b)(1), (g)(2), footnote a in Table 5 in 
paragraph and (h)(1), and paragraphs (h)(5) through (7) to read as follows: 

§ 1037.105 CO2 emission standards for vocational vehicles. 
* * * * * 
(g) * * * 

(2) Class 8 hybrid vehicles with Light HDE or Medium HDE may be certified to 
compression-ignition standards for the Heavy HDV service class.  You may generate and use 
credits as allowed for the Heavy HDV service class. 
* * * * * 

(h) * * * 
(1) * * * 

TABLE 5 OF § 1037.105—PHASE 2 CUSTOM CHASSIS STANDARDS (g/ton-mile) 

Vehicle typea Assigned vehicle 
service class 

MY 2021-2026 MY 2027+ 

* * * * * * * 
aVehicle types are generally defined in § 1037.801. “Other bus” includes 
any bus that is not a school bus or a coach bus. A “mixed-use vehicle” is 
one that meets at least one of the criteria specified in § 1037.631(a)(1) or 
(2). 

* * * * * 
(5) Emergency vehicles are deemed to comply with the standards of this paragraph (h) if they 
use tires with TRRL at or below 8.4 N/kN (8.7 N/kN for model years 2021 through 2026). 
(6) Concrete mixers and mixed-use vehicles are deemed to comply with the standards of this 
paragraph (h) if they use tires with TRRL at or below 7.1 N/kN (7.6 N/kN for model years 
2021 through 2026). 
(7) Motor homes are deemed to comply with the standards of this paragraph (h) if they have 
tires with TRRL at or below 6.0 N/kN (6.7 N/kN for model years 2021 through 2026) and 
automatic tire inflation systems or tire pressure monitoring systems with wheels on all axles. 
* * * * * 

101. Amend § 1037.106 by revising paragraphs (b) and (f)(1) to read as follows: 

§ 1037.106 Exhaust emission standards for tractors above 26,000 pounds GVWR. 
* * * * * 
(f) * * * 
(1) You may optionally certify 4×2 tractors with Heavy HDE to the standards and useful life for 
Class 8 tractors, with no restriction on generating or using emission credits within the Class 8 
averaging set. 
* * * * * 

102. Amend § 1037.115 by revising paragraphs (a) and (e)(3) to read as follows: 

§ 1037.115 Other requirements. 
* * * * * 
(a) Adjustable parameters. Vehicles that have adjustable parameters must meet all the 
requirements of this part for any adjustment in the physically practically adjustable range. We 
may require that you set adjustable parameters to any specification within the practically 
adjustable range during any testing.  See 40 CFR 1068.50 for general provisions related to 
adjustable parameters. You must ensure safe vehicle operation throughout the practically 
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physically adjustable range of each adjustable parameter, including consideration of production 
tolerances.  Note that adjustable roof fairings and trailer rear fairings are deemed not to be 
adjustable parameters. 
* * * * * 
(e) * * * 

(3) If air conditioning systems are designed such that a compliance demonstration under 40 
CFR 86.1867-12(a) is impossible or impractical, you may ask to use alternative means to 
demonstrate that your air conditioning system achieves an equivalent level of control.   

103. Amend § 1037.120 by revising paragraphs (b) and (c) to read as follows: 

§ 1037.120 Emission-related warranty requirements. 
* * * * * 
(c) Components covered. The emission-related warranty covers tires, automatic tire inflation 
systems, tire pressure monitoring systems, vehicle speed limiters, idle-reduction systems, hybrid 
system components, and devices added to the vehicle to improve aerodynamic performance (not 
including standard components such as hoods or mirrors even if they have been optimized for 
aerodynamics), to the extent such emission-related components are included in your application 
for certification. The emission-related warranty also covers other added emission-related 
components to the extent they are included in your application for certification.  The emission-
related warranty covers components designed to meet requirements under § 1037.102(b)(3). The 
emission-related warranty covers all components whose failure would increase a vehicle’s 
emissions of air conditioning refrigerants (for vehicles subject to air conditioning leakage 
standards), and it covers all components whose failure would increase a vehicle’s evaporative 
and refueling emissions (for vehicles subject to evaporative and refueling emission standards).  
The emission-related warranty covers these components that are part of your certified 
configuration even if another company produces the component. Your emission-related 
warranty does not need to cover components whose failure would not increase a vehicle’s 
emissions of any regulated pollutant. 
* * * * * 

104. Amend § 1037.125 by revising paragraphs (a) and (d) to read as follows: 

§ 1037.125 Maintenance instructions and allowable maintenance. 
* * * * * 
(a) Critical emission-related maintenance. Critical emission-related maintenance includes any 
adjustment, cleaning, repair, or replacement of critical emission-related components.  Critical 
emission-related maintenance This may also include additional emission-related maintenance 
that you determine is critical if we approve it in advance.  You may schedule critical emission-
related maintenance on these components if you demonstrate that the maintenance is reasonably 
likely to be done at the recommended intervals on in-use vehicles.  We will accept scheduled 
maintenance as reasonably likely to occur if you satisfy any of the following conditions: 
* * * * * 
(d) Noncritical emission-related maintenance. Subject to the provisions of this paragraph (d), 
you may schedule any amount of emission-related inspection or maintenance that is not covered 
by paragraph (a) of this section (that is, maintenance that is neither explicitly identified as critical 
emission-related maintenance, nor that we approve as critical emission-related maintenance).  
Noncritical emission-related maintenance generally includes maintenance on the components we 
specify in 40 CFR part 1068, appendix A, that is not covered in paragraph (a) of this section.  
You must state in the owners manual that these steps are not necessary to keep the emission-
related warranty valid. If operators fail to do this maintenance, this does not allow you to 
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disqualify those vehicles from in-use testing or deny a warranty claim.  Do not take these 
inspection or maintenance steps during service accumulation on your emission-data vehicles. 
* * * * * 

105. Amend § 1037.130 by revising paragraph (b)(3) to read as follows: 

§ 1037.130 Assembly instructions for secondary vehicle manufacturers.  
* * * * * 
(b) * * * 

(3) Describe the necessary steps for installing emission-related diagnostic systems. 
* * * * * 

106. Amend § 1037.135 by revising paragraph (c)(6) to read as follows: 

§ 1037.135 Labeling. 
* * * * * 
(c) * * * 

(6) Identify the emission control system.  Use terms and abbreviations as described in 
appendix C to this part or other applicable conventions. Phase 2 tractors and Phase 2 
vocational vehicles may omit this information. 

* * * * * 

107. Amend § 1037.140 by revising paragraph (g) to read as follows: 

§ 1037.140 Classifying vehicles and determining vehicle parameters. 
* * * * * 
(g) The standards and other provisions of this part apply to specific vehicle service classes for 
tractors and vocational vehicles as follows: 

(1) Phase 1 and Phase 2 tractors are divided based on GVWR into Class 7 tractors and Class 
8 tractors. Where provisions of this part apply to both tractors and vocational vehicles, Class 
7 tractors are considered “Medium HDV” and Class 8 tractors are considered “Heavy HDV”.  
This paragraph (g)(1) applies for hybrid and non-hybrid vehicles. 
(2) Phase 1 vocational vehicles are divided based on GVWR. “Light HDV” includes Class 2b 
through Class 5 vehicles; “Medium HDV” includes Class 6 and Class 7 vehicles; and “Heavy 
HDV” includes Class 8 vehicles. 
(3) Phase 2 vocational vehicles propelled by engines subject to the spark-ignition standards 
of 40 CFR part 1036 are divided as follows: 

(i) Class 2b through Class 5 vehicles are considered “Light HDV”. 
(ii) Class 6 through Class 8 vehicles are considered “Medium HDV”. 

(4) Phase 2 vocational vehicles propelled by engines subject to the compression-ignition 
standards in 40 CFR part 1036 are divided as follows: 

(i) Class 2b through Class 5 vehicles are considered “Light HDV”. 
(ii) Class 6 through 8 vehicles are considered “Heavy HDV” if the installed engine’s 
primary intended service class is Heavy HDE (see 40 CFR 1036.140), except that Class 8 
hybrid vehicles are considered “Heavy HDV” regardless of the engine’s primary intended 
service class. 
(iii) All other Class 6 through Class 8 vehicles are considered “Medium HDV”. 

(5) Heavy-duty vehicles with no installed propulsion engine, such as electric vehicles, are 
divided as follows: 

(i) Class 2b through Class 5 vehicles are considered “Light HDV”. 
(ii) Class 6 and 7 vehicles are considered “Medium HDV”. 
(iii) Class 8 vehicles are considered “Heavy HDV”. 
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(6) In certain circumstances, you may certify vehicles to standards that apply for a different 
vehicle service class. For example, see §§ 1037.105(g) and 1037.106(f). If you optionally 
certify vehicles to different standards, those vehicles are subject to all the regulatory 
requirements as if the standards were mandatory. 
* * * * * 

108. Amend § 1037.150 by revising paragraphs (f) and (y)(1) to read as follows: 

§ 1037.150 Interim provisions. 
* * * * * 
(f) Electric and hydrogen fuel cell vehicles. Tailpipe emissions of regulated GHG pollutants 
from electric vehicles and hydrogen fuel cell vehicles are deemed to be zero. No CO2-related 
emission testing is required for electric vehicles or hydrogen fuel cell vehicles. Use good 
engineering judgment to apply other requirements of this part to electric vehicles. 
* * * * * 
(y) * * * 

(1) For vocational Light HDV and vocational Medium HDV, emission credits you generate 
in model years 2018 through 2021 may be used through model year 2027, instead of being 
limited to a five-year credit life as specified in § 1037.740(c).  For Class 8 vocational 
vehicles with Medium HDE, we will approve your request to generate these credits in and 
use these credits for the Medium HDV averaging set if you show that these vehicles would 
qualify as Medium HDV under the Phase 2 program as described in § 1037.140(g)(4). 

* * * * * 

109. Amend § 1037.201 by revising paragraph (h) to read as follows: 

§ 1037.201 General requirements for obtaining a certificate of conformity. 
* * * * * 
(h) The certification and testing provisions of 40 CFR part 86, subpart S, apply instead of the 
provisions of this subpart relative to the evaporative and refueling emission standards specified 
in § 1037.103, except that § 1037.243 describes how to demonstrate compliance with 
evaporative and refueling emission standards. For vehicles that do not use an evaporative 
canister for controlling diurnal emissions, you may certify with respect to exhaust emissions and 
use the provisions of § 1037.622 to let a different company certify with respect to evaporative 
emissions. 
* * * * * 

110. Amend § 1037.205 by revising paragraphs (e), (p), and (q) to read as follows: 

§ 1037.205 What must I include in my application? 
* * * * * 
(e) Describe any test equipment and procedures that you used, including any special or alternate 
test procedures you used (see § 1037.501). Include information describing the procedures you 
used to determine CdA values as specified in §§ 1037.525 through 1037.527.  Describe which 
type of data you are using for engine fuel maps (see 40 CFR 1036.5053). If your trailer 
certification relies on approved data from device manufacturers, identify the device and device 
manufacturer. 
* * * * * 
(p) Where applicable, describe all adjustable operating parameters (see § 1037.115), including 
production tolerances. For any operating parameters that do not qualify as adjustable 
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parameters, include a description supporting your conclusion (see 40 CFR 1068.50(c)).  Include 
the following in your description of each adjustable parameter: 

(1) The nominal or recommended setting. 
(2) The intended practicallyphysically adjustable range. 
(3) The limits or stops used to establish adjustable ranges. 
(4) Information showing why the limits, stops, or other means of inhibiting adjustment are 
effective in preventing adjustment of parameters on in-use engines to settings outside your 
intended practicallyphysically adjustable ranges. 

(q) Include the following information for electric vehicles and fuel cell vehicles to show that they 
meet the standards of this part: 

(1) You may attest that vehicles comply with the standards of § 1037.102 instead of 
submitting test data. 
(2) For vehicles generating credits under § 1037.616, you may attest that the vehicle meets 
the durability requirements described in § 1037.102(b)(3) based on an engineering analysis 
of measured values and other information, consistent with good engineering judgment, 
instead of testing at the end of the useful life. Send us your test results for work produced 
over the FTP and initial useable battery energy or initial fuel cell voltage. Also send us your 
engineering analysis describing how you meet the durability requirements if we ask for it. 

* * * * * 

111.  Amend § 1037.225 by revising the introductory text and paragraph (g) to read as 
follows: 

§ 1037.225 Amending applications for certification. 
Before we issue you a certificate of conformity, you may amend your application to include new 
or modified vehicle configurations, subject to the provisions of this section. After we have issued 
your certificate of conformity, you may send us an amended application any time before the end 
of the model year requesting that we include new or modified vehicle configurations within the 
scope of the certificate, subject to the provisions of this section. You must amend your 
application if any changes occur with respect to any information that is included or should be 
included in your application. 
* * * * * 
(g) You may produce vehicles or modify in-use vehicles as described in your amended 
application for certification and consider those vehicles to be in a certified configuration.  
Modifying a new or in-use vehicle to be in a certified configuration does not violate the 
tampering prohibition of 40 CFR 1068.101(b)(1), as long as this does not involve changing to a 
certified configuration with a higher family emission limit. See § 1037.621(g) for special 
provisions that apply for changing to a different certified configuration in certain circumstances. 

112. Amend § 1037.230 by revising paragraph (c) to read as follows: 

§ 1037.230 Vehicle families, sub-families, and configurations. 
* * * * * 
(c) Group vehicles into configurations consistent with the definition of “vehicle configuration” in 
§ 1037.801. Note that vehicles with hardware or software differences that are related to 
measured or modeled emissions are considered to be different vehicle configurations even if they 
have the same modeling inputs and FEL. Note also, that you are not required to separately 
identify all configurations for certification.  Note that you are not required to identify all possible 
configurations for certification; also, you are required to include in your final ABT report only 
those configurations you produced. 
* * * * * 
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113. Amend § 1037.231 by revising paragraph (b)(1) to read as follows: 

§ 1037.231 Powertrain families. 
* * * * * 
(b) * * * 

(1) Engine family as specified in 40 CFR 1036.230. 
* * * * * 

114. Amend § 1037.243 by revising the section heading and paragraphs (a) and (b) to read 
as follows: 

§ 1037.243 Demonstrating compliance with evaporative and refueling emission standards. 
(a) For purposes of certification, your vehicle family is considered in compliance with the 
evaporative and refueling emission standards in subpart B of this part if you prepare an 
engineering analysis showing that your vehicles in the family will comply with applicable 
standards throughout the useful life, and there are no test results from an emission-data vehicle 
representing the family that exceed an emission standard. 
(b) Your evaporative refueling emission family is deemed not to comply if your engineering 
analysis is not adequate to show that all the vehicles in the family will comply with applicable 
emission standards throughout the useful life, or if a test result from an emission-data vehicle 
representing the family exceeds an emission standard. 
* * * * * 

115. Amend § 1037.250 by revising paragraph (a) to read as follows: 

§ 1037.250 Reporting and recordkeeping. 
(a) By September 30 following the end of the model year, send the Designated Compliance 
Officer a report including the total U.S.-directed production volume of vehicles you produced in 
each vehicle family during the model year (based on information available at the time of the 
report). Report by vehicle identification number and vehicle configuration and identify the 
subfamily identifier. Report uncertified vehicles sold to secondary vehicle manufacturers.  We 
may waive the reporting requirements of this paragraph (a) for small manufacturers.   
* * * * * 

116. Amend § 1037.320 by removing Table 1 to § 1037.320 and revising paragraph (b) to 
read as follows: 

§ 1037.320 Audit procedures for axles and transmissions. 
* * * * * 
(b) Run GEM with the define vehicles to determine whether the transmission or axle family 
passes the audit. 
for (1) For transmission audits, run GEM for each applicable vehicle configuration and GEM 
regulatory subcategory identified in 40 CFR 1036.540 and for each vehicle class as defined in 
§ 1037.140(g) using the applicable default engine map in appendix C of 40 CFR part 1036, the 
cycle-average fuel map in Table 1 of this section, the torque curve in Table 2 of this section for 
both the engine full-load torque curve and parent engine full-load torque curve, the motoring 
torque curve in Table 3 of this section, the idle fuel map in Table 4 of this section. For axle 
testing, this may require omitting several vehicle configurations based on selecting axle ratios 
that correspond to the tested axle. For transmission testing, use the test transmission’s gear ratios 
in place of the gear ratios defined in 40 CFR 1036.540.  The GEM “Default FEL CO2 

Emissions” result for each vehicle configuration counts as a separate test for determining 
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whether the family passes the audit. For vocational vehicles, use the GEM “Default FEL CO2 

Emissions” result for the Regional subcategory. Table 1 through Table 4 follow: 
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TABLE 1 TO PARAGRAPH (b)(1) OF § 1037.320—TRANSIENT CYCLE-AVERAGE FUEL MAP BY VEHICLE CLASS 

Light HDV and Medium HDV— 
Spark-Ignition 

Light HDV and Medium HDV— 
Compression-Ignition 

Heavy HDV 

Engine 
Cycle 
Work 

(kWꞏhr) 

N/V 
(r/min) 

Fuel 
Mass 
(g) 

Idle 
Speed 
(r/min) 

Idle 
Torque 
(Nꞏm) 

Engine 
Cycle 
Work 

(kWꞏhr) 

N/V 
(r/min) 

Fuel 
Mass 
(g) 

Idle 
Speed 
(r/min) 

Idle 
Torque 
(Nꞏm) 

Engine 
Cycle 
Work 

(kWꞏhr) 

N/V 
(r/min) 

Fuel 
Mass 
(g) 

Idle 
Speed 
(r/min) 

Idle 
Torque 
(Nꞏm) 

3.5404 2.8739 1109.31 600.5 37.997 3.3057 2.3317 919.01 750.3 36.347 11.4255 2.3972 2579.58 600.7 89.658 

3.6574 3.0198 1153.35 600.4 37.951 3.3822 2.5075 982.53 750.2 36.461 11.6112 2.2432 2591.08 601.2 90.428 

3.8119 3.0370 1188.66 600.2 37.956 3.4917 2.5320 998.64 750.2 36.608 12.5052 2.1620 2763.28 602.4 92.014 

4.0121 3.1983 1250.76 600.1 38.153 3.6087 2.6181 1036.34 750.2 36.734 17.7747 2.5195 3835.77 602.2 91.780 

5.5567 3.1325 1585.32 604.6 56.535 5.2397 2.5050 1354.33 753.0 51.992 18.4901 2.4155 3994.29 603.5 93.724 

5.6814 3.2956 1639.08 604.0 56.549 5.3153 2.7289 1417.20 751.9 51.488 20.1904 2.3800 4374.06 605.1 96.340 

5.8720 3.3255 1686.14 602.5 56.234 5.4112 2.6689 1416.75 751.3 51.280 

6.1774 3.4848 1773.39 601.7 56.038 5.5590 2.7231 1450.67 751.0 51.254 
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TABLE 2 TO PARAGRAPH (b)(1) OF § 1037.320—FULL-LOAD TORQUE CURVES BY VEHICLE CLASS 

Light HDV and Medium HDV— 
Spark-Ignition 

Light HDV and Medium HDV— 
Compression-Ignition 

Heavy HDV 

Engine Speed 
(r/min) 

Engine 
Torque (Nꞏm) 

Engine Speed 
(r/min) 

Engine Torque 
(Nꞏm) 

Engine Speed 
(r/min) 

Engine Torque 
(Nꞏm) 

600 433 750 470 600 1200 

700 436 907 579 750 1320 

800 445 1055 721 850 1490 

900 473 1208 850 950 1700 

1000 492 1358 876 1050 1950 

1100 515 1507 866 1100 2090 

1200 526 1660 870 1200 2100 

1300 541 1809 868 1250 2100 

1400 542 1954 869 1300 2093 

1500 542 2105 878 1400 2092 

1600 542 2258 850 1500 2085 

1700 547 2405 800 1520 2075 

1800 550 2556 734 1600 2010 

1900 551 2600 0 1700 1910 

2000 554 1800 1801 

2100 553 1900 1640 

2200 558 2000 1350 

2300 558 2100 910 

2400 566 2250 0 

2500 571 

2600 572 

2700 581 

2800 586 

2900 587 

3000 590 

3100 591 

3200 589 

3300 585 

3400 584 

3500 582 

3600 573 

3700 562 

3800 555 

3900 544 

4000 534 

4100 517 

4200 473 

4291 442 

4500 150 
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TABLE 3 TO PARAGRAPH (b)(1) OF § 1037.320—MOTORING TORQUE CURVES BY VEHICLE CLASS 

Light HDV and Medium 
HDV—Spark-Ignition 

Light HDV and Medium 
HDV—Compression-Ignition 

Heavy HDV 

Engine Speed 
(r/min) 

Engine 
Torque (Nꞏm) 

Engine Speed 
(r/min) 

Engine Torque 
(Nꞏm) 

Engine Speed 
(r/min) 

Engine Torque 
(Nꞏm) 

700 -41 750 -129 600 -98 

800 -42 907 -129 750 -121 

900 -43 1055 -130 850 -138 

1000 -45 1208 -132 950 -155 

1100 -48 1358 -135 1050 -174 

1200 -49 1507 -138 1100 -184 

1300 -50 1660 -143 1200 -204 

1411 -51 1809 -148 1250 -214 

1511 -52 1954 -155 1300 -225 

1611 -53 2105 -162 1400 -247 

1711 -56 2258 -170 1500 -270 

1811 -56 2405 -179 1520 -275 

1911 -57 2556 -189 1600 -294 

2011 -57 1700 -319 

2111 -58 1800 -345 

2211 -60 1900 -372 

2311 -65 2000 -400 

2411 -81 2100 -429 

2511 -85 

2611 -87 

2711 -88 

2811 -89 

2911 -91 

3011 -91 

3111 -96 

3211 -96 

3311 -97 

3411 -98 

3511 -99 

3611 -104 

3711 -105 

3811 -108 

3911 -108 

4011 -111 

4111 -111 

4211 -115 

4291 -112 
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TABLE 4 TO PARAGRAPH (b)(1) OF § 1037.320—ENGINE IDLE FUEL MAPS BY VEHICLE CLASS 

Light HDV and Medium HDV— 
Spark-Ignition 

Light HDV and Medium 
HDV— 

Compression-Ignition 
Heavy HDV 

Engine 
Speed 
(r/min) 

Engine 
Torque 
(Nꞏm) 

Fuel Mass 
Rate 
(g/s) 

Engine 
Speed 
(r/min) 

Engine 
Torque 
(Nꞏm) 

Fuel 
Mass 
Rate 
(g/s) 

Engine 
Speed 
(r/min) 

Engine 
Torque 
(Nꞏm) 

Fuel 
Mass 
Rate 
(g/s) 

600 0 0.4010 750 0 0.2595 600 0 0.3501 

700 0 0.4725 850 0 0.2626 700 0 0.4745 

600 100 0.6637 750 100 0.6931 600 100 0.6547 

700 100 0.7524 850 100 0.7306 700 100 0.8304 

(2) Follow the procedure in paragraph (b)(1) of this section for axle audits, but cover the 
range of tire sizes by using good engineering judgment to select three representative tire sizes 
for each axle ratio for each vehicle configuration instead of using the tire size determined in 
40 CFR 1036.540. 
(3) The GEM “Default FEL CO2 Emissions” result for each vehicle configuration counts as a 
separate test for determining whether the family passes the audit. For vocational vehicles, use 
the GEM “Default FEL CO2 Emissions” result for the Regional subcategory. 

* * * * * 

117. Amend § 1037.510 by revising paragraphs (a)(1)(i), (2), and (3) and (d) to read as 
follows: 

§ 1037.510 Duty-cycle exhaust testing. 
* * * * * 
(a) * * * 

(1) * * * 
(i) Transient cycle. The transient cycle is specified in appendix A of this part.  Warm up 
the vehicle. Start the duty cycle within 30 seconds after concluding the preconditioning 
procedure. Start sampling emissions at the start of the duty cycle. 

* * * * * 
(2) Perform cycle-average engine fuel mapping as described in 40 CFR 1036.540.  For 
powertrain testing under § 1037.550 or § 1037.555, perform testing as described in this 
paragraph (a)(2) to generate GEM inputs for each simulated vehicle configuration, and test 
runs representing different idle conditions.  Perform testing as follows: 

(i) Transient cycle. The transient cycle is specified in appendix A of this part. 
(ii) Highway cruise cycles. The grade portion of the route corresponding to the 55 mi/hr 
and 65 mi/hr highway cruise cycles is specified in appendix D of this part.  Maintain 
vehicle speed between –1.0 mi/hr and 3.0 mi/hr of the speed setpoint; this speed tolerance 
applies instead of the approach specified in 40 CFR 1066.425(b)(1) and (2). 
(iii) Drive idle. Perform testing at a loaded idle condition for Phase 2 vocational 
vehicles. For engines with an adjustable warm idle speed setpoint, test at the minimum 
warm idle speed and the maximum warm idle speed; otherwise simply test at the engine’s 
warm idle speed. Warm up the powertrain as described in 40 CFR 1036.5207(c)(1).  
Within 60 seconds after concluding the warm-up, linearly ramp the powertrain down to 
zero vehicle speed over 20 seconds. Apply the brake and keep the transmission in drive 
(or clutch depressed for manual transmission).  Stabilize the powertrain for (60 ±1) 
seconds and then sample emissions for (30 ±1) seconds. 
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(iv) Parked idle. Perform testing at a no-load idle condition for Phase 2 vocational 
vehicles. For engines with an adjustable warm idle speed setpoint, test at the minimum 
warm idle speed and the maximum warm idle speed; otherwise simply test at the engine’s 
warm idle speed. Warm up the powertrain as described in 40 CFR 1036.5207(c)(1).  
Within 60 seconds after concluding the warm-up, linearly ramp the powertrain down to 
zero vehicle speed in 20 seconds. Put the transmission in park (or neutral for manual 
transmissions and apply the parking brake if applicable).  Stabilize the powertrain for 
(180 ±1) seconds and then sample emissions for (600 ±1) seconds. 

(3) Where applicable, perform testing on a chassis dynamometer as follows: 
(i) Transient cycle. The transient cycle is specified in appendix A of this part.  Warm up 
the vehicle by operating over one transient cycle.  Within 60 seconds after concluding the 
warm up cycle, start emission sampling and operate the vehicle over the duty cycle.   
(ii) Highway cruise cycle. The grade portion of the route corresponding to the 55 mi/hr 
and 65 mi/hr highway cruise cycles is specified in appendix D of this part.  Warm up the 
vehicle by operating it at the appropriate speed setpoint over the duty cycle.  Within 60 
seconds after concluding the preconditioning cycle, start emission sampling and operate 
the vehicle over the duty cycle, maintaining vehicle speed within ±1.0 mi/hr of the speed 
setpoint; this speed tolerance applies instead of the approach specified in 40 CFR 
1066.425(b)(1) and (2). 

* * * * * 
(d) For highway cruise and transient testing, compare actual second-by-second vehicle speed 
with the speed specified in the test cycle and ensure any differences are consistent with the 
criteria as specified in § 1037.550(g)(1). If the speeds do not conform to these criteria, the test is 
not valid and must be repeated. 
* * * * * 

118. Amend § 1037.520 by revising paragraphs (c)(2) and (3), (f), and (h)(1) to read as 
follows: 

§ 1037.520 Modeling CO2 emissions to show compliance for vocational vehicles and 
tractors. 
* * * * * 
(c) * * * 

(2) Measure tire rolling resistance in kg newton per metric tonkilonewton as specified in ISO 
28580 (incorporated by reference in § 1037.810), except as specified in this paragraph (c).  
Use good engineering judgment to ensure that your test results are not biased low.  You may 
ask us to identify a reference test laboratory to which you may correlate your test results.  
Prior to beginning the test procedure in Section 7 of ISO 28580 for a new bias-ply tire, 
perform a break-in procedure by running the tire at the specified test speed, load, and 
pressure for (60 ±2) minutes. 
(3) For each tire design tested, measure rolling resistance of at least three different tires of 
that specific design and size.  Perform the test at least once for each tire.  Calculate the 
arithmetic mean of these results to the nearest 0.1 N/kN and use this value or any higher 
value as your GEM input for TRRL.  You must test at least one tire size for each tire model, 
and may use engineering analysis to determine the rolling resistance of other tire sizes of that 
model. Note that for tire sizes that you do not test, we will treat your analytically derived 
rolling resistances the same as test results, and we may perform our own testing to verify 
your values. We may require you to test a small sub-sample of untested tire sizes that we 
select. 

* * * * * 

A-245 



 

 

 

 

 

 

 

(f) Engine characteristics. Enter information from the engine manufacturer to describe the 
installed engine and its operating parameters as described in 40 CFR 1036.5053. Note that you 
do not need fuel consumption at idle for tractors. 
* * * * * 
(h) * * * 

(1) For engines with no adjustable warm idle speed, input vehicle idle speed as the 
manufacturer’s declared warm idle speed.  For engines with adjustable warm idle speed, 
input your vehicle idle speed as follows: 

If your vehicle is a... 
And your engine is subject 
to... 

Your default vehicle idle 
speed is...a 

(i) Heavy HDV 
compression-ignition or 
spark-ignition standards 

600 r/min. 

(ii) Medium HDV tractor 
compression-ignition 
standards 

700 r/min. 

(iii) Light HDV or Medium 
HDV vocational vehicle 

compression-ignition 
standards 

750 r/min. 

(iv) Light HDV or Medium 
HDV 

spark-ignition standards 600 r/min. 

aIf the default idle speed is above or below the engine manufacturer’s whole range of declared 
warm idle speeds, use the manufacturer’s maximum or minimum declared warm idle speed, 
respectively, instead of the default value. 

* * * * * 

119. Amend § 1037.534 by revising paragraph (d)(2) to read as follows: 
§ 1037.534 Constant-speed procedure for calculating drag area (CdA). 
* * * * * 
(d) * * * 

(2) Perform testing as described in paragraph (d)(3) of this section over a sequence of test 
segments at constant vehicle speed as follows:  

(i) (300 ±30) seconds in each direction at 10 mi/hr. 
(ii) (450 ±30) seconds in each direction at 70 mi/hr. 
(iii) (450 ±30) seconds in each direction at 50 mi/hr. 
(iv) (450 ±30) seconds in each direction at 70 mi/hr. 
(v) (450 ±30) seconds in each direction at 50 mi/hr. 
(vi) (300 ±30) seconds in each direction at 10 mi/hr. 

* * * * * 

120. Amend § 1037.540 by revising the introductory text and paragraphs (b)(3), (7), and 
(8) and (f)(3) to read as follows: 

§ 1037.540 Special procedures for testing vehicles with hybrid power take-off.  
This section describes optional procedures for quantifying the reduction in greenhouse gas 
emissions for vehicles as a result of running power take-off (PTO) devices with a hybrid energy 
delivery system. See § 1037.550 for powertrain testing requirements that apply for drivetrain 
hybrid systems. The procedures are written to test the PTO by ensuring that the engine produces 
all of the energy with no net change in stored energy (charge-sustaining), and for plug-in hybrid 
vehicles, also allowing for drawing down the stored energy (charge-depleting).  The full charge-
sustaining test for the hybrid vehicle is from a fully charged rechargeable energy storage system 
(RESS) to a depleted RESS and then back to a fully charged RESS.  You must include all 
hardware for the PTO system. You may ask us to modify the provisions of this section to allow 

A-246 



 

 
  

 

 

 

 
  

     
  

   
    

 

 

 

testing hybrid vehicles other than battery electric hybrids, consistent with good engineering 
judgment. For plug-in hybrids, use a utility factor to properly weight charge-sustaining and 
charge-depleting operation as described in paragraph (f)(3) of this section. 
* * * * * 
(b) * * * 

(3) Denormalize the PTO duty cycle in appendix B of this part using the following equation:
∙ ሺ�̅� ̅ ̅𝑝୰ୣ ൌ 𝑝 ୫ୟ୶ െ 𝑝୫୧୬ሻ  𝑝୫୧୬

Eq. 1037.540-1 

Where: 
prefi = the reference pressure at each point i in the PTO cycle. 
pi = the normalized pressure at each point i in the PTO cycle (relative to �̄�୫ୟ୶).
�̄�୫ୟ୶ = the mean maximum pressure measured in paragraph (b)(2) of this section. 
�̄�୫୧୬ = the mean minimum pressure measured in paragraph (b)(2) of this section. 

* * * * * 
(7) Depending on the number of circuits the PTO system has, operate the vehicle over one or 
concurrently over both of the denormalized PTO duty cycles in appendix B of this part.  
Measure emissions during operation over each duty cycle using the provisions of 40 CFR 
part 1066. 
(8) Measured pressures must meet the cycle-validation specifications in the following table 
for each test run over the duty cycle: 

TABLE 1 TO PARAGRAPH (b)(8) OF § 1037.540—STATISTICAL CRITERIA FOR VALIDATING 

EACH TEST RUN OVER THE DUTY CYCLE 

Parametera Pressure 
Slope, a1 0.950 ≤ a1 ≤ 1.030. 
Absolute value of intercept, |a0| ≤ 2.0 % of maximum mapped pressure. 
Standard error of the estimate, SEE ≤ 10 % of maximum mapped pressure. 
Coefficient of determination, r2 ≥ 0.970. 
aDetermine values for specified parameters as described in 40 CFR 1065.514(e) by 
comparing measured values to denormalized pressure values from the duty cycle in 
appendix B of this part. 

* * * * * 
(f) For Phase 2, calculate the delta PTO fuel results for input into GEM during vehicle 
certification as follows: 

(1) Calculate Determine fuel consumption by calculating the mass of fuel for each test in 
grams per test, mfuelPTO, without rounding, as described in 40 CFR 1036.540(d)(412) for both 
the conventional vehicle and the charge-sustaining and charge-depleting portions of the test 
for the hybrid vehicle as applicable. 
(2) Divide the fuel mass by the applicable distance determined in paragraph (d)(4) of this 
section and the appropriate standard payload as defined in § 1037.801 to determine the fuel-
consumption rate in g/ton-mile. 
(3) For plug-in hybrid electric vehicles calculate the utility factor weighted fuel fuel-
consumption rate in g/ton-mile, as follows: 

(i) Determine the utility factor fraction for the PTO system from the table in appendix E 
of this part using interpolation based on the total time of the charge-depleting portion of 
the test as determined in paragraphs (c)(6) and (d)(3) of this section. 
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(ii) Weight the emissions from the charge-sustaining and charge-depleting portions of the 
test to determine the utility factor-weighted fuel mass, mfuelUF[cycle]plug-in, using the 
following equation: 

ሺ1 െ 𝑈𝐹RCDሻ𝑚fuelPTOplug-in ൌ ሾ𝑚fuelPTOCDi  ሺ𝑈𝐹ୈେୈ െ 𝑈𝐹ୈେୈିଵሻሿ  ൣ𝑚fuelPTOCSj൧  𝑀 
ୀଵ ୀଵ 

ே ெ 

Eq. 1037.540-3 

Where: 
i = an indexing variable that represents one test interval. 
N = total number of charge-depleting test intervals. 
mfuelPTOCD = total mass of fuel per ton-mile in the charge-depleting portion of the test 
for each test interval, i, starting from i = 1. 
UFDCDi = utility factor fraction at time tCDi as determined in paragraph (f)(3)(i) of this 
section for each test interval, i, starting from i = 1. 
j = an indexing variable that represents one test interval. 
M = total number of charge-sustaining test intervals. 
mfuelPTOCS = total mass of fuel per ton-mile in the charge-sustaining portion of the test 
for each test interval, j, starting from j = 1. 
UFRCD = utility factor fraction at the full charge-depleting time, tCD, as determined by 
interpolating the approved utility factor curve.  tCD is the sum of the time over N 
charge-depleting test intervals. 

(4) Calculate the difference between the conventional PTO emissions result and the hybrid 
PTO emissions result for input into GEM. 

* * * * * 

121. Revise § 1037.550 to read as follows: 

§ 1037.550 Powertrain testing. 
This section describes the procedure to measure fuel consumption and create engine fuel maps 
by testing a powertrain that includes an engine coupled with a transmission, drive axle, and 
hybrid components or any assembly with one or more of those hardware elements. Engine fuel 
maps are part of demonstrating compliance with Phase 2 vehicle standards under this part; the 
powertrain test procedure in this section is one option for generating this fuel-mapping 
information as described in 40 CFR 1036.5053. Additionally, this powertrain test procedure is 
one option for certifying hybrids to the engine standards in 40 CFR 1036.108. 
(a) General test provisions. The following provisions apply broadly for testing under this 
section: 

(1) Measure NOx emissions as described in paragraph (k) of this section.  Include these 
measured NOx values any time you report to us your greenhouse gas emissions or fuel 
consumption values from testing under this section. 
(2) The procedures of 40 CFR part 1065 apply for testing in this section except as specified.  
This section uses engine parameters and variables that are consistent with 40 CFR part 1065. 
(3) Powertrain testing depends on models to calculate certain parameters. You can use the 
detailed equations in this section to create your own models, or use the GEM HIL model 
contained within GEM Phase 2, Version 4.0 (incorporated by reference in § 1037.810) to 
simulate vehicle hardware elements as follows: 

(i) Create driveline and vehicle models that calculate the angular speed setpoint for the 
test cell dynamometer, fnref,dyno, based on the torque measurement location. Use the 
detailed equations in paragraph (f) of this section, the GEM HIL model’s driveline and 
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vehicle submodels, or a combination of the equations and the submodels.  You may use 
the GEM HIL model’s transmission submodel in paragraph (f) of this section to simulate 
a transmission only if testing hybrid engines. 
(ii) Create a driver model or use the GEM HIL model’s driver submodel to simulate a 
human driver modulating the throttle and brake pedals to follow the test cycle as closely 
as possible. 
(iii) Create a cycle-interpolation model or use the GEM HIL model’s cycle submodel to 
interpolate the duty-cycles and feed the driver model the duty-cycle reference vehicle 
speed for each point in the duty-cycle. 

(4) The powertrain test procedure in this section is designed to simulate operation of different 
vehicle configurations over specific duty cycles. See paragraphs (h) and (j) of this section. 
(5) For each test run, record engine speed and torque as defined in 40 CFR 1065.915(d)(5) 
with a minimum sampling frequency of 1 Hz. These engine speed and torque values 
represent a duty cycle that can be used for separate testing with an engine mounted on an 
engine dynamometer under § 1037.551, such as for a selective enforcement audit as 
described in § 1037.301. 
(6) For hybrid powertrains with no plug-in capability, correct for the net energy change of the 
energy storage device as described in 40 CFR 1066.501.  For plug-in hybrid electric 
powertrains, follow 40 CFR 1066.501 to determine End-of-Test for charge-depleting 
operation. You must get our approval in advance for your utility factor curve; we will 
approve it if you can show that you created it, using good engineering judgment, from 
sufficient in-use data of vehicles in the same application as the vehicles in which the plug-in 
hybrid electric powertrain will be installed.  You may use methodologies described in SAE 
J2841 (incorporated by reference in § 1037.810) to develop the utility factor curve. 
(7) The provisions related to carbon balance error verification in 40 CFR 1036.543 apply for 
all testing in this section. These procedures are optional if you are only performing direct or 
indirect fuel-flow measurement, but we will perform carbon balance error verification for all 
testing under this section. 
(8) Do not apply accessory loads when conducting a powertrain test to generate inputs to 
GEM if torque is measured at the axle input shaft or wheel hubs. 
(9) If you test a powertrain over the duty cycle specified in 40 CFR 1036.5142, control and 
apply the electrical accessory loads using one of the following systems: 

(i) An alternator with dynamic electrical load control. 
(ii) A load bank connected directly to the powertrain’s electrical system. 

(b) Test configuration. Select a powertrain for testing as described in § 1037.235 or 40 CFR 
1036.235 as applicable. Set up the engine according to 40 CFR 1065.110 and 40 CFR 
1065.405(b). Set the engine’s idle speed to idle speed defined in § 1037.520(h)(1). 

(1) The default test configuration consists of a powertrain with all components upstream of 
the axle. This involves connecting the powertrain’s output shaft directly to the dynamometer 
or to a gear box with a fixed gear ratio and measuring torque at the axle input shaft.  You 
may instead set up the dynamometer to connect at the wheel hubs and measure torque at that 
location. The preceeding sentence may apply if your powertrain configuration requires it, 
such as for hybrid powertrains or if you want to represent the axle performance with 
powertrain test results. 
(2) For testing hybrid engines, connect the engine’s crankshaft directly to the dynamometer 
and measure torque at that location. 

(c) Powertrain temperatures during testing. Cool the powertrain during testing so temperatures 
for oil, coolant, block, head, transmission, battery, and power electronics are within the 
manufacturer’s expected ranges for normal operation.  You may use electronic control module 
outputs to comply with this paragraph (c).  You may use auxiliary coolers and fans. 
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(d) Engine break in. Break in the engine according to 40 CFR 1065.405, the axle assembly 
according to § 1037.560, and the transmission according to § 1037.565.  You may instead break 
in the powertrain as a complete system using the engine break in procedure in 40 CFR 1065.405. 
(e) Dynamometer setup. Set the dynamometer to operate in speed-control mode (or torque-
control mode for hybrid engine testing at idle, including idle portions of transient duty cycles).  
Record data as described in 40 CFR 1065.202. Command and control the dynamometer speed at 
a minimum of 5 Hz, or 10 Hz for testing engine hybrids.  Run the vehicle model to calculate the 
dynamometer setpoints at a rate of at least 100 Hz.  If the dynamometer’s command frequency is 
less than the vehicle model dynamometer setpoint frequency, subsample the calculated setpoints 
for commanding the dynamometer setpoints. 
(f) Driveline and vehicle model. Use the GEM HIL model’s driveline and vehicle submodels or 
the equations in this paragraph (f) to calculate the dynamometer speed setpoint, fnref,dyno, based on 
the torque measurement location. For all powertrains, configure GEM with the accessory load 
set to zero. For hybrid engines, configure GEM with the applicable accessory load as specified in 
40 CFR 1036.5053 and 1036.5142. For all powertrains and hybrid engines, configure GEM with 
the tire slip model disabled. 

(1) Driveline model with a transmission in hardware. For testing with torque measurement 
at the axle input shaft or wheel hubs, calculate, fnref,dyno, using the GEM HIL model’s 
driveline submodel or the following equation: 

𝑓୬୰ୣ,ୢ୷୬୭ ൌ 
𝑘ୟሾୱ୮ୣୣୢሿ ∙ 𝑣୰ୣ
2 ∙ 𝜋  ∙ 𝑟ሾୱ୮ୣୣୢሿ

Eq. 1037.550-1 

Where: 
ka[speed] = drive axle ratio as determined in paragraph (h) of this section.  Set ka[speed] equal 
to 1.0 if torque is measured at the wheel hubs. 
vrefi = simulated vehicle reference speed as calculated in paragraph (f)(3) of this section. 
r[speed] = tire radius as determined in paragraph (h) of this section. 

(2) Driveline model with a simulated transmission. For testing with the torque measurement 
at the engine’s crankshaft, fnref,dyno is the dynamometer target speed from the GEM HIL 
model’s transmission submodel.  You may request our approval to change the transmission 
submodel, as long as the changes do not affect the gear selection logic.  Before testing, 
initialize the transmission model with the engine’s measured torque curve and the applicable 
steady-state fuel map from the GEM HIL model.  You may request our approval to input 
your own steady-state fuel map. For example, this request for approval could include using a 
fuel map that represents the combined performance of the engine and hybrid components.  
Configure the torque converter to simulate neutral idle when using this procedure to generate 
engine fuel maps in 40 CFR 1036.5053 or to perform the Supplemental Emission Test (SET) 
testing under 40 CFR 1036.51005. You may change engine commanded torque at idle to 
better represent CITT for transient testing under 40 CFR 1036.5120. You may change the 
simulated engine inertia to match the inertia of the engine under test.  We will evaluate your 
requests under this paragraph (f)(2) based on your demonstration that that the adjusted testing 
better represents in-use operation. 

(i) The transmission submodel needs the following model inputs: 
(A) Torque measured at the engine’s crankshaft. 
(B) Engine estimated torque determined from the electronic control module or by 
converting the instantaneous operator demand to an instantaneous torque in N∙m. 
(C) Dynamometer mode when idling (speed-control or torque-control). 
(D) Measured engine speed when idling. 
(E) Transmission output angular speed, fni,transmission, calculated as follows: 
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𝑓୬,୲୰ୟ୬ୱ୫୧ୱୱ୧୭୬ ൌ 
𝑘ୟሾୱ୮ୣୣୢሿ ∙ 𝑣୰ୣ
2 ∙ 𝜋  ∙ 𝑟ሾୱ୮ୣୣୢሿ

Eq. 1037.550-2 

Where: 
ka[speed] = drive axle ratio as determined in paragraph (h) of this section. 
vrefi = simulated vehicle reference speed as calculated in paragraph (f)(3) of this 
section. 
r[speed] = tire radius as determined in paragraph (h) of this section. 

(ii) The transmission submodel generates the following model outputs: 
(A) Dynamometer target speed. 
(B) Dynamometer idle load. 
(C) Transmission engine load limit. 
(D) Engine speed target. 

(3) Vehicle model. Calculate the simulated vehicle reference speed, νrefi, using the GEM HIL 
model’s vehicle submodel or the equations in this paragraph (f)(3): 

𝑘ୟ ∙ 𝑇-1
𝑟 

⋅ ሺ𝐸𝑓𝑓axleሻ െ 𝛥𝑡-1𝑣ref 

ሻሻ 
𝜌 ⋅ 𝐶ୢ𝐴 ଶ 𝑀 𝑀rotating 

 𝑣ref,-1ൌ ൮ ൲ ⋅
൬𝑀 ⋅ 𝑔 ⋅ 𝐶rr ⋅ cosሺatanሺ𝐺 ⋅ 𝑣ref,-1൰ െ 𝐹brake, െ 𝐹grade,-1-1 -12 

Eq. 1037.550-3 

Where: 
i = a time-based counter corresponding to each measurement during the sampling period.  
Let vref1 = 0; start calculations at i = 2. A 10-minute sampling period will generally 
involve 60,000 measurements. 
T = instantaneous measured torque at the axle input, measured at the wheel hubs, or 
simulated by the GEM HIL model’s transmission submodel. 
Effaxle = axle efficiency.  Use Effaxle = 0.955 for T ≥ 0, and use Effaxle = 1/0.955 for T < 0. 
Use Effaxle = 1.0 if torque is measured at the wheel hubs. 
M = vehicle mass for a vehicle class as determined in paragraph (h) of this section. 
g = gravitational constant = 9.80665 m/s2. 
Crr = coefficient of rolling resistance for a vehicle class as determined in paragraph (h) of 
this section. 
Gi-1 = the percent grade interpolated at distance, Di-1, from the duty cycle in appendix D 
to this part corresponding to measurement (i–1). 

𝐷-1 ൌ ൫𝑣ref,-1 ⋅ 𝛥𝑡-1൯ 

ே 

ୀଵ
Eq. 1037.550-4 

 = air density at reference conditions. Use  = 1.1845 kg/m3. 
CdA = drag area for a vehicle class as determined in paragraph (h) of this section. 
Fbrake,i-1 = instantaneous braking force applied by the driver model. 
𝐹grade,-1 ൌ 𝑀  ⋅ 𝑔  ⋅  sinሺatanሺ𝐺-1ሻሻ 
Eq. 1037.550-5 

Δt = the time interval between measurements.  For example, at 100 Hz, Δt = 0.0100 
seconds. 
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Mrotating = inertial mass of rotating components. Let Mrotating = 340 kg for vocational Light 
HDV or vocational Medium HDV. See paragraph (h) of this section for tractors and for 
vocational Heavy HDV. 

(4) Example. The following example illustrates a calculation of fnref,dyno using paragraph (f)(1) 
of this section where torque is measured at the axle input shaft. This example is for a 
vocational Light HDV or vocational Medium HDV with 6 speed automatic transmission at B 
speed (Test 4 in Table 1 to paragraph (h)(2)(ii) of this section). 

kaB = 4.0 
rB = 0.399 m 
T999 = 500.0 N∙m 
Crr = 7.7 N/kN = 7.7∙10-3 N/N 
M = 11408 kg 
CdA = 5.4 m2 

G999 = 0.39 % = 0.0039
ଽଽ଼

𝐷999 ൌ ൫19.99 ⋅ 0.01  20.0 ⋅ 0.01. . .  𝑣ref,998 ⋅ 𝛥𝑡ଽଽ଼൯ ൌ 1792 m
ୀ 

Fbrake,999 = 0 N 
vref,999 = 20.0 m/s
𝐹grade,999 ൌ 11408 ⋅ 9.81 ⋅ sinሺatanሺ0.0039ሻሻ ൌ 436.5 N 
Δt = 0.0100 s 
Mrotating = 340 kg

ସ.∙ହ. 
⋅ ሺ0.955ሻ െ

.ଷଽଽ 𝑣ref1000 ൌ ቌ ⋅
ቀ11408 ⋅ 9.80665 ⋅ 7.7 ⋅ 10ିଷ ⋅ 𝑐𝑜𝑠ሺ𝑎𝑡𝑎𝑛ሺ0.0039ሻሻ  

ଵ.ଵ଼ସହ⋅ହ.ସ
⋅ 20. 0ଶቁ െ 0 െ 436.5

ቍ 

.ଵ 

ଵଵସ଼ାଷସ 
 20.0vref1000 = 20.00189  m/s 

ଶ 

vref1000 = 20.00189 m/s
∙ 20.00189

𝑓nref1000,dyno ൌ 
2
4.0
∙ 3.14 ∙ 0.399 

ൌ 31.93 r/s ൌ 1915.8 r/min 

fnref1000,dyno = 31.93 r/s = 1915.8 r/min 

(g) Driver model. Use the GEM HIL model’s driver submodel or design a driver model to 
simulate a human driver modulating the throttle and brake pedals.  In either case, tune the model 
to follow the test cycle as closely as possible meeting the following specifications: 

(1) The driver model must meet the following speed requirements: 
(i) For operation over the highway cruise cycles, the speed requirements described in 40 
CFR 1066.425(b) and (c). 
(ii) For operation over the transient cycle specified in appendix A of this part, the SET as 
defined 40 CFR 1036.5105, the Federal Test Procedure (FTP) as defined in 40 CFR 
1036.5120, and the Low Load Cycle (LLC) as defined in 40 CFR 1036.5142, the speed 
requirements described in 40 CFR 1066.425(b) and (c). 
(iii) The exceptions in 40 CFR 1066.425(b)(4) apply to the highway cruise cycles, the 
transient cycle specified in appendix A of this part, SET, FTP, and LLC. 
(iv) If the speeds do not conform to these criteria, the test is not valid and must be 
repeated. 

(2) Send a brake signal when operator demand is zero and vehicle speed is greater than the 
reference vehicle speed from the test cycle.  Include a delay before changing the brake signal 
to prevent dithering, consistent with good engineering judgment. 
(3) Allow braking only if operator demand is zero. 

A-252 



 

 

 

 

 

 

(4) Compensate for the distance driven over the duty cycle over the course of the test. Use 
the following equation to perform the compensation in real time to determine your time in 
the cycle: 

 ൭ቆ

ே

ൌ 
𝑣vehicle,ିଵ 𝑡cycle 

ୀଵ 
𝑣cycle,ିଵ 

ቇ ⋅ 𝛥𝑡ିଵ൱ 

Eq. 1037.550-6 

Where: 
vvehicle = measured vehicle speed. 
vcycle = reference speed from the test cycle.  If vcycle,i-1 < 1.0 m/s, set vcycle,i-1 = vvehicle,i-1. 

(h) Vehicle configurations to evaluate for generating fuel maps as defined in 40 CFR 1036.5053. 
Configure the driveline and vehicle models from paragraph (f) of this section in the test cell to 
test the powertrain. Simulate multiple vehicle configurations that represent the range of intended 
vehicle applications. using one of the following options: 

(1) For known vehicle configurations, uUse at least three equally spaced axle ratios or tire 
sizes and three different road loads (nine configurations), or at least four equally spaced axle 
ratios or tire sizes and two different road loads (eight configurations).  Select axle ratios to 
represent the full range of expected vehicle installations.  Instead of selecting axle ratios and 
tire sizes based on the range of intended vehicle applications as described in this paragraph 
(h), you may sSelect axle ratios and tire sizes such that the ratio of engine speed to vehicle 
speed covers the range of ratios of minimum and maximum engine speed to vehicle speed 
when the transmission is in top gear for the vehicles in which the powertrain will be installed.  
Note that you do not have to use the same axle ratios and tire sizes for each GEM regulatory 
subcategory. You may determine appropriate your own Crr, CdA, and mass valuesM to cover 
the range of intended vehicle applications or you may use the Crr, CdA, and mass values 
specified road loads in paragraph (h)(2) of this section. 
(2) If vehicle configurations are not known, dDetermine the vehicle model inputs for a set of 
vehicle configurations as described in 40 CFR 1036.540(c)(3) with the following exceptions: 

(i) In the equations of 40 CFR 1036.540(c)(3)(i), ktopgear is the actual top gear ratio of the 
powertrain instead of the transmission gear ratio in the highest available gear given in 
Table 1 in 40 CFR 1036.540. 
(ii) Test at least eight different vehicle configurations for powertrains that will be 
installed in Spark-ignition HDE, vocational Light HDV, and vocational Medium HDV 
using the following table instead of Table 2 in 40 CFR 1036.540: 
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TABLE 1 TO PARAGRAPH (h)(2)(ii) OF § 1037.550—VEHICLE CONFIGURATIONS FOR TESTING 

SPARK-IGNITION HDE, LIGHT HDE, AND MEDIUM HDE 

Parameter Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 

Crr (N/kN) 6.2 7.7 6.2 7.7 6.2 7.7 6.2 7.7 

CdA 3.4 5.4 3.4 5.4 3.4 5.4 3.4 5.4 

CI engine speed for 
ntire and ka௩vehicle

fnrefA fnrefA fnrefB fnrefB fnrefC fnrefC fntest fntest 

SI engine speed for 
ntire and ka௩vehicle

fnrefD fnrefD fnrefA fnrefA fnrefB fnrefB fnrefC fnrefC 

M (kg) 7,257 11,408 7,257 11,408 7,257 11,408 7,257 11,408 

Mrotating (kg) 340 340 340 340 340 340 340 340 

Drive Aaxle 
Cconfigurationa 4x2 4x2 4x2 4x2 4x2 4x2 4x2 4x2 

GEM Rregulatory 
Ssubcategorya LHD MHD LHD MHD LHD MHD LHD MHD 

aDrive axle configuration and GEM Rregulatory Ssubcategory are not used if using the equations in paragraph (f)(3) 
of this section. 

(iii) Select and test vehicle configurations as described in 40 CFR 1036.540(c)(3)(iii) for 
powertrains that will be installed in vocational Heavy HDV and tractors using the 
following tables instead of Table 3 and Table 4 in 40 CFR 1036.540: 
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TABLE 2 TO PARAGRAPH (h)(2)(iii) OF § 1037.550—VEHICLE CONFIGURATIONS FOR TESTING GENERAL 

PURPOSE TRACTORS AND VOCATIONAL HEAVY HDV 

Parameter Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8 Test 9 

kN) 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 

5.4 4.7 4.0 5.4 4.7 4.0 5.4 4.7 4.0 
ntire e speed for 
௩vehicle fnrefD fnrefD fnrefD fnrefB fnrefB fnrefB fntest fntest fntest 

) 1,978 5,515 9,051 1,978 5,515 9,051 1,978 5,515 9,051 

g (kg) 1,021 794 794 1,021 794 794 1,021 794 794 

Aaxle 
igurationa 6x4 6x4 4x2 6x4 6x4 4x2 6x4 6x4 4x2 

Rregulatory 
ategorya _SC_HR _DC_MR _DC_MR _SC_HR _DC_MR _DC_MR _SC_HR _DC_MR _DC_MR 

e Wweight 
ction (lbs) 

0 3,275 6,147 0 3,275 6,147 0 3,275 6,147 

axle configuration and GEM Rregulatory Ssubcategory are not used if using the equations in paragraph (f)(3) of this section. 

TABLE 3 TO PARAGRAPH (h)(2)(iii) OF § 1037.550—VEHICLE SETTINGSCONFIGURATIONS FOR 

TESTING HEAVY HDE INSTALLED IN HEAVY-HAUL TRACTORS 

Parameter Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 

Crr (N/kN) 6.9 6.9 6.9 6.9 6.9 6.9 

CdA 5.0 5.4 5.0 5.4 5.0 5.4 
Engine speed for
ntire 

௩vehicle
 and ka 

fnrefD fnrefD fnrefB fnrefB fntest fntest 

M (kg) 53,751 31,978 53,751 31,978 53,751 31,978 

Mrotating (kg) 1,021 1,021 1,021 1,021 1,021 1,021 
Drive Aaxle 
Cconfigurationa 6x4 6x4 6x4 6x4 6x4 6x4 

GEM Rregulatory  
Ssubcategorya C8_HH C8_SC_HR C8_HH C8_SC_HR C8_HH C8_SC_HR 

aDrive axle configuration and GEM Rregulatory Ssubcategory are not used if using the equations in paragraph 
(f)(3) of this section. 

(3) For hybrid powertrain systems where the transmission will be simulated, use the 
transmission parameters defined in 40 CFR 1036.540(c)(2) to determine transmission type 
and gear ratio. Use a fixed transmission efficiency of 0.95.  The GEM HIL transmission 
model uses a transmission parameter file for each test that includes the transmission type, 
gear ratios, lockup gear, torque limit per gear from 40 CFR 1036.540(c)(2), and the values 
from 40 CFR 1036.5053(b)(4) and (c). 

(i) [Reserved] 
(j) Duty cycles to evaluate. Operate the powertrain over each of the duty cycles specified in 
§ 1037.510(a)(2), and for each applicable vehicle configuration from paragraph (h) of this 
section. Determine cycle-average powertrain fuel maps by testing the powertrain using the 
procedures in 40 CFR 1036.540(d) with the following exceptions: 

(1) Understand “engine” to mean “powertrain”. 
(2) Warm up the powertrain as described in 40 CFR 1036.5207(c)(1). 
(3) Within 90 seconds after concluding the warm-up, start the transition to the 
preconditioning cycle as described in paragraph (j)(5) of this section. 
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(4) For plug-in hybrid engines, precondition the battery and then complete all back-to-back 
tests for each vehicle configuration according to 40 CFR 1066.501 before moving to the next 
vehicle configuration. 
(5) If the preceding duty cycle does not end at 0 mi/hr, transition between duty cycles by 
decelerating at a rate of 2 mi/hr/s at 0 % grade until the vehicle reaches zero speed.  Shut off 
the powertrain. Prepare the powertrain and test cell for the next duty-cycle. 
(6) Start the next duty-cycle within 60 to 180 seconds after shutting off the powertrain. 

(i) To start the next duty-cycle, for hybrid powertrains, key on the vehicle and then start 
the duty-cycle. For conventional powertrains key on the vehicle, start the engine, wait 
for the engine to stabilize at idle speed, and then start the duty-cycle. 
(ii) If the duty-cycle does not start at 0 mi/hr, transition to the next duty cycle by 
accelerating at a target rate of 1 mi/hr/s at 0 % grade. Stabilize for 10 seconds at the 
initial duty cycle conditions and start the duty-cycle. 

(7) Calculate cycle work using GEM or the speed and torque from the driveline and vehicle 
models from paragraph (f) of this section to determine the sequence of duty cycles. 
(8) Calculate the mass of fuel consumed for idle duty cycles as described in paragraph (n) of 
this section. 

(k) Measuring NOx emissions. Measure NOx emissions for each sampling period in grams. You 
may perform these measurements using a NOx emission-measurement system that meets the 
requirements of 40 CFR part 1065, subpart J. If a system malfunction prevents you from 
measuring NOx emissions during a test under this section but the test otherwise gives valid 
results, you may consider this a valid test and omit the NOx emission measurements; however, 
we may require you to repeat the test if we determine that you inappropriately voided the test 
with respect to NOx emission measurement. 
(l) [Reserved] 
(m) Measured output speed validation. For each test point, validate the measured output speed 
with the corresponding reference values.  If the range of reference speed is less than 10 percent 
of the mean reference speed, you need to meet only the standard error of the estimate in Table 1 
of this section. You may delete points when the vehicle is stopped.  If your speed measurement 
is not at the location of fnref, correct your measured speed using the constant speed ratio between 
the two locations. Apply cycle-validation criteria for each separate transient or highway cruise 
cycle based on the following parameters: 
TABLE 4 TO PARAGRAPH (m) OF § 1037.550 – STATISTICAL CRITERIA FOR VALIDATING DUTY 

CYCLES 

Parametera Speed Control 

Slope, a1 0.990 ≤ a1 ≤ 1.010. 
Absolute value of intercept, |a0| ≤ 2.0 % of maximum fnref speed. 

Standard error of the estimate, SEE ≤ 2.0 % of maximum fnref speed. 

Coefficient of determination, r2 ≥ 0.990. 
aDetermine values for specified parameters as described in 40 CFR 
1065.514(e) by comparing measured and reference values for fnref,dyno. 

(n) Fuel consumption at idle. Record measurements using direct and/or indirect measurement of 
fuel flow. Determine the fuel-consumption rates mass of fuel consumed at idle for the applicable 
duty cycles described in § 1037.510(a)(2) as follows: 

(1) Direct fuel flow measurement. Determine the corresponding mean values for Measure 
fuel consumption with a fuel flow meter and report the mean idle fuel mass flow rate,
𝑚ሜሶ fuelidle, for each duty cycle, as applicable, 𝑚ሜሶ fuelidle. Use of redundant direct fuel-flow
measurements require our advance approval. 
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(2) Indirect fuel flow measurement. Record speed and torque and measure emissions and 
other inputs needed to run the chemical balance in 40 CFR 1065.655(c).  Determine the
corresponding mean values for each duty cycle.  Use of redundant indirect fuel-flow 
measurements require our advance approval.  Measure background concentration as 
described in 40 CFR 1036.535(b)(4)(ii).  We recommend setting the CVS flow rate as low as 
possible to minimize background, but without introducing errors related to insufficient 
mixing or other operational considerations. Note that for this testing 40 CFR 1065.140(e) 
does not apply, including the minimum dilution ratio of 2:1 in the primary dilution stage. If 
you do not measure fuel mass flow rate, cCalculate the idle fuel mass flow rate for each duty 
cycle, 𝑚ሜሶ fuelidle, for each set of vehicle settings, as follows: 

ൌ 
𝑀େ �̄�Ccombdry 

െ 
𝑚ሜሶ CO2DEF 𝑚ሜሶ ⋅ ቆ𝑛ሜሶ ⋅ ቇfuelidle exh𝑤Cmeas 1  �̄�H2Oexhdry 𝑀CO2 

Eq. 1037.550-7 

Where: 
MC = molar mass of carbon. 
wCmeas = carbon mass fraction of fuel (or mixture of test fuels) as determined in 40 CFR 
1065.655(d), except that you may not use the default properties in Table 21 of 40 CFR 
1065.655 to determine α, , and wC for liquid fuels. 
𝑛ሜሶ exh = the mean raw exhaust molar flow rate from which you measured emissions 
according to 40 CFR 1065.655. 
�̄�Ccombdry = the mean concentration of carbon from fuel and any injected fluids in the 
exhaust per mole of dry exhaust.
�̄�H2Oexhdry = the mean concentration of H2O in exhaust per mole of dry exhaust.
𝑚ሜሶ CO2DEF = the mean CO2 mass emission rate resulting from diesel exhaust fluid 
decomposition over the duty cycle as determined in 40 CFR 1036.535(b)(97). If your 
engine does not use diesel exhaust fluid, or if you choose not to perform this correction, 
set 𝑚ሜሶ CO2DEF equal to 0. 
MCO2 = molar mass of carbon dioxide. 

Example: 
MC = 12.0107 g/mol 
wCmeas = 0.867
𝑛ሜሶ exh = 25.534 mol/s
�̄�Ccombdry = 2.805∙10-3 mol/mol  
�̄�H2Oexhdry = 3.53∙10-2 mol/mol
𝑚ሜሶ CO2DEF = 0.0726 g/s 
MCO2 = 44.0095 

ൌ 
12.0107 2.805 ⋅ 10

10 

ିଷ

ିଶ െ 
0.0726

𝑚ሜሶ ⋅ ቆ25.534 ⋅fuelidle 0.867 1  3.53 ⋅ 44.0095
ቇ 

𝑚ሜሶ fuelidle = 0.405 g/s = 1458.6 g/hr 

(o) Create GEM inputs. Use the results of powertrain testing to determine GEM inputs for the 
different simulated vehicle configurations as follows: 

(1) Correct the measured or calculated fuel masses, mfuel[cycle], and mean idle fuel mass flow 
rates, 𝑚ሜሶ fuelidle, if applicable, for each test result to a mass-specific net energy content of a 
reference fuel as described in 40 CFR 1036.535(ef), replacing 𝑚ሜሶ fuel with mfuel[cycle] where 
applicable in Eq. 1036.535-4. 
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(2) Declare fuel masses, mfuel[cycle] and 𝑚ሜሶ fuelidle. Determine mfuel[cycle] using the calculated fuel 
mass consumption values described in 40 CFR 1036.540(d)(12). In addition, declare mean 
fuel mass flow rate for each applicable idle duty cycle, 𝑚ሜሶ fuelidle. These declared values may 
not be lower than any corresponding measured values determined in this section.  If you use 
both direct and indirect measurement of fuel flow, determine the corresponding declared 
values as described in 40 CFR 1036.535(g)(2) and (3).  These declared values, which serve 
as emission standards, collectively represent the powertrain fuel map for certification. 
(3) For engines designed for plug-in hybrid electric vehicles, the mass of fuel for each cycle, 
mfuel[cycle], is the utility factor-weighted fuel mass, mfuelUF[cycle]. This is determined by 
calculating mfuel for the full charge-depleting and charge-sustaining portions of the test and 
weighting the results, using the following equation: 

ሺ1 െ 𝑈𝐹RCDሻ𝑚fuelUF[cycle] ൌ ൣ𝑚fuel[cycle]CDi  ሺ𝑈𝐹ୈେୈ െ 𝑈𝐹ୈେୈିଵሻ൧  ൣ𝑚fuel[cycle]CSj൧  𝑀 
ୀଵ ୀଵ 

ே ெ 

Eq. 1037.550-8 

Where: 
i = an indexing variable that represents one test interval. 
N = total number of charge-depleting test intervals. 
mfuel[cycle]CDi = total mass of fuel in the charge-depleting portion of the test for each test 
interval, i, starting from i = 1, including the test interval(s) from the transition phase. 
UFDCDi = utility factor fraction at distance DCDi from Eq. 1037.505-9 as determined by 
interpolating the approved utility factor curve for each test interval, i, starting from i = 1. 
Let UFDCD0 = 0 
j = an indexing variable that represents one test interval. 
M = total number of charge-sustaining test intervals. 
mfuel[cycle]CSj = total mass of fuel over the charge-sustaining portion of the test for each test 
interval, j, starting from j = 1. 
UFRCD = utility factor fraction at the full charge-depleting distance, RCD, as determined 
by interpolating the approved utility factor curve. RCD is the cumulative distance driven 
over N charge-depleting test intervals. 

ொ 

𝐷CDi ൌ ሺ𝑣 ⋅ 𝛥𝑡ሻ
ୀଵ

Eq. 1037.550-9 

Where: 
k = an indexing variable that represents one recorded velocity value. 
Q = total number of measurements over the test interval. 
v = vehicle velocity at each time step, k, starting from k = 1. For tests completed under 
this section, v is the vehicle velocity as determined by Eq. 1037.550-1. Note that this 
should include charge-depleting test intervals that start when the engine is not yet 
operating. 
Δt = 1/frecord 

frecord = the record rate. 

Example for the 55 mi/hr cruise cycle: 
Q = 8790 
v1 = 55.0 mi/hr 
v2 = 55.0 mi/hr 
v3 = 55.1 mi/hr 
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frecord = 10 Hz 
Δt = 1/10 Hz = 0.1 s

𝐷CD1 ൌ ሺ55.0 ⋅ 0.1  55.0 ⋅ 0.1  55.1 ⋅ 0.1  𝑣଼ଽ ⋅ 𝛥𝑡ሻ ൌ 13.4 mi

଼ଽ 

ୀଵ 
DCD2 = 13.4 mi 
DCD3 = 13.4 mi 
N = 3 
UFDCD1 = 0.05 
UFDCD2 = 0.11 
UFDCD3 = 0.21 
mfuel55cruiseCD1 = 0 g 
mfuel55cruiseCD2 = 0 g 
mfuel55cruiseCD3 = 1675.4 g 
M = 1 
mfuel55cruiseCS = 4884.1 g 
UFRCD = 0.21
𝑚fuelUF55cruise ൌ ሾ0  ሺ0.05 െ 0ሻ  0  ሺ0.11 െ 0.05ሻ  1675.4  ሺ0.21 െ 0.11ሻሿ

ሺ1 െ 0.21ሻ
 4884.1  ൌ 4026.0 g

1 
mfuelUF55cruise = 4026.0 g 

(4) For the transient cycle specified in § 1037.510(a)(2)(i), calculate powertrain output speed 
ሜnpowertrain per unit of vehicle speed,  ൨ , using one of the following methods:
௩̄powertrain ሾcycleሿ 

(i) For testing with torque measurement at the axle input shaft: 
𝑓ሜ 𝑘npowertrain
ቈ  ൌ
�̄�powertrain ሾcycleሿ 

2 ⋅ 𝜋  ⋅ 𝑟ሾspeedሿ

 Eq. 1037.550-10 

Example: 
ka = 4.0 
rB = 0.399 m
𝑓ሜnpowertrain 4.0
ቈ  ൌ
�̄� 2 ⋅ 3.14 ⋅ 0.399powertrain transienttest4 

𝑓ሜnpowertrain
ቈ  ൌ 1.596 r/m
�̄�powertrain transienttest4 

(ii) For testing with torque measurement at the wheel hubs, use Eq. 1037.550-8 setting ka 

equal to 1. 
(iii) For testing with torque measurement at the engine’s crankshaft: 

𝑓ሜ 
ൌ 
𝑓ሜnpowertrain nengine

ቈ 
�̄� �̄�powertrain ሾcycleሿ ref 

Eq. 1037.550-11 

Where:
𝑓ሜnengine = average engine speed when vehicle speed is at or above 0.100 m/s.   
�̄�ref = average simulated vehicle speed at or above 0.100 m/s. 
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Example:
𝑓ሜnengine = 1870 r/min = 31.17 r/s
�̄�ref = 19.06 m/s 

ቈ
𝑓ሜnpowertrain

 ൌ 
31.17

�̄� 19.06powertrain transienttest4 

𝑓ሜnpowertrain
ቈ  ൌ 1.635 r/m
�̄�powertrain transienttest4 

(5) Calculate engine idle speed, by taking the average engine speed measured during the 
transient cycle test while the vehicle speed is below 0.100 m/s. (Note: Use all the charge-
sustaining test intervals when determining engine idle speed for plug-in hybrid engines and 
powertrains.) 
(6) For the cruise cycles specified in § 1037.510(a)(2)(ii), calculate the average powertrain 
output speed, 𝑓ሜnpowertrain, and the average powertrain output torque (positive torque only), 
𝑇ሜpowertrain, at vehicle speed at or above 0.100 m/s. (Note: Use all the charge-sustaining and 
charge-depleting test intervals inverals when determining 𝑓ሜnpowertrain and 𝑇ሜpowertrain  for plug-
in hybrid engines and powertrains.) 
(7) Calculate positive work, W[cycle], as the work over the duty cycle at the axle input shaft, 
wheel hubs, or the engine’s crankshaft, as applicable, when vehicle speed is at or above 
0.100 m/s. For plug-in hybrids engines and powertrains, calculate, W[cycle], by calculating the 
positive work over each of the charge-sustaining and charge-depleting test intervals and then 
averaging them together. 
(8) The following tables illustrate the GEM data inputs corresponding to the different vehicle 
configurations for a given duty cycle: 

(i) For the transient cycle: 

TABLE 5 TO PARAGRAPH (o)(8)(i) OF § 1037.550 –EXAMPLE OF OUTPUT MATRIX FOR 

TRANSIENT CYCLE VEHICLE CONFIGURATIONS 

Parameter 
Configuration 

1 2 3 4 8… 9n 
mfuel[cycle] 

ሜ
ቈ
𝑓npowertrain


�̄�powertrain ሾcycleሿ 

W[cycle] 

ሜ𝑓nidle 

(ii) For the cruise cycles: 
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TABLE 6 TO PARAGRAPH (o)(8)(ii) OF § 1037.550 – GENERIC EXAMPLE OF OUTPUT MATRIX 

FOR CRUISE CYCLE VEHICLE CONFIGURATIONS 

Parameter 
Configuration 

1 2 3 4 5 6 7 8… 9n 
mfuel[cycle] 

ሜ𝑓npowertrainሾcycleሿ
ሜ𝑇powertrainሾcycleሿ 

W[cycle] 

122. Amend § 1037.551 by revising the introductory text and paragraphs (b) and (c) to 
read as follows: 

§ 1037.551 Engine-based simulation of powertrain testing. 
Section 1037.550 describes how to measure fuel consumption over specific duty cycles with an 
engine coupled to a transmission; § 1037.550(a)(5) describes how to create equivalent duty 
cycles for repeating those same measurements with just the engine.  This § 1037.551 describes 
how to perform this engine testing to simulate the powertrain test.  These engine-based 
measurements may be used for confirmatory testing as described in § 1037.235, or for selective 
enforcement audits as described in § 1037.301, as long as the test engine’s operation represents 
the engine operation observed in the powertrain test.  If we use this approach for confirmatory 
testing, when making compliance determinations, we will consider the uncertainty associated 
with this approach relative to full powertrain testing.  Use of this approach for engine SEAs is 
optional for engine manufacturers. 
* * * * * 
(b) Operate the engine over the applicable engine duty cycles corresponding to the vehicle cycles 
specified in § 1037.510(a)(2) for powertrain testing over the applicable vehicle simulations 
described in § 1037.550(j). Warm up the engine to prepare for the transient test or one of the 
highway cruise cycles by operating it one time over one of the simulations of the corresponding 
duty cycle. Warm up the engine to prepare for the idle test by operating it over a simulation of 
the 65-mi/hr highway cruise cycle for 600 seconds.  Within 60 seconds after concluding the 
warm up cycle, start emission sampling while the engine operates over the duty cycle.  You may 
perform any number of test runs directly in succession once the engine is warmed up.  Perform 
cycle validation as described in 40 CFR 1065.514 for engine speed, torque, and power. 
(c) Calculate the mass of fuel consumed as described in § 1037.550(n) and (o).  Correct each 
measured value for the test fuel’s mass-specific net energy content as described in 40 CFR 
1036.5530. Use these corrected values to determine whether the engine’s emission levels 
conform to the declared fuel-consumption rates from the powertrain test. 

115. Add § 1037.552 to subpart F read as follows: 
116. Add § 1037.554 to subpart F read as follows: 

123. Amend § 1037.555 by revising the introductory text and paragraph (g) to read as 
follows: 

§ 1037.555 Special procedures for testing Phase 1 hybrid systems. 
This section describes the a powertrain testing procedure for simulating a chassis test with a pre-
transmission or post-transmission hybrid system for to perform A to B testing of Phase 1 
vehicles. These procedures may also be used to perform A to B testing with non-hybrid systems.  
See § 1037.550 for Phase 2 hybrid systems. 
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* * * * * 
(g) The driver model should be designed to follow the cycle as closely as possible and must meet 
the requirements of § 1037.510 for steady-state testing and 40 CFR 1066.425 for transient 
testing. The driver model should be designed so that the brake and throttle are not applied at the 
same time. 
* * * * * 

124. Amend § 1037.560 by revising paragraph (c) to read as follows: 

§ 1037.560 Axle efficiency test. 
* * * * * 
(c) Measure input and output speed and torque as described in 40 CFR 1065.210(b).  You must 
use a speed-measurement system that meets an accuracy of ±0.05 % of point.  Use torque 
transducers that meet an accuracy requirement of ±1.0 N∙m for unloaded test points and ±0.2 % 
of the maximum tested axle input torque or output torque, respectively, for loaded test points.  
Calibrate and verify measurement instruments according to 40 CFR part 1065, subpart D.  
Command speed and torque at a minimum of 10 Hz, and record all data, including bulk oil 
temperature, as at a minimum of 1 Hz mean values. 
* * * * * 

125. Amend § 1037.601 by revising paragraphs (a)(1) and (c) to read as follows: 

§ 1037.601 General compliance provisions. 
(a) * * * 

(1) Except as specifically allowed by this part or 40 CFR part 1068, it is a violation of 40 
CFR 1068.101(a)(1) to introduce into U.S. commerce either a tractor or vocational vehicle 
that is not certified to the applicable requirements of this part or . Similarly, it is a violation 
of 40 CFR 1068.101(a)(1) to introduce into U.S. commerce a tractor or vocational vehicle 
containing an engine that is not certified to the applicable requirements of 40 CFR part 86 or 
1036. Further, it is a violation to introduce into U.S. commerce a Phase 1 tractor containing 
an engine not certified for use in tractors; or to introduce into U.S. commerce a vocational 
vehicle containing a Light HDE or Medium HDE not certified for use in vocational vehicles.  
These prohibitions apply especially to the vehicle manufacturer.  Note that this paragraph 
(a)(1) allows the use of Heavy heavy-duty tractor engines in vocational vehicles. 

* * * * * 
(c) The prohibitions of 40 CFR 1068.101 apply for vehicles subject to the requirements of this 
part. The following specific provisions apply: 

(1) The actions prohibited under this provision include introducing the introduction into U.S. 
commerce of a complete or incomplete vehicle subject to the standards of this part where the 
vehicle is not covered by a valid certificate of conformity or exemption. 
(2) Applying a Clean Idle sticker to a vehicles with an installed engine that is not certified to 
the NOx standard of 40 CFR 1036.104(b) violates the prohibition in 40 CFR 
1068.101(b)(7)(iii). 

* * * * * 

126. Amend § 1037.605 by revising paragraphs (a) introductory text and (a)(4) to read as 
follows: 

§ 1037.605 Installing engines certified to alternate standards for specialty vehicles. 
(a) General provisions. This section allows vehicle manufacturers to introduce into U.S. 
commerce certain new motor vehicles using engines certified to alternate emission standards 
specified in 40 CFR 1036.605 for motor vehicle engines used in specialty vehicles.  You may not 
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install an engine certified to these alternate standards if there is an engine certified to the full set 
of requirements of 40 CFR part 1036 that has the appropriate physical and performance 
characteristics to power the vehicle. Note that, although these alternate emission standards are 
mostly equivalent to standards that apply for nonroad engines under 40 CFR part 1039 or 1048, 
they are specific to motor vehicle engines.  The provisions of this section apply for the following 
types of specialty vehicles: 
* * * * * 
(4) Through model year 2027, vehicles with a hybrid powertrain in which the engine provides 
energy only for the Rechargeable Energy Storage System.  
* * * * * 

127. Amend § 1037.615 by revising paragraph (f) to read as follows: 

§ 1037.615 Advanced technologies. 
* * * * * 
(f) For electric vehicles and for fuel cells powered by hydrogen, calculate CO2 credits using an 
FEL of 0 g/ton-mile. Note that these vehicles are subject to compression-ignition standards for 
CO2. 
* * * * * 

121. Add § 1037.616 to subpart G to read as follows: 

128. Amend § 1037.635 by revising paragraph (b)(2) to read as follows: 

§ 1037.635 Glider kits and glider vehicles. 
* * * * * 
(b) * * * 

(2) The engine must meet the criteria pollutant standards of 40 CFR part 86 or 40 CFR part 
1036 that apply for the engine model year corresponding to the vehicle’s date of 
manufacture. 

* * * * * 

129. Amend § 1037.705 by revising paragraph (b) to read as follows: 

§ 1037.705 Generating and calculating emission credits. 
* * * * * 
(b) For each participating family or subfamily, calculate positive or negative emission credits 
relative to the otherwise applicable emission standard.  Calculate positive emission credits for a 
family or subfamily that has an FEL below the standard.  Calculate negative emission credits for 
a family or subfamily that has an FEL above the standard.  Sum your positive and negative 
credits for the model year before rounding. Round the sum of emission credits to the nearest 
megagram (Mg), using consistent units with the following equation: 

Emission credits (Mg) = (Std – FEL) ∙ PL ∙ Volume ∙ UL ∙ 10-6 

Where: 
Std = the emission standard associated with the specific regulatory subcategory (g/ton-mile). 
FEL = the family emission limit for the vehicle subfamily (g/ton-mile). 
PL = standard payload, in tons. 
Volume = U.S.-directed production volume of the vehicle subfamily.  For example, if you 
produce three configurations with the same FEL, the subfamily production volume would be 
the sum of the production volumes for these three configurations. 
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UL = useful life of the vehicle, in miles, as described in §§ 1037.105 and 1037.106.  Use 
250,000 miles for trailers. 

* * * * * 

130. Amend § 1037.725 by revising the section heading to read as follows: 

§ 1037.725 Required information for certification. 
* * * * * 

131. Amend § 1037.730 by revising paragraphs (a), (b) introductory text, (c), and (f) to 
read as follows: 

§ 1037.730 ABT reports. 
(a) If you certify any vehicle families using the ABT provisions of this subpart, send us a final 
report by September 30 following the end of the model year. 
(b) Your report must include the following information for each vehicle family participating in 
the ABT program: 
* * * * * 
(c) Your report must include the following additional information: 

(1) Show that your net balance of emission credits from all your participating vehicle 
families in each averaging set in the applicable model year is not negative, except as allowed 
under § 1037.745. Your credit tracking must account for the limitation on credit life under 
§ 1037.740(c). 
(2) State whether you will retain any emission credits for banking. If you choose to retire 
emission credits that would otherwise be eligible for banking, identify the families that 
generated the emission credits, including the number of emission credits from each family. 
(3) State that the report’s contents are accurate. 
(4) Identify the technologies that make up the certified configuration associated with each 
vehicle identification number.  You may identify this as a range of identification numbers for 
vehicles involving a single, identical certified configuration.  

* * * * * 
(f) Correct errors in your report as follows: 

(1) If you or we determine by September 30 after the end of the model year that errors 
mistakenly decreased your balance of emission credits, you may correct the errors and 
recalculate the balance of emission credits.  You may not make these corrections for errors 
that are determined later than September 30 after the end of the model year.  If you report a 
negative balance of emission credits, we may disallow corrections under this paragraph 
(f)(1). 
(2) If you or we determine any time that errors mistakenly increased your balance of 
emission credits, you must correct the errors and recalculate the balance of emission credits. 

132. Amend § 1037.735 by revising paragraph (b) to read as follows: 

§ 1037.735 Recordkeeping. 
* * * * * 
(b) Keep the records required by this section for at least eight years after the due date for the 
final report. You may not use emission credits for any vehicles if you do not keep all the records 
required under this section.  You must therefore keep these records to continue to bank valid 
credits. 
* * * * * 
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133. Amend § 1037.740 by revising paragraph (b) to read as follows: 

§ 1037.740 Restrictions for using emission credits. 
* * * * * 
(b) Credits from hybrid vehicles and other advanced technologies. The following provisions 
apply for credits you generate under § 1037.615. 

(1) Credits generated from Phase 1 vehicles may be used for any of the averaging sets 
identified in paragraph (a) of this section; you may also use those credits to demonstrate 
compliance with the CO2 emission standards in 40 CFR 86.1819 and 40 CFR part 1036. 
Similarly, you may use Phase 1 advanced-technology credits generated under 40 CFR 
86.1819-14(k)(7) or 40 CFR 1036.615 to demonstrate compliance with the CO2 standards in 
this part. The maximum amount of advanced-technology credits generated from Phase 1 
vehicles that you may bring into each of the following service class groups is 60,000 Mg per 
model year: 

(i) Spark-ignition HDE, Light HDE, and Light HDV.  This group comprises the 
averaging set listed in paragraph (a)(1) of this section and the averaging set listed in 40 
CFR 1036.740(a)(1) and (2). 
(ii) Medium HDE and Medium HDV. This group comprises the averaging sets listed in 
paragraph (a)(2) of this section and 40 CFR 1036.740(a)(3). 
(iii) Heavy HDE and Heavy HDV. This group comprises the averaging sets listed in 
paragraph (a)(3) of this section and 40 CFR 1036.740(a)(4). 
(iv) This paragraph (b)(1) does not limit the advanced-technology credits that can be used 
within a service class group if they were generated in that same service class group. 

(2) Credits generated from Phase 2 vehicles are subject to all the averaging-set restrictions that 
apply to other emission credits. 
* * * * * 

134. Amend § 1037.801 by: 
a. Revising the definitions of “Adjustable parameter”, “Automatic tire inflation system”, and 
“Automatic transmission (AT)”. 
ba. Adding definitions for “Charge-depleting”, and “Charge-sustaining” in alphabetical order. 
cb. Revising the definitions of “Designated Compliance Officer”. 
d. Revising the definition of "Electric vehicle”. 
ec. Adding a definition for “Emission-related component” in alphabetical order. 
fd. Revising the definitions for “Low rolling resistance tire”, “Neutral coasting”, “Rechargeable 
Energy Storage System (RESS)”, and “Tire rolling resistance level (TRRL)”. 
The additions and revisions read as follows: 

§ 1037.801 Definitions. 
* * * * * 
Adjustable parameter has the meaning given in 40 CFR 1068.30.means any device, system, or 
element of design that someone can adjust (including those which are difficult to access) and 
that, if adjusted, may affect measured or modeled emissions (as applicable).  You may ask us to
exclude a parameter that is difficult to access if it cannot be adjusted to affect emissions without 
significantly degrading vehicle performance, or if you otherwise show us that it will not be 
adjusted in a way that affects emissions during in-use operation. 
* * * * * 
Automatic tire inflation system means a pneumatically or electronically activated system 
installed on a vehicle to maintain tire pressure at a preset level.  These systems eliminate the 
need to manually inflate tires. Note that this is different than a “tire pressure monitoring 
system,” which we define separately in this section. 
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Automatic transmission (AT) means a transmission with a torque converter (or equivalent) that 
uses computerize or other internal controls to shift gears in response to a single driver input for 
controlling vehicle speed.. Note that automatic manual transmissions are not automatic 
transmissions because they do not include torque converters. 
* * * * * 
Charge-depleting has the meaning given in 40 CFR 1066.1001. 
Charge-sustaining has the meaning given in 40 CFR 1066.1001. 
* * * * * 
Designated Compliance Officer means one of the following: 

(1) For compression-ignition engines, Designated Compliance Officer means Director, 
Diesel Engine Compliance Center, U.S. Environmental Protection Agency, 2000 Traverwood 
Drive, Ann Arbor, MI 48105; complianceinfo@epa.gov; www.epa.gov/ve-certification. 
(2) For spark-ignition engines, Designated Compliance Officer means Director, Gasoline 
Engine Compliance Center, U.S. Environmental Protection Agency, 2000 Traverwood Drive, 
Ann Arbor, MI 48105; complianceinfo@epa.gov; www.epa.gov/ve-certification. 

* * * * * 
Electric vehicle means a motor vehicle that does not include an engine, and is powered solely by 
an external source of electricity and/or solar power.  Note that this definition does not include 
hybrid electric vehicles or fuel -cell vehicles that use a chemical fuel such as gasoline, diesel 
fuel, or hydrogen. Electric vehicles may also be referred to as all-electric vehicles to distinguish 
them from hybrid vehicles. 
* * * * * 
Emission-related component has the meaning given in 40 CFR part 1068, appendix A. 
* * * * * 
Low rolling resistance tire means a tire on a vocational vehicle with a TRRL at or below of 7.7 
N/kN, a steer tire on a tractor with a TRRL at or below 7.7 N/kN, a drive tire on a tractor with a 
TRRL at or below 8.1 N/kN, a tire on a non-box trailer with a TRRL at or below of 6.5 N/kN, or 
a tire on a box van with a TRRL at or below of 6.0 N/kN. 
* * * * * 
Neutral coasting means a vehicle technology that automatically puts the transmission in neutral 
when the vehicle has minimal power demand while in motion, such as driving downhill.  
* * * * * 
Rechargeable Energy Storage System (RESS) has the meaning given in 40 CFR 1065.1001.  
* * * * * 
Tire rolling resistance level (TRRL) means a value with units of N/kN that represents the rolling 
resistance of a tire configuration. TRRLs are used as modeling inputs under §§ 1037.515 and 
1037.520. Note that a manufacturer may use the measured value for a tire configuration’s 
coefficient of rolling resistance, or assign some higher value. 
* * * * * 

135. Amend § 1037.805 by revising paragraphs (a), (b), (d), (e), (f), and (g) to read as 
follows: 

§ 1037.805 Symbols, abbreviations, and acronyms.  
* * * * * 
(a) Symbols for chemical species. This part uses the following symbols for chemical species and 
exhaust constituents: 
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TABLE 1 TO PARAGRAPH (a) OF § 1037.805—SYMBOLS FOR CHEMICAL SPECIES AND EXHAUST 

CONSTITUENTS 

Symbol Species 
C carbon. 
CH4 methane. 
CO carbon monoxide. 
CO2 carbon dioxide. 
H2O water. 
HC hydrocarbon. 
NMHC nonmethane hydrocarbon. 
NMHCE nonmethane hydrocarbon equivalent. 
NO nitric oxide. 
NO2 nitrogen dioxide. 
NOx oxides of nitrogen. 
N2O nitrous oxide. 
PM particulate matter. 
THC total hydrocarbon. 
THCE total hydrocarbon equivalent. 

(b) Symbols for quantities. This part 1037 uses the following symbols and units of measure for 
various quantities: 
TABLE 2 TO PARAGRAPH (b) OF § 1037.805—SYMBOLS FOR QUANTITIES 

SYMBOL QUANTITY UNIT 
UNIT 
SYMBOL 

UNIT IN 
TERMS OF SI 
BASE UNITS 

A vehicle frictional load pound force or 
newton 

lbf or N kg∙m∙s-2 . 

a axle position 
regression coefficient 

 atomic hydrogen-to-
carbon ratio 

mole per mole mol/mol 1. 

 axle position 
regression coefficient 

 intercept of air speed 
correction 

 slope of air speed 
correction 

ag acceleration of 
Earth’s gravity 

meters per second 
squared 

m/s2  m∙s-2 . 

a0 intercept of least 
squares regression 

a1 slope of least squares 
regression 

B vehicle load from 
drag and rolling 
resistance 

pound force per 
mile per hour or 
newton second per 
meter 

lbf/(mi/hr) or 
N∙s/m 

kg∙s-1 . 

b axle position 
regression coefficient 
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 atomic oxygen-to-
carbon ratio 

mole per mole mol/mol 1. 

 axle position 
regression coefficient 

 intercept of air 
direction correction 

 slope of air direction 
correction 

Beff estimated battery 
efficiency 

C vehicle-specific 
aerodynamic effects 

pound force per 
mile per hour 
squared or newton-
second squared per 
meter squared 

lbf/mph2 or 
N∙s2/m2 

kg∙m-1 . 

C current of one 
ampere flowing for 
one hour 

ampere per hour kAꞏhr 3.6 kAꞏs. 

c axle position 
regression coefficient 

ci axle test regression 
coefficients 

Ci constant 
ΔCdA differential drag area meter squared  m2  m2 . 
CdA drag area meter squared  m2  m2 . 
Cd drag coefficient 
CF correction factor 
CF conversion factor 
CR charge recovery 
Crr coefficient of rolling 

resistance 
newton per 
kilonewton 

N/kN 10-3 . 

D distance miles or meters mi or m m. 
E energy kilowatt-hour kW∙hr 3.6∙m2∙kg∙s-1 . 
e mass-weighted 

emission result 
grams per ton-mile g/ton-mi g/kg-km. 

EC energy consumption kilowatt-hour per 
mile 

kWꞏhr/mi 3.6∙m2∙kg∙s-1∙mi-1 . 

Eff efficiency 
F adjustment factor 
F force pound force or 

newton 
lbf or N kg∙m∙s-2 . 

fn angular speed (shaft) revolutions per 
minute 

r/min π∙30ꞏs-1 . 

G road grade percent % 10-2 . 
g gravitational 

acceleration 
meters per second 
squared 

m/s2 m∙s-2 . 

h elevation or height meters m m. 
I current amphere A A. 
i indexing variable 
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ka drive axle ratio 1. 
kd transmission gear 

ratio 
ktopgear highest available 

transmission gear 
L load over axle pound force or 

newton 
lbf or N kg∙m∙s-2 . 

m mass pound mass or 
kilogram 

lbm or kg kg. 

M molar mass gram per mole g/mol 10-3∙kg∙mol-1 . 
M total number in series 
M vehicle mass kilogram kg  kg. 
Me vehicle effective 

mass 
kilogram kg kg. 

Mrotating inertial mass of 
rotating components 

kilogram kg kg. 

N total number in series 
n number of tires

𝑛 n amount of substance 
rate 

mole per second mol/s mol∙s-1 . 

Q total number in series 
P power kilowatt kW 103∙m2∙kg∙s-3 . 
p pressure pascal Pa kg∙m-1∙s-2 . 
ρ mass density kilogram per cubic 

meter 
kg/m3 kg∙m-3 . 

PL payload tons ton kg. 
ϕ direction degrees ° °. 
ѱ direction degrees ° °. 
R range miles or meters mi or m m. 
r tire radius meter m m. 
r2 coefficient of 

determination 
Re# Reynolds number 
SEE standard error of the 

estimate 
σ standard deviation 
TRPM tire revolutions per 

mile 
revolutions per mile r/mi 

TRRL tire rolling resistance 
level 

newton per 
kilonewton 

N/kN 10-3 . 

T absolute temperature kelvin K K. 
T Celsius temperature  degree Celsius °C K – 273.15. 
T torque (moment of 

force) 
newton meter N∙m m2∙kg∙s-2 . 

t time hour or second hr or s s. 
Δt time interval, period, 

1/frequency 
second s s. 
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UBE useable battery 
energy 

watt-hour W∙hr 3600∙m2∙kg∙s-1 . 

UF utility factor 
V voltage volts V kgꞏm2ꞏs−3ꞏA−1 . 
v speed miles per hour or 

meters per second 
mi/hr or m/s m∙s-1 . 

w weighting factor 
w wind speed miles per hour mi/hr  m∙s-1 . 
W work kilowatt-hour kW∙hr 3.6∙m2∙kg∙s-1 . 
wC carbon mass fraction gram per gram g/g 1. 
WR weight reduction pound mass lbm kg. 
x amount of substance 

mole fraction 
mole per mole mol/mol 1. 

* * * * * 
(d) Subscripts. This part uses the following subscripts for modifying quantity symbols: 
TABLE 4 TO PARAGRAPH (d) OF § 1037.805—SUBSCRIPTS 

SUBSCRIPT MEANING 
±6 ±6° yaw angle sweep. 
A A speed. 
AC alternating current. 
ACRC alternating current recharge. 
air air. 
aero aerodynamic. 
alt alternative. 
act actual or measured condition. 
air air. 
axle axle. 
B B speed. 
BEV battery electric vehicle. 
brake brake. 
C C speed. 
Ccombdry carbon from fuel per mole of dry 

exhaust. 
CD charge-depleting. 
circuit circuit. 
CO2DEF CO2 resulting from diesel exhaust fluid 

decomposition. 
CO2PTO CO2 emissions for PTO cycle. 
coastdown coastdown. 
comp composite. 
CS charge-sustaining. 
CSC constant-speed cycle. 
CSCM constant-speed cycle midpoint. 
cycle test cycle. 
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D distance. 
DC direct current. 
DCD direct current discharge. 
DCRC direct current recharge. 
drive drive axle. 
drive-idle idle with the transmission in drive. 
driver driver. 
dyno dynamometer. 
E end-of-test. 
effective effective. 
end end. 
eng engine. 
factor factor. 
FCEV fuel cell electric vehicle. 
est estimate. 
event event. 
FTP Federal Test Procedure. 
fuel fuel. 
full full. 
grade grade. 
H2Oexhaustdry  H2O in exhaust per mole of exhaust. 
HDTC Heavy-Duty Transient Cycle. 
hi high. 
i an individual of a series. 
idle idle. 
in inlet. 
inc increment. 
j an individual of a series. 
k an individual of a series. 
LLC Low Load Cycle. 
lo low. 
loss loss. 
M midpoint. 
max maximum. 
meas measured quantity. 
med median. 
min minimum. 
moving moving. 
out outlet. 
P power. 
pair pair of speed segments. 
parked-idle idle with the transmission in park. 
partial partial. 
ploss power loss. 
plug-in plug-in hybrid electric vehicle. 
powertrain powertrain. 
PTO power take-off. 
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R range. 
rated rated speed. 
RC recharge. 
record record. 
ref reference quantity. 
RL road load. 
rotating rotating. 
seg segment. 
SET Supplemental Emission Test. 
speed speed. 
spin axle spin loss. 
start start. 
steer steer axle. 
t tire. 
test test. 
th theoretical. 
total total. 
trac traction. 
trac10 traction force at 10 mi/hr. 
trailer trailer axle. 
transient transient. 
TRR tire rolling resistance. 
UF utility factor. 
urea urea. 
veh vehicle. 
w wind. 
wa wind average. 
yaw yaw angle. 
ys yaw sweep. 
zero zero quantity. 

(e) Other acronyms and abbreviations. This part uses the following additional abbreviations and 
acronyms: 
TABLE 5 TO PARAGRAPH (e) OF § 1037.805—OTHER ACRONYMS AND ABBREVIATIONS 

ACRONYM MEANING 
ABT averaging, banking, and trading. 
AC alternating current. 
AECD auxiliary emission control device. 
AES automatic engine shutdown. 
APU auxiliary power unit. 
CD charge-depleting. 
CFD computational fluid dynamics. 
CFR Code of Federal Regulations. 
CITT curb idle transmission torque. 
CS charge-sustaining. 
CSC constant-speed cycle. 
DC direct current. 
DOT Department of Transportation. 
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ECM electronic control module. 
EPA Environmental Protection Agency. 
FCC fuel cell current. 
FCV fuel cell voltage. 
FE fuel economy. 
FEL Family Emission Limit. 
FTP Federal Test Procedure. 
GAWR gross axle weight rating. 
GCWR gross combination weight rating. 
GEM greenhouse gas emission model. 
GVWR gross vehicle weight rating. 
HDTC Heavy-Duty Transient Cycle. 
Heavy HDE heavy heavy-duty engine (see 40 CFR 1036.140). 
Heavy HDV heavy heavy-duty vehicle (see § 1037.140). 
HVAC heating, ventilating, and air conditioning. 
ISO International Organization for Standardization. 
Light HDE light heavy-duty engine (see 40 CFR 1036.140). 
Light HDV light heavy-duty vehicle (see § 1037.140). 
LLC Low Load Cycle. 
MCT Multicycle Test. 
Medium HDE medium heavy-duty engine (see 40 CFR 1036.140). 
Medium HDV medium heavy-duty vehicle (see § 1037.140). 
NARA National Archives and Records Administration. 
NHTSA National Highway Transportation Safety Administration. 
PHEV plug-in hybrid electric vehicle. 
PTO power take-off. 
RESS rechargeable energy storage system. 
SAE SAE International. 
SCT single cycle test. 
SEE standard error of the estimate. 
SET Supplemental Emission Test. 
SKU stock-keeping unit. 
Spark-ignition HDE spark-ignition heavy-duty engine (see 40 CFR 1036.140). 
TRPM tire revolutions per mile. 
TRRL tire rolling resistance level. 
UBE useable battery energy. 
U.S.C. United States Code. 
VSL vehicle speed limiter. 

(f) Constants. This part uses the following constants: 
TABLE 6 TO PARAGRAPH (f) OF § 1037.805—CONSTANTS 

SYMBOL QUANTITY VALUE 

g 
gravitational 
constant 

9.80665 m∙s-2 . 

R 
specific gas 
constant 

287.058 J/(kgꞏK). 
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(g) Prefixes. This part uses the following prefixes to define a quantity: 
TABLE 7 TO PARAGRAPH (g) OF § 1037.805—PREFIXES 

Symbol Quantity Value 
µ micro 10-6 

m milli 10-3 

c centi 10-2 

k kilo 103 

M mega 106 

136. Revise Amend § 1037.810 by revising paragraphs (a) and (e) and adding paragraph 
(f) to read as follows: 

§ 1037.810 Incorporation by reference. 
Certain material is incorporated by reference into this part with the approval of the Director of 
the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other than 
that specified in this section, EPA must publish a document in the Federal Register and the 
material must be available to the public. All approved incorporation by reference (IBR) material 
is available for inspection at EPA and at the National Archives and Records Administration 
(NARA). Contact EPA at: U.S. EPA, Air and Radiation Docket Center, WJC West Building, 
Room 3334, 1301 Constitution Ave. NW, Washington, DC 20004; www.epa.gov/dockets; (202) 
202-1744. For information on inspecting this material at NARA, visit www.archives.gov/federal-
register/cfr/ibr-locations.html or email fr.inspection@nara.gov. The material may be obtained 
from the following sources:Certain material is incorporated by reference into this part with the 
approval of the Director of the Federal Register in accordance with 5 U.S.C. 552(a) and 1 CFR 
part 51. To enforce any edition other than that specified in this section, the Environmental 
Protection Agency (EPA) must publish a document in the Federal Register and the material must 
be available to the public. All approved material is available for inspection at the EPA and at the 
National Archives and Records Administration (NARA).  Contact EPA at: U.S. EPA, Air and 
Radiation Docket and Information Center, 1301 Constitution Ave., NW., Room B102, EPA West 
Building, Washington, DC 20460, www.epa.gov/dockets, (202) 202-1744. For information on the 
availability of this material at NARA, email: fr.inspection@nara.gov, or go to: 
www.archives.gov/federal-register/cfr/ibr-locations.html. The material may be obtained from the 
sources in the following paragraphs of this section. 
(ab) International Organization for Standardization, Case Postale 56, CH-1211 Geneva 20, 
Switzerland, ; (41) 22749 0111, ; www.iso.org, ; or central@iso.org. 

(1) ISO 28580:2009(E) “Passenger car, truck and bus tyres – Methods of measuring rolling 
resistance – Single point test and correlation of measurement results”, First Edition, July 1, 
2009, (“ISO 28580”),; IBR approved for § 1037.520(c). 
(2) [Reserved] 

(b) National Institute of Standards and Technology (NIST), 100 Bureau Drive, Stop 1070, 
Gaithersburg, MD 20899-1070; (301) 975-6478; www.nist.gov. 

(1) NIST Special Publication 811, 2008 Edition, Guide for the Use of the International 
System of Units (SI), Physics Laboratory, March 2008; IBR approved for § 1037.805. 
(2) [Reserved] 

(ce) SAE International, 400 Commonwealth Dr., Warrendale, PA 15096–0001, (877) 606-7323 
(U.S. and Canada) or (724) 776–4970 (outside the U.S. and Canada), http://www.sae.org. 

(1) SAE J1025 AUG2012, Test Procedures for Measuring Truck Tire Revolutions Per 
Kilometer/Mile, Stabilized August 2012, (“SAE J1025”);, IBR approved for § 1037.520(c). 
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(2) SAE J1252 JUL2012, SAE Wind Tunnel Test Procedure for Trucks and Buses, Revised 
July 2012, (“SAE J1252”);, IBR approved for §§ 1037.525(b); and 1037.530(a). 
(3) SAE J1263 MAR2010, Road Load Measurement and Dynamometer Simulation Using 
Coastdown Techniques, rRevised March 2010, (“SAE J1263”);, IBR approved for 
§§ 1037.528 introductory text, (a), (b), (c), (e), and (h); and 1037.665(a). 
(4) SAE J1594 JUL2010, Vehicle Aerodynamics Terminology, Revised July 2010, (“SAE 
J1594”);, IBR approved for § 1037.530(d). 
(5) SAE J2071 REV. JUN94, Aerodynamic Testing of Road Vehicles - Open Throat Wind 
Tunnel Adjustment, Revised June 1994, (“SAE J2071”);, IBR approved for § 1037.530(b). 
(6) SAE J2263 MAY2020, (R) Road Load Measurement Using Onboard Anemometry and 
Coastdown Techniques, Revised May 2020December 2008, (“SAE J2263”);, IBR approved 
for §§ 1037.528 introductory text, (a), (b), (d), and (f); and 1037.665(a). 
(7) SAE J2343 JUL2008, Recommended Practice for LNG Medium and Heavy-Duty 
Powered Vehicles, Revised July 2008, (“SAE J2343”);, IBR approved for § 1037.103(e). 
(8) SAE J2452 ISSUED JUN1999, Stepwise Coastdown Methodology for Measuring Tire 
Rolling Resistance, Revised Issued June 1999, (“SAE J2452”);, IBR approved for 
§ 1037.528(h). 
(9) SAE J2841 MAR2009, Utility Factor Definitions for Plug-In Hybrid Electric Vehicles 
Using 2001 U.S. DOT National Household Travel Survey Data, Issued March 2009, (“SAE 
J2841”); IBR approved for § 1037.550(a). 
(10) SAE J2966 SEP2013, Guidelines for Aerodynamic Assessment of Medium and Heavy 
Commercial Ground Vehicles Using Computational Fluid Dynamics, Issued September 
2013, (“SAE J2966”);, IBR approved for § 1037.532(a). 

(dc) U.S. EPA, Office of Air and Radiation, 2565 Plymouth Road, Ann Arbor, MI 48105, ;
www.epa.gov. 

(1) Greenhouse gas Emissions Model (GEM), Version 2.0.1, September 2012 (“GEM 
version 2.0.1”),; IBR approved for § 1037.520. 
(2) Greenhouse gas Emissions Model (GEM) Phase 2, Version 3.0, July 2016 (“GEM Phase 
2, Version 3.0”); IBR approved for § 1037.150(bb)520. 
(3) Greenhouse gas Emissions Model (GEM) Phase 2, Version 3.5.1, November 2020 
(“GEM Phase 2, Version 3.5.1”); IBR approved for § 1037.150(bb). 
(4) Greenhouse gas Emissions Model (GEM) Phase 2, Version 4.0, January April 2022 
(“GEM Phase 2, Version 4.0”); IBR approved for §§ 1037.150(bb); 1037.520; 1037.550(a). 
(5) GEM’s MATLAB/Simulink Hardware-in-Loop model, Version 3.8, December 2020 
(“GEM HIL model 3.8”); IBR approved for § 1037.150(bb). 
Note 1 to paragraph (dc): The computer code for these models is available as noted in the 
introductory paragraph (a) of this section. A working version of the software is also available 
for download at www.epa.gov/regulations-emissions-vehicles-and-engines/greenhouse-gas-
emissions-model-gem-medium-and-heavy-duty. 

(d) National Institute of Standards and Technology, 100 Bureau Drive, Stop 1070, Gaithersburg, 
MD 20899-1070, (301) 975-6478, or www.nist.gov. 

(1) NIST Special Publication 811, Guide for the Use of the International System of Units 
(SI), 2008 Edition, March 2008, IBR approved for § 1037.805. 
(2) [Reserved] 

(f) Idaho National Laboratory, 2525 Fremont Ave., Idaho Falls, ID 83415-3805, (866) 495-7440, 
or www.inl.gov. 

(1) United States Advanced Battery Consortium, Electric Vehicle Battery Test Procedures 
Manual, Revision 2, January 1996; IBR approved for § 1037.552(a). 
(2) [Reserved] 
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137. Revise § 1037.815 to read as follows: 

§ 1037.815 Confidential information. 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this part. 

138. Amend § 1037.825 by revising paragraph (e)(1)(i) to read as follows: 

§ 1037.825 Reporting and recordkeeping requirements. 
* * * * * 
(e) * * * 

(1) * * * 
(i) In § 10376.150 we include various reporting and recordkeeping requirements related 
to interim provisions. 

* * * * * 
Appendix I to part 1037—[Redesignated as appendix A to part 1037] 
Appendix II to part 1037—[Redesignated as appendix B to part 1037] 
Appendix III to part 1037 [Redesignated as appendix C to part 1037] 
Appendix IV to part 1037—[Redesignated as appendix D to part 1037] 
Appendix V to part 1037—[Redesignated as appendix E to part 1037] 

139. Redesignate appendices to part 1037 as follows: 
old appendix new appendix 
appendix I to part 1037 appendix A to part 1037 
appendix II to part 1037 appendix B to part 1037 
appendix III to part 1037 appendix C to part 1037 
appendix IV to part 1037 appendix D to part 1037 
appendix V to part 1037 appendix E to part 1037 

A-276 



 

 

 

 

PART 1065—ENGINE-TESTING PROCEDURES 

207.  The authority citation for part 1065 continues to read as follows: 
Authority: 42 U.S.C. 7401 - 7671q. 

208.  Amend § 1065.1 by revising paragraphs (a)(1) through (5) and (8) and adding 
paragraph (i) to read as follows: 

§ 1065.1 Applicability. 
(a) * * * 

(1) Locomotives we regulate under 40 CFR part 1033. 
(2) Heavy-duty highway engines we regulate under 40 CFR parts 86 and 1036. 
(3) Nonroad compression-ignition engines we regulate under 40 CFR part 1039 and 
stationary diesel engines that are certified to the standards in 40 CFR part 1039 as specified 
in 40 CFR part 60, subpart IIII. 
(4) Marine compression-ignition engines we regulate under 40 CFR part 1042. 
(5) Marine spark-ignition engines we regulate under 40 CFR part 1045. 
* * * * * 
(8) Small nonroad spark-ignition engines we regulate under 40 CFR part 1054 and stationary 
engines that are certified to the standards in 40 CFR part 1054 as specified in 40 CFR part 
60, subpart JJJJ. 

* * * * * 
(i) The following additional procedures apply as described in subpart L of this part: 

(1) Measuring brake-specific emissions of semi-volatile organic compounds, which are not 
subject to separate emission standards. 
(2) Identifying the threshold temperature for vanadium sublimation for SCR catalysts. 
(3) Measuring the smoke opacity of engine exhaust. 
(4) Aging aftertreatment devices in support of determining deterioration factors for certified 
compression-ignition engines. 

209.  Amend § 1065.5 by revising paragraphs (a) introductory text and (c) to read as 
follows: 

§ 1065.5 Overview of this part 1065 and its relationship to the standard-setting part. 
(a) This part specifies procedures that apply generally to measuring brake-specific emissions 
from various categories of engines.  See subpart L of this part for measurement procedures for 
testing related to standards other than brake-specific emission standards.  See the standard-
setting part for directions in applying specific provisions in this part for a particular type of 
engine. Before using this part’s procedures, read the standard-setting part to answer at least the 
following questions: 
* * * * * 
(c) The following table shows how this part divides testing specifications into subparts: 
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Table 1 of § 1065.5—Description of Part 1065 Subparts 
This subpart Describes these specifications or procedures 
Subpart A Applicability and general provisions. 
Subpart B Equipment for testing. 
Subpart C Measurement instruments for testing. 
Subpart D Calibration and performance verifications for measurement systems. 
Subpart E How to prepare engines for testing, including service accumulation. 
Subpart F How to run an emission test over a predetermined duty cycle. 
Subpart G Test procedure calculations. 
Subpart H Fuels, engine fluids, analytical gases, and other calibration standards. 
Subpart I Special procedures related to oxygenated fuels. 
Subpart J How to test with portable emission measurement systems (PEMS). 
Subpart L How to test for unregulated and special pollutants and to perform 

additional measurements related to certification. 

210. Amend § 1065.10 by revising paragraph (c)(7)(ii) to read as follows: 

§ 1065.10 Other procedures. 
* * * * * 
(c) * * * 
(7) * * * 
(ii) Submission. Submit requests in writing to the EPA Program Officer. 
* * * * * 

211.  Amend § 1065.12 by revising paragraph (a) to read as follows: 

§ 1065.12 Approval of alternate procedures. 
(a) To get approval for an alternate procedure under § 1065.10(c), send the EPA Program Officer 
an initial written request describing the alternate procedure and why you believe it is equivalent 
to the specified procedure. Anyone may request alternate procedure approval.  This means that 
an individual engine manufacturer may request to use an alternate procedure.  This also means 
that an instrument manufacturer may request to have an instrument, equipment, or procedure 
approved as an alternate procedure to those specified in this part.  We may approve your request 
based on this information alone, whether or not it includes all the information specified in this 
section. Where we determine that your original submission does not include enough information 
for us to determine that the alternate procedure is equivalent to the specified procedure, we may 
ask you to submit supplemental information showing that your alternate procedure is consistently 
and reliably at least as accurate and repeatable as the specified procedure. 
* * * * * 

212.  Amend § 1065.140 by revising paragraph (b)(2) introductory text, (c)(2), (c)(6) 
introductory text, and (e)(4) to read as follows: 

§ 1065.140 Dilution for gaseous and PM constituents. 
* * * * * 
(b) * * * 
(2) Measure these background concentrations the same way you measure diluted exhaust 
constituents, or measure them in a way that does not affect your ability to demonstrate 
compliance with the applicable standards in this chapter.  For example, you may use the 
following simplifications for background sampling: 
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* * * * * 
(c) * * * 
(2) Pressure control. Maintain static pressure at the location where raw exhaust is introduced 
into the tunnel within ±1.2 kPa of atmospheric pressure.  You may use a booster blower to 
control this pressure. If you test using more careful pressure control and you show by 
engineering analysis or by test data that you require this level of control to demonstrate 
compliance at the applicable standards in this chapter, we will maintain the same level of static 
pressure control when we test. 
* * * * * 
(6) Aqueous condensation. You must address aqueous condensation in the CVS as described in 
this paragraph (c)(6). You may meet these requirements by preventing or limiting aqueous 
condensation in the CVS from the exhaust inlet to the last emission sample probe.  See paragraph 
(c)(6)(2)(B) of this section for provisions related to the CVS between the last emission sample 
probe and the CVS flow meter. You may heat and/or insulate the dilution tunnel walls, as well 
as the bulk stream tubing downstream of the tunnel to prevent or limit aqueous condensation.  
Where we allow aqueous condensation to occur, use good engineering judgment to ensure that 
the condensation does not affect your ability to demonstrate that your engines comply with the 
applicable standards in this chapter (see § 1065.10(a)). 
* * * * * 
(e) * * * 
(4) Control sample temperature to a (47 ±5) °C tolerance, as measured anywhere within 20 cm 
upstream or downstream of the PM storage media (such as a filter).  You may instead measure 
sample temperature up to 30 cm upstream of the filter or other PM storage media if it is housed 
within a chamber with temperature controlled to stay within the specified temperature range. 
Measure sample temperature with a bare-wire junction thermocouple with wires that are (0.500 
±0.025) mm diameter, or with another suitable instrument that has equivalent performance. 

213.  Amend § 1065.145 by revising paragraph (b)(2) to read as follows: 

§ 1065.145 Gaseous and PM probes, transfer lines, and sampling system components. 
* * * * * 
(b) * * * 

(2) Sample and measure emissions from each stack and calculate emissions separately for 
each stack. Add the mass (or mass rate) emissions from each stack to calculate the emissions 
from the entire engine. Testing under this paragraph (b)(2) requires measuring or calculating 
the exhaust molar flow for each stack separately.  If the exhaust molar flow in each stack 
cannot be calculated from combustion intake air flow(s), fuel flow(s), and measured gaseous 
emissions, and it is impractical to measure the exhaust molar flows directly, you may 
alternatively proportion the engine’s calculated total exhaust molar flow rate (where the flow 
is calculated using combustion intake air mass flow(s), fuel mass flow(s), and emissions 
concentrations) based on exhaust molar flow measurements in each stack using a less 
accurate, non-traceable method.  For example, you may use a total pressure probe and static 
pressure measurement in each stack.  

* * * * * 

214.  Amend § 1065.170 by revising paragraphs (a)(1) and (c)(1)(ii) and (iii) to read as 
follows: 

§ 1065.170 Batch sampling for gaseous and PM constituents. 
* * * * * 
(a) * * * 
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(1) Verify proportional sampling after an emission test as described in § 1065.545.  You must 
exclude from the proportional sampling verification any portion of the test where you are not 
sampling emissions because the engine is turned off and the batch samplers are not sampling, 
accounting for exhaust transport delay in the sampling system. Use good engineering judgment 
to select storage media that will not significantly change measured emission levels (either up or 
down). For example, do not use sample bags for storing emissions if the bags are permeable 
with respect to emissions or if they off gas emissions to the extent that it affects your ability to 
demonstrate compliance with the applicable gaseous emission standards in this chapter.  As 
another example, do not use PM filters that irreversibly absorb or adsorb gases to the extent that 
it affects your ability to demonstrate compliance with the applicable PM emission standards in 
this chapter. 
* * * * * 
(c) * * * 
(1) * * * 
(ii) The filter must be circular, with an overall diameter of (46.50 ±0.60) mm and an exposed 
diameter of at least 38 mm. See the cassette specifications in paragraph (c)(1)(vii) of this section. 
(iii) We highly recommend that you use a pure PTFE filter material that does not have any flow-
through support bonded to the back and has an overall thickness of (40 ±20) µm.  An inert 
polymer ring may be bonded to the periphery of the filter material for support and for sealing 
between the filter cassette parts.  We consider Polymethylpentene (PMP) and PTFE inert 
materials for a support ring, but other inert materials may be used.  See the cassette specifications 
in paragraph (c)(1)(vii) of this section.  We allow the use of PTFE-coated glass fiber filter 
material, as long as this filter media selection does not affect your ability to demonstrate 
compliance with the applicable standards in this chapter, which we base on a pure PTFE filter 
material. Note that we will use pure PTFE filter material for compliance testing, and we may 
require you to use pure PTFE filter material for any compliance testing we require, such as for 
selective enforcement audits. 
* * * * * 

§ 1065.190—[Amended] 

215. Amend § 1065.190 by removing paragraphs (g)(5) and (6). 
216.  Amend § 1065.210 by revising paragraph (a) to read as follows: 

§ 1065.210 Work input and output sensors. 
(a) Application. Use instruments as specified in this section to measure work inputs and outputs 
during engine operation. We recommend that you use sensors, transducers, and meters that meet 
the specifications in Table 1 of § 1065.205.  Note that your overall systems for measuring work 
inputs and outputs must meet the linearity verifications in § 1065.307.  We recommend that you 
measure work inputs and outputs where they cross the system boundary as shown in Figure 1 of 
this section§ 1065.210. The system boundary is different for air-cooled engines than for liquid-
cooled engines. If you choose to measure work before or after a work conversion, relative to the 
system boundary, use good engineering judgment to estimate any work-conversion losses in a 
way that avoids overestimation of total work. For example, if it is impractical to instrument the 
shaft of an exhaust turbine generating electrical work, you may decide to measure its converted 
electrical work.  As another example, you may decide to measure the tractive (i.e., electrical 
output) power of a locomotive, rather than the brake power of the locomotive engine.  In these 
cases, divide the electrical work by accurate values of electrical generator efficiency (η <1), or 
assume an efficiency of 1 (η =1), which would over-estimate brake-specific emissions.  For the 
example of using locomotive tractive power with a generator efficiency of 1 (η =1), this means 
using the tractive power as the brake power in emission calculations.  Do not underestimate any 
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work conversion efficiencies for any components outside the system boundary that do not return 
work into the system boundary. And do not overestimate any work conversion efficiencies for 
components outside the system boundary that do return work into the system boundary.  In all 
cases, ensure that you are able to accurately demonstrate compliance with the applicable 
standards in this chapter. Figure 1 follows: 
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* * * * * 

217.  Amend § 1065.260 by revising paragraph (a) to read as follows: 

§ 1065.260 Flame-ionization detector. 
(a) Application. Use a flame-ionization detector (FID) analyzer to measure hydrocarbon 
concentrations in raw or diluted exhaust for either batch or continuous sampling.  Determine 
hydrocarbon concentrations on a carbon number basis of one, C1. For measuring THC or THCE 
you must use a FID analyzer. For measuring CH4 you must meet the requirements of paragraph 
(gf) of this section. See subpart I of this part for special provisions that apply to measuring 
hydrocarbons when testing with oxygenated fuels. 
* * * * * 

218.  Add § 1065.274 to subpart C to read as follows: 

§ 1065.274 Zirconium dioxide (ZrO2) NOx analyzer. 
(a) Application. You may use a zirconia oxide (ZrO2) analyzer to measure NOx in raw exhaust 
for field-testing engines. 
(b) Component requirements. We recommend that you use a ZrO2 analyzer that meets the 
specifications in Table 1 of § 1065.205. Note that your ZrO2-based system must meet the 
linearity verification in § 1065.307. 
(c) Species measured. The ZrO2-based system must be able to measure and report NO and NO2 

together as NOx. If the ZrO2-based system cannot measure all of the NO2, you may develop and 
apply correction factors based on good engineering judgment to account for this deficiency. 
(d) Interference. You must account for NH3 interference with the NOx measurement. 

219.  Amend § 1065.284 by revising the section heading to read as follows: 

§ 1065.284 Zirconium dioxide (ZrO2) air-fuel ratio and O2 analyzer. 
* * * * * 

220.  Add § 1065.298 to subpart C to read as follows: 

§ 1065.298 Correcting real-time PM measurement based on gravimetric PM filter 
measurement for field-testing analysis. 
(a) Application. You may quantify net PM on a sample medium for field testing with a 
continuous PM measurement with correction based on gravimetric PM filter measurement. 
(b) Measurement principles. Photoacoustic or electrical aerosol instruments used in field-testing 
typically under-report PM emissions. Apply the verifications and corrections described in this 
section to meet accuracy requirements.  
(c) Component requirements. (1) Gravimetric PM measurement must meet the laboratory 

measurement requirements of this part 1065, noting that there are specific exceptions to some 
laboratory requirements and specification for field testing given in § 1065.905(d)(2).  In 
addition to those exceptions, field testing does not require you to verify proportional flow 
control as specified in § 1065.545. Note also that the linearity requirements of § 1065.307 
apply only as specified in this section. 
(2) Check the calibration and linearity of the photoacoustic and electrical aerosol instruments 
according to the instrument manufacturer’s instructions and the following recommendations: 

(i) For photoacoustic instruments we recommend one of the following: 
(A) Use a reference elemental carbon-based PM source to calibrate the instrument 
Verify the photoacoustic instrument by comparing results either to a gravimetric PM 
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measurement collected on the filter or to an elemental carbon analysis of collected 
PM. 
(B) Use a light absorber that has a known amount of laser light absorption to 
periodically verify the instrument’s calibration factor.  Place the light absorber in the 
path of the laser beam. This verification checks the integrity of the microphone 
sensitivity, the power of the laser diode, and the performance of the analog-to-digital 
converter. 
(C) Verify that you meet the linearity requirements in Table 1 of § 1065.307 by 
generating a maximum reference PM mass concentration (verified gravimetrically) 
and then using partial-flow sampling to dilute to various evenly distributed 
concentrations. 

(ii) For electrical aerosol instruments we recommend one of the following: 
(A) Use reference monodisperse or polydisperse PM-like particles with a mobility 
diameter or count median diameter greater than 45 nm.  Use an electrometer or 
condensation particle counter that has a d50 at or below 10 nm to verify the reference 
values. 
(B) Verify that you meet the linearity requirements in Table 1 of § 1065.307 using a 
maximum reference particle concentration, a zero-reference concentration, and at 
least two other evenly distributed points. Use partial-flow dilution to create the 
additional reference PM concentrations.  The difference between measured values 
from the electrical aerosol and reference instruments at each point must be no greater 
than 15 % of the mean value from the two measurements at that point.  

(d) Loss correction. You may use PM loss corrections to account for PM loss in the sample 
handling system. 
(e) Correction. Develop a multiplicative correction factor to ensure that total PM measured by 
photoacoustic or electrical aerosol instruments equate to the gravimetric filter-based total PM 
measurement.  Calculate the correction factor by dividing the mass of PM captured on the 
gravimetric filter by the quantity represented by the total concentration of PM measured by the 
instrument multiplied by the time over the test interval multiplied by the gravimetric filter 
sample flow rate. 

221.  Amend § 1065.301 by revising paragraph (d) to read as follows: 

§ 1065.301 Overview and general provisions. 
* * * * * 
(d) Use NIST-traceable standards to the tolerances we specify for calibrations and verifications.  
Where we specify the need to use NIST-traceable standards, you may alternatively use 
international standards recognized by the CIPM Mutual Recognition Arrangement that are not 
NIST-traceable. 

222.  Amend § 1065.305 by revising paragraph (d)(10)(ii) to read as follows: 

§ 1065.305 Verifications for accuracy, repeatability, and noise. 
* * * * * 
(d) * * * 
(10) * * * 
(ii) The measurement deficiency does not adversely affect your ability to demonstrate 
compliance with the applicable standards in this chapter. 
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223.  Amend § 1065.307 by revising paragraphs (b), (d) introductory text, and (f) to read 
as follows: 

§ 1065.307 Linearity verification. 
* * * * * 
(b) Performance requirements. If a measurement system does not meet the applicable linearity 
criteria referenced in Table 1 of this section, correct the deficiency by re-calibrating, servicing, 
or replacing components as needed. Repeat the linearity verification after correcting the 
deficiency to ensure that the measurement system meets the linearity criteria.  Before you may 
use a measurement system that does not meet linearity criteria, you must demonstrate to us that 
the deficiency does not adversely affect your ability to demonstrate compliance with the 
applicable standards in this chapter. 
* * * * * 
(d) Reference signals. This paragraph (d) describes recommended methods for generating 
reference values for the linearity-verification protocol in paragraph (c) of this section.  Use 
reference values that simulate actual values, or introduce an actual value and measure it with a 
reference-measurement system. In the latter case, the reference value is the value reported by the 
reference-measurement system. Reference values and reference-measurement systems must be 
NIST-traceable. We recommend using calibration reference quantities that are NIST-traceable 
within ±0.5 % uncertainty, if not specified elsewhere in this part 1065.  Use the following 
recommended methods to generate reference values or use good engineering judgment to select a 
different reference: 
* * * * * 
(f) Performance criteria for measurement systems. Table 1 follows: 
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TABLE 1 OF § 1065.307–MEASUREMENT SYSTEMS THAT REQUIRE LINEARITY VERIFICATION 

Measurement system Quantity 
Linearity criteria 

| xmin(a1–1)+a0 | a1 SEE r2 

Speed fn ≤ 0.05 % ∙ fnmax 0.98-1.02 ≤ 2 % ∙ fnmax ≥ 0.990 
Torque T ≤ 1 % ∙ Tmax 0.98-1.02 ≤ 2 % ∙ Tmax ≥ 0.990 
Electrical power P ≤ 1 % ∙ Pmax 0.98-1.02 ≤ 2 % ∙ Pmax ≥ 0.990 
Current I ≤ 1 % ∙ Imax 0.98-1.02 ≤ 2 % ∙ Imax ≥ 0.990 
Voltage U ≤ 1 % ∙ Umax 0.98-1.02 ≤ 2 % ∙ Umax ≥ 0.990 
Fuel flow rate 𝑚 ≤ 1 % ∙ 𝑚max 0.98-1.02 ≤ 2 % ∙ 𝑚max ≥ 0.990 
Fuel mass scale m ≤ 0.3 % ∙ mmax 0.996-1.004 ≤ 0.4 % ∙ mmax ≥ 0.999 
DEF flow rate 𝑚 ≤ 1 % ∙ 𝑚max 0.98-1.02 ≤ 2 % ∙ 𝑚max ≥ 0.990 
DEF mass scale m ≤ 0.3 % ∙ mmax 0.996-1.004 ≤ 0.4 % ∙ mmax ≥ 0.999 
Intake-air 
flow ratea 𝑛 ≤ 1 % ∙ 𝑛max 0.98-1.02 ≤ 2 % ∙ 𝑛max ≥ 0.990 

Dilution air 
flow ratea 𝑛 ≤ 1 % ∙ 𝑛max 0.98-1.02 ≤ 2 % ∙ 𝑛max 

≥ 0.990 

Diluted exhaust 
flow ratea 𝑛 ≤ 1 % ∙ 𝑛max 0.98-1.02 ≤ 2 % ∙ 𝑛max ≥ 0.990 

Raw exhaust 
flow ratea 𝑛 ≤ 1 % ∙ 𝑛max 0.98-1.02 ≤ 2 % ∙ 𝑛max ≥ 0.990 

Batch sampler 
flow ratesa 𝑛 ≤ 1 % ∙ 𝑛max 0.98-1.02 ≤ 2 % ∙ 𝑛max ≥ 0.990 

Gas dividers x/xspan ≤ 0.5 % ∙ xmax/xspan 0.98-1.02 ≤ 2 % ∙ xmax/xspan ≥ 0.990 
Gas analyzers for 
laboratory testing 

x ≤ 0.5 % ∙ xmax 0.99-1.01 ≤ 1 % ∙ xmax ≥ 0.998 

Gas analyzers for 
field testing 

x ≤ 1 % ∙ xmax 0.99-1.01 ≤ 1 % ∙ xmax ≥ 0.998 

Electrical aerosol 
analyzer for field 
testing 

x ≤ 5 % ∙ xmax 0.85-1.15 ≤ 10 % ∙ xmax ≥ 0.950 

Photoacoustic 
analyzer for field 
testing 

x ≤ 5 % ∙ xmax 0.90-1.10 ≤ 10 % ∙ xmax ≥ 0.980 

PM balance m ≤ 1 % ∙ mmax 0.99-1.01 ≤ 1 % ∙ mmax ≥ 0.998 
Pressures p ≤ 1 % ∙ pmax 0.99-1.01 ≤ 1 % ∙ pmax ≥ 0.998 
Dewpoint for intake 
air, PM-stabilization 
and balance 
environments 

Tdew ≤ 0.5 % ∙ Tdewmax 0.99-1.01 ≤ 0.5 % ∙ Tdewmax ≥ 0.998 

Other dewpoint 
measurements 

Tdew ≤ 1 % ∙ Tdewmax 0.99-1.01 ≤ 1 % ∙ Tdewmax ≥ 0.998 

Analog-to-digital 
conversion of 
temperature signals 

T ≤ 1 % ∙ Tmax 0.99-1.01 ≤ 1 % ∙ Tmax ≥ 0.998 

aFor flow meters that determine volumetric flow rate, 𝑉std, you may substitute 𝑉std for 𝑛 as the quantity and 
substitute 𝑉stdmax for 𝑛௫. 

* * * * * 

224.  Amend § 1065.308 by revising paragraph (e)(3) to read as follows: 

§ 1065.308 Continuous gas analyzer system-response and updating-recording 
verification—for gas analyzers not continuously compensated for other gas species. 
* * * * * 
(e) * * * 
(3) If a measurement system fails the criteria in paragraphs (e)(1) and (2) of this section, you 
may use the measurement system only if the deficiency does not adversely affect your ability to 
show compliance with the applicable standards in this chapter. 
* * * * * 
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225.  Amend § 1065.309 by revising paragraph (e)(3) to read as follows: 

§ 1065.309 Continuous gas analyzer system-response and updating-recording 
verification—for gas analyzers continuously compensated for other gas species. 
* * * * * 
(e) * * * 
(3) If a measurement system fails the criteria in paragraphs (e)(1) and (2) of this section, you 
may use the measurement system only if the deficiency does not adversely affect your ability to 
show compliance with the applicable standards in this chapter. 
* * * * * 

226.  Amend § 1065.315 by revising paragraphs (a)(1) through (3) and (b) to read as 
follows: 

§ 1065.315 Pressure, temperature, and dewpoint calibration. 
(a) * * * 

(1) Pressure. We recommend temperature-compensated, digital-pneumatic, or deadweight 
pressure calibrators, with data-logging capabilities to minimize transcription errors.  We 
recommend using calibration reference quantities that are NIST-traceable within ±0.5 % 
uncertainty. 
(2) Temperature. We recommend digital dry-block or stirred-liquid temperature calibrators, 
with data logging capabilities to minimize transcription errors.  We recommend using 
calibration reference quantities that are NIST-traceable within ±0.5 % uncertainty. You may 
perform linearity verification for temperature measurement systems with thermocouples, 
RTDs, and thermistors by removing the sensor from the system and using a simulator in its 
place. Use a NIST-traceable simulator that is independently calibrated and, as appropriate, 
cold-junction compensated.  The simulator uncertainty scaled to absolute temperature must 
be less than 0.5 % of Tmax. If you use this option, you must use sensors that the supplier 
states are accurate to better than 0.5 % of Tmax compared with their standard calibration 
curve. 
(3) Dewpoint. We recommend a minimum of three different temperature-equilibrated and 
temperature-monitored calibration salt solutions in containers that seal completely around the 
dewpoint sensor. We recommend using calibration reference quantities that are NIST-
traceable within ±0.5 % uncertainty. 

(b) You may remove system components for off-site calibration.  We recommend specifying 
calibration reference quantities that are NIST-traceable within ±0.5 % uncertainty. 

227.  Amend § 1065.320 by revising paragraph (c) to read as follows: 

§ 1065.320 Fuel-flow calibration. 
* * * * * 
(c) You may remove system components for off-site calibration.  When installing a flow meter 
with an off-site calibration, we recommend that you consider the effects of the tubing 
configuration upstream and downstream of the flow meter.  We recommend specifying 
calibration reference quantities that are NIST-traceable within ±0.5 % uncertainty. 

228.  Amend § 1065.325 by revising paragraphs (a) and (b) to read as follows: 

§ 1065.325 Intake-flow calibration. 
(a) Calibrate intake-air flow meters upon initial installation.  Follow the instrument 
manufacturer’s instructions and use good engineering judgment to repeat the calibration.  We 
recommend using a calibration subsonic venturi, ultrasonic flow meter or laminar flow element.  
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We recommend using calibration reference quantities that are NIST-traceable within ±0.5 % 
uncertainty. 
(b) You may remove system components for off-site calibration.  When installing a flow meter 
with an off-site calibration, we recommend that you consider the effects of the tubing 
configuration upstream and downstream of the flow meter.  We recommend specifying 
calibration reference quantities that are NIST-traceable within ±0.5 % uncertainty. 
* * * * * 

229.  Amend § 1065.330 by revising paragraphs (a) and (b) to read as follows: 

§ 1065.330 Exhaust-flow calibration. 
(a) Calibrate exhaust-flow meters upon initial installation.  Follow the instrument manufacturer’s 
instructions and use good engineering judgment to repeat the calibration.  We recommend that 
you use a calibration subsonic venturi or ultrasonic flow meter and simulate exhaust 
temperatures by incorporating a heat exchanger between the calibration meter and the exhaust-
flow meter. If you can demonstrate that the flow meter to be calibrated is insensitive to exhaust 
temperatures, you may use other reference meters such as laminar flow elements, which are not 
commonly designed to withstand typical raw exhaust temperatures.  We recommend using 
calibration reference quantities that are NIST-traceable within ±0.5 % uncertainty. 
(b) You may remove system components for off-site calibration.  When installing a flow meter 
with an off-site calibration, we recommend that you consider the effects of the tubing 
configuration upstream and downstream of the flow meter.  We recommend specifying 
calibration reference quantities that are NIST-traceable within ±0.5 % uncertainty. 
* * * * * 

230.  Amend § 1065.341 by revising paragraph (e)(3) to read as follows: 

§ 1065.341 CVS and PFD flow verification (propane check). 
* * * * * 
(e) * * * 
(3) Calculate total C3H8 mass based on your CVS and HC data as described in § 1065.650 (40 
CFR 1066.605 for vehicle testing) and § 1065.660, using the molar mass of C3H8, MC3H8, instead 
of the effective molar mass of HC, MHC. 
* * * * * 

231.  Amend § 1065.345 by revising paragraph (d) to read as follows: 

§ 1065.345 Vacuum-side leak verification. 
* * * * * 
(d) Dilution-of-span-gas leak test. You may use any gas analyzer for this test.  If you use a FID 
for this test, correct for any HC contamination in the sampling system according to § 1065.660.  
If you use an O2 analyzer described in § 1065.280 for this test, you may use purified N2 to detect 
a leak. To avoid misleading results from this test, we recommend using only analyzers that have 
a repeatability of 0.5 % or better at the reference gas concentration used for this test.  Perform a 
vacuum-side leak test as follows: 

(1) Prepare a gas analyzer as you would for emission testing. 
(2) Supply reference gas to the analyzer span port and record the measured value. 
(3) Route overflow reference gas to the inlet of the sample probe or at a tee fitting in the 
transfer line near the exit of the probe.  You may use a valve upstream of the overflow fitting 
to prevent overflow of reference gas out of the inlet of the probe, but you must then provide 
an overflow vent in the overflow supply line. 
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(4) Verify that the measured overflow reference gas concentration is within ±0.5 % of the 
concentration measured in paragraph (d)(2) of this section.  A measured value lower than 
expected indicates a leak, but a value higher than expected may indicate a problem with the 
reference gas or the analyzer itself.  A measured value higher than expected does not indicate 
a leak. 

* * * * * 

232.  Amend § 1065.350 by revising paragraph (e)(1) to read as follows: 

§ 1065.350 H2O interference verification for CO2 NDIR analyzers. 
* * * * * 
(e) * * * 
(1) You may omit this verification if you can show by engineering analysis that for your CO2 

sampling system and your emission-calculation procedures, the H2O interference for your CO2 

NDIR analyzer always affects your brake-specific emission results within ±0.5 % of each of the 
applicable standards in this chapter.  This specification also applies for vehicle testing, except 
that it relates to emission results in g/mile or g/kilometer. 
* * * * * 

233.  Amend § 1065.405 by revising paragraph (a) to read as follows: 

§ 1065.405 Test engine preparation and maintenance. 
* * * * * 
(a) If you are testing an emission-data engine for certification, make sure it is built to represent 
production engines, consistent with paragraph (f) of this section.  

(1) This includes governors that you normally install on production engines. Production 
engines should also be tested with their installed governors. If your engine is equipped with 
multiple user-selectable governor types and if the governor does not manipulate the emission 
control system (i.e., the governor only modulates an “operator demand” signal such as 
commanded fuel rate, torque, or power), choose the governor type that allows the test cell to 
most accurately follow the duty cycle. If the governor manipulates the emission control 
system, treat it as an adjustable parameter. If you do not install governors on production 
engines, simulate a governor that is representative of a governor that others will install on 
your production engines. 
(2) In certain circumstances, you may incorporate test cell components to simulate an in-use 
configuration, consistent with good engineering judgment. For example, §§ 1065.122 and 
1065.125 allow the use of test cell components to represent engine cooling and intake air 
systems. 
(3) The provisions in § 1065.110(e) also apply to emission-data engines for certification. 
(4) For engines using SCR, use any size DEF tank and fuel tank. We may require you to give 
us a production-type DEF tank, including any associated sensors, for our testing. 

* * * * * 

234.  Amend § 1065.410 by revising paragraph (c) to read as follows: 

§ 1065.410 Maintenance limits for stabilized test engines. 
* * * * * 
(c) If you inspect an engine, keep a record of the inspection and update your application for 
certification to document any changes that result. You may use any kind of equipment, 
instrument, or tool that is available at dealerships and other service outlets to identify 
malfunctioning components or perform maintenance. You may inspect using electronic tools or 
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internal engine systems to monitor engine performance, but only if the information is readable 
without specialized equipment. 
* * * * * 

235. Amend § 1065.501 by revising paragraph (a) introductory text to read as follows: 

§ 1065.501 Overview. 
(a) Use the procedures detailed in this subpart to measure engine emissions over a specified duty 
cycle. Refer to subpart J of this part for field test procedures that describe how to measure 
emissions during in-use engine operation.  Refer to subpart L of this part for measurement 
procedures for testing related to standards other than brake-specific emission standards.  This 
section describes how to– 
* * * * * 

236. Amend § 1065.510 by revising paragraphs (a) introductory text, (b) introductory text, 
(b)(4) through (6), (c)(2), (d) introductory text, (d)(4), (d)(5)(iii), and (g)(2)(i) to read as 
follows: 

§ 1065.510 Engine mapping. 
(a) Applicability, scope, and frequency. An engine map is a data set that consists of a series of 
paired data points that represent the maximum brake torque versus engine speed, measured at the 
engine’s primary output shaft.  Map your engine if the standard-setting part requires engine 
mapping to generate a duty cycle for your engine configuration.  Map your engine while it is 
connected to a dynamometer or other device that can absorb work output from the engine’s 
primary output shaft according to § 1065.110.  Configure any auxiliary work inputs and outputs 
such as hybrid, turbo-compounding, or thermoelectric systems to represent their in-use 
configurations, and use the same configuration for emission testing.  See Figure 1 of § 1065.210. 
This may involve configuring initial states of charge and rates and times of auxiliary-work inputs 
and outputs. We recommend that you contact the EPA Program Officer before testing to 
determine how you should configure any auxiliary-work inputs and outputs.  If your engine has 
an auxiliary emission control device to reduce torque output that may activate during engine 
mapping, turn it off before mapping. Use the most recent engine map to transform a normalized 
duty cycle from the standard-setting part to a reference duty cycle specific to your engine.  
Normalized duty cycles are specified in the standard-setting part. You may update an engine map 
at any time by repeating the engine-mapping procedure.  You must map or re-map an engine 
before a test if any of the following apply: 
* * * * * 
(b) Mapping variable-speed engines. Map variable-speed engines using the procedure in this 
paragraph (b). Note that under § 1065.10(c) we may allow or require you to use “other 
procedures” if the specified procedure results in unrepresentative testing or if your engine cannot 
be tested using the specified procedure. If the engine has a user-adjustable idle speed setpoint, 
you may set it to its minimum adjustable value for this mapping procedure and the resulting map 
may be used for any test, regardless of where it is set for running each test. 
* * * * * 

(4) Operate the engine at the minimum mapped speed. A minimum mapped speed equal to 
(95 ±1) % of its warm idle speed determined in paragraph (b)(3) of this section may be used 
for any engine or test. A higher minimum mapped speed may be used if all the duty cycles 
that the engine is subject to have a minimum reference speed higher than the warm idle speed 
determined in paragraph (b)(3) of this section. In this case you may use a minimum mapped 
speed equal to (95 ±1) % of the lowest minimum reference speed in all the duty cycles the 
engine is subject to. Set operator demand to maximum and control engine speed at this 
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minimum mapped speed for at least 15 seconds. Set operator demand to maximum and 
control engine speed at (95 ±1) % of its warm idle speed determined in paragraph (b)(3)(i) of 
this section for at least 15 seconds. 
(5) Perform a continuous or discrete engine map as described in paragraphs (b)(5)(i) or (ii) of 
this section. A continuous engine map may be used for any engine. A discrete engine map 
may be used for engines subject only to steady-state duty cycles. Use linear interpolation 
between the series of points generated by either of these maps to determine intermediate 
torque values. Use the series of points generated by either of these maps to generate the 
power map as described in paragraph (e) of this section.  

(i) For continuous engine mapping, begin recording mean feedback speed and torque at 1 
Hz or more frequently and increase speed at a constant rate such that it takes (4 to 6) min 
to sweep from the minimum mapped speed described in paragraphs (b)(4) of this section 
to the check point speed described in paragraph (b)(5)(iii) of this section. Use good 
engineering judgment to determine when to stop recording data to ensure that the sweep 
is complete. In most cases, this means that you can stop the sweep at any point after the 
power falls to 50 % of the maximum value. 
(ii) For discrete engine mapping, select at least 20 evenly spaced setpoints from the 
minimum mapped speed described in paragraph (b)(4) of this section to the check point 
speed described in paragraph (b)(5)(iii) of this section.  At each setpoint, stabilize speed 
and allow torque to stabilize. We recommend that you stabilize an engine for at least 15 
seconds at each setpoint and record the mean feedback speed and torque of the last (4 to 
6) seconds. Record the mean speed and torque at each setpoint. 
(iii) The check point speed of the map is the highest speed above maximum power at 
which 50 % of maximum power occurs.  If this speed is unsafe or unachievable (e.g., for 
ungoverned engines or engines that do not operate at that point), use good engineering 
judgment to map up to the maximum safe speed or maximum achievable speed.  For 
discrete mapping, if the engine cannot be mapped to the check point speed, make sure the 
map includes at least 20 points from 95 % of warm idle to the maximum mapped speed.  
For continuous mapping, if the engine cannot be mapped to the check point speed, verify 
that the sweep time from 95 % of warm idle to the maximum mapped speed is (4 to 6) 
min. 
(iv) Note that under § 1065.10(c)(1) we may allow you to disregard portions of the map 
when selecting maximum test speed if the specified procedure would result in a duty 
cycle that does not represent in-use operation. 

(6) Determine warm high-idle speed for engines with a high-speed governor.  You may skip 
this if the engine is not subject to transient testing with a duty cycle that includes reference 
speed values above 100 %. You may use a manufacturer-declared warm high-idle speed if 
the engine is electronically governed. For engines with a high-speed governor that regulates 
speed by disabling and enabling fuel or ignition at two manufacturer-specified speeds, 
declare the middle of this specified speed range as the warm high-idle speed. You may 
alternatively measure warm high-idle speed using the following procedure: 

(i) Run an operating point targeting zero torque. 
(A) Set operator demand to maximum and use the dynamometer to target zero torque 
on the engine’s primary output shaft. 
(B) Wait for the engine governor and dynamometer to stabilize. We recommend that 
you stabilize for at least 15 seconds. 
(C) Record 1 Hz means of the feedback speed and torque for at least 30 seconds. You 
may record means at a higher frequency as long as there are no gaps in the recorded 
data. For engines with a high-speed governor that regulates speed by disabling and 
enabling fuel or ignition, you may need to extend this stabilization period to include 
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at least one disabling event at the higher speed and one enabling event at the lower 
speed. 
(D) Determine if the feedback speed is stable over the recording period. The feedback 
speed is considered stable if all the recorded 1 Hz means are within ±2 % of the mean 
feedback speed over the recording period. If the feedback speed is not stable because 
of the dynamometer, void the results and repeat measurements after making any 
necessary corrections. You may void and repeat the entire map sequence, or you may 
void and replace only the results for establishing warm high-idle speed; use good 
engineering judgment to warm-up the engine before repeating measurements. 
(E) If the feedback speed is stable, use the mean feedback speed over the recording 
period as the measured speed for this operating point. 
(F) If the feedback speed is not stable because of the engine, determine the mean as 
the value representing the midpoint between the observed maximum and minimum 
recorded feedback speed. 
(G) If the mean feedback torque over the recording period is within (0 ±1) % of 
Tmaxmapped, use the measured speed for this operating point as the warm high-idle 
speed. Otherwise, continue testing as described in paragraph (b)(6)(ii) of this section.  

(ii) Run a second operating point targeting a positive torque. Follow the same procedure 
in paragraphs (b)(6)(i)(A) through (F) of this section, except that the dynamometer is set 
to target a torque equal to the mean feedback torque over the recording period from the 
previous operating point plus 20 % of Tmax mapped. 
(iii) Use the mean feedback speed and torque values from paragraphs (b)(6)(i) and (ii) of 
this section to determine the warm high-idle speed.  If the two recorded speed values are 
the same, use that value as the warm high-idle-speed.  Otherwise, use a linear equation 
passing through these two speed-torque points and extrapolate to solve for the speed at 
zero torque and use this speed intercept value as the warm high-idle speed. 
(iv) You may use a manufacturer-declared Tmax instead of the measured Tmax mapped. If 
you do this, you may also measure the warm high-idle speed as described in this 
paragraph (b)(6) before running the operating point and speed sweeps specified in 
paragraphs (b)(4) and (5) of this section. 

* * * * * 
(c) * * * 

(2) Map the amount of negative torque required to motor the engine by repeating paragraph 
(b) of this section with minimum operator demand, as applicable.  You may start the negative 
torque map at either the minimum or maximum speed from paragraph (b) of this section. 

* * * * * 
(d) Mapping constant-speed engines. For Map constant-speed engines using the procedure in 
this paragraph (d). When testing without a motoring dynamometer (e.g., eddy-current or water-
brake dynamometer or any device that is already installed on a vehicle, equipment, or vessel) 
operate these devices over the no-load operating points in the procedure as close to no-load as 
possible., generate a map as follows: 
* * * * * 

(4) With the governor or simulated governor controlling speed using operator demand, 
operate the engine at the no-load, or minimum achievable load, governed speed (at high 
speed, not low idle) for at least 15 seconds. 
(5) * * * 

(iii) For any isochronous governed (0 % speed droop) constant-speed engine, you may 
map the engine with two points as described in this paragraph (d)(5)(iii).  After 
stabilizing at the no-load, or minimum achievable load, governed speed in paragraph 
(d)(4) of this section, record the mean feedback speed and torque.  Continue to operate 
the engine with the governor or simulated governor controlling engine speed using 
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operator demand, and control the dynamometer to target a speed of 99.5 % of the 
recorded mean no-load governed speed. Allow speed and torque to stabilize.  Record the 
mean feedback speed and torque.  Record the target speed.  The absolute value of the 
speed error (the mean feedback speed minus the target speed) must be no greater than 0.1 
% of the recorded mean no-load governed speed.  From this series of two mean feedback 
speed and torque values, use linear interpolation to determine intermediate values.  Use 
this series of two mean feedback speeds and torques to generate a power map as 
described in paragraph (e) of this section. Note that the measured maximum test torque 
as determined in § 1065.610(b)(1) will be the mean feedback torque recorded on the 
second point. 

* * * * * 
(g) * * * 

(2) The purpose of the mapping procedure in this paragraph (g) is to determine the maximum 
torque available at each speed, such as what might occur during transient operation with a 
fully charged RESS. Use one of the following methods to generate a hybrid-active map: 

(i) Perform an engine map by using a series of continuous sweeps to cover the engine’s 
full range of operating speeds. Prepare the engine for hybrid-active mapping by ensuring 
that the RESS state of charge is representative of normal operation.  Perform the sweep as 
specified in paragraph (b)(5)(i) of this section, but stop the sweep to charge the RESS 
when the power measured from the RESS drops below the expected maximum power 
from the RESS by more than 2 % of total system power (including engine and RESS 
power). Unless good engineering judgment indicates otherwise, assume that the expected 
maximum power from the RESS is equal to the measured RESS power at the start of the 
sweep segment. For example, if the 3-second rolling average of total engine-RESS 
power is 200 kW and the power from the RESS at the beginning of the sweep segment is 
50 kW, once the power from the RESS reaches 46 kW, stop the sweep to charge the 
RESS. Note that this assumption is not valid where the hybrid motor is torque-limited.  
Calculate total system power as a 3-second rolling average of instantaneous total system 
power. After each charging event, stabilize the engine for 15 seconds at the speed at 
which you ended the previous segment with operator demand set to maximum before 
continuing the sweep from that speed. Repeat the cycle of charging, mapping, and 
recharging until you have completed the engine map.  You may shut down the system or 
include other operation between segments to be consistent with the intent of this 
paragraph (g)(2)(i). For example, for systems in which continuous charging and 
discharging can overheat batteries to an extent that affects performance, you may operate 
the engine at zero power from the RESS for enough time after the system is recharged to 
allow the batteries to cool. Use good engineering judgment to smooth the torque curve to 
eliminate discontinuities between map intervals. 
(ii) Perform an engine map by using discrete speeds.  Select map setpoints at intervals 
defined by the ranges of engine speed being mapped.  From 95 % of warm idle speed to 
90 % of the expected maximum test speed, select setpoints that result in a minimum of 13 
equally spaced speed setpoints. From 90 % to 110 % of expected maximum test speed, 
select setpoints in equally spaced intervals that are nominally 2 % of expected maximum 
test speed. Above 110 % of expected maximum test speed, select setpoints based on the 
same speed intervals used for mapping from 95 % warm idle speed to 90 % maximum 
test speed. You may stop mapping at the highest speed above maximum power at which 
50 % of maximum power occurs.  We refer to the speed at 50 % power as the check point 
speed as described in paragraph (b)(5)(iii) of this section.  Stabilize engine speed at each 
setpoint, targeting a torque value at 70 % of peak torque at that speed without hybrid-
assist. Make sure the engine is fully warmed up and the RESS state of charge is within 
the normal operating range.  Snap the operator demand to maximum, operate the engine 
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there for at least 10 seconds, and record the 3-second rolling average feedback speed and 
torque at 1 Hz or higher. Record the peak 3-second average torque and 3-second average 
speed at that point. Use linear interpolation to determine intermediate speeds and 
torques. Follow § 1065.610(a) to calculate the maximum test speed.  Verify that the 
measured maximum test speed falls in the range from 92 to 108 % of the estimated 
maximum test speed.  If the measured maximum test speed does not fall in this range, 
rerun repeat the map using the measured value of maximum test speed. 

* * * * * 

237.  Amend § 1065.512 by revising paragraph (b)(1) to read as follows: 

§ 1065.512 Duty cycle generation. 
* * * * * 
(b) * * * 
(1) Engine speed for variable-speed engines. For variable-speed engines, normalized speed may 
be expressed as a percentage between warm idle speed, fnidle, and maximum test speed, fntest, or 
speed may be expressed by referring to a defined speed by name, such as “warm idle,” 
“intermediate speed,” or “A,” “B,” or “C” speed.  Section 1065.610 describes how to transform 
these normalized values into a sequence of reference speeds, fnref. Running duty cycles with 
negative or small normalized speed values near warm idle speed may cause low-speed idle 
governors to activate and the engine torque to exceed the reference torque even though the 
operator demand is at a minimum.  In such cases, we recommend controlling the dynamometer 
so it gives priority to follow the reference torque instead of the reference speed and let the engine 
govern the speed. Note that the cycle-validation criteria in § 1065.514 allow an engine to govern 
itself.   
This allowance permits you to test engines with enhanced-idle devices and to simulate the effects 
of transmissions such as automatic transmissions.  For example, an enhanced-idle device might 
be an idle speed value that is normally commanded only under cold-start conditions to quickly 
warm up the engine and aftertreatment devices.  In this case, negative and very low normalized 
speeds will generate reference speeds below this higher enhanced-idle speed. You may do either 
of the following when using enhanced-idle devices: 

(i) Control the dynamometer so it gives priority to follow the reference torque, controlling 
the operator demand so it gives priority to follow reference speed and let the engine govern 
the speed when the operator demand is at minimum. 
(ii) While running an engine where the ECM broadcasts an enhanced-idle speed that is above 
the denormalized speed, use the broadcast speed as the reference speed. Use these new 
reference points for duty-cycle validation. This does not affect how you determine 
denormalized reference torque in paragraph (b)(2) of this section. 
(iii) If an ECM broadcast signal is not available, perform one or more practice cycles to 
determine the enhanced-idle speed as a function of cycle time. Generate the reference cycle 
as you normally would but replace any reference speed that is lower than the enhanced-idle 
speed with the enhanced-idle speed. This does not affect how you determine denormalized 
reference torque in paragraph (b)(2) of this section. 

* * * * * 

238.  Amend § 1065.514 by revising paragraph (d) to read as follows 

§ 1065.514 Cycle-validation criteria for operation over specified duty cycles. 
* * * * * 
(d) Omitting additional points. Besides engine cranking, you may omit additional points from 
cycle-validation statistics as described in the following table: 
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TABLE 1 OF § 1065.514—PERMISSIBLE CRITERIA FOR OMITTING POINTS FROM DUTY-CYCLE 

REGRESSION STATISTICS 

For reference duty cycles that are specified in terms of speed and torque (fnref, Tref) 
When operator 
demand is at its... 

you may omit... if... 

minimum power and torque Tref < 0 % (motoring). 

minimum power and speed 
fnref = 0 % (idle speed) and Tref = 0 % (idle torque) and 
Tref – (2 % ꞏ Tmax mapped) < T < Tref + (2 % ꞏ Tmax mapped). 

minimum power and speed fnref < enhanced-idle speeda and Tref > 0 %. 

minimum 
power and either 
torque or speed 

fn > fnref or T > Tref but not if fn > (fnref ꞏ 102 %) and 
T > Tref + (2 % ꞏTmax mapped). 

maximum 
power and either 
torque or speed 

fn < fnref or T < Tref but not if fn < (fnref ꞏ 98 %) and 
T < Tref – (2 % ꞏ Tmax mapped). 

For reference duty cycles that are specified in terms of speed and power (fnref, Pref) 
When operator 
demand is at its... 

you may omit... if... 

minimum power and torque Pref < 0 % (motoring). 

minimum power and speed 
fnref = 0 % (idle speed) and Pref = 0 % (idle power) and 
Pref – (2 % ꞏ Pmax mapped) < P < Pref + (2 % ꞏ Pmax mapped). 

minimum 
power and either 
torque or speed 

fn > fnref or P > Pref but not if fn > (fnref ꞏ 102 %) and 
P > Pref + (2 % ꞏ Pmax mapped). 

maximum 
power and either 
torque or speed 

fn < fnref or P < Pref but not if fn < (fnref ꞏ 98 %) and 
P < Pref – (2 % ꞏ Pmax mapped). 

aDetermine eEnhanced-idle speed determined from ECM broadcast or a practice cycle. 

* * * * * 
239.  Amend § 1065.530 by revising paragraph (g)(5) introductory text to read as follows: 

§ 1065.530 Emission test sequence. 
* * * * * 
(g) * * * 
(5) If you perform the optional carbon balance error verification, verify carbon balance error as 
specified in the standard-setting part and § 1065.543.  Calculate and report the three carbon 
balance error quantities for each test interval; carbon mass absolute error for a test interval, (ϵaC), 
carbon mass rate absolute error for a test interval, (ϵaCrate), and carbon mass relative error for a 
test interval, (ϵrC). For duty cycles with multiple test intervals, you may calculate and report the 
composite carbon mass relative error, ϵrCcomp, for the whole duty cycle. If you report ϵrCcomp, you 
must still calculate and report ϵaC, ϵaCrate, and ϵrC for each test interval. 
* * * * * 

240. Amend § 1065.543 by revising paragraphs (a) and, (b) introductory text, and (b)(2) 
introductory text to read as follows: 

§ 1065.543 Carbon balance error verification. 
(a) This optional cCarbon balance error verification compares independently calculated 
quantities of carbon flowing into and out of an engine system. The engine system includes 
aftertreatment devices as applicable. Calculating carbon intake considers carbon-carrying 
streams flowing into the system, including intake air, fuel, and optionally DEF or other fluids.  
Carbon flow out of the system comes from exhaust emission calculations.  Note that this 
verification is not valid if you calculate exhaust molar flow rate using fuel rate and chemical 
balance as described in § 1065.655(f)(3) because carbon flows into and out of the system are not 
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independent. Use good engineering judgment to ensure that carbon mass in and carbon mass out 
data signals align. 
(b) Perform the carbon balance error verification after emission sampling is complete for a test 
interval or duty cyclesequence as described in § 1065.530(g)(5). Testing must include measured 
values as needed to determine intake air, fuel flow, and carbon-related gaseous exhaust 
emissions. You may optionally account for the flow of carbon-carrying fluids other than intake 
air and fuel into the system. Perform carbon balance error verification as follows: 

(1) Calculate carbon balance error quantities as described in § 1065.643.  The three quantities 
for individual test intervals are carbon mass absolute error, ϵaC, carbon mass rate absolute 
error, ϵaCrate, and carbon mass relative error, ϵrC. Determine ϵaC, ϵaCrate, and ϵrC for all test 
intervals. You may determine composite carbon mass relative error, ϵrCcomp, as a fourth 
quantity that optionally applies for duty cycles with multiple test intervals. 
(2) You meet the carbon balance error verification for a test sequence if all test intervals pass 
the test-interval criteria. A test interval passes You meet verification criteria for an individual 
test interval if at least one of the absolute values of the three carbon balance error quantities 
for test intervals , ϵaC, ϵaCrate, and ϵrC, are is at or below its respective the following limit value 
in paragraphs (b)(2)(i) through (iii) of this sections. You meet the carbon balance error 
verification for a duty cycle with multiple test intervals if the duty cycle passes the duty-
cycle criterion. A duty cycle passes if the absolute value of the composite carbon mass 
relative error quantity, ϵrCcomp, is at or below the limit value in paragraph (b)(2)(iii) of this 
section. Unless specified otherwise in the standard-setting part, if verification fails for a test 
sequence, you may repeat the entire test sequence or repeat individual test intervals as 
described in § 1065.526.: 

(i) Calculate the carbon mass absolute error limit, LϵaC, in grams to three decimal places 
for comparision to the absolute value of ϵaC, using the following equation: 
𝐿ఢaC ൌ 𝑐  ⋅  𝑃௫ 
Eq. 1065.543-1 

Where: 
c = power-specific carbon mass absolute error coefficient = 0.007 g/kW. 
Pmax = maximum power from the engine map generated according to § 1065.510.  If 
measured Pmax is not available, use a manufacturer-declared value for Pmax. 

Example: 
c = 0.007 g/kW 
Pmax = 230.0 kW
𝐿ఢaC ൌ 0.007 ⋅ 230.0
ൌ 1.610 gLϵaC = 1.610 g 

(ii) Calculate the carbon mass rate absolute error limit, LϵaCrate, in grams per hour to three 
decimal places for comparison to the absolute value of ϵaCrate, using the following 
equation:

𝐿ఢaCrate ൌ 𝑑  ⋅  𝑃௫ 
Eq. 1065.543-2 

Where: 
d = power-specific carbon mass rate absolute error coefficient = 0.31 g/(kW∙hr). 
Pmax = maximum power from the engine map generated according to § 1065.510.  If 
measured Pmax is not available, use a manufacturer-declared value for Pmax. 

Example: 
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d = 0.31 g/(kW∙hr) 
Pmax = 230.0 kW
𝐿ఢaCrate ൌ 0.31 ⋅ 230.0
ൌ 71.300 g/hrLϵaCrate = 71.300 g/hr 

(iii) The carbon mass relative error limit, LϵrC, is 0.020 for comparision to the absolute 
value of ϵrC, and optionally to the absolute value of ϵrCcomp. 

* * * * * 

241.  Amend § 1065.545 by revising paragraphs (a) and (b) introductory text to read as 
follows: 

§ 1065.545 Verification of proportional flow control for batch sampling. 
* * * * * 
(a) For any pair of sample and total flow rates, use continuous recorded data or 1 Hz means.  
Total flow rate means the raw exhaust flow rate for raw exhaust sampling and the dilute exhaust 
flow rate for CVS sampling. For each test interval, determine the standard error of the estimate, 
SEE, of the sample flow rate versus the total flow rate as described in § 1065.602, forcing the 
intercept to zero. Determine the mean sample flow rate over each test interval as described in 
§ 1065.602. For each test interval, demonstrate that SEE is at or below 3.5 % of the mean 
sample flow rate. 
(b) For any pair of sample and total flow rates, use continuous recorded data or 1 Hz means.  
Total flow rate means the raw exhaust flow rate for raw exhaust sampling and the dilute exhaust 
flow rate for CVS sampling. For each test interval, demonstrate that each flow rate is constant 
within ±2.5 % of its respective mean or target flow rate.  You may use the following options 
instead of recording the respective flow rate of each type of meter: 
* * * * * 

242. Amend § 1065.610 by: 
a. rRevising the introductory text, paragraphs (a) introductory text, (a)(1) introductory text, and 
(a)(3). 
b. Removing paragraph (a)(4). 
c. Revising paragraphs (b) introductory text, (b)(1) introductory text, (b)(2) and (3), and (c)(2). 
The revisions to read as follows: 

§ 1065.610 Duty cycle generation. 
This section describes how to generate duty cycles that are specific to your engine, based on the 
normalized duty cycles in the standard-setting part.  During an emission test, use a duty cycle 
that is specific to your engine to command engine speed, torque, and power, as applicable, using 
an engine dynamometer and an engine operator demand.  Paragraphs (a) and (b) of this section 
describes  how to “normalize” your engine’s map to determine the maximum test speed and or
torque for your engine. The rest of this section describes how to use these values to 
“denormalize” the duty cycles in the standard-setting parts, which are all published on a 
normalized basis. Thus, the term "normalized" in paragraphs (a) and (b) of this section refers to 
different values than it does in the rest of the section. 
(a) Maximum test speed, fntest. This section generally applies to duty cycles for variable-speed 
engines. For constant-speed engines subject to duty cycles that specify normalized speed 
commands, use the no-load governed speed as the measured fntest. This is the highest engine 
speed where an engine outputs zero torque. For variable-speed engines, determine fntest from the 
torque and power-versus-speed maps, generated according to § 1065.510, as follows: 
(1) Develop Determine a measured value for fntest as follows: 
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* * * * * 
(3) For variable-speed engines, tTransform normalized speeds to reference speeds according to 
paragraph (c) of this section by using the measured maximum test speed determined according to 
paragraphs (a)(1) and (2) of this section—or use your declared maximum test speed, as allowed 
in § 1065.510. 
(4) For constant-speed engines, transform normalized speeds to reference speeds according to 
paragraph (c) of this section by using the measured no-load governed speed—or use your 
declared maximum test speed, as allowed in § 1065.510. 
(b) Maximum test torque, Ttest.  For constant-speed engines, determine the measured Ttest from 
the torque and power-versus-speed maps, generated according to § 1065.510, as follows: 
(1) For constant speed engines mapped using the methods in § 1065.510(d)(5)(i) or (ii), 
determine a measured value for Ttest as follows: 
* * * * * 
(2) For constant speed engines using the two- point mapping method in §1065.510(d)(5)(iii), you 
may follow paragraph (a)(1) of this section to determine the measured Ttest, or you may use the 
measured torque of the second point as the measured Ttest directly. 
(3) Transform normalized torques to reference torques according to paragraph (d) of this section 
by using the measured maximum test torque determined according to paragraph (b)(1) or (2) of 
this section—or use your declared maximum test torque, as allowed in § 1065.510. 
(c) * * * 
(2) A, B, C, and D speeds. If your normalized duty cycle specifies speeds as A, B, C, or D 
values, use your power-versus-speed curve to determine the lowest speed below maximum 
power at which 50 % of maximum power occurs. Denote this value as nlo. Take nlo to be warm 
idle speed if all power points at speeds below the maximum power speed are higher than 50 % of 
maximum power. Also determine the highest speed above maximum power at which 70 % of 
maximum power occurs. Denote this value as nhi. If all power points at speeds above the 
maximum power speed are higher than 70 % of maximum power, take nhi to be the declared 
maximum safe engine speed or the declared maximum representative engine speed, whichever is 
lower. Use nhi and nlo to calculate reference values for A, B, C, or D speeds as follows: 

fnrefA = 0.25 ∙ (nhi – nlo) + nlo 

Eq. 1065.610-4 

fnrefB = 0.50 ∙ (nhi – nlo) + nlo 

Eq. 1065.610-5 

fnrefC = 0.75 ∙ (nhi – nlo) + nlo 

Eq. 1065.610-6 

fnrefD = 0.15 ∙ (nhi – nlo) + nlo 

Eq. 1065.610-7 

Example: 
nlo = 1005 r/min 
nhi = 2385 r/min 
fnrefA = 0.25 ∙ (2385 – 1005) + 1005 
fnrefB = 0.50 ∙ (2385 – 1005) + 1005 
fnrefC = 0.75 ∙ (2385 – 1005) + 1005 
fnrefD = 0.15 ∙ (2385 – 1005) + 1005 

fnrefA = 1350 r/min 
fnrefB = 1695 r/min 
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fnrefC = 2040 r/min 
fnrefD = 1212 r/min 

* * * * * 

243.  Amend § 1065.630 by revising paragraphs (a) and (b) introductory text to read as 
follows: 

§ 1065.630 Local acceleration of gravity. 
(a) The acceleration of Earth’s gravity, ag, varies depending on the test location. Determine ag at 
your location by entering latitude, longitude, and elevation data into the U.S. National 
Oceanographic and Atmospheric Administration’s surface gravity prediction Web site at 
https://www.ngsgeodesy.noaa.gov/cgi-bin/grav_pdx.prl. 
(b) If the Web site specified in paragraph (a) of this section is unavailable, or the test location is 
outside of the continental United States, you may calculate ag for your latitude as follows: 
* * * * * 

244.  Amend § 1065.643 by revising paragraph (d) to read as follows: 

§ 1065.643 Carbon balance error verification calculations. 
* * * * * 
(d) Carbon balance error quantities. Calculate carbon balance error quantities as follows: 

(1) Calculate carbon mass absolute error, ϵaC, for a test interval as follows: 
𝜖aC ൌ 𝑚Cexh െ𝑚Cfluid െ𝑚Cair 
Eq. 1065.643-7 

Where: 
mCexh = mass of carbon in exhaust emissions over the test interval as determined in 
paragraph (d) of this section. 
mCfluid = mass of carbon in all the carbon-carrying fluid streams flowing into the system 
over the test interval as determined in paragraph (a) of this section. 
mCair = mass of carbon in the intake air flowing into the system over the test interval as 
determined in paragraph (b) of this section. 

Example: 
mCexh = 1247.2 g 
mCfluid = 975.3 g 
mCair = 278.6 g
𝜖aC ൌ 1247.2 െ 975.3 െ 278.6 ൌ െ6.7 g 
ϵaC = –6.7 g 

(2) Calculate carbon mass rate absolute error, ϵaCrate, for a test interval as follows: 

ൌ 
𝜖aC𝜖aCrate 𝑡 

Eq. 1065.643-8 

Where: 
t = duration of the test interval. 

Example: 
ϵaC = –6.7 g 
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t = 1202.2 s = 0.3339 hr 

ൌ
െ6.7

𝜖aCrate 0.3339 
ൌ െ20.065 g/hr 

ϵaCrate = –20.065 g/hr 

(3) Calculate carbon mass relative error, ϵrC, for a test interval as follows: 
𝜖aC𝜖rC ൌ 

𝑚Cfluid 𝑚Cair 
Eq. 1065.643-9 

Example: 
ϵaC = –6.7 g 
mCfliuid = 975.3 g 
mCair = 278.6 g

െ6.7
𝜖rC ൌ 

975.3  278.6 
ൌ െ0.0053 

ϵrC = –0.0053 

(4) Calculate composite carbon mass relative error, ϵrCcomp, for a duty cycle with multiple test 
intervals as follows: 

(i) Calculate ϵrCcomp using the following equation:

∑ 𝑊𝐹 ⋅ 
ሺ𝑚Cexh െ𝑚Cfluid െ𝑚Cairሻே

ୀଵ  𝑡𝜖rCcomp ൌ 
∑ே
ୀଵ 𝑊𝐹 ⋅ 

ሺ𝑚Cfluid
𝑡
 𝑚Cairሻ
 

Eq. 1065.643-10 

Where: 
i = an indexing variable that represents one test interval. 
N = number of test intervals. 
WF = weighting factor for the test interval as defined in the standard-setting part. 
mCexh = mass of carbon in exhaust emissions over the test interval as determined in 
paragraph (c) of this section. 
mCfluid = mass of carbon in all the carbon-carrying fluid streams that flowed into the 
system over the test interval as determined in paragraph (a) of this section. 
mCair = mass of carbon in the intake air that flowed into the system over the test 
interval as determined in paragraph (b) of this section. 
t = duration of the test interval.  For duty cycles with multiple test intervals of a 
prescribed duration, such as cold-start and hot-start transient cycles, set t = 1 for all 
test intervals.  For discrete-mode steady-state duty cycles with multiple test intervals 
of varying duration, set t equal to the actual duration of each test interval. 

(ii) The following example illustrates calculation of ϵrCcomp, for cold-start and hot-start 
transient cycles:  

N = 2 
WF1 = 1/7 
WF2 = 6/7 
mCexh1 = 1255.3 g 
mCexh2 = 1247.2 g 
mCfluid1 = 977.8 g 
mCfluid2 = 975.3 g 
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mCair1 = 280.2 g 
mCair2 = 278.6 g

1
7 

ሺ1255.3 െ 977.8 െ 280.2ሻ  
6
7 

ሺ1247.2 െ 975.3 െ 278.6ሻ

𝜖rCcomp ൌ
⋅ 

ሺ977.8  280.2ሻ 

⋅

ሺ975.3  278.6ሻ1
7 ⋅ 

1

1  
6
7 ⋅ 1

1 

ൌ െ0.0049 
ϵrCcomp = –0.0049 

(iii) The following example illustrates calculation of ϵrCcomp for multiple test intervals 
with varying duration, such as discrete-mode steady-state duty cycles: 

N = 2 
WF1 = 0.85 
WF2 = 0.15 
mCexh1 = 2.873 g 
mCexh2 = 0.125 g 
mCfluid1 = 2.864 g 
mCfluid2 = 0.095 g 
mCair1 = 0.023 g 
mCair2 = 0.024 g 
t1 = 123 s 
t2 = 306 s 

ቀ2.873 െ 2.864 െ 0.023 ቀ0.125 െ 0.095 െ 0.024 

𝜖rCcomp ൌ 
0.85 ⋅ 123 ቁ  0.15 ⋅ 306 ቁ 

0.85 ⋅ ቀ2.864
123
 0.023ቁ  0.15 ⋅ ቀ0.095

306
 0.024ቁ

ൌ െ0.0047 
ϵrCcomp = –0.0047 

245.  Amend § 1065.650 by revising paragraphs (a), (c)(2)(i), (3), (4)(i), and (6), (d)(7), 
(e)(1) and (2), (f)(1) and (2), and (g)(1) and (2) to read as follows: 

§ 1065.650 Emission calculations. 
(a) General.  Calculate brake-specific emissions over each applicable duty cycle or test interval.  
For test intervals with zero work (or power), calculate the emission mass (or mass rate), but do 
not calculate brake-specific emissions.  Unless specified otherwise, for the purposes of 
calculating and reporting emission mass (or mass rate), do not alter any negative values of 
measured or calculated quantities. You may truncate negative values in chemical balance 
quantities listed in § 1065.655(c) to facilitate convergence.  For duty cycles with multiple test 
intervals, refer to the standard-setting part for calculations you need to determine a composite 
result, such as a calculation that weights and sums the results of individual test intervals in a duty 
cycle. If the standard-setting part does not include those calculations, use the equations in 
paragraph (g) of this section. This section is written based on rectangular integration, where 
each indexed value (i.e., “i”) represents (or approximates) the mean value of the parameter for its 
respective time interval, delta-t.  You may also integrate continuous signals using trapezoidal 
integration consistent with good engineering judgment. 
* * * * * 
(c) * * * 
(2) * * * 
(i) Varying flow rate. If you continuously sample from a varying exhaust flow rate, time align 
and then multiply concentration measurements by the flow rate from which you extracted it.  We 
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consider the following to be examples of varying flows that require a continuous multiplication 
of concentration times molar flow rate: raw exhaust, exhaust diluted with a constant flow rate of 
dilution air, and CVS dilution with a CVS flow meter that does not have an upstream heat 
exchanger or electronic flow control.  This multiplication results in the flow rate of the emission 
itself. Integrate the emission flow rate over a test interval to determine the total emission.  If the 
total emission is a molar quantity, convert this quantity to a mass by multiplying it by its molar 
mass, M. The result is the mass of the emission, m. Calculate m for continuous sampling with 
variable flow using the following equations: 

𝑚 ൌ  𝑀  ⋅𝑥 ⋅ 𝑛ሶ  ⋅ Δ𝑡 

ே 

ୀଵ
Eq. 1065.650-4 

Where: 
∆t = 1/frecord 

Eq. 1065.650-5 

Example: 
MNMHC = 13.875389 g/mol 
N = 1200 
xNMHC1 = 84.5 µmol/mol = 84.5ꞏ10-6 mol/mol 
xNMHC2 = 86.0 µmol/mol = 86.0ꞏ10-6 mol/mol
𝑛ሶ exh1 = 2.876 mol/s
𝑛ሶ exh2 = 2.224 mol/s 
frecord = 1 Hz 
Using Eq. 1065.650-5, 
Δt = 1/1 = 1 s
𝑚NMHC ൌ 13.875389 ⋅ ሺ84.5 ⋅ 10ି ⋅ 2.876  86.0 ⋅ 10ି ⋅ 2.224. . .  𝑥NMHC1200 ⋅ 𝑛ሶ ௫ℎሻ ⋅  1 
mNMHC = 25.23 g 

* * * * * 
(3) Batch sampling. For batch sampling, the concentration is a single value from a 
proportionally extracted batch sample (such as a bag, filter, impinger, or cartridge).  In this case, 
multiply the mean concentration of the batch sample by the total flow from which the sample 
was extracted.  You may calculate total flow by integrating a varying flow rate or by determining 
the mean of a constant flow rate, as follows: 

(i) Varying flow rate. If you collect a batch sample from a varying exhaust flow rate, extract 
a sample proportional to the varying exhaust flow rate.  We consider the following to be 
examples of varying flows that require proportional sampling: raw exhaust, exhaust diluted 
with a constant flow rate of dilution air, and CVS dilution with a CVS flow meter that does 
not have an upstream heat exchanger or electronic flow control.  Integrate the flow rate over 
a test interval to determine the total flow from which you extracted the proportional sample.  
Multiply the mean concentration of the batch sample by the total flow from which the sample 
was extracted to determine the total emission. If the total emission is a molar quantity, 
convert this quantity to a mass by multiplying it by its molar mass, M. The result is the total 
emission mass, m. In the case of PM emissions, where the mean PM concentration is already 
in units of mass per mole of exhaust, simply multiply it by the total flow.  The result is the 
total mass of PM, mPM. Calculate m for each constituent as follows: 

(A) Calculate m for measuring gaseous emission constituents with sampling that results 
in a molar concentration, �̅�, using the following equation: 
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𝑚 ൌ  𝑀  ⋅ �̄� ⋅𝑛ሶ  ⋅ Δ𝑡 

ே 

ୀଵ
Eq. 1065.650-6 

Example: 
MNOx = 46.0055 g/mol 
N = 9000
�̄�NOx = 85.6 µmol/mol = 85.6ꞏ10-6 mol/mol
𝑛ሶdexh1 = 25.534 mol/s
𝑛ሶdexh2 = 26.950 mol/s 
frecord = 5 Hz 
Using Eq. 1065.650-5: 
Δt = 1/5 = 0.2 s
𝑚NOx ൌ 46.0055 ⋅ 85.6 ⋅ 10ି ⋅ ሺ25.534  26.950. . .  𝑛ሶ exh9000ሻ ⋅  0.2 
mNOx = 4.201 g 

(B) Calculate m for sampling PM or any other analysis of a batch sample that yields a 
mass per mole of exhaust, 𝑀ഥ , using the following equation: 

𝑚 ൌ 𝑀ሜ ⋅𝑛ሶ  ⋅ Δ𝑡 

ே 

ୀଵ
Eq. 1065.650-7 

(ii) Proportional or constant flow rate. If you batch sample from a constant exhaust flow 
rate, extract a sample at a proportional or constant flow rate. We consider the following to be 
examples of constant exhaust flows: CVS diluted exhaust with a CVS flow meter that has 
either an upstream heat exchanger, electronic flow control, or both. Determine the mean 
molar flow rate from which you extracted the sample.  Multiply the mean concentration of 
the batch sample by the mean molar flow rate of the exhaust from which the sample was 
extracted to determine the total emission and multiply the result by the time of the test 
interval. If the total emission is a molar quantity, convert this quantity to a mass by 
multiplying it by its molar mass, M. The result is the total emission mass, m. In the case of 
PM emissions, where the mean PM concentration is already in units of mass per mole of 
exhaust, simply multiply it by the total flow, and the result is the total mass of PM, mPM. 
Calculate m for each constituent as follows: 

(A) Calculate m for measuring gaseous emission constituents with sampling that results 
in a molar concentration, �̅�, using the following equation:
𝑚 ൌ 𝑀  ⋅ �̄� ⋅ 𝑛ሜሶ ⋅ Δ𝑡 
Eq. 1065.650-8 

(B) Calculate m for sampling PM or any other analysis of a batch sample that yields a 
mass per mole of exhaust, 𝑀ഥ , using the following equation:
𝑚 ൌ 𝑀ഥ ⋅ 𝑛ሜሶ ⋅ Δ𝑡 
Eq. 1065.650-9 

(C) The following example illustrates a calculation of mPM:
𝑀ሜ PM = 144.0 µg/mol = 144.0ꞏ10-6 g/mol 
𝑛ሜሶdexh = 57.692 mol/s 
Δt = 1200 s 
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mPM = 144.0ꞏ10-6ꞏ57.692ꞏ1200 
mPM = 9.9692 g 

(4) * * * 
(i) For sampling with a constant dilution ratio, DR, of diluted exhaust versus exhaust flow 
(e.g., secondary dilution for PM sampling), calculate m using the following equation: 

mPM = mPMdil ∙ DR 
Eq. 1065.650-10 

Example: 
mPMdil = 6.853 g 
DR = 6:1 
mPM = 6.853 ∙ 6 
mPM = 41.118 g 

* * * * * 

(6) Mass of NMNEHC. Determine the mass of NMNEHC using one of the following methods: 
(i) If the test fuel has less than 0.010 mol/mol of ethane and you omit the NMNEHC 
calculations as described in § 1065.660(c)(1), take the corrected mass of NMNEHC to be 
0.95 times the corrected mass of NMHC. 
(ii) If the test fuel has at least 0.010 mol/mol of ethane and you omit the NMNEHC 
calculations as described in § 1065.660(c)(1), take the corrected mass of NMNEHC to be 1.0 
times the corrected mass of NMHC. 

(d) * * * 
(7) Integrate the resulting values for power over the test interval.  Calculate total work as 
follows: 

𝑊 ൌ𝑃 ⋅ Δ𝑡 

ே 

ୀଵ
Eq. 1065.650-11 

Where: 
W = total work from the primary output shaft. 
Pi = instantaneous power from the primary output shaft over an interval i. 
Pi = fni ꞏ Ti 

Eq. 1065.650-12 

Example: 
N = 9000 
fn1 = 1800.2 r/min 
fn2 = 1805.8 r/min 
T1 = 177.23 N∙m 
T2 = 175.00 N∙m 
Crev = 2∙π rad/r 
Ct1 = 60 s/min 
Cp = 1000 (N∙m∙rad/s)/kW 
frecord = 5 Hz 
Ct2 = 3600 s/hr

𝑃ଵ ൌ 
1800.2 ⋅ 177.23 ⋅ 2 ⋅ 3.14159

60 ⋅ 1000 
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P1 = 33.41 kW 
P2 = 33.09 kW 
Using Eq. 1065.650-5: 
Δt = 1/5 = 0.2 s

𝑊 ൌ
ሺ33.41  33.09. . .  𝑃ଽሻ ⋅  0.2

3600 
W = 16.875 kW∙hr 

* * * * * 
(e) * * * 

(1) To calculate, 𝑚ሜሶ , multiply its mean concentration, �̄�, by its corresponding mean molar flow 
rate, 𝑛ሜሶ . If the result is a molar flow rate, convert this quantity to a mass rate by multiplying it by 
its molar mass, M. The result is the mean mass rate of the emission, 𝑚ሜሶ . In the case of PM 
emissions, where the mean PM concentration is already in units of mass per mole of exhaust, 
simply multiply it by the mean molar flow rate, 𝑛ሜሶ . The result is the mass rate of PM, 𝑚ሶ PM. 
Calculate 𝑚ሜሶ  using the following equation:

𝑚ሜሶ ൌ 𝑀 ⋅ �̄� ⋅ 𝑛ሜሶ 
Eq. 1065.650-13 

(2) To calculate an engine’s mean steady-state total power, 𝑃ሜ , add the mean steady-state power 
from all the work paths described in § 1065.210 that cross the system boundary including 
electrical power, mechanical shaft power, and fluid pumping power.  For all work paths, except 
the engine’s primary output shaft (crankshaft), the mean steady-state power over the test interval 
is the integration of the net work flow rate (power) out of the system boundary divided by the 
period of the test interval. When power flows into the system boundary, the power/work flow 
rate signal becomes negative; in this case, include these negative power/work rate values in the 
integration to calculate the mean power from that work path.  Some work paths may result in a 
negative mean power. Include negative mean power values from any work path in the mean 
total power from the engine rather than setting these values to zero.  The rest of this paragraph 
(e)(2) describes how to calculate the mean power from the engine’s primary output shaft.  
Calculate 𝑃ሜ  using Eq. 1065.650-13, noting that 𝑃ሜ , 𝑓ሜ, and 𝑇ሜ  refer to mean power, mean rotational 
shaft frequency, and mean torque from the primary output shaft.  Account for the power of 
simulated accessories according to § 1065.110 (reducing the mean primary output shaft power or 
torque by the accessory power or torque).  Set the power to zero during actual motoring 
operation (negative feedback torques), unless the engine was connected to one or more energy 
storage devices. Examples of such energy storage devices include hybrid powertrain batteries 
and hydraulic accumulators, like the ones denoted “Acc.” and “Batt.” as illustrated in Figure 1 of 
§ 1065.210. Set the power to zero for modes with a zero reference load (0 N∙m reference torque 
or 0 kW reference power). Include power during idle modes with simulated minimum torque or 
power.

𝑃ሜ ൌ 𝑓ሜ ⋅ 𝑇ሜ 
Eq. 1065.650-14 

* * * * * 
(f) * * * 
(1) Total mass. To determine a value proportional to the total mass of an emission, determine 
total mass as described in paragraph (c) of this section, except substitute for the molar flow rate, 
𝑛ሶ , or the total flow, n, with a signal that is linearly proportional to molar flow rate, 𝑛෨ሶ , or linearly 
proportional to total flow, 𝑛, as follows: 
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ൌ 
1 𝑀 ⋅ 𝑛෨ሶ  ⋅ 𝑥Ccombdry

𝑚෩ሶ fuel ⋅
𝑤fuel 1  𝑥H2Oexhdry 

Eq. 1065.650-15 

(2) Total work. To calculate a value proportional to total work over a test interval, integrate a 
value that is proportional to power.  Use information about the brake-specific fuel consumption 
of your engine, efuel, to convert a signal proportional to fuel flow rate to a signal proportional to 
power. To determine a signal proportional to fuel flow rate, divide a signal that is proportional to 
the mass rate of carbon products by the fraction of carbon in your fuel, wC. You may use a 
measured wC or you may use default values for a given fuel as described in § 1065.655(e).  
Calculate the mass rate of carbon from the amount of carbon and water in the exhaust, which you 
determine with a chemical balance of fuel, DEF, intake air, and exhaust as described in 
§ 1065.655. In the chemical balance, you must use concentrations from the flow that generated 
the signal proportional to molar flow rate, 𝑛෨ሶ , in paragraph (e)(1) of this section.  Calculate a 
value proportional to total work as follows: 

𝑊 ൌ𝑃෨ ⋅ Δ𝑡 

ே 

ୀଵ
Eq. 1065.650-16 

Where: 

𝑃෨ ൌ 
𝑚෩ሶ fuel

𝑒fuel 
Eq. 1065.650-17 

* * * * * 
(g) * * * 

(1) Use the following equation to calculate composite brake-specific emissions for duty 
cycles with multiple test intervals all with prescribed durations, such as cold-start and hot-
start transient cycles:

ே
ୀଵ 𝑊𝐹 ⋅ 𝑚𝑒comp ൌ 

∑
∑ே
ୀଵ 𝑊𝐹 ⋅ 𝑊 

Eq. 1065.650-18 

Where: 
i = test interval number. 
N = number of test intervals. 
WF = weighting factor for the test interval as defined in the standard-setting part. 
m = mass of emissions over the test interval as determined in paragraph (c) of this 
section. 
W = total work from the engine over the test interval as determined in paragraph (d) of 
this section. 

Example: 
N = 2 
WF1 = 0.1428 
WF2 = 0.8572 
m1 = 70.125 g 
m2 = 64.975 g 
W1 = 25.783 kW∙hr 
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W2 = 25.783 kW∙hr 

𝑒NO౮comp ൌ
ሺ0.1428 ⋅ 70.125ሻ  ሺ0.8572 ⋅ 64.975ሻ

ሺ0.1428 ⋅ 25.783ሻ  ሺ0.8572 ⋅ 25.783ሻ 
eNOxcomp = 2.548 g/kW∙hr 

(2) Calculate composite brake-specific emissions for duty cycles with multiple test intervals 
that allow use of varying duration, such as discrete-mode steady-state duty cycles, as follows: 

(i) Use the following equation if you calculate brake-specific emissions over test intervals 
based on total mass and total work as described in paragraph (b)(1) of this section:  

𝑚∑ே
ୀଵ 𝑊𝐹 ⋅ 𝑡𝑒comp ൌ 𝑊∑ே
ୀଵ 𝑊𝐹 ⋅ 𝑡 

Eq. 1065.650-19 

Where: 
i = test interval number. 
N = number of test intervals. 
WF = weighting factor for the test interval as defined in the standard-setting part. 
m = mass of emissions over the test interval as determined in paragraph (c) of this 
section. 
W = total work from the engine over the test interval as determined in paragraph (d) 
of this section. 
t = duration of the test interval. 

Example: 
N = 2 
WF1 = 0.85 
WF2 = 0.15 
m1 = 1.3753 g 
m2 = 0.4135 g 
t1 = 120 s 
t2 = 200 s 
W1 = 2.8375 kW∙hr 
W2 = 0.0 kW∙hr 

1.3753 0.4135 

𝑒NO౮comp ൌ
ቀ0.85 ⋅ 120 ቁ  ቀ0.15 ⋅ 200 ቁ 

2.8375 0.0 ቀ0.85 ⋅ 120 ቁ  ቀ0.15 ⋅ 200ቁ 

eNOxcomp = 0.5001 g/kW∙hr 

(ii) Use the following equation if you calculate brake-specific emissions over test 
intervals based on the ratio of mass rate to power as described in paragraph (b)(2) of this 
section: 

ே
ୀଵ 𝑊𝐹 ⋅ 𝑚ሜሶ 𝑒comp ൌ 

∑
∑ே
ୀଵ 𝑊𝐹 ⋅ 𝑃ሜ 

Eq. 1065.650-20 

Where: 
i = test interval number. 
N = number of test intervals. 
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WF = weighting factor for the test interval as defined in the standard-setting part. 
𝑚ሜሶ  = mean steady-state mass rate of emissions over the test interval as determined in 
paragraph (e) of this section.
𝑃ሜ  = mean steady-state power over the test interval as described in paragraph (e) of 
this section. 

Example: 
N = 2 
WF1 = 0.85 
WF2 = 0.15
𝑚ሜሶ ଵ= 2.25842 g/hr
𝑚ሜሶ ଶ = 0.063443 g/hr
𝑃ሜଵ = 4.5383 kW
𝑃ሜଶ = 0.0 kW 

𝑒NO౮comp ൌ
ሺ0.85 ⋅ 2.25842ሻ  ሺ0.15 ⋅ 0.063443ሻ

ሺ0.85 ⋅ 4.5383ሻ  ሺ0.15 ⋅ 0.0ሻ 
eNOxcomp = 0.5001 g/kW∙hr 

* * * * * 

246. Amend § 1065.655 by revising paragraphs (c) introductory text, (e)(1)(i), (e)(4), and 
(f)(3) to read as follows: 

§ 1065.655 Chemical balances of fuel, DEF, intake air, and exhaust. 
* * * * * 
(c) Chemical balance procedure.  The calculations for a chemical balance involve a system of 
equations that require iteration.  We recommend using a computer to solve this system of 
equations. You must guess the initial values of up to three quantities: the amount of water in the 
measured flow, xH2Oexh, fraction of dilution air in diluted exhaust, xdil/exh, and the amount of 
products on a C1 basis per dry mole of dry measured flow, xCcombdry. You may use time-weighted 
mean values of combustion intake air humidity and dilution air humidity in the chemical balance; 
as long as your combustion intake air and dilution air humidities remain within tolerances of 
±0.0025 mol/mol of their respective mean values over the test interval.  For each emission 
concentration, x, and amount of water, xH2Oexh, you must determine their completely dry 
concentrations, xdry and xH2Oexhdry. You must also use your fuel mixture’s atomic hydrogen-to-
carbon ratio, α, oxygen-to-carbon ratio, β, sulfur-to-carbon ratio, γ, and nitrogen-to-carbon ratio, 
δ; you may optionally account for diesel exhaust fluid (or other fluids injected into the exhaust), 
if applicable.  You may calculate α, β, γ, and δ based on measured fuel composition or based on 
measured fuel and diesel exhaust fluid (or other fluids injected into the exhaust) composition 
together, as described in paragraph (e) of this section.  You may alternatively use any 
combination of default values and measured values as described in paragraph (e) of this section.  
Use the following steps to complete a chemical balance: 
* * * * * 
(e) * * * 
(1) * * * 
(i) Determine the carbon and hydrogen mass fractions according to ASTM D5291 (incorporated 
by reference in § 1065.1010). When using ASTM D5291 to determine carbon and hydrogen 
mass fractions of gasoline (with or without blended ethanol), use good engineering judgment to 
adapt the method as appropriate. This may include consulting with the instrument manufacturer 
on how to test high-volatility fuels.  Allow the weight of volatile fuel samples to stabilize for 20 
minutes before starting the analysis; if the weight still drifts after 20 minutes, prepare a new 
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sample). Retest the sample if the carbon, hydrogen, oxygen, sulfur, and nitrogen mass fractions 
do not add up to a total mass of 100 ±0.5 %; you may assume oxygen has a zero mass 
contribution for this specification for diesel fuel and neat (E0) gasoline.  You may also assume 
that sulfur and nitrogen have a zero mass contribution for this specification for all fuels except 
residual fuel blends. 
* * * * * 
(4) Calculate α, β, γ, and δ using the following equations:

∑ே
ୀଵ 𝑚ሶ  ⋅ 𝑤ୌ

𝛼 ൌ  
𝑀େ ⋅
𝑀ୌ ∑ே

ୀଵ 𝑚ሶ  ⋅ 𝑤େ
   Eq. 1065.655-20 

∑ே
ୀଵ 𝑚ሶ  ⋅ 𝑤

𝛽 ൌ
𝑀େ ⋅
𝑀 ∑ே

ୀଵ 𝑚ሶ  ⋅ 𝑤େ
   Eq. 1065.655-21 

∑ே
ୀଵ 𝑚ሶ  ⋅ 𝑤ୗ

𝛾 ൌ  
𝑀େ ⋅
𝑀ୗ ∑ே

ୀଵ 𝑚ሶ  ⋅ 𝑤େ
   Eq. 1065.655-22 

∑ே
ୀଵ 𝑚ሶ  ⋅ 𝑤

𝛿 ൌ  
𝑀େ ⋅
𝑀 ∑ே

ୀଵ 𝑚ሶ  ⋅ 𝑤େ
   Eq. 1065.655-23 
Where: 
N = total number of fuels and injected fluids over the duty cycle. 
j = an indexing variable that represents one fuel or injected fluid, starting with j = 1.
𝑚ሶ  = the mass flow rate of the fuel or any injected fluid j. For applications using a single fuel 
and no DEF fluid, set this value to 1.  For batch measurements, divide the total mass of fuel over 
the test interval duration to determine a mass rate. 
wHj = hydrogen mass fraction of fuel or any injected fluid j. 
wCj = carbon mass fraction of fuel or any injected fluid j. 
wOj = oxygen mass fraction of fuel or any injected fluid j. 
wSj = sulfur mass fraction of fuel or any injected fluid j. 
wNj = nitrogen mass fraction of fuel or any injected fluid j. 

Example: 
N = 1 
j = 1
𝑚ሶ ଵ= 1 
wH1 = 0.1239 
wC1 = 0.8206 
wO1 = 0.0547 
wS1 = 0.00066 
wN1 = 0.000095 
MC = 12.0107 g/mol 
MH = 1.00794 g/mol 
MO = 15.9994 g/mol 
MS = 32.065 g/mol 
MN = 14.0067 

𝛼 ൌ  
12.0107 ⋅ 1 ⋅ 0.1239
1.00794 ⋅ 1 ⋅ 0.8206 

𝛽 ൌ  
12.0107 ⋅ 1 ⋅ 0.0547
15.9994 ⋅ 1 ⋅ 0.8206 
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𝛾 ൌ  
12.0107 ⋅ 1 ⋅ 0.00066

32.065 ⋅ 1 ⋅ 0.8206 

𝛿 ൌ  
12.0107 ⋅ 1 ⋅ 0.000095

14.0067 ⋅ 1 ⋅ 0.8206 
α = 1.799 
β = 0.05004 
γ = 0.0003012 
δ = 0.0001003 

* * * * * 
(f) * * * 
(3) Fluid mass flow rate calculation. This calculation may be used only for steady-state 
laboratory testing. You may not use this calculation if the standard-setting part requires carbon 
balance error verification as described in § 1065.543.  See § 1065.915(d)(5)(iv) for application to 
field testing. Calculate 𝑛ሶ exh based on 𝑚ሶ  using the following equation: 

ൌ 
1  𝑥H2Oexhdry 



ே 𝑤େೕ 
⋅ ቀ1  𝑥H2Oexhdry

ቁ
𝑛ሶ exh 𝑚ሶ  ⋅ 𝑤େೕ𝑀େ ⋅ 𝑥Ccombdry ୀଵ 

𝑀େ ⋅ 𝑥Ccombdryೕ 

Eq. 1065.655-25 
Where:
𝑛ሶ exh = raw exhaust molar flow rate from which you measured emissions. 
j = an indexing variable that represents one fuel or injected fluid, starting with j = 1. 
N = total number of fuels and injected fluids over the duty cycle. 
𝑚ሶ  = the mass flow rate of the fuel or any injected fluid j. 
wCj = carbon mass fraction of the fuel and any injected fluid j. 

Example: 
N = 1 
j = 1
𝑚ሶ ଵ = 7.559 g/s 
wC1 = 0.869 g/g 
MC = 12.0107 g/mol 
xCcombdry1 = 99.87 mmol/mol = 0.09987 mol/mol 
xH20exhdry1 = 107.64 mmol/mol = 0.10764 mol/mol 

1  0.10764 ⋅ ሺ1  0.10764ሻ
𝑛ሶ ൌ ⋅ 7.559 ⋅ 0.869 

0.869 
exh 12.0107 ⋅ 0.09987 12.0107 ⋅ 0.09987
𝑛ሶ exh = 6.066 mol/s 

* * * * * 

247. Amend § 1065.660 by revising paragraphs (b)(2)(i) introductory text, (c)(1), and 
(d)(1)(i) introductory text to read as follows: 

§ 1065.660 THC, NMHC, NMNEHC, CH4, and C2H6 determination. 
* * * * * 
(b) * * * 
(2) * * * 
(i) If you need to account for penetration fractions determined as a function of molar water 
concentration, use Eq. 1065.660-4. Otherwise, uUse the following equation for penetration 
fractions determined using an NMC configuration as outlined in § 1065.365(d): 
* * * * * 
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(c) * * * 
(1) Calculate xNMNEHC based on the test fuel’s ethane content as follows: 

(i) If the content of your test fuel contains less than 0.010 mol/mol of ethane, you may omit 
the calculation of NMNEHC concentration and calculate the mass of NMNEHC as described 
in § 1065.650(c)(6)(i). 
(ii) If the content of your fuel test contains at least 0.010 mol/mol of ethane, you may omit 
the calculation of NMNEHC concentration and calculate the mass of NMNEHC as described 
in § 1065.650(c)(6)(ii). 

* * * * * 
(d) * * * 
(1) * * * 
(i) If you need to account for penetration fractions determined as a function of molar water 
concentration, use Eq. 1065.660-11. Otherwise, uUse the following equation for penetration 
fractions determined using an NMC configuration as outlined in § 1065.365(d): 
* * * * * 

248.  Amend § 1065.667 by revising paragraph (a) to read as follows: 

§ 1065.667 Dilution air background emission correction. 
(a) To determine the mass of background emissions to subtract from a diluted exhaust sample, 
first determine the total flow of dilution air, ndil, over the test interval. This may be a measured 
quantity or a calculated quantity.  Multiply the total flow of dilution air by the mean mole 

fraction (i.e., concentration) of a background emission.  This may be a time-weighted mean or a 
flow-weighted mean (e.g., a proportionally sampled background).  Finally, multiply by the molar 
mass, M, of the associated gaseous emission constituent.  The product of ndil and the mean molar 
concentration of a background emission and its molar mass, M, is the total background emission 
mass, m. In the case of PM, where the mean PM concentration is already in units of mass per 
mole of exhaust, multiply it by the total amount of dilution air flow, and the result is the total 
background mass of PM, mPM. Subtract total background mass from total mass to correct for 
background emissions. 
* * * * * 

249. Amend § 1065.670 by revising the introductory text to read as follows: 

§ 1065.670 NOx intake-air humidity and temperature corrections. 
See the standard-setting part to determine if you may correct NOx emissions for the effects of 
intake-air humidity or temperature.  Use the NOx intake-air humidity and temperature corrections 
specified in the standard-setting part instead of the NOx intake-air humidity correction specified 
in this part 1065. If the standard-setting part does not prohibit correcting NOx emissions for 
intake-air humidity according to this part 1065, correct NOx concentrations for intake-air 
humidity as described in this section. See § 1065.650(c)(1) for the proper sequence for applying 
the NOx intake-air humidity and temperature corrections.  You may use a time-weighted mean 
combustion intake air humidity to calculate this correction if your combustion intake air 
humidity remains within a tolerance of ±0.0025 mol/mol of the mean value over the test interval. 
For intake-air humidity correction, use one of the following approaches: 
* * * * * 

250. Amend § 1065.672 by revising paragraphs (d)(3) and (4) to read as follows: 

§ 1065.672 Drift correction. 
* * * * * 
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(d) * * * 
(3) For any pre-test interval concentrations, use the last concentration determined before the test 
interval.  For some test intervals, the last pre-zero or pre-span might have occurred before one or 
more earlier test intervals. 
(4) For any post-test interval concentrations, use the first concentration determined after the test 
interval.  For some test intervals, the first post-zero or post-span might occur after one or more 
later test intervals. 
* * * * * 

251.  Amend § 1065.675 by revising paragraph (b) to read as follows: 

§ 1065.675 CLD quench verification calculations. 
* * * * * 
(b) Estimate the maximum expected mole fraction of water during emission testing, xH2Oexp. 
Make this estimate where the humidified NO span gas was introduced in § 1065.370(e)(6).  
When estimating the maximum expected mole fraction of water, consider the maximum 
expected water content in combustion intake air, fuel combustion products, and dilution air (if 
applicable). If you introduced the humidified NO span gas into the sample system upstream of a 
sample dryer during the verification test, you need not estimate the maximum expected mole 
fraction of water and you must set xH2Oexp equal to xH2Omeas. 
* * * * * 

252.  Amend § 1065.680 by revising the introductory text to read as follows: 

§ 1065.680 Adjusting emission levels to account for infrequently regenerating 
aftertreatment devices. 
This section describes how to calculate and apply emission adjustment factors for engines using 
aftertreatment technology with infrequent regeneration events that may occur during testing.  
These adjustment factors are typically calculated based on measurements conducted for the 
purposes of engine certification, and then used to adjust the results of testing related to 
demonstrating compliance with emission standards.  For this section, “regeneration” means an 
intended event during which emission levels change while the system restores aftertreatment 
performance. For example, exhaust gas temperatures may increase temporarily to remove sulfur 
from an adsorber or SCR catalyst or to oxidize accumulated particulate matter in a trap. The 
duration of this event extends until the aftertreatment performance and emission levels have 
returned to normal baseline levels. Also, “infrequent” refers to regeneration events that are 
expected to occur on average less than once over a transient or ramped-modal duty cycle, or on 
average less than once per mode in a discrete-mode test. 
* * * * * 

253. Amend § 1065.695 by revising paragraphs (a) and (c)(12)(ix) to read as follows: 

§ 1065.695 Data requirements. 
(a) To determine the information we require from engine tests, refer to the standard-setting part 
and request from your EPA Program Officer the format used to apply for certification or 
demonstrate compliance.  We may require different information for different purposes, such as 
for certification applications, approval requests for alternate procedures, selective enforcement 
audits, laboratory audits, production-line test reports, and field-test reports. 
* * * * * 
(c) * * * 
(12) * * * 
(ix) Warm idle speed value, any enhanced- idle speed value. 
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* * * * * 

254.  Amend § 1065.715 by revising paragraph (b)(3) to read as follows: 

§ 1065.715 Natural gas. 
* * * * * 
(b) * * * 
(3) You may ask for approval to use fuel that does not meet the specifications in paragraph (a) of 
this section, but only if using the fuel would not adversely affect your ability to demonstrate 
compliance with the applicable standards in this chapter. 
* * * * * 

255.  Amend § 1065.720 by revising paragraphs (a) and (b)(3) to read as follows: 

§ 1065.720 Liquefied petroleum gas. 
(a) Except as specified in paragraph (b) of this section, liquefied petroleum gas for testing must 
meet the specifications in the following table: 

TABLE 1 TO PARAGRAPH (a) OF § 1065.720–TEST FUEL SPECIFICATIONS FOR LIQUEFIED 

PETROLEUM GAS 
Property Value Reference procedurea 

Propane, C3H8 Minimum, 0.85 m3/m3 ASTM D2163. 
Vapor pressure at 38 °C Maximum, 1400 kPa ASTM D1267 or 

ASTM D2598b. 
Butanes Maximum, 0.05 m3/m3 ASTM D2163. 
Butenes Maximum, 0.02 m3/m3 ASTM D2163. 
Pentenes and heavier Maximum, 0.005 m3/m3 ASTM D2163. 
Propene Maximum, 0.1 m3/m3 ASTM D2163. 
Residual matter (residue on evaporation of 100 ml oil stain 
observation) 

Maximum, 0.05 ml passc ASTM D2158. 

Corrosion, copper strip Maximum, No. 1 ASTM D1838. 
Sulfur Maximum, 80 mg/kg ASTM D6667. 
Moisture content pass ASTM D2713. 
aIncorporated by reference; see § 1065.1010.  See § 1065.701(d) for other allowed procedures. 
bIf these two test methods yield different results, use the results from ASTM D1267. 
cThe test fuel must not yield a persistent oil ring when you add 0.3 ml of solvent residue mixture to a filter paper in 0.1 
ml increments and examine it in daylight after two minutes. 

(b) * * * 
(3) You may ask for approval to use fuel that does not meet the specifications in paragraph (a) of 
this section, but only if using the fuel would not adversely affect your ability to demonstrate 
compliance with the applicable standards in this chapter. 
* * * * * 

256. Revise § 1065.790 to read as follows: 

§ 1065.790 Mass standards. 
(a) PM balance calibration weights. Use PM balance calibration weights that are certified as 
NIST-traceable within ±0.1 % uncertainty. Make sure your highest calibration weight has no 
more than ten times the mass of an unused PM-sample medium. 
(b) Dynamometer, fuel mass scale, and DEF mass scale calibration weights. Use dynamometer 
and mass scale calibration weights that are certified as NIST-traceable within ±0.1 % 
uncertainty. 
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257.  Amend § 1065.901 by revising paragraphs (a) and (b)(3) to read as follows: 

§ 1065.901 Applicability. 
(a) Field testing. This subpart specifies procedures for field-testing engines to determine brake-
specific emissions and mass rate emissions using portable emission measurement systems 
(PEMS). These procedures are designed primarily for in-field measurements of engines that 
remain installed in vehicles or equipment the field.  Field-test procedures apply to your engines 
only as specified in the standard-setting part.  
(b) * * * 
(3) Do not use PEMS for laboratory measurements if it prevents you from demonstrating 
compliance with the applicable standards in this chapter.  Some of the PEMS requirements in 
this part 1065 are less stringent than the corresponding laboratory requirements.  Depending on 
actual PEMS performance, you might therefore need to account for some additional 
measurement uncertainty when using PEMS for laboratory testing.  If we ask, you must show us 
by engineering analysis that any additional measurement uncertainty due to your use of PEMS 
for laboratory testing is offset by the extent to which your engine’s emissions are below the 
applicable standards in this chapter. For example, you might show that PEMS versus laboratory 
uncertainty represents 5 % of the standard, but your engine’s deteriorated emissions are at least 
20 % below the standard for each pollutant. 

258.  Amend § 1065.910 by revising paragraphs (b) and (d)(2) to read as follows: 

§ 1065.910 PEMS auxiliary equipment for field testing. 
* * * * * 
(b) Locate the PEMS to minimize the effects of the following parameters or place the PEMS in 
an environmental enclosure that minimizes the effect of these parameters on the emission 
measurement: 

(1) Ambient temperature changes. 
(2) Electromagnetic radiation. 
(3) Mechanical shock and vibration. 

* * * * * 
(d) * * * 
(2) You may install your own portable power supply.  For example, you may use batteries, fuel 
cells, a portable generator, or any other power supply to supplement or replace your use of 
vehicle power. You may connect an external power source directly to the vehicle’s, vessel’s, or 
equipment’s power system; however, you must not supply power to the vehicle’s power system 
in excess of 1 % of the engine’s maximum power. 

259.  Amend § 1065.915 by revising paragraph (d)(6) to read as follows: 

§ 1065.915 PEMS instruments. 
* * * * * 
(d) * * * 
(6) Permissible deviations. ECM signals may deviate from the specifications of this part 1065, 
but the expected deviation must not prevent you from demonstrating that you meet the applicable 
standards in this chapter.  For example, your emission results may be sufficiently below an 
applicable standard, such that the deviation would not significantly change the result.  As another 
example, a very low engine-coolant temperature may define a logical statement that determines 
when a test interval may start.  In this case, even if the ECM’s sensor for detecting coolant 
temperature was not very accurate or repeatable, its output would never deviate so far as to 
significantly affect when a test interval may start. 
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260. Amend § 1065.920 by: 
a. Revising paragraphs (b)(2), (b)(4) introductory text, and (b)(4)(iii). 
b. Removing paragraph (b)(5). 
c. Redesignating paragraphs (b)(6) and (7) as (b)(5) and (6), respectively. 
d. Revising newly redesignated paragraph (b)(6)(ii). 
The revisions read as follows: 

§ 1065.920 PEMS calibrations and verifications. 
* * * * * 
(b) * * * 

(2) Select or create a duty cycle that has all the following characteristics:  
(i) Engine operation that represents normal in-use speeds, loads, and degree of transient 
activity. Consider using data from previous field tests to generate a cycle.  
(ii) A duration of (6 to 9) hours. 

* * * * * 
(4) Determine the brake-specific emissions and mass rate emissions, as applicable, for each 
test interval for both laboratory and the PEMS measurements, as follows: 
* * * * * 

(iii) If the standard-setting part specifies the use of a measurement allowance for field 
testing, also apply the measurement allowance during calibration using good engineering 
judgment. If the measurement allowance is normally added to the standard, this means 
you must subtract the measurement allowance from measured PEMS emission results. 

* * * * * 
(6) * * * 

(ii) The entire set of test-interval results passes the 95 % confidence alternate-procedure 
statistics for field testing (t-test and F-test) specified in § 1065.12. 

261.  Amend § 1065.935 by revising paragraphs (d)(4) and (g) to read as follows: 

§ 1065.935 Emission test sequence for field testing. 
* * * * * 
(d) * * * 
(4) Conduct periodic verifications such as zero and span verifications on PEMS gas analyzers 
and use these to correct for drift according to paragraph (g) of this section.  Do not include data 
recorded during verifications in emission calculations.  Conduct the verifications as follows: 

(i) For PEMS gas analyzers used to determine NTE emission values, perform verifications as 
recommended by the PEMS manufacturer or as indicated by good engineering judgment. 
(ii) For PEMS gas analyzers used to determine bin emission values, perform zero 
verifications at least hourly using purified air.  Perform span verification at the end of the 
shift-day or more frequently as recommended by the PEMS manufacturer or as indicated by 
good engineering judgment. 

* * * * * 
(g) Take the following steps after emission sampling is complete:  

(1) As soon as practical after emission sampling, analyze any gaseous batch samples.  
(2) If you used dilution air, either analyze background samples or assume that background 
emissions were zero. Refer to § 1065.140 for dilution-air specifications.  
(3) After quantifying all exhaust gases, record mean analyzer values after stabilizing a zero 
gas to each analyzer, then record mean analyzer values after stabilizing the span gas to the 
analyzer. Stabilization may include time to purge an analyzer of any sample gas and any 
additional time to account for analyzer response.  Use these recorded values, including pre-
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test verifications and any zero verifications during testing, to correct for drift as described in 
§ 1065.550. 
(4) Verify PEMS gas analyzers used to determine NTE emission values as follows: 

(i) Invalidate any data that does not meet the range criteria in § 1065.550.  Note that it is 
acceptable that analyzers exceed 100 % of their ranges when measuring emissions 
between test intervals, but not during test intervals.  You do not have to retest an engine if 
the range criteria are not met. 
(ii) Invalidate any data that does not meet the drift criterion in § 1065.550. For HC, 
invalidate any data if the difference between the uncorrected and the corrected brake-
specific HC emission values are not within ±10 % of the uncorrected results or the 
applicable standard, whichever is greater. For data that does meet the drift criterion, 
correct those test intervals for drift according to § 1065.672 and use the drift corrected 
results in emissions calculations. 

(5) Verify PEMS gas analyzers used to determine bin emission values as follows: 
(i) Invalidate data from a whole shift-day if more than 1 % of recorded 1 Hz data exceeds 
100 % of the selected gas analyzer range.  For analyzer outputs exceeding 100 % of 
range, calculate emission results using the reported value.  You must retest an engine if 
the range criteria are not met. 
(ii) Invalidate any data for periods in which the CO, and CO2, and HC gas analyzers do 
not meet the drift criterion in § 1065.550. For HC, invalidate data if the difference 
between the uncorrected and the corrected brake-specific HC emission values are not 
within ±10 % of the uncorrected results or the applicable standard, whichever is greater.  
For data that do meet the drift criterion, correct theat data for drift according to § 
1065.672 and use the drift- corrected results in emissions calculations. 
(iii) For PEMS NOx analyzers used to determine bin emission values, invalidate data for 
the engine over the entire shift-day if any data do not meet the following drift limits use 
the following drift limits to verify drift instead of meeting the drift criteria specified in 
§ 1065.550: 

(A) The allowable analyzer zero-drift between successive zero verifications is ±2.5 
ppm. The analyzer zero-drift limit over the shift-day is ±10 ppm. 
(B) The allowable analyzer span-drift limit is ±4 % of the measured span value 
between successive span verifications. 

(6) Unless you weighed PM in-situ, such as by using an inertial PM balance, place any used 
PM samples into covered or sealed containers and return them to the PM-stabilization 
environment and weigh them as described in § 1065.595. 

262. Amend § 1065.1001 by: 
a. Removing the definition for “Designated Compliance Officer”. 
b. Adding definitions for “Dual-fuel”, “EPA Program Officer”, and “Flexible-fuel” in 

alphabetical order. 
c. Removing the definition for “Intermediate test speed”. 
d. Adding a definition for “Intermediate speed” in alphabetical order. 
e. Revising the definition for “NIST-traceable”.  
f. Adding definitions for “No-load” and “Rechargeable Energy Storage System (RESS)” in 

alphabetical order. 
g. Revising the definition for “Steady-state”. 
The additions and revisions read as follows: 

§ 1065.1001 Definitions. 
* * * * * 
Dual-fuel has the meaning given in the standard-setting part. 
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* * * * * 
EPA Program Officer means the Director, Compliance Division, U.S. Environmental Protection 
Agency, 2000 Traverwood Dr., Ann Arbor, MI 48105. 
* * * * * 
Flexible-fuel has the meaning given in the standard-setting part.  
* * * * * 
Intermediate speed has the meaning given in § 1065.610. 
* * * * * 
NIST-traceable means relating to a standard value that can be related to NIST-stated references 
through an unbroken chain of comparisons, all having stated uncertainties, as specified in NIST 
Technical Note 1297 (incorporated by reference in § 1065.1010).  Allowable uncertainty limits 
specified for NIST-traceability refer to the propagated uncertainty specified by NIST. 
* * * * * 
No-load means a dynamometer setting of zero torque. 
* * * * * 
Rechargeable Energy Storage System (RESS) means the components of a hybrid engine or 
vehicle that store recovered energy for later use, such as the battery system in a hybrid electric 
vehicle. 
* * * * * 
Steady-state means relating to emission tests in which engine speed and load are held at a finite 
set of nominally constant values.  Steady-state tests are generally either discrete-mode tests or 
ramped-modal tests. 
* * * * * 

263. Amend § 1065.1005 by adding a row in Table 1 of paragraph (a) for “κ” in 
alphanumeric order and revising paragraphs (b), and (f)(1), (3), and (4) to read as 
follows: 

§ 1065.1005 Symbols, abbreviations, acronyms, and units of measure. 
* * * * * 
(a) * * * 

TABLE 1 OF § 1065.1005—SYMBOLS FOR QUANTITIES 

SYMBOL QUANTITY UNIT UNIT SYMBOL 
UNITS IN TERMS OF 

SI BASE UNITS 

* * * * * * * 
κ opacity 

* * * * * * * 
* * * * * 

(b) Symbols for chemical species. This part uses the following symbols for chemical species and 
exhaust constituents: 

TABLE 2 OF § 1065.1005—SYMBOLS FOR CHEMICAL SPECIES AND EXHAUST CONSTITUENTS 
Symbol Species 

Ar argon. 
C carbon. 
CH2O formaldehyde. 
CH2O2 formic acid. 
CH3OH methanol. 
CH4 methane. 
C2H4O acetaldehyde. 
C2H5OH ethanol. 
C2H6 ethane. 
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C3H7OH propanol. 
C3H8 propane. 
C4H10 butane. 
C5H12 pentane. 
CO carbon monoxide. 
CO2 carbon dioxide. 
H atomic hydrogen. 
H2 molecular hydrogen. 
H2O water. 
H2SO4 sulfuric acid. 
HC hydrocarbon. 
He helium. 
85Kr krypton 85. 
N2 molecular nitrogen. 
NH3 ammonia. 
NMHC nonmethane hydrocarbon. 
NMHCE nonmethane hydrocarbon equivalent. 
NMNEHC nonmethane-nonethane hydrocarbon. 
NO nitric oxide. 
NO2 nitrogen dioxide. 
NOx oxides of nitrogen. 
N2O nitrous oxide. 
NMOG nonmethane organic gases. 
NONMHC non-oxygenated nonmethane hydrocarbon. 
NOTHC non-oxygenated total hydrocarbon. 
O2 molecular oxygen. 
OHC oxygenated hydrocarbon. 
210Po polonium 210. 
PM particulate matter. 
S sulfur. 
SVOC semi-volatile organic compound. 
THC total hydrocarbon. 
THCE total hydrocarbon equivalent. 
ZrO2 zirconium dioxide. 

* * * * * 
(f) * * * 
(1) This part uses the following constants for the composition of dry air: 

TABLE 6 OF § 1065.1005—CONSTANTS 
Symbol Quantity mol/mol 

xArair amount of argon in dry air 0.00934 
xCO2air amount of carbon dioxide in dry air 0.000375 
xN2air amount of nitrogen in dry air 0.78084 
xO2air amount of oxygen in dry air 0.209445 

* * * * * 
(3) This part uses the following molar gas constant for ideal gases: 

TABLE 8 OF § 1065.1005—MOLAR GAS CONSTANT FOR IDEAL GASES 

Symbol Quantity 
J/(mol∙K) 

(m2∙kg∙s-2∙mol-1∙K-1) 
R molar gas constant 8.314472 

(4) This part uses the following ratios of specific heats for dilution air and diluted exhaust: 

A-318 



 

  
 

   
 

 

    

   

  
 

 

 

 

 

 

TABLE 9 OF § 1065.1005—RATIOS OF SPECIFIC HEATS FOR DILUTION AIR AND DILUTED EXHAUST 
Symbol Quantity [J/(kg∙K)]/[J/(kg∙K)] 

γair ratio of specific heats for intake air 
or dilution air 

1.399 

γdil ratio of specific heats for diluted 
exhaust 

1.399 

γexh ratio of specific heats for raw 
exhaust 

1.385 

* * * * * 

264. Amend § 1065.1010 by: 
a. aAdding introductory text;, 
b. Removing paragraph (a); and 
c. Redesignating paragraphs (b) through (g) as paragraphs (a) through (f).revising paragraph 

(a), and removing paragraph (g) to 
The addition reads as follows: 

§ 1065.1010 Incorporation by reference. 
Certain material is incorporated by reference into this part with the approval of the Director of 
the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other than 
that specified in this section, EPA must publish a document in the Federal Register and the 
material must be available to the public. All approved incorporation by reference (IBR) material 
is available for inspection at EPA and at the National Archives and Records Administration 
(NARA). Contact EPA at: U.S. EPA, Air and Radiation Docket Center, WJC West Building, 
Room 3334, 1301 Constitution Ave. NW, Washington, DC 20004; www.epa.gov/dockets; (202) 
202-1744. For information on inspecting this material at NARA, visit www.archives.gov/federal-
register/cfr/ibr-locations.html or email fr.inspection@nara.gov. The material may be obtained 
from the following sources: 
(a) Certain material is incorporated by reference into this part with the approval of the Director 
of the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51.  To enforce any edition other
than that specified in this section, a document must be published in the Federal Register and the 
material must be available to the public.  All approved materials are available for inspection at 
the Air and Radiation Docket and Information Center (Air Docket) in the EPA Docket Center 
(EPA/ DC) at Rm. 3334, EPA West Bldg., 1301 Constitution Ave. NW., Washington, DC. The 
EPA/DC Public Reading Room hours of operation are 8:30 a.m. to 4:30 p.m., Monday through 
Friday, excluding legal holidays. The telephone number of the EPA/DC Public Reading Room is 
(202) 566–1744, and the telephone number for the Air Docket is (202) 566–1742.  These
approved materials are also available for inspection at the National Archives and Records 
Administration (NARA).  For information on the availability of this material at NARA, email 
fedreg.legal@nara.gov or go to www.archives.gov/federal-register/cfr/ibr-locations.html. 
* * * * * 

265.  Revise the heading for subpart L to read as follows: 

Subpart L—Methods for Unregulated and Special Pollutants and Additional Procedures 

266.  Amend subpart L by adding a new center header “VANADIUM SUBLIMATION IN 
SCR CATALYSTS” after § 1065.1111 and adding §§ 1065.1113, 1065.1115, 1065.1117, 
1065.1119, and 1065.1121 under the new center header to read as follows: 

VANADIUM SUBLIMATION IN SCR CATALYSTS 

§ 1065.1113 General provisions related to vanadium sublimation temperatures in SCR 
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catalysts. 
Sections 1065.1113 through 1065.1121 specify procedures for determining vanadium emissions 
from a catalyst based on catalyst temperature. Vanadium can be emitted from the surface of SCR 
catalysts at temperatures above 550 °C, dependent on the catalyst formulation.  These procedures 
are appropriate for measuring the vanadium sublimation product from a reactor by sampling onto 
an equivalent mass of alumina and performing analysis by Inductively Coupled Plasma – Optical 
Emission Spectroscopy (ICP-OES). Follow standard analytic chemistry methods for any aspects 
of the analysis that are not specified. 
(a) The procedure is adapted from “Behavior of Titania-supported Vanadia and Tungsta SCR 
Catalysts at High Temperatures in Reactant Streams: Tungsten and Vanadium Oxide and 
Hydroxide Vapor Pressure Reduction by Surficial Stabilization” (Chapman, D.M., Applied 
Catalysis A: General, 2011, 392, 143-150) with modifications to the acid digestion method from 
“Measuring the trace elemental composition of size-resolved airborne particles” (Herner, J.D. et 
al, Environmental Science and Technology, 2006, 40, 1925–1933). 
(b) Laboratory cleanliness is especially important throughout vanadium testing.  Thoroughly 
clean all sampling system components and glassware before testing to avoid sample 
contamination. 

§ 1065.1115 Reactor design and setup. 
Vanadium measurements rely on a reactor that adsorbs sublimation vapors of vanadium onto an 
alumina capture bed with high surface area. 
(a) Configure the reactor with the alumina capture bed downstream of the catalyst in the 
reactor’s hot zone to adsorb vanadium vapors at high temperature. You may use quartz beads 
upstream of the catalyst to help stabilize reactor gas temperatures.  Select an alumina material 
and design the reactor to minimize sintering of the alumina.  For a 1-inch diameter reactor, use 4 
to 5 g of 1/8 inch extrudates or -14/+24 mesh (approximately 0.7 to 1.4 mm) gamma alumina 
(such as Alfa Aesar, aluminum oxide, gamma, catalyst support, high surface area, bimodal).  
Position the alumina downstream from either an equivalent amount of -14/+24 mesh catalyst 
sample or an approximately 1-inch diameter by 1 to 3-inch long catalyst-coated monolith sample 
cored from the production-intent vanadium catalyst substrate.  Separate the alumina from the 
catalyst with a 0.2 to 0.4 g plug of quartz wool.  Place a short 4 g plug of quartz wool 
downstream of the alumina to maintain the position of that bed.  Use good engineering judgment 
to adjust as appropriate for reactors of different sizes.  
(b) Include the quartz wool with the capture bed to measure vanadium content.  We recommend 
analyzing the downstream quartz wool separately from the alumina to see if the alumina fails to 
capture some residual vanadium. 
(c) Configure the reactor such that both the sample and capture beds are in the reactor’s hot zone. 
Design the reactor to maintain similar temperatures in the capture bed and catalyst. Monitor the 
catalyst and alumina temperatures with Type K thermocouples inserted into a thermocouple well 
that is in contact with the catalyst sample bed. 
(d) If there is a risk that the quartz wool and capture bed are not able to collect all the vanadium, 
configure the reactor with an additional capture bed and quartz wool plug just outside the hot 
zone and analyze the additional capture bed and quartz wool separately.  
(e) An example of a catalyst-coated monolith and capture bed arrangement in the reactor tube are 
shown in the following figure: 

A-320 



 

   

 
 

 

 

 

FIGURE 1 TO PARAGRAPH (e) OF § 1065.1115– EXAMPLE OF REACTOR SETUP 

Catalyst Coated Monolith 

Capture Bed 

Reactor Heated Zone 

Flow 

Quartz Beads 

Quartz Wool 

(f) You may need to account for vanadium-loaded particles contaminating catalyst-coated 
monoliths as a result of physical abrasion. To do this, determine how much titanium is in the 
capture bed and compare to an alumina blank. Using these values and available information 
about the ratio of vanadium to titanium in the catalyst, subtract the mass of vanadium catalyst 
material associated with the catalyst particles from the total measured vanadium on the capture 
bed to determine the vanadium recovered due to sublimation. 

§ 1065.1117 Reactor aging cycle for determination of vanadium sublimation temperature. 
This section describes the conditions and process required to operate the reactor described in 
§ 1065.1115 for collection of the vanadium sublimation samples for determination of vanadium 
sublimation temperature.  The reactor aging cycle constitutes the process of testing the catalyst 
sample over all the test conditions described in paragraph (b) of this section. 
(a) Set up the reactor to flow gases with a space velocity of at least 35,000/hr with a pressure 
drop across the catalyst and capture beds less than 35 kPa.  Use test gases meeting the following 
specifications, noting that not all gases will be used at the same time: 

(1) 5 vol% O2, balance N2. 
(2) NO, balance N2. Use an NO concentration of (200 to 500) ppm. 
(3) NH3, balance N2. Use an NH3 concentration of (200 to 500) ppm. 

(b) Perform testing as follows: 
(1) Add a new catalyst sample and capture bed into the reactor as described in § 1065.1113.  
Heat the reactor to 550 °C while flowing the oxygen blend specified in paragraph (a)(1) of 
this section as a pretest gas mixture.  Ensure that no H2O is added to the pretest gas mixture 
to reduce the risk of sintering and vanadium sublimation. 
(2) Start testing at a temperature that is lower than the point at which vanadium starts to 
sublime. Start testing when the reactor reaches 550 °C unless testing supports a lower starting 
temperature. Once the reactor reaches the starting temperature and the catalyst has been 
equilibrated to the reactor temperature, flow NO and NH3 test gases for 18 hours with a 
nominal H2O content of 5 volume percent. If an initial starting temperature of 550 °C results 
in vanadium sublimation, you may retest using a new catalyst sample and a lower initial 
starting temperature. 
(3) After 18 hours of exposure, flow the pretest oxygen blend as specified in paragraph (b)(1) 
of this section and allow the reactor to cool down to room temperature. 
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(4) Analyze the sample as described in § 1065.1121. 
(5) Repeat the testing in paragraphs (b)(1) through (4) of this section by raising the reactor 
temperature in increments of 50 °C up to the temperature at which vanadium sublimation 
begins. 
(6) Once sublimation has been detected, repeat the testing in paragraphs (b)(1) through (4) of 
this section by decreasing the reactor temperature in increments of 25 °C until the vanadium 
concentration falls below the sublimation threshold. 
(7) Repeat the testing in paragraphs (b)(1) through (6) of this section with a nominal H2O 
concentration of 10 volume percent or the maximum water concentration expected at the 
standard. 
(8) You may optionally test in a manner other than testing a single catalyst formulation in 
series across all test temperatures. For example, you may test additional samples at the same 
reactor temperature before moving on to the next temperature. 

(c) The effective sublimation temperature for the tested catalyst is the lowest reactor temperature 
determined in paragraph (b) of this section below which vanadium emissions are less than the 
method detection limit. 

§ 1065.1119 Blank testing. 
This section describes the process for analyzing blanks.  Use blanks to determine the background 
effects and the potential for contamination from the sampling process. 
(a) Take blanks from the same batch of alumina used for the capture bed. 
(b) Media blanks are used to determine if there is any contamination in the sample media.  
Analyze at least one media blank for each reactor aging cycle or round of testing performed 
under § 1065.1117. If your sample media is taken from the same lot, you may analyze media 
blanks less frequently consistent with good engineering judgment. 
(c) Field blanks are used to determine if there is any contamination from environmental exposure 
of the sample media. Analyze at least one field blank for each reactor aging cycle or round of 
testing performed under § 1065.1117. Field blanks must be contained in a sealed environment 
and accompany the reactor sampling system throughout the course of a test, including reactor 
disassembly, sample packaging, and storage. Use good engineering judgment to determine how 
frequently to generate field blanks.  Keep the field blank sample close to the reactor during 
testing. 
(d) Reactor blanks are used to determine if there is any contamination from the sampling system.  
Analyze at least one reactor blank for each reactor aging cycle or round of testing performed 
under § 1065.1117. 

(1) Test reactor blanks with the reactor on and operated identically to that of a catalyst test in 
§ 1065.1117 with the exception that when loading the reactor, only the alumina capture bed 
will be loaded (no catalyst sample is loaded for the reactor blank).  We recommend acquiring 
reactor blanks with the reactor operating at average test temperature you used when acquiring 
your test samples under § 1065.1117. 
(2) You must run at least three reactor blanks if the result from the initial blank analysis is 
above the detection limit of the method, with additional blank runs based on the uncertainty 
of the reactor blank measurements, consistent with good engineering judgment. 

§ 1065.1121 Vanadium sample dissolution and analysis in alumina capture beds. 
This section describes the process for dissolution of vanadium from the vanadium sublimation 
samples collect in § 1065.1117 and any blanks collected in § 1065.1119 as well as the analysis of 
the digestates to determine the mass of vanadium emitted and the associated sublimation 
temperature threshold based on the results of all the samples taken during the reactor aging cycle. 
(a) Digest the samples using the following procedure, or an equivalent procedure: 
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(1) Place the recovered alumina, a portion of the ground quartz tube from the reactor, and the 
quartz wool in a Teflon pressure vessel with a mixture made from 1.5 mL of 16 N HNO3, 0.5 
mL of 28 N HF, and 0.2 mL of 12 N HCl. Note that the amount of ground quartz tube from 
the reactor included in the digestion can influence the vanadium concentration of both the 
volatilized vanadium from the sample and the method detection limit.  You must be 
consistent with the amount ground quartz tube included in the sample analysis for your 
testing. You must limit the amount of quartz tube to include only portions of the tube that 
would be likely to encounter volatilized vanadium. 
(2) Program a microwave oven to heat the sample to 180 °C over 9 minutes, followed by a 
10-minute hold at that temperature, and 1 hour of ventilation/cooling. 
(3) After cooling, dilute the digests to 30 mL with high purity 18MΩ water prior to ICP-MS 
(or ICP-OES) analysis. Note that this digestion technique requires adequate safety measures 
when working with HF at high temperature and pressure.  To avoid “carry-over” 
contamination, rigorously clean the vessels between samples as described in “Microwave 
digestion procedures for environmental matrixes” (Lough, G.C. et al, Analyst. 1998, 123 (7), 
103R-133R). 

(b) Analyze the digestates for vanadium as follows: 
(1) Perform the analysis using ICP-OES (or ICP-MS) using standard plasma conditions 
(1350 W forward power) and a desolvating microconcentric nebulizer, which will 
significantly reduce oxide- and chloride-based interferences. 
(2) We recommend that you digest and analyze a minimum of three solid vanadium NIST 
Standard Reference Materials in duplicate with every batch of 25 vanadium alumina capture 
bed samples that you analyze in this section, as described in “Emissions of metals associated 
with motor vehicle roadways” (Herner, J.D. et al, Environmental Science and Technology. 
2005, 39, 826–836). This will serve as a quality assurance check to help gauge the relative 
uncertainties in each measurement, specifically if the measurement errors are normally 
distributed and independent. 
(3) Use the 3-sigma approach to determine the analytical method detection limits for 
vanadium and the 10-sigma approach if you determine the reporting limit.  This process 
involves analyzing at least seven replicates of a reactor blank using the analytical method 
described in paragraphs (a) and (b)(1) of this section, converting the responses into 
concentration units, and calculating the standard deviation.  Determine the detection limit by 
multiplying the standard deviation by 3 and adding it to the average.  Determine the reporting 
limit by multiplying the standard deviation by 10 and adding it to the average.  Determine the 
following analytical method detection limits: 

(i) Determine the ICP-MS (or ICP-OES) instrumental detection limit (ng/L) by 
measuring at least seven blank samples made up of the reagents from paragraph (a) of 
this section. 
(ii) Determine the method detection limit (µpg/m3 of flow or pg/g of the total combined 
mass of the recovered alumina, a portion of the ground quartz tube from the reactor, and 
the quartz wool) by measuring at least seven reactor blank samples taken as described in 
§ 1065.1119(d). 
(iii) We recommend that your method detection limit determined under paragraph 
(b)(3)(ii) of this section is at or below 2 ppm (152 pµg/m3). You must report your 
detection limits determined in this paragraph (b)(3) and reporting limits (if determined) 
with your test results. 

(4) If you account for vanadium-loaded particles contaminating catalyst-coated monoliths as 
a result of physical abrasion as allowed in § 1065.1115(f), use the 3-sigma approach to 
determine the analytical method detection limits for titanium and the 10-sigma approach if 
you determine the reporting limit. This process involves analyzing at least seven replicates 
of a blank using the analytical method described in paragraphs (a) and (b)(1) of this section, 
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converting the responses into concentration units, and calculating the standard deviation.  
Determine the detection limit by multiplying the standard deviation by 3 and subtracting it 
from the average.  Determine the reporting limit by multiplying the standard deviation by 10 
and subtracting it from the average. 

(i) Determine the ICP-MS (or ICP-OES) instrumental detection limit (ng/L) by 
measuring at least seven blank samples made up of the reagents from paragraph (a) of 
this section. 
(ii) Determine the method detection limit (µpg/m3 of flow or pg/g of the total combined 
mass of the recovered alumina, a portion of the ground quartz tube from the reactor, and 
the quartz wool) by measuring at least seven reactor blank samples taken as described in 
§ 1065.1119(d). 

267.  Amend subpart L by adding a new center header “SMOKE OPACITY” after the 
newly added § 1065.1121 and adding §§ 1065.1123, 1065.1125, and 1065.1127 under the 
new center header to read as follows: 

SMOKE OPACITY 

§ 1065.1123 General provisions for determining exhaust opacity. 
The provisions of § 1065.1125 describe system specifications for measuring percent opacity of 
exhaust for all types of engines. The provisions of § 1065.1127 describe how to use such a 
system to determine percent opacity of engine exhaust for applications other than locomotives. 
See 40 CFR 1033.525 for measurement procedures for locomotives. 

§ 1065.1125 Exhaust opacity measurement system. 
Smokemeters measure exhaust opacity using full-flow open-path light extinction with a built-in 
light beam across the exhaust stack or plume. Prepare and install a smokemeter system as 
follows: 
(a) Except as specified in paragraph (d) of this section, use a smokemeter capable of providing 
continuous measurement that meets the following specifications: 

(1) Use an incandescent lamp with a color temperature between (2800 and 3250) K or a 
different light source with a spectral peak between (550 and 570) nm. 
(2) Collimate the light beam to a nominal diameter of 3 centimeters and maximum 
divergence angle of 6 degrees. 
(3) Include a photocell or photodiode as a detector.  The detector must have a maximum 
spectral response between (550 and 570) nm, with less than 4 percent of that maximum 
response below 430 nm and above 680 nm. These specifications correspond to visual 
perception with the human eye. 
(4) Use a collimating tube with an aperture that matches the diameter of the light beam. 
Restrict the detector to viewing within a 16 degree included angle. 
(5) Optionally use an air curtain across the light source and detector window to minimize 
deposition of smoke particles, as long as it does not measurably affect the opacity of the 
sample. 
(6) The diagram in the following figure illustrates the smokemeter configuration:  
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FIGURE 1 TO PARAGRAPH (a)(6) OF § 1065.1125— SMOKEMETER DIAGRAM. 

Collimated Light from Source 

Detector 
Collimating Lens 

Light 
Source 

Optical Component for 
Limiting Viewing Angle 

(b) Smokemeters for locomotive applications must have a full-scale response time of 0.5 seconds 
or less. Smokemeters for locomotive applications may attenuate signal responses with 
frequencies higher than 10 Hz with a separate low-pass electronic filter that has the following 
performance characteristics: 

(1) Three decibel point: 10 Hz. 
(2) Insertion loss: (0.0 ±0.5) dB. 
(3) Selectivity: 12 dB down at 40 Hz minimum. 
(4) Attenuation: 27 dB down at 40 Hz minimum. 

(c) Configure exhaust systems as follows for measuring exhaust opacity: 
(1) For locomotive applications: 

(i) Optionally add a stack extension to the locomotive muffler. 
(ii) For in-line measurements, the smokemeter is integral to the stack extension. 
(iii) For end-of-line measurements, mount the smokemeter directly at the end of the stack 
extension or muffler. 
(iv) For all testing, minimize distance from the optical centerline to the muffler outlet; in 
no case may it be more than 300 cm. The maximum allowable distance of unducted space 
upstream of the optical centerline is 50 cm, whether the unducted portion is upstream or 
downstream of the stack extensions. 

(2) Meet the following specifications for all other applications: 
(i) For in-line measurements, install the smokemeter in an exhaust pipe segment 
downstream of all engine components. This will typically be part of a laboratory 
configuration to route the exhaust to an analyzer. The exhaust pipe diameter must be 
constant within 3 exhaust pipe diameters before and after the smokemeter’s optical 
centerline. The exhaust pipe diameter may not change by more than a 12-degree half-
angle within 6 exhaust pipe diameters upstream of the smokemeter’s optical centerline. 
(ii) For end-of-line measurements with systems that vent exhaust to the ambient, add a 
stack extension and position the smokemeter such that its optical centerline is (2.5 
±0.625) cm upstream of the stack extension’s exit. Configure the exhaust stack and 
extension such that at least the last 60 cm is a straight pipe with a circular cross section 
with an approximate inside diameter as specified in the following table: 
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TABLE 1 TO PARAGRAPH (c)(2)(ii) OF § 1065.1125— APPROXIMATE EXHAUST PIPE 

DIAMETER BASED ON ENGINE POWER 

Maximum rated 
horsepower 

kW<40 

40≤kW<75 

75≤kW<150 

150≤kW<225 

225≤kW<375 

kW> 375 

Approximate exhaust 
pipe diameter (mm) 

38 

50 

76 

102 

127 

152 

(iii) For both in-line and end-of-line measurements, install the smokemeter so its optical 
centerline is (3 to 10) meters further downstream than the point in the exhaust stream that 
is farthest downstream considering all the following components: exhaust manifolds, 
turbocharger outlets, exhaust aftertreatment devices, and junction points for combining 
exhaust flow from multiple exhaust manifolds. 

(3) Orient the light beam perpendicular to the direction of exhaust flow. Install the 
smokemeter so it does not influence exhaust flow distribution or the shape of the exhaust 
plume. Set up the smokemeter’s optical path length as follows: 

(i) For locomotive applications, the optical path length must be at least as wide as the 
exhaust plume. 
(ii) For all other applications, the optical path length must be the same as the diameter of 
the exhaust flow. For noncircular exhaust configurations, set up the smokemeter such that 
the light beam’s path length is across the longest axis with an optical path length equal to 
the hydraulic diameter of the exhaust flow. 

(4) The smokemeter must not interfere with the engine’s ability to meet the exhaust 
backpressure requirements in § 1065.130(h). 
(5) For engines with multiple exhaust outlets, measure opacity using one of the following 
methods: 

(i) Join the exhaust outlets together to form a single flow path and install the smokemeter 
(3 to 10) m downstream of the point where the exhaust streams converge or the last 
exhaust aftertreatment device, whichever is farthest downstream. 
(ii) Install a smokemeter in each of the exhaust flow paths.  Report all measured values. 
All measured values must comply with standards. 

(6) The smokemeter may use purge air or a different method to prevent carbon or other 
exhaust deposits on the light source and detector. Such a method used with end-of-line 
measurements may not cause the smoke plume to change by more than 0.5 cm at the 
smokemeter. If such a method affects the smokemeter’s optical path length, follow the 
smokemeter manufacturer’s instructions to properly account for that effect. 

(d) You may use smokemeters meeting alternative specifications as follows: 
(1) You may use smokemeters that use other electronic or optical techniques if they employ 
substantially identical measurement principles and produce substantially equivalent results. 
(2) You may ask us to approve the use of a smokemeter that relies on partial flow sampling. 
Follow the instrument manufacturer's installation, calibration, operation, and maintenance 
procedures if we approve your request. These procedures must include correcting for any 
change in the path length of the exhaust plume relative to the diameter of the engine’s 
exhaust outlet. 
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§ 1065.1127 Test procedure for determining percent opacity. 
The test procedure described in this section applies for everything other than locomotives. The 
test consists of a sequence of engine operating points on an engine dynamometer to measure 
exhaust opacity during specific engine operating modes to represent in-use operation. Measure 
opacity using the following procedure: 
(a) Use the equipment and procedures specified in this part 1065. 
(b) Calibrate the smokemeter as follows: 

(1) Calibrate using neutral density filters with approximately 10, 20, and 40 percent opacity. 
Confirm that the opacity values for each of these reference filters are NIST-traceable within 
185 days of testing, or within 370 days of testing if you consistently protect the reference 
filters from light exposure between tests. 
(2) Before each test and optionally during engine idle modes, remove the smokemeter from 
the exhaust stream, if applicable, and calibrate as follows: 

(i) Zero. Adjust the smokemeter to give a zero response when there is no detectable 
smoke. 
(ii) Linearity. Insert each of the qualified reference filters in the light path perpendicular 
to the axis of the light beam and adjust the smokemeter to give a result within 1 
percentage point of the named value for each reference filter. 

(c) Prepare the engine, dynamometer, and smokemeter for testing as follows: 
(1) Set up the engine to run in a configuration that represents in-use operation. 
(2) Determine the smokemeter’s optical path length to the nearest mm.  
(3) If the smokemeter uses purge air or another method to prevent deposits on the light 
source and detector, adjust the system according to the system manufacturer’s instructions 
and activate the system before starting the engine. 
(4) Program the dynamometer to operate in torque-control mode throughout testing. 
Determine the dynamometer load needed to meet the cycle requirements in paragraphs 
(d)(4)(ii) and (iv) of this section. 
(5) You may program the dynamometer to apply motoring assist with negative flywheel 
torque, but only during the first 0.5 seconds of the acceleration events in paragraphs (d)(4)(i) 
and (ii) of this section. Negative flywheel torque may not exceed 13.6 Nꞏm. 

(d) Operate the engine and dynamometer over repeated test runs of the duty cycle illustrated in 
Figure 1 of this appendix. As noted in the figure, the test run includes an acceleration mode from 
points A through F in the figure, followed by a lugging mode from points I to J. Detailed 
specifications for testing apply as follows: 

(1) Continuously record opacity, engine speed, engine torque, and operator demand over the 
course of the entire test at 10 Hz; however, you may interrupt measurements to recalibrate 
during each idle mode. 
(2) Precondition the engine by operating it for 10 minutes at maximum mapped power.   
(3) Operate the engine for (5.0 to 5.5) minutes at warm idle speed, fnidle, with load set to Curb 
Idle Transmission Torque. 
(4) Operate the engine and dynamometer as follows during the acceleration mode: 

(i) First acceleration event—AB. Partially increase and hold operator demand to stabilize 
engine speed briefly at (200 ±50) r/min above fnidle. The start of this acceleration is the 
start of the test (t = 0 s). 
(ii) Second acceleration event—CD. As soon as measured engine speed is within the 
range specified in paragraph (d)(4)(i) of this section, but not more than 3 seconds after 
the start of the test, rapidly set and hold operator demand at maximum.  Operate the 
dynamometer using a preselected load to accelerate engine speed to 85 percent of 
maximum test speed, fntest, in (5 ±1.5) seconds. The engine speed throughout the 
acceleration must be within ±100 r/min of a target represented by a linear transition 
between the low and high engine speed targets. 
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(iii) Transition—DEF. As soon as measured engine speed reaches 85 percent of fntest, 
rapidly set and hold operator demand at minimum and simultaneously apply a load to 
decelerate to intermediate speed in (0.5 to 3.5) seconds. Use the same load identified for 
the acceleration event in paragraph (d)(4)(iv) of this section. 
(iv) Third acceleration event—FGH. Rapidly set and hold operator demand at maximum 
when the engine is within ±50 r/min of intermediate speed.  Operate the dynamometer 
using a preselected load to accelerate engine speed to at least 95 percent of fntest in (10 ±2) 
seconds. 

(5) Operate the engine and dynamometer as follows during the lugging mode: 
(i) Transition—HI. When the engine reaches 95 percent of fntest, keep operator demand at 
maximum and immediately set dynamometer load to control the engine at maximum 
mapped power. Continue the transition segment for (50 to 60) seconds. For at least the 
last 10 seconds of the transition segment, hold engine speed within ±50 r/min of fntest and 
power at or above 95 percent of maximum mapped power. Conclude the transition by 
increasing dynamometer load to reduce engine speed as specified in paragraph (d)(4)(iii) 
of this section, keeping operator demand at maximum. 
(ii) Lugging—IJ. Apply dynamometer loading as needed to decrease engine speed from 
50 r/min below fntest to intermediate speed in (35 ±5) seconds. The engine speed must 
remain within ±100 r/min of a target represented by a linear transition between the low 
and high engine speed targets. 

(6) Return the dynamometer and engine controls to the idle position described in paragraph 
(d)(3) of this section within 60 seconds of completing the lugging mode.  
(7) Repeat the procedures in paragraphs (d)(3) through (6) of this section as needed to 
complete three valid test runs. If you fail to meet the specifications during a test run, continue 
to follow the specified duty cycle before starting the next test run. 
(8) Shut down the engine or remove the smokemeter from the exhaust stream to verify zero 
and linearity. Void the test if the smokemeter reports more than 2 percent opacity for the zero 
verification, or if the smokemeter’s error for any of the linearity checks specified in 
paragraph (b)(2) of this section is more than 2 percent. 

(e) Analyze and validate the test data as follows: 
(1) Divide each test run into test segments. Each successive test segment starts when the 
preceding segment ends. Identify the test segments based on the following criteria: 

(i) The idle mode specified in paragraph (d)(3) of this section for the first test run starts 
immediately after engine preconditioning is complete. The idle mode for later test runs 
must start within 60 seconds after the end of the previous test run as specified in 
paragraph (d)(6) of this section. The idle mode ends when operator demand increases for 
the first acceleration event (Points A and B). 
(ii) The first acceleration event in paragraph (d)(4)(i) of this section ends when operator 
demand is set to maximum for the second acceleration event (Point C). 
(iii) The second acceleration event in paragraph (d)(4)(ii) of this section ends when the 
engine reaches 85 percent of maximum test speed, fntest, (Point D) and operator demand is 
set to minimum (Point E). 
(iv) The transition period in paragraph (d)(4)(iii) of this section ends when operator 
demand is set to maximum (Point F). 
(v) The third acceleration event in paragraph (d)(4)(iv) of this section ends when engine 
speed reaches 95 percent of fntest (Point H). 
(vi) The transition period in paragraph (d)(5)(i) of this section ends when engine speed 
first decreases to a point more than 50 r/min below fntest (Point I). 
(vii) The lugging mode in paragraph (d)(5)(ii) of this section ends when the engine 
reaches intermediate speed (Point J). 
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(2) Convert measured instantaneous values to standard opacity values, κstd, based on the 
appropriate optical path length specified in Table 1 of § 1065.1125 using the following 
equation: 

౩౪ౚ 

𝜅ୱ୲ୢ ൌ 100  ൭1 െ ቀ1 െ 
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Eq. 1065.1127-1 

Where: 
κstd = standard instantaneous percent opacity. 
κmeas = measured instantaneous percent opacity. 
lstd = standard optical path length corresponding with engine power, in millimeters. 
lmeas = the smokemeter’s optical path length, in millimeters. 

Example for an engine < 40 kW: 
κmeas = 14.1 % 
lstd = 38 mm 
lmeas = 41 mm 
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(3) Select opacity results from corrected measurements collected across test segments as 
follows: 

(i) Divide measurements from acceleration and lugging modes into half-second intervals. 
Determine average opacity values during each half-second interval. 
(ii) Identify the 15 highest half-second values during the acceleration mode of each test 
run. 
(iii) Identify the five highest half-second values during the lugging mode of each test run. 
(iv) Identify the three overall highest values from paragraphs (e)(3)(ii) and (iii) of this 
section for each test run. 

(f) Determine percent opacity as follows: 
(1) Acceleration. Determine the percent opacity for the acceleration mode by calculating the 
average of the 45 readings from paragraph (e)(3)(ii) of this section. 
(2) Lugging. Determine the percent opacity for the lugging mode by calculating the average 
of the 15 readings from paragraph (e)(3)(iii) of this section. 
(3) Peak. Determine the percent opacity for the peaks in either acceleration or lugging mode 
by calculating the average of the 9 readings from paragraph (e)(3)(iv) of this section. 

(g) Submit the following information in addition to what is required by § 1065.695: 
(1) Exhaust pipe diameter(s). 
(2) Measured maximum exhaust system backpressure over the entire test. 
(3) Most recent date for establishing that each of the reference filters from paragraph (b) of 
this section are NIST-traceable. 
(4) Measured smokemeter zero and linearity values after testing. 
(5) 10 Hz data from all valid test runs. 

(h) The following figure illustrates the dynamometer controls and engine speeds for exhaust 
opacity testing: 
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FIGURE 1 TO PARAGRAPH (h) OF § 1065.1127– SCHEMATIC OF SMOKE OPACITY DUTY CYCLE 
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268.  Amend subpart L by adding a new center header “ACCELERATED 
AFTERTREATMENT AGING” after the newly added § 1065.1127 and adding 
§§ 1065.1131 through 1065.1145 under the new center header to read as follows: 

ACCELERATED AFTERTREATMENT AGING 

§ 1065.1131 General provisions related to accelerated aging of compression-ignition 
aftertreatment for deterioration factor determination. 
Sections 1065.1131 through 1065.1145 specify procedures for aging compression-ignition 
engine aftertreatment systems in an accelerated fashion to produce an aged aftertreatment system 
for durability demonstration. Determine the target number of hours that represents useful life for 
an engine family as described in the standard setting part.  The method described is a procedure 
for translating field data that represents a given application into an accelerated aging cycle for 
that specific application, as well as methods for carrying out aging using that cycle.  The 
procedure is intended to be representative of field aging, includes exposure to elements of both 
thermal and chemical aging, and is designed to achieve an acceleration of aging that is ten times 
a dynamometer or field test (1,000 hours of accelerated aging is equivalent to 10,000 hours of 
standard aging). 
(a) Development of an application-specific accelerated aging cycle generally consists of the 
following steps: 

(1) Gathering and analysis of input field data. 
(2) Determination of key components for aging. 
(3) Determination of a thermal deactivation coefficient for each key component. 
(4) Determination of potential aging modes using clustering analysis. 
(5) Down-selection of final aging modes. 
(6) Incorporation of regeneration modes (if necessary). 
(7) Cycle generation. 
(8) Calculation of thermal deactivation. 
(9) Cycle scaling to reach thermal deactivation. 
(10) Determination of oil exposure rates. 
(11) Determination of sulfur exposure rates. 

(b) There are two methods for using field data to develop aging cycles, as described in § 
1065.1139(b)(1) and (2). Method selection depends on the type of field data available.  Method
1 directly uses field data to generate aging modes, while Method 2 uses field data to weight 
appropriate regulatory duty cycles that are used for emissions certification. 
(c) Carry out accelerated aging on either a modified engine platform or a reactor-based burner 
platform. The requirements for these platforms are described in § 1065.1141 for engine bench 
aging and § 1065.1143 for burner-based bench aging. 

§ 1065.1133 Application selection, data gathering, and analysis. 
This section describes the gathering and analysis of the field generated data that is required for 
generation of the data cycle. Gather data for the determination of aftertreatment exposure to 
thermal, lubricating oil, and sulfur related aging factors.  You are not required to submit this data 
as part of your application, but you must make this data available if we request it. 
(a) Field data target selection. Use good engineering judgment to select one or more target 
applications for gathering of input field data for the accelerated aging cycle generation that 
represent a greater than average exposure to potential field aging factors.  It should be noted that 
the same application may not necessarily represent the worst case for all aging factors.  If 
sufficient data is not available to make this determination with multiple applications, you may 
select the application that is expected to have the highest sales volume for a given engine family. 
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(1) Thermal exposure. We recommend that you select applications for a given engine family 
that represent the 90th percentile of exposure to thermal aging.  For example, if a given
engine family incorporates a periodic infrequent regeneration event that involves exposure to 
higher temperatures than are observed during normal (non-regeneration) operation, we 
recommend that you select an application wherein the total duration of the cumulative 
regeneration events is at the 90th percentile of expected applications for that family.  For an
engine that does not incorporate a distinct regeneration event, we recommend selecting an 
application that represents the 90th percentile in terms of the overall average temperature. 
(2) Oil exposure. Use a combination of field and laboratory measurements to determine an 
average rate of oil consumption in grams per hour that reaches the exhaust.  You may use the
average total oil consumption rate of the engine if you are unable to determine what portion 
of the oil consumed reaches the exhaust aftertreatment. 
(3) Sulfur exposure. The total sulfur exposure is the sum of fuel- and oil-related sulfur.  Oil-
related sulfur will be accounted for in the acceleration of oil exposure directly.  We
recommend that you determine fuel-related sulfur exposure by selecting an application that 
represents the 90th percentile of fuel consumption. Use good engineering judgment to 
determine that average rate of fuel consumption for the target application.  You may use a
combination of field and laboratory measurements to make this determination.  Calculate the
average rate of fuel-related sulfur exposure in grams per hour from the average rate of fuel 
consumption assuming a fuel sulfur level of 10 ppm by weight. 

(b) Application data gathering. Use good engineering judgment to gather data from one or more 
field vehicles to support the accelerated aging cycle generation.  We recommend that you gather 
data at a recording frequency of 1 Hz.  The type of data that you gather will depend on the 
method you plan to use for cycle generation. Record both the data and the number of engine 
operating hours which that data represents regardless of method, as this information will be used 
to scale the cycle calculations. Use good engineering judgment to ensure that the amount of data 
recorded provides an accurate representation of field operation for the target application.  If your
application includes a periodic regeneration event, you must record multiple events to ensure that 
you have accurately captured the variation of those events.  We recommend that you record at 
least 300 hours of field operation, and at least 3 different regeneration events if applicable. 

(1) When using Method 1, direct field data use, as described in § 1065.1139(b)(1), record 
data for exhaust flow rate and at least one representative inlet temperature for each major 
aftertreatment system catalyst component, such as a diesel oxidation catalyst (DOC), diesel 
particulate filter (DPF), or selective catalytic reduction (SCR) catalyst.  If a given catalyst 
component has multiple substrates installed directly in sequence, it is sufficient to record 
only the inlet temperature for the first catalyst substrate in the sequence.  It is not necessary
to record separate temperatures for substrates that are “zone-coated” with multiple catalyst 
functions. Record a representative outlet temperature for any major catalyst component that 
is used to elevate the temperature of downstream components.  This could be the inlet of the 
next major component if that would be representative. We recommend that you record 
engine fuel rate to assist in the determination of sulfur exposure rates, but you may use other 
data for this purpose. 
(2) When using Method 2, weighting of certification cycles, as described § 1065.1139(b)(2), 
record data for engine speed and engine load.  Record sufficient ECM load parameters to 
determine a torque value that can be compared directly to engine torque as measured in the 
laboratory. You may optionally use ECM fuel rate measurements to determine load, but only 
if the same measurements can also be performed during laboratory testing on certification 
test cycles using sensors with comparable response characteristics.  For example, you could
use ECM fuel consumption rates for both field data and during laboratory tests. 

(i) Optionally, as an alternative to the parameters required in this paragraph (b)(2), you 
may use a system exhaust temperature measurement to represent load.  This requires one 
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recorded temperature that represents the aftertreatment system.  We recommend that you
use a temperature recorded at the outlet of the first major catalyst component.  If you
choose to use this option, you must use the same temperature sensor for both field and 
laboratory measurements. Do not compare measurements between on-engine production 
temperature sensors with laboratory temperature sensors. 
(ii) Optionally, as an alternative to the parameters required in this paragraph (b)(2), you 
may use exhaust flow and temperature measurements recorded in the field to support 
Method 2 calculations. Only one recorded temperature that represents the aftertreatment 
system is needed in this case.  We recommend that you use a temperature recorded at the 
outlet of the first major catalyst component. Do not compare measurements between on-
engine production temperature sensors with laboratory temperature sensors. 

(3) If you have an aftertreatment system which involves periodic regeneration events where 
the temperature is raised above levels observed during normal operation, you must record 
data to characterize each such event. Data must be recorded at a frequency of at least 1 Hz, 
and you must record the exhaust flow rate and inlet temperature of each key catalyst 
component that will experience elevated temperatures during the regeneration.  In addition, 
record a flag or variable that can be used to determine the beginning and end of a 
regeneration event. You must record at least three such events to allow determination of the 
average regeneration profile. If you have multiple types of regeneration events which 
influence different catalyst components in the system, you must record this data for each type 
of event separately. Use good engineering judgment to determine the average duration of 
each type of regeneration event, and the average interval of time between successive 
regeneration events of that type.  You may use the data recorded for this cycle determination, 
or any other representative data to determine average regeneration duration or regeneration 
interval. These values may be determined from the analysis used to determine emission 
adjustments to account for infrequent regeneration of aftertreatment devices in § 1065.680. 

§ 1065.1135 Determination of key aftertreatment system components. 
Most compression-ignition engine aftertreatment systems contain multiple catalysts, each with 
their own aging characteristics.  However, in the accelerated aging protocol the system will be 
aged as a whole.  Therefore, it is necessary to determine which catalyst components are the key 
components that will be used for deriving and scaling the aging cycle. 
(a) The primary aging catalyst in an aftertreatment system is the catalyst that is directly 
responsible for the majority of NOx reduction, such as a urea SCR catalyst in a compression 
ignition aftertreatment system. This catalyst will be used as the basis for cycle generation.  If a
system contains multiple SCR catalysts that are separated by other heat generating components 
that would result in a different rate of heat exposure, then each SCR catalyst must be tracked 
separately. Use good engineering judgment to determine when there are multiple primary 
catalyst components. An example of this would be a light-off SCR catalyst placed upstream of a 
DOC which is used to generate heat for regeneration and is followed by a DPF and a second 
downstream SCR catalyst. In this case, both the light-off SCR and the downstream SCR would 
have very different thermal history, and therefore must be tracked separately. In applications 
where there is no SCR catalyst in the aftertreatment system, the primary catalyst is the first 
oxidizing catalyst component in the system which is typically a DOC or catalyzed DPF. 
(b) The secondary aging catalyst in an aftertreatment system is the catalyst that is intended to 
either alter exhaust characteristics or generate elevated temperature upstream of the primary 
catalyst. An example of a secondary component catalyst would be a DOC placed upstream of an 
SCR catalyst, with or without a DPF in between. 
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§ 1065.1137 Determination of thermal reactivity coefficient.
This section describes the method for determining the thermal reactivity coefficient(s) used for 
thermal heat load calculation in the accelerated aging protocol. 
(a) The calculations for thermal degradation are based on the use of an Arrhenius rate law 
function to model cumulative thermal degradation due to heat exposure.  Under this model, the
thermal aging rate constant, k, is an exponential function of temperature which takes the form 
shown in the following equation:

𝑘 ൌ 𝐴    ோ் 𝑒ି 
ா 

Eq. 1065.1137-1 

Where: 
A = frequency factor or pre-exponential factor. 
Ea = thermal reactivity coefficient in kJ/mol. 
R = molar gas constant. 
T = catalyst temperature in K. 

(b) The process of determining Ea begins with determining what catalyst characteristic will be 
tracked as the basis for measuring thermal deactivation.  This metric varies for each type of 
catalyst and may be determined from the experimental data using good engineering judgment.  
We recommend the following metrics; however, you may also use a different metric based on 
good engineering judgment: 

(1) Copper-based zeolite SCR. Total ammonia storage capacity is a key aging metric for 
copper-zeolite SCR catalysts, and they typically contain multiple types of storage sites.  It is
typical to model these catalysts using two different storage sites, one of which is more active 
for NOx reduction, as this has been shown to be an effective metric for tracking thermal 
aging. In this case, the recommended aging metric is the ratio between the storage capacity 
of the two sites, with more active site being in the denominator. 
(2) Iron-based zeolite SCR. Total ammonia storage capacity is a key aging metric for iron-
zeolite SCR catalysts using a single storage site at 250 °C for tracking thermal aging. 
(3) Vanadium SCR. Vanadium-based SCR catalysts do not feature a high level of ammonia 
storage like zeolites, therefore NOx reduction efficiency at lower temperatures in the range of 
250 °C is the recommended metric for tracking thermal aging. 
(4) Diesel oxidation catalysts. Conversion rate of NO to NO2 at 200 °C is the key aging 
metric for tracking thermal aging for DOCs which are used to optimize exhaust 
characteristics for a downstream SCR system.  HC reduction efficiency (as measured using 
ethylene) at 200 °C is the key aging metric for DOCs which are part of a system that does not 
contain an SCR catalyst for NOx reduction. This same guidance applies to an oxidation
catalyst coated onto the surface of a DPF, if there is no other DOC in the system. 

(c)(1) Use good engineering judgment to select at least three different temperatures to run the 
degradation experiments at.  We recommend selecting these temperatures to accelerated 
thermal deactivation such that measurable changes in the aging metric can be observed at 
multiple time points over the course of no more than 50 hours. Avoid temperatures that are 
too high to prevent rapid catalyst failure by a mechanism that does not represent normal 
aging. An example of temperatures to run the degradation experiment at for a small-pore 
copper zeolite SCR catalyst is 600 °C, 650 °C, and 725 °C. 
(2) For each temperature selected, perform testing to assess the aging metric at different 
times. These time intervals do not need to be evenly spaced and it is typical to run these 
experiments using increasing time intervals (e.g., after 2, 4, 8, 16, and 32 hours).  Use good
engineering judgment to stop each temperature experiment after sufficient data has been 
generated to characterize the shape of the deactivation behavior at a given temperature. 
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(d) Generate a fit of the deactivation data generated in paragraph (b) of this section at each 
temperature using the generalized deactivation equation: 
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Eq. 1065.1137-2 

Where: 
Ω = aging metric. 
k = thermal aging rate constant for a given temperature. 
ΩEQ = aging metric at equilibrium (set to 0 unless there is a known activity minimum). 
m = model order (the model order should be set at the lowest value that best fits the data at all 
temperatures, minimum = 1). 

(e) Using the data pairs of temperature and thermal aging rate constant, k, from paragraph (c)(2) 
of this section, determine the thermal reactivity coefficient, Ea, by performing a regression 
analysis of the natural log of k versus the inverse of temperature, T, in Kelvin. Determine Ea 

from the slope of the resulting line using the following equation: 

𝐸 ൌ െ 
𝑚 

ୟ 𝑅 
Eq. 1065.1137-3 

Where: 
m = the slope of the regression line of ln(k) versus 1/T. 
R = molar gas constant. 

§ 1065.1139 Aging cycle generation.
Generation of the accelerated aging cycle for a given application involves analysis of the field 
data to determine a set of aging modes that will represent that field operation.  There are two
methods of cycle generation, each of which is described separately below.  Method 1 involves 
the direct application of field data and is used when the recorded data includes sufficient exhaust 
flow and temperature data to allow for determination of aging conditions directly from the field 
data set and must be available for all of the key components.  Method 2 is meant to be used 
when insufficient flow and temperature data is available from the field data.  In Method 2, the
field data is used to weight a set of modes derived from the laboratory certification cycles for a 
given application. These weighted modes are then combined with laboratory recorded flow and 
temperatures on the certification cycles to derive aging modes.  There are two different cases to
consider for aging cycle generation, depending on whether or not a given aftertreatment system 
incorporates the use of a periodic regeneration event.  For the purposes of this section, a 
“regeneration” is any event where the operating temperature of some part of the aftertreatment 
system is raised beyond levels that are observed during normal (non-regeneration) operation.  
The analysis of regeneration data is considered separately from normal operating data. 
(a) Cycle generation process overview. The process of cycle generation begins with the 
determination of the number of bench aging hours.  The input into this calculation is the number 
of real or field hours that represent the useful life for the target application.  This could be given
as a number of hours or miles, and for miles, the manufacturer must use field data and good 
engineering judgment to translate this to an equivalent number of operating hours for the target 
application. The target for the accelerated aging protocol is a 10-time acceleration of the aging 
process, therefore the total number of aging hours is always set at useful life hours divided by 10.  
For example, if an on-highway heavy duty engine has a full useful life of 750,000 miles and this 
is determined to be represented by 24,150 field hours, the target duration for the DAAAC 
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protocol for this application would be 2,415 bench-aging hours.  The 2,415 hours will then be 
divided among different operating modes that will be arranged to result in repetitive temperature 
cycling over that period. For systems that incorporate periodic regeneration, the total duration 
will be split between regeneration and normal (non-regeneration) operation.  The analysis of 
normal operation data is given in paragraph (b) of this section.  The analysis of regeneration data 
is given in paragraph (c) of this section. 
(b) Analysis of normal (non-regeneration) operating data. This analysis develops a reduced set
of aging modes that represent normal operation.  As noted earlier, there are two methods for 
conducting this analysis, based on the data available. 

(1) Method 1 – Direct clustering. Use Method 1 when sufficient exhaust flow and 
temperature data are available directly from the field data.  The data requirements for Method 
1 are described in § 1065.1133(b)(1). The method involves three steps: clustering analysis, 
mode consolidation, and cycle building. 

(i) The primary method for determining modes from a field data set involves the use of k-
means clustering. K-means clustering is a method where a series of observations is 
partitioned into set of clusters of “similar” data points, where every observation is a 
member of a cluster with the nearest mean, which is referred to as the centroid of that 
cluster. The number of clusters is a parameter of the analysis, and the k-means algorithm 
generally seeks an optimal number of clusters to minimize the least-squares distance of 
all points to their respective centroids.  There are a number of different commercially 
available software programs to perform k-means clustering, as well as freely available 
algorithm codes. K-means clustering can arrive at many different solutions, and we are 
providing the following guidance to help select the optimal solution for use in accelerated 
aging cycle generation. The process involves analyzing the data multiple time using an 
increasing number of clusters for each analysis.  Use at least 5 clusters, and we
recommend developing solutions for the range between 5 and 8 clusters, although you 
may use more if desired. Each cluster is a potential aging mode with a temperature and 
flow rate defined by the centroid. More clusters result in more aging modes, although 
this number may be reduced later via model consolidation. 
(ii) The cubic clustering criteria (CCC) is a metric calculated for each solution having a 
different number of clusters.   The computation of CCC is complex and described in more 
detail in the following reference.  The CCC computation is normally available as one of 
the metrics in commercially available software packages that can be used for k-means 
clustering. The optimal solution is typically the one with the number of clusters 
corresponding to the highest CCC. 
(iii) Check each solution, starting with the one with the highest CCC to determine if it 
satisfies the following requirements: 

(A) No more than one cluster contains fewer than 3 % of the data points. 
(B) The temperature ratio between the centroid with the maximum temperature and 
the centroid with the minimum temperature is at least 1.6 for clusters containing more 
than 3% of the data points. 
(C) If that solution does not satisfy these requirements move to the solution with the 
next highest CCC. 

(iv) The process described in paragraph (c)(1)(iii) of this section generally works well for 
most data sets, but if you have difficulty with the CCC metric in a particular data set, use 
good engineering judgment to leverage additional criteria to help the down-selection 
process. Examples of alternate clustering metrics include a Davies-Bouldin Index 
(optimizing on the minimum value) or a Calinski-Harabasz Index (optimize on the 
maximum value). 
(v) The initial candidate mode conditions are temperature and flow rate combinations that 
are the centroids for each cluster from the analysis in paragraph (c)(1)(iii) of this section.  
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As part of the analysis, you must also determine the 10th percentile and 90th percentile 
temperatures for each cluster.  These additional values may be needed later for the cycle 
heat load tuning process described in § 1065.1143. 
(vi) The mode weight factor for a given cluster is the fraction data points contained 
within that cluster. 

(2) Method 2 – Cluster-based weighting of certification cycle modes. Use Method 2 if there
is insufficient exhaust flow and temperature data from the field at the time the cycle is being 
developed. The data requirements for Method 2 are described in § 1065.1133(b)(2).  You
also need laboratory data recorded in the form of 1 Hz data sets for the regulatory duty cycles 
you are certifying to for your application as described in the standard setting part.  Include
exhaust flow rate and the inlet temperature for each key catalyst component in the laboratory 
data sets, as described in paragraph (e) of this section.  The laboratory data sets must also 
include parameters that match the field data as described in § 1065.1133(b)(2), which will be 
used to facilitate the clustering analysis. 

(i) Perform k-means clustering is described in § 1065.1133(b)(1) but using data sets 
containing the two parameters recorded in the field data sets.  For example, you might
use speed and torque, as recorded both in the field and the laboratory for Method 2 
clustering. 
(ii) Determine the fraction of points from each of the regulatory laboratory duty-cycles 
that are within each cluster, in addition to the overall fraction of points from the entire 
data set. 
(iii) For each cycle, calculate a square sum error, SSE, as follows:

ே

𝑆𝑆𝐸 ൌ ൫𝐶𝑦𝑐𝑙𝑒୮୰୭ୠ െ 𝑅𝑒𝑓𝐷𝑎𝑡𝑎୮୰୭ୠ൯
ଶ 

ୀଵ
Eq. 1065.1139-1 

Where: 
i = an indexing variable that represents one cluster. 
N = total number of clusters. 
Cycleprob = the fraction of points in a given cluster, i, for the regulatory duty-cycle of 
interest. 
RefDataprob = the fraction of points in a given cluster, i, for the full data set. 

(iv) For each cycle, calculate a dissimilarity index as follows: 

𝐷𝑖𝑠𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 ൌ ඨ
𝑆𝑆𝐸
𝑁 

Eq. 1065.1139-2 

Where: 
SSE = sum square error from Eq. 1065.1139-2. 
N = total number of clusters. 

(v) If you have more than one regulatory duty cycle, weight the regulatory cycles. 
(A) Determine the weighting factors for a given regulatory cycle, wi, by solving a 
system of equations:

𝑤୧ ൌ 
1  ∑ 

1 

୨ஷ୧ 
𝑑
𝑑
୧

୨ 

Eq. 1065.1139-3 
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Where: 
di = dissimilarity for a given regulatory cycle, i. 
dj = dissimilarity for a given regulatory cycle, j. 

(B) For example, for three duty cycles, calculate w1 as follows: 

1  𝑑
𝑑

1 

ଵ

ଶ 
 𝑑
𝑑ଵ
ଷ 

𝑤ଵ ൌ 

Eq. 1065.1139-4 

(C) Calculate subsequent wi values after calculating w1 as follows:
𝑑ଵ𝑤୧ ൌ 𝑤ଵ  𝑑୧

Eq. 1065.1139-5 

(D) Calculate the sum of the weighting factors to verify that they are equal to one. 
𝑤ଵ. . .𝑤୬ ൌ  1 
Eq. 1065.1139-6 

Where: 
n = number of regulatory cycles for the application. 

(vi) For each regulatory cycle determine the average exhaust flow and the average inlet 
temperature for each key catalyst.  Determine the 25th and 90th percentile inlet 
temperatures for the primary catalyst and the respective associated exhaust flow rate for 
each data point. 
(vii) Use the cycle weights from paragraph (b)(2)(v) of this section and the mode 
conditions from paragraph (b)(2)(vi) of this section to generate a set of candidate aging 
modes by multiplying the cycle weight factor, w[cycle] by 0.25 for the 25th percentile 
temperature mode, 0.65 for the 50th percentile temperature mode, and by 0.10 for the 90th 

percentile temperature mode.  This will generate a weighted set of mode numbers three 
times the number of regulatory cycles for the target application.  Each mode will have a 
target temperature and exhaust flow rate. 
(viii) If you have only one regulatory cycle for your application, use the cycle modes and 
weighting factors as they are given in the standard setting part. 

(3) Determination of mode total durations. The output for either method will be a set of 
mode exhaust conditions, with an associated weighting factor for each mode.  Multiply the
mode weight factors by the total number of normal operating (non-regenerating) hours, to get 
a target mode duration for each mode.  This will be used in the heat load calculations. 

(c) Mode consolidation. Sometimes the clustering analysis process will generate multiple modes 
that are very similar to each other in temperature, such that although they are distinct modes they 
will not have a significantly different impact on aftertreatment aging.  To reduce the complexity 
of the aging cycle, you may consolidate modes that are similar into a single mode as described 
below. 

(1) Consolidate any two or more modes which have a target temperature within 10 °C into a 
single mode. If you choose to do this, the target temperature of the single consolidated mode 
is the temperature associated with the highest weight factor mode before consolidation.  If
the modes being consolidated all have weighting factors within 0.05 of each other, use the 
highest temperature among the modes. 
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(2) Use the highest exhaust flow target among the modes being combined as the target 
exhaust flow for new consolidate mode. 
(3) Use the combined sum of the weighting factors for all modes being consolidate as the 
weighting factor for the new consolidated mode.  Similarly, the total duration of the new 
consolidated mode is the sum of the durations of the modes being consolidated. 

(d) Analysis of regeneration data. Regeneration data is treated separately from the normal 
operating mode data. Generally, the target for accelerated aging cycle operation is to run all of 
the regenerations that would be expected over the course of useful life.  If multiple types of 
regeneration are conducted on different system components, each type of regeneration must be 
analyzed separately using the steps in this paragraph (d).  The data requirements for input into 
this process are described in § 1065.1133(b)(3). The process described below is meant to 
determine a representative regeneration profile that will be used during aging.  You may also ask
us to allow the use of other engineering data or analysis to determine a representative 
regeneration profile. 

(1) The total number of regenerations that will be run during the accelerated aging process 
will be the same as the total number of regenerations over useful life.  Calculate this number 
by dividing the total number of useful life hours by the interval between regenerations as 
determined in § 1065.1133(b)(3). 
(2) Use the 1 Hz regeneration data to determine an appropriate regeneration profile.  The
recorded regeneration event begins when the engine indicates it has started regeneration 
using the recorded regeneration indicator and ends when the aftertreatment has returned back 
to the normal operating temperature after the flag indicates the regeneration is complete. 
(3) For each recorded regeneration, calculate the cumulative deactivation, Dt, using the 
equations in paragraph (e) of this section. 
(4) If you have a large number of recorded regenerations in your data set, select a 
regeneration event with a cumulative deactivation representing the 75th percentile of the 
distribution of heat loads in your recorded data set.  If you have a smaller number of recorded 
regenerations, such that you cannot clearly identify the real distribution, select the recorded 
regeneration with the highest recorded cumulative deactivation. 
(5) This regeneration event will be used as the regeneration profile for that type of event 
during aging. The profile should include the entire event, include the temperature ramp and 
cool-down period. 
(6) The regeneration must be conducted in the same manner as it is run in the field.  For
instance, if the regeneration temperature is generated from an exothermic reaction by 
injecting fuel in front of a DOC, this methodology should also be used during bench aging. 
(7) If part of the system is at a lower temperature during regeneration because it is upstream 
of the temperature generating component, the set the target temperature for the aftertreatment 
system inlet to be equivalent to the system inlet temperature used during the highest duration 
non-regeneration mode, or 350 °C, whichever is lower. 

(e) Heat load calculation and tuning for systems that have regeneration events. Perform this 
procedure after the preliminary cycles are completed for both normal and regeneration operation.  
The target cumulative deactivation is determined from the input field data, and then a similar 
calculation is performed for the preliminary aging cycle.  If the cumulative deactivation for the
preliminary cycle does not match cumulative deactivation from the field data, then the cycle is 
tuned over a series of steps until the target is matched. 

(1) The deactivation for a given catalyst is calculated for each time step as follows: 
ଵ

𝐷 ൌ 𝑒
ቆቀ
ா
ோ
ቁ൬்౩౪ౚ 

ଵ ି ்ାଶଷ.ଵହ൰ቇ 

Eq. 1065.1139-7 

Where: 
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Di = incremental deactivation for time step i. 
Ea = thermal reactivity coefficient for the catalyst as determined in § 1065.1137. 
R = molar gas constant in kJ/molꞏK. 
Tstd = standard temperature = 293.15 K. 
T = catalyst temperature in K. 

(2) Calculate the cumulative deactivation, Dt, for a given catalyst over a series of time steps, 
N, using the following equation:

ே

𝐷௧ ൌ 𝐷
ୀ

Eq. 1065.1139-8 

Where: 
i = an indexing variable that represents one time step. 
N = total number of cumulative deactivation time steps in the data set. 
Di = incremental deactivation for each time step. 

(3) Calculate the cumulative deactivation, Dt, for the input field data set.  The time step for 
the calculations should be 1 second for 1-Hz input data. 

(i) First calculate Dt for the non-regeneration portion of the field data set.  For Method 2
use the 1-Hz data from the regulatory cycles as the field data set. 
(ii) Divide the calculate field Dt by the number of hours represented in the field data set. 
(iii) Multiply the hourly Dt by the number of hours required to reach full useful life.  This
is the target Dt,field-normi. 
(iv) Multiply the total number of regenerations for full useful life by the cumulative 
deactivation Dt for the target regeneration profile determined in paragraph (d)(4) of this 
section. This is the target Dt,field-regen. 
(v) The total target cumulative deactivation for the field data, Dt,field, is the sum of Dt,field-

normi and Dt,field-regen. 
(4) Calculate the cumulative deactivation for the candidate aging cycle generated under 
paragraphs (c) and (d) of this section as follows: 

(i) Using the modes and mode durations for normal operation generated in paragraph (c) 
of this section, calculate the cumulative deactivation, Dt,cycle-norm, using the method given 
in paragraph (e)(2) of this section. 
(ii) The total cumulative deactivation for the candidate aging cycle, Dt, is the sum of 
Dt,cycle-norm and Dt,field-regen. 

(5) If Dt,cycle is within ±1 % of Dt,field, the candidate cycle is deemed representative and may 
be used for aging. 
(6) If Dt,cycle is not within ±1 % of Dt,field, the candidate cycle must be adjusted to meet this 
criterion using the following steps.  It should be noted that if the Dt,cycle is outside of the 
criteria it will usually be lower than the Dt,field. 

(i) Increase the duration of the stable portion of the regeneration profile, which is defined 
as the portion of the regeneration profile where the temperature has completed ramping 
and is being controlled to a stationary target temperature.  Note that this will increase the 
number of hours of regeneration time. You must compensate for this by decreasing the 
total number of normal operation (non-regeneration) hours in the cycle.  Recalculate the
duration of all the normal operation modes. You may not increase the duration of the 
stable portion of the regeneration profile by more than a factor of 2.  If you reach this
limit and you still do not meet the criteria in paragraph (e)(5) of this section, proceed to 
the next step. 
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(ii) Increase the target temperature of the stable portion of the regeneration profile by the 
amount necessary to reach the target criteria.  You may not increase this temperature 
higher than the temperature observed in the regeneration profile with the highest Dt 

observed in the field. If you reach this limit and you still do not meet the criteria in 
paragraph (e)(5) of this section, proceed to the next step. 
(iii) Increase the target temperature of the highest temperature normal operation mode.  
You may not increase this temperature above the 90th percentile determined in paragraph 
(b)(1)(v) of this section for Method 1, or above the maximum temperature for the 
regulatory cycle from which the mode was derived for Method 2. If you reach this limit 
and you still do not meet the criteria in paragraph (e)(5) of this section, you may repeat 
this step using the next highest temperature mode, until you reach the target, or all modes 
have been adjusted. 
(iv) If you are unable to reach the target deactivation by following paragraphs (e)(6)(i) 
through (iii) of this section, use good engineering judgment to increase the number of 
regenerations to meet the criteria in paragraph (e)(5) of this section.  Note that this will
increase the total regeneration hours, therefore you must decrease the number of normal 
operation hours and re-calculate mode durations for the normal operation modes. 

(f) Heat load calculation and tuning for systems that do not have regeneration events.  Follow 
the steps described for systems with regeneration events to calculate Dt,field and Dt,cycle, omitting 
the steps related to regeneration events. The Dt,cycle will be well below the Dt,field. Follow the 
steps given below to adjust the cycle until you meet the criteria in paragraph (e)(5) of this 
section. 

(1) Increase the temperature of the highest temperature mode.  Use good engineering
judgment to ensure that this temperature does not exceed the limits of the catalyst in a way 
that might cause rapid deactivation or failure via a mechanism that is not considered normal 
degradation. 
(2) Increase the duration of the highest temperature mode and decrease the duration of the 
other modes in proportion. You may not increase the duration highest temperature mode by 
more than a factor of 2. 

(g) Final aging cycle assembly. The final step of aging cycle development is the assembly of the 
actual cycle based on the mode data from either paragraph (e) of this section for systems with 
infrequent regeneration, or paragraph (f) of this section for systems that do not incorporate 
infrequent regeneration.  This cycle will repeat a number of times until the total target aging 
duration has been reached. 

(1) Cycle assembly with infrequent regenerations. For systems that use infrequent
regenerations, the number of cycle repeats is equal to the number of regeneration events that 
happen over full useful life.  The infrequent regenerations are placed at the end of the cycle.  
The total cycle duration of the aging cycle is calculated as the total aging duration in hours 
divided by the number of infrequent regeneration events.  In the case of systems with 
multiple types of infrequent regenerations, use the regeneration with the lowest frequency to 
calculate the cycle duration. 

(i) If you have multiple types of infrequent regenerations, arrange the more frequent 
regenerations such that they are spaced evenly throughout the cycle. 
(ii) Determine the length of the normal (non-regeneration) part of the cycle by subtracting 
the regeneration duration, including any regeneration extension determined as part of 
cycle tuning from paragraph (e) of this section, from the total cycle duration.  If you have
multiple types of regeneration, then the combined total duration of regeneration events 
performed in the cycle must be subtracted from the total.  For example, if you have one
type of regeneration that is performed for 30 minutes every 30 cycle hours, and a second 
type that is performed for 30 minutes every 10 cycle hours (such that 3 of these 
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secondary events will happen during each cycle), then you would subtract a total of  2
hours of regeneration time from the total cycle duration considering all 4 of these events. 
(iii) Divide the duration of the normal part of the cycle into modes based on the final 
weighting factors determined in paragraph (c) of this section following any mode 
consolidation. 
(iv) Place the mode with the lowest temperature first, then move to the highest 
temperature mode, followed by the next lowest temperature mode, and then the next 
highest mode, continuing in this alternating pattern until all modes are included. 
(v) Transition between normal modes within (60 to 300) seconds. The transition period is 
considered complete when you are within ±5 °C of the target temperature for the primary 
key component.  Transitions may follow any pattern of flow and temperature to reach this 
target within the required 300 seconds. 
(vi) For normal modes longer than 30 minutes, you may count the transition time as time 
in mode. Account for the transition time for modes shorter than 30 minutes by shortening 
the duration of the longest mode by an equivalent amount of time. 
(vii) If the shortest normal operating mode is longer than 60 minutes, you must divide the 
normal cycle into shorter sub-cycles with the same pattern in paragraph (g)(1)(iii) of this 
section, but with shorter durations, so that the pattern repeats two or more times.  You
must divide the cycle into sub-cycles until the duration of the shortest mode in each sub-
cycle is no longer than 30 minutes. No mode may have a duration shorter than 15 
minutes, not including transition time. 
(viii) If a regeneration event is scheduled to occur during a normal mode, shift the start of 
regeneration to the end of the nearest normal mode. 

(2) Cycle assembly without infrequent regenerations. For systems that do not use infrequent
regenerations, the cycle will be arranged to achieve as much thermal cycling as possible 
using the following steps. 

(i) Assign a duration of 15 minutes to the mode with the lowest weight factor.  Calculate
the duration of the remaining modes in proportion to the final weight factors after mode 
durations have been adjusted during heat load tuning in paragraph (f) of this section. 
(ii) Place the mode with the lowest temperature first, then move to the highest 
temperature mode, followed by the next lowest temperature mode, and then the next 
highest mode, continuing in this alternating pattern until all modes are included. 
(iii) Transition between normal modes within (60 to 300) seconds. The transition period 
is considered complete when you are within ±5 °C of the target temperature for the 
primary key component. Transitions may follow any pattern of flow and temperature to 
reach this target within the required 300 seconds. 
(iv) For normal modes longer than 30 minutes, you may count the transition time as time 
in mode. Account for the transition time for modes shorter than 30 minutes by shortening 
the duration of the longest mode by an equivalent amount of time. 
(v) This cycle will be repeated the number of times necessary to reach the target aging 
duration. 

(h) Determination of accelerated oil exposure targets. The target oil exposure rate during
accelerated aging is 10 times the field average oil consumption rate determined in § 
1065.1133(a)(2). You must achieve this target exposure rate on a cycle average basis during 
aging. Use good engineering judgment to determine the oil exposure rates for individual 
operating modes that will achieve this cycle average target.  For engine-based aging stands you
will likely have different oil consumption rates for different modes depending on the speed and 
load conditions you set. For burner-based aging stands, you may find that you have to limit oil 
exposure rates at low exhaust flow or low temperature modes to ensure good atomization of 
injected oil. On a cycle average basis, the portion of oil exposure from the volatile introduction 
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pathway (i.e., oil doped in the burner or engine fuel) must be between (10 to 30) % of the total.  
The remainder of oil exposure must be introduced through bulk pathway. 

(1) Determination of accelerated fuel sulfur exposure targets. The target sulfur exposure rate
for fuel-related sulfur is determined by utilizing the field mean fuel rate data for the engine 
determined in § 1065.1133(a)(3). Calculate the total sulfur exposure mass using this mean 
fuel rate, the total number of non-accelerated hours to reach full useful life, and a fuel sulfur 
level of 10 ppmw. 

(i) For an engine-based aging stand, if you perform accelerated sulfur exposure by 
additizing engine fuel to a higher sulfur level, determine the accelerated aging target 
additized fuel sulfur mass fraction, wS, as follows: 

fuel,field 𝑤ୗ,୲ୟ୰ୣ୲ ൌ 
𝑚

𝑚

ሜ

ሜ
ሶ

ሶ 
 𝑚ୗ୳ୣ୪,୰ୣ  𝑆ୟୡୡ,୰ୟ୲ୣ

fuel,cyle 

Eq. 1065.1139-9 

Where:
𝑚ሜሶ fuel,field = field mean fuel flow rate.
𝑚ሜሶ fuel,cycle = accelerated aging cycle mean fuel flow rate. 
mSfuel,ref = reference mass of sulfur per mass of fuel = 0.00001 kg/kg. 
Sacc,rate = sulfur acceleration rate = 10. 

Example:
𝑚ሜሶ fuel,field = 54.3 kg/hr
𝑚ሜሶ fuel,cycle = 34.1 kg/hr 
mSfuel,ref = 0.00001 kg/kg. 
Sacc,rate = 10 

𝑤ୗ,୲ୟ୰ୣ୲ ൌ 
54.3 

 0.00001  10
34.1 

wS,target = 0.000159 

(ii) If you use gaseous SO2 to perform accelerated sulfur exposure, such as on a burner-
based stand, calculate the target SO2 concentration to be introduced, xSO2,target, as follows: 

𝑥ୗଶ,୲ୟ୰ୣ୲ ൌ 
𝑚ሜሶ

𝑚ሜሶ fuel,field  ൬
𝑥ୗ୳ୣ୪,୰ୣ  𝑆

𝑀
ୟୡୡ

ୗ 

,୰ୟ୲ୣ  𝑀ୣ୶୦൰
exhaust,cycle 

Eq. 1065.1139-10 

Where:
𝑚ሜሶ fuel,field = field mean fuel flow rate.
𝑚ሜሶ exhaust,cycle = mean exhaust flow rate during the burner aging cycle. 
xSfuel,ref = reference mol fraction of sulfur in fuel = 10 µmol/mol. 
Sacc,rate = sulfur acceleration rate = 10. 
Mexh = molar mass of exhaust = molar mass of air. 
MS = molar mass of sulfur. 

Example:
𝑚ሜሶ fuel,field = 54.3 kg/hr
𝑚ሜሶ exhaust,cycle = 1000.8 kg/hr 
xSfuel,ref = 10 µmol/mol 
Sacc,rate = 10 
Mexh = 28.96559 g/mol 
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MS = 32.065 g/mol 

൬
10  10  28.96559

𝑥ୗଶ,୲ୟ୰ୣ୲ ൌ 
54.3 

 ൰
1000.8 32.065 

xSO2,target = 4.90 µmol/mol 

(iii) You may choose to turn off gaseous sulfur injection during infrequent regeneration 
modes, but if you do you must increase the target SO2 concentration by the ratio of total 
aging time to total normal (non-regeneration) aging time. 

(2) [Reserved] 

§ 1065.1141 Facility requirements for engine-based aging stands.
An engine-based accelerated aging platform is built around the use of a compression-ignition 
engine for generation of heat and flow.  You are not required to use the same engine as the target 
application that is being aged. You may use any compression-ignition engine as a bench aging 
engine, and the engine may be modified as needed to support meeting the aging procedure 
requirements. You may use the same bench aging engine for deterioration factor determination 
from multiple engine families.  The engine must be capable of reaching the combination of 
temperature, flow, NOx, and oil consumption targets required.  We recommend using an engine
platform larger than the target application for a given aftertreatment system to provide more 
flexibility to achieve the target conditions and oil consumption rates.  You may modify the bench
aging engine controls in any manner necessary to help reach aging conditions.  You may bypass
some of the bench aging engine exhaust around the aftertreatment system being aged to reach 
targets, but you must account for this in all calculations and monitoring to ensure that the correct 
amount of oil and sulfur are reaching the aftertreatment system.  If you bypass some of the 
engine exhaust around the aftertreatment system, you must directly measure exhaust flow rate 
through the aftertreatment system.  You may dilute bench aging engine exhaust prior to 
introduction to the aftertreatment system, but you must account for this in all calculations and 
monitoring to ensure that the correct engine conditions and the correct amount of oil and sulfur 
are reaching the aftertreatment system.  Your engine-based aging stand must incorporate the 
following capabilities: 
(a) Use good engineering judgment to incorporate a means of controlling temperature 
independent of the engine. An example of such a temperature control would be an air-to-air heat 
exchanger. The temperature control system must be designed to prevent condensation in the 
exhaust upstream of the aftertreatment system.  This independent temperature control is 
necessary to provide the flexibility required to reach temperature, flow, oil consumption targets, 
and NOx targets. 
(b) Use good engineering judgment to modify the engine to increase oil consumption rates to 
levels required for accelerated aging.  These increased oil consumption levels must be sufficient 
to reach the bulk pathway exposure targets determined in § 1065.1139(h).  A combination of
engine modifications and careful operating mode selection will be used to reach the final bulk 
pathway oil exposure target on a cycle average. You must modify the engine in a fashion that 
will increase oil consumption in a manner such that the oil consumption is still generally 
representative of oil passing the piston rings into the cylinder.  Use good engineering judgment 
to break in the modified engine to stabilize oil consumption rates.  We recommend the following
methods of modification (in order of preference): 

(1) Install the top compression rings inverted (upside down) on all the cylinders of the bench 
aging engine. 
(2) If the approach in paragraph (b)(1) of the section is insufficient to reach the targets, 
modify the oil control rings in one or more cylinders to create small notches or gaps (usually 
no more than 2 per cylinder) in the top portion of the oil control rings that contact the 
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cylinder liner (care must be taken to avoid compromising the structural integrity of the ring 
itself). 

(c) We recommend that the engine-aging stand include a constant volume oil system with a 
sufficiently large oil reservoir to avoid oil “top-offs” between oil change intervals.   
(d) If the engine-aging stand will be used for aging of systems that perform infrequent 
regenerations, the aging stand must incorporate a means of increasing temperature representative 
of the target application. For example, if the target application increases temperature for 
regeneration by introducing fuel into the exhaust upstream of an oxidation catalyst, the aging 
stand must incorporate a similar method of introducing fuel into the exhaust. 
(e) If the engine-aging stand will be used for aging systems that incorporate SCR-based NOx 

reduction, the aging stand must incorporate a representative means of introducing DEF at the 
appropriate location(s). 
(f) Use good engineering judgment to incorporate a means of monitoring oil consumption on at 
least a periodic basis. You may use a periodic drain and weigh approach to quantify oil 
consumption. You must validate that the aging stand reaches oil consumption targets prior to the 
start of aging. You must verify oil consumption during aging prior to each emission testing 
point, and at each oil change interval.  Validate or verify oil consumption over a running period 
of at least 72 hours to obtain a valid measurement.  If you do not include the constant volume oil 
system recommended in paragraph (c) of this section, you must account for all oil additions. 
(g) Use good engineering judgment to establish an oil change interval that allows you to 
maintain relatively stable oil consumption rates over the aging process.  Note that this interval 
may be shorter than the normal recommended interval for the engine due to the modifications 
that have been made. 
(h) If the engine-aging stand will be used for aging of systems that incorporate a diesel 
particulate filter (DPF), we recommend you perform secondary tracking of oil exposure by using 
clean (soot free) DPF weights to track ash loading and compare this mass of ash to the amount 
predicted using the measured oil consumption mass and the oil ash concentration.  The mass of 
ash found by DPF weight should fall within (55 to 70) % of the of mass predicted from oil 
consumption measurements. 
(i) Incorporate a means of introducing lubricating oil into the engine fuel to enable the volatile 
pathway of oil exposure.  You must introduce sufficient oil to reach the volatile pathway oil 
exposure targets determined in paragraph (h) of this section.  You must measure the rate of 
volatile pathway oil introduction on a continuous basis. 
(j) If you perform sulfur acceleration by increasing the sulfur level of the engine fuel, you must 
meet the target sulfur level within ±5 ppmw.  Verify the sulfur level of the fuel prior to starting 
aging, or whenever a new batch of aging fuel is acquired. 
(k) If you use gaseous SO2 for sulfur acceleration, you must incorporate a means to introduce the 
gaseous SO2 upstream of the aftertreatment system. Use good engineering judgment to ensure 
that gaseous SO2 is well mixed prior to entering the aftertreatment system.  You must monitor
the rate of gaseous SO2 introduction on a continuous basis. 

§ 1065.1143 Requirements for burner-based aging stands.
A burner-based aging platform is built using a fuel-fired burner as the primary heat generation 
mechanism.  The burner must utilize diesel fuel and it must produce a lean exhaust gas mixture.  
You must configure the burner system to be capable of controlling temperature, exhaust flow 
rate, NOx, oxygen, and water to produce a representative exhaust mixture that meets the 
accelerated aging cycle targets for the aftertreatment system to be aged.  You may bypass some
of the bench aging exhaust around the aftertreatment system being aged to reach targets, but you 
must account for this in all calculations and monitoring to ensure that the correct amount of oil 
and sulfur are reaching the aftertreatment system.  The burner system must incorporate the 
following capabilities: 
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(a) Directly measure the exhaust flow through the aftertreatment system being aged. 
(b) Ensure transient response of the system is sufficient to meet the cycle transition time targets 
for all parameters. 
(c) Incorporate a means of oxygen and water control such that the burner system is able to 
generate oxygen and water levels representative of compression-ignition engine exhaust. 
(d) Incorporate a means of oil introduction for the bulk pathway. You must implement a method 
that introduces lubricating oil in a region of the burner that does not result in complete 
combustion of the oil, but at the same time is hot enough to oxidize oil and oil additives in a 
manner similar to what occurs when oil enters the cylinder of an engine past the piston rings.  
Care must be taken to ensure the oil is properly atomized and mixed into the post-combustion 
burner gases before they have cooled to normal exhaust temperatures, to insure proper digestion 
and oxidation of the oil constituents.  You must measure the bulk pathway oil injection rate on a 
continuous basis. You must validate that this method produces representative oil products using 
the secondary method in § 1065.1141(h) regardless of whether you will use the burner-based 
aging stand to age systems which include a DPF.  Use good engineering judgment to select a 
DPF for the initial validation of the system.  Perform this validation when the burner-based aging 
stand is first commissioned or if any system modifications are made that affect the oil 
consumption introduction method.  We also recommend that you examine ash distribution on the 
validation DPF in comparison to a representative engine aged DPF. 
(e) Incorporate a means of introducing lubricating oil into the burner fuel to enable the volatile 
pathway of oil exposure.  You must introduce sufficient oil to reach the volatile pathway oil 
exposure targets determined in § 1065.1139(h). You must measure the rate of volatile pathway 
oil introduction on a continuous basis. 
(f) If the burner-based aging stand will be used for aging of systems that perform infrequent 
regenerations, the aging stand must incorporate a means of increasing temperature representative 
of the target application. For example, if the target application increases temperature for 
regeneration by introducing fuel into the exhaust upstream of an oxidation catalyst, the aging 
stand must incorporate a similar method of introducing fuel into the exhaust. 
(g) If the burner-based aging stand will be used for aging of systems that incorporate SCR-based 
NOx reduction, the aging stand must incorporate a representative means of introducing DEF at 
the appropriate location(s). 
(h) If the burner-based aging stand will be used for aging of systems that incorporate a diesel 
particulate filter (DPF), we recommend you perform secondary tracking of oil exposure by using 
clean (soot free) DPF weights to track ash loading and compare this mass of ash to the amount 
predicted using the measured oil consumption mass and the oil ash concentration.  The mass of 
ash found by DPF weight should fall within (55 to 70) % of the of mass predicted from oil 
consumption measurements. 
(i) You must incorporate a means to introduce the gaseous SO2 upstream of the aftertreatment 
system. Use good engineering judgment to ensure that gaseous SO2 is well mixed prior to 
entering the aftertreatment system.  You must monitor the rate of gaseous SO2 introduction on a 
continuous basis. 

§ 1065.1145 Execution of accelerated aging, cycle tracking, and cycle validation criteria. 
The aging cycle generally consists first of practice runs to validate and tune the final cycle, 
followed by the actual running of the repeat cycles needed to accumulate field equivalent hours 
to reach full useful life. During the course of the aging run, various aging parameters are tracked 
to allow verification of proper cycle execution, as well as to allow for correction of the aging 
parameters to stay within the target limits. 
(a) Preliminary cycle validation runs. Prior to the start of aging, conduct a number of practice 
runs to tune the cycle parameters.  It is recommended that initial practice runs be conducted 
without the aftertreatment installed, but with the backpressure of the aftertreatment simulated to 
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help ensure that the tuned cycle is representative.  For final cycle tuning, including regenerations, 
it is recommended to use a duplicate or spare aftertreatment system of similar design to the target 
system, to avoid damage or excessive initial aging during the tuning.  However, it is permissible 
to conduct final tuning using the target system being aged, but you must limit the total duration 
to no more than 100 field equivalent hours (10 hours of accelerated aging), including both 
thermal and chemical components.  The process followed for these initial runs will vary 
depending on whether you are using an engine-based platform or a burner-based platform. 

(1) Engine-based platform. (i) Initial cycle development. It will be necessary to determine a 
set of engine modes that will generate the required combinations of temperature, exhaust 
flow, oil consumption, and NOx to meet the target aging requirements.  The development
of these modes will be an iterative process using the engine and independent temperature 
control features of the aging stand. This process assumes that you have already 
implemented the oil consumption increase modifications, and that these have already 
been stabilized and validated to reach the necessary levels of bulk oil exposure.  In
general, we recommend the use of higher engine speeds and loads to generate the desired 
oil consumption, leveraging the temperature controls as needed to lower temperature to 
the targets.  Several iterations will likely be needed to reach all targets.  Note that during 
transitions you may utilize any combination of conditions necessary to help primary 
component catalysts reach the target temperature and flow conditions within no more 
than 5 minutes. For example, you may use a higher exhaust flow rate and lower 
temperature to rapidly cool the aftertreatment system to the next temperature.  NOx 

targets do not need to be met during transitions.  It is permissible to deviate from engine-
out NOx emission targets if needed to reach the temperature, exhaust flow, and oil 
consumption targets. We recommend that you maintain a NOx level that is at the target 
level or higher, but you may lower NOx by up to 25 %, if necessary, on some modes. 
Note that validation of oil consumption requires at least 72 hours of operation.  Tune the
parameters for infrequent regeneration towards then end of this initial development 
process (such as hydrocarbon injection schedules and temperature ramp rates). 
(ii) Final cycle validation. Once the cycle is tuned, conduct a final run using the target 
aftertreatment system to verify conditions and log temperatures for heat load calculation.  
Using the recorded cycle data, calculate Dt for all primary component catalysts to ensure 
that you are matching the desired Dt,cycle targets. If you are not within ±3 % of the target 
Dt,cycle, adjust the cycle accordingly.  Calculate Dt for any secondary catalyst components 
to verify that they are within ±3 % of either the target Dt or the target aging metric.  Note 
that the accelerated aging methodology assumes that the relationship between the 
temperature of the primary and secondary catalyst components will the be same as the 
field observations. If this relationship deviates in the lab by having more or less heat 
transfer through the system, it may be necessary to modify that relationship on the aging 
stand. You may need to take measures such as adding or removing insulation or utilize 
external cooling fans to help these parameters match more closely. 

(2) Burner-based platform. (i) Cycle development. The burner-based platform will be able
to meet the exhaust flow, temperature, NOx, and oil consumption targets directly without 
the need for additional cycle development. This process assumes that you have already 
implemented and validated your oil consumption exposure methods to reach the 
necessary levels of bulk oil exposure. In addition, you must meet the oxygen and water 
targets during aging modes within ±2 % for oxygen and ±2 % for water.  Note that during
transitions you may utilize any combination of conditions necessary to help primary 
component catalysts reach the target temperature and flow conditions within no more 
than 5 minutes. For example, you may use a higher exhaust flow rate and lower 
temperature to rapidly cool the aftertreatment system to the next temperature.  NOx, 
oxygen, and water targets do not need to be met during transitions. 
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(ii) Final cycle validation. Once the cycle is tuned, conduct a final run using the target 
aftertreatment system to verify conditions and log temperatures for heat load calculation.  
Using the recorded cycle data, calculate Dt for all primary components catalysts to ensure 
that you are matching the desired Dt,cycle targets. If you are not within ±3 % of the target 
Dt,cycle, adjust the cycle accordingly.  Calculate Dt for any secondary catalyst components 
to check that they are within ±3 % of either the target Dt or the target aging metric.  Note
that the accelerated aging methodology assumes that the relationship between the 
temperature of the primary and secondary catalyst components will the be same as that 
observed in the field. If this relationship deviates in the lab by having more or less heat 
transfer through the system, it may be necessary to modify that relationship on the aging 
stand. You may need to take measures such as adding or removing insulation or utilize 
external cooling fans to help these parameters match more closely. 

(b) Aftertreatment break in. Break in the emission-data engine and aftertreatment prior to the 
initial zero-hour test by running both on an engine dynamometer as described in subpart E of this 
part. Use good engineering judgment to develop a representative cycle that represents the field 
data. You may use the same data used for accelerated aging cycle development or other data.  If
your system utilizes infrequent regeneration, include at least one complete regeneration event, 
but we recommend that you include at least two such events to stabilize emissions performance.  
Your break in process must include at least 125 hours of engine operation with the aftertreatment 
system. You may ask to use a longer break in duration based on good engineering judgment, to 
ensure that emission performance is stabilized prior to the zero-hour testing. 
(c) Initial emission testing. Prior to the start of accelerated aging conduct the initial zero-hour 
emission test and any required engine dynamometer aging following the requirements of the 
standard setting part for your engine.  Dynaometer aging hours count toward the total aging 
hours. 
(d) Accelerated aging. Following zero-hour emission testing and any engine dynamometer 
aging, perform accelerated aging using the cycle validated in either paragraph (a)(1) or (2) of this 
section. Repeat the cycle the number of times required to reach full useful life equivalent aging.  
Interrupt the aging cycle as needed to conduct any scheduled intermediate emission tests, clean 
the DPF of accumulated ash, and for any facility releated reasons.  We recommended you
interrupt aging at the end of a given aging cycle, following the completion of any scheduled 
infrequent regeneration event. 
(e) QA tracking and validation. During aging, track a number of aging parameters to ensure that 
fall within the required limits. Correct aging parameters as need to remain within the required 
control limits. 

(1) Thermal load tracking. For each primary catalyst component, generate a target line 
which describes the relationship between aging hours on the cycle and cumulative 
deactivation, Dt. Generate control limit lines that are ±3 % of the target line.  You must
remain within these control limits over the course of aging.  Adjust aging parameters as 
needed to remain within these limits for the primary catalyst components.  For each 
secondary catalyst component, generate both a target Dt line and a line describing the target 
behavior of the aging metric directly. You must remain within either ±10 % of either the Dt 

line or ±3 % of the aging metric target line for any secondary catalyst component.  Adjust
aging parameters as needed to remain within these limits noting that you must remain within 
limits for the primary components.  Adjusting the secondary catalyst aging may require 
altering heat transfer through the system to make it more representative of the field aging. 
(2) Oil consumption tracking. Generate a target oil consumption line for both the bulk and 
volatile pathway which describes the relationship between oil exposure and aging hours on 
the cycle. For the engine-based stand the control limits are ±10 % for total oil consumption, 
noting that the volatile pathway must not exceed 30 % of the total.  For the burner-based 
stand, the controls limits are ±5 % for both pathways, which are tracked separately. 
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(i) Changing engine oil. For an engine-based platform, periodically change engine oil to 
maintain stable oil consumption rates and maintain the health of the aging engine.  
Interrupt aging as needed to perform oil changes.  Perform a drain-and-weigh 
measurement. Following an oil change you must run at least 4 hours with the exhaust 
bypassing the aftertreatment system to stabilize the new oil.  If you see a sudden change 
in oil consumption it may be necessary to stop aging and either change oil or correct an 
issue with the accelerated oil consumption.  If the aging engine requires repairs to correct 
an oil consumption issue in the middle of aging, you must re-validate the oil consumption 
rate for 72 hours before you continue aging. The engine exhaust should be left bypassing 
the aftertreatment system until the repaired engine has been validated. 
(ii) Secondary oil consumption validation. If your aftertreatment includes a diesel 
particulate filter, we recommend that you perform secondary validation of oil 
consumption by using clean (soot free) DPF weights to track ash loading and compare 
this mass of ash to the amount predicted using the measured oil consumption mass and 
the oil ash concentration. The mass of ash found by DPF weight should fall within a 
range of (55 to 70) % of the of mass predicted from oil consumption measurements.  
Perform this validation at the end of aging, at any intermediate emission test points, and 
at any point where you need to clean the DPF of accumulated ash in according with 
recommended maintenance. 
(iii) Sulfur tracking. Generate a fuel sulfur exposure line describing the relationship 
between aging hours and cumulative target sulfur exposure mass.  The control limits for
sulfur exposure are ±3 %. Log actual fuel consumption and the measured fuel sulfur 
level of the current batch of fuel (if you are doping fuel to accelerate sulfur exposure) for 
engine stand aging. Use these measurements to ensure that sulfur exposure remains 
within the control limits.  Adjust sulfur doping levels in the fuel from batch to batch as 
needed to stay within limits.  If you use gaseous SO2 for sulfur acceleration, monitor the 
mass flow rate of the gaseous sulfur. Use these measurements to calculate total sulfur 
mass exposure, and correct SO2 gas flow rates as needed to stay within the control limits. 

(f) Emission testing at intermediate and final test points. Conduct emission testing at the end of
aging and at any intermediate emission test points as described in the standard setting part.  
Following installation of the aged aftertreatment system on the emission-data engine at 
intermediate or final test points, prior to the start of emission testing, use good engineering 
judgment to operate the engine and aftertreatment system for a number of hours to stabilize 
emission controls and to allow any adaptive controls to update.  Declare the number of
stabilization hours prior to the start of the accelerated aging program. 

PART 1066—VEHICLE-TESTING PROCEDURES 

269.  The authority citation for part 1066 continues to read as follows: 
Authority: 42 U.S.C. 7401 - 7671q. 

270. Amend § 1066.110 by revising paragraphs (b)(1)(vi), (b)(2)(i) and (b)(2)(v) 
introductory text to read as follows: 

§ 1066.110 Equipment specifications for emission sampling systems. 
* * * * * 
(b) * * * 
(1) * * * 
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(vi) You must seal your system to the extent necessary to ensure that any remaining leaks do not 
affect your ability to demonstrate compliance with the applicable standards in this chapter. We 
recommend that you seal all known leaks. 
* * * * * 
(2) * * * 
(i) For PM background measurement, the following provisions apply in addition to the 
provisions in 40 CFR 1065.140(b): 
* * * * * 
(v) If you choose to dilute the exhaust by using a remote mix tee, which dilutes the exhaust at the 
tailpipe, you may use the following provisions consistent with good engineering judgment, as 
long as they do not affect your ability to demonstrate compliance with the applicable standards in 
this chapter: 
* * * * * 

271.  Amend § 1066.220 by revising paragraph (b) to read as follows: 

§ 1066.220 Linearity verification for chassis dynamometer systems. 
* * * * * 
(b) Performance requirements. If a measurement system does not meet the applicable linearity 
criteria in Table 1 of this section, correct the deficiency by re-calibrating, servicing, or replacing 
components as needed. Repeat the linearity verification after correcting the deficiency to ensure 
that the measurement system meets the linearity criteria.  Before you may use a measurement 
system that does not meet linearity criteria, you must demonstrate to us that the deficiency does 
not adversely affect your ability to demonstrate compliance with the applicable standards in this 
chapter. 
* * * * * 

272.  Amend § 1066.301 by revising paragraph (b) to read as follows: 

§ 1066.301 Overview of road-load determination procedures. 
* * * * * 
(b) The general procedure for determining road-load force is performing coastdown tests and 
calculating road-load coefficients. This procedure is described in SAE J1263 and SAE J2263 
(incorporated by reference in § 1066.1010).  Continued testing based on the 2008 version of SAE 
J2263 is optional, except that it is no longer available for testing starting with model year 2026. 
This subpart specifies certain deviations from those procedures for certain applications. 
* * * * * 

273.  Amend § 1066.415 by revising paragraph (e)(2) to read as follows: 

§ 1066.415 Vehicle operation. 
* * * * * 
(e) * * * 
(2) If vehicles have features that preclude dynamometer testing, you may modify these features 
as necessary to allow testing, consistent with good engineering judgment, as long as it does not 
affect your ability to demonstrate that your vehicles comply with the applicable standards in this 
chapter. Send us written notification describing these changes along with supporting rationale. 
* * * * * 

274.  Amend § 1066.420 by revising paragraph (b) to read as follows: 

§ 1066.420 Test preparation. 
* * * * * 
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(b) Minimize the effect of nonmethane hydrocarbon contamination in the hydrocarbon sampling 
system for vehicles with compression-ignition engines as follows: 

(1) For vehicles at or below 14,000 pounds GVWR with compression-ignition engines, 
account for contamination using one of the following methods: 

(i) Introduce zero and span gas during analyzer calibration using one of the following 
methods, noting that the hydrocarbon analyzer flow rate and pressure during zero and 
span calibration (and background bag reading) must be exactly the same as that used 
during testing to minimize measurement errors: 

(A) Close off the hydrocarbon sampling system sample probe and introduce gases 
downstream of the probe making sure that you do not pressurize the system. 
(B) Introduce zero and span gas directly at the hydrocarbon sampling system probe at 
a flow rate greater than 125 % of the hydrocarbon analyzer flow rate allowing some 
gas to exit probe inlet. 

(ii) Perform the contamination verification in paragraph (b)(2) of this section, except use 
0.5 μmol/mol in 40 CFR 1065.520(f)(8)(iii). 

(2) For vehicles above 14,000 pounds GVWR with compression-ignition engines, verify the 
amount of nonmethane hydrocarbon contamination as described in 40 CFR 1065.520(f). 

* * * * * 

275. Amend § 1066.710 by revising the introductory text and paragraph (b)(1), removing 
Figure 1, and adding paragraph (f) to read as follows: 

§ 1066.710 Cold temperature testing procedures for measuring CO and NMHC emissions 
and determining fuel economy. 
This section describes procedures for measuring carbon monoxide (CO) and nonmethane 
hydrocarbon (NMHC) emissions and determining fuel economy on a cold day using the FTP test 
cycle (see § 1066.801). 
* * * * * 
(b) * * * 

(1) Ambient temperature for emission tests. Measure and record ambient temperature in the 
test cell at least once every 60 seconds during the sampling period.  The temperature must be 
(−7.0 ±1.7) °C at the start of the test and average temperature must be (−7.0 ±2.8) °C during 
the test. Instantaneous temperature values may be above −4.0 °C or below −9.0 °C, but not 
for more than 3 minutes at a time during the test. At no time may the ambient temperatures 
be below −12.0 °C or above −1.0 °C. 

* * * * * 
(f) The following figure illustrates the cold temperature testing sequence for measuring CO and 
NMHC emissions and determining fuel economy: 
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FIGURE 1 TO PARAGRAPH (f) OF § 1066.710— COLD TEMPERATURE TESTING SEQUENCE FOR 

MEASURING CO AND NMHC EMISSIONS AND DETERMINING FUEL ECONOMY 

276.  Amend § 1066.815 by revising paragraph (d)(1)(ii) to read as follows: 

§ 1066.815 Exhaust emission test procedures for FTP testing. 
* * * * * 
(d) * * * 
(1) * * * 
(ii) Simultaneously start any electronic integrating devices, continuous data recording, and batch 
sampling before attempting to start the engine.  Initiate the sequence of points in the test cycle 
when the engine starts.  Place the vehicle in gear 15 seconds after engine starting, which is 5 
seconds before the first acceleration. 
* * * * * 

277.  Amend § 1066.831 by revising paragraph (d) to read as follows: 

§ 1066.831 Exhaust emission test procedures for aggressive driving. 
* * * * * 
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(d) For diesel-fueled vehicles, measure THC emissions on a continuous basis.  For separate 
measurement of the city and highway test intervals as described in paragraph (c) of this section, 
perform separate calculations for each portion of the test cycle. 
* * * * * 

278.  Amend § 1066.835 by revising paragraphs (f)(1), (2), and (3)(iii) to read as follows: 

§ 1066.835 Exhaust emission test procedure for SC03 emissions. 
* * * * * 
(f) * * * 

(1) Ambient temperature and humidity. Measure and record ambient temperature and 
humidity in the test cell at least once every 30 seconds during the sampling period.  
Alternatively, if you collect data of at least once every 12 seconds, you may use a moving 
average of up to 30 second intervals to measure and record ambient temperature and 
humidity. Control ambient temperature throughout the test sequence to (35.0 ±3.0) °C.  
Control ambient temperature during emission sampling to (33.6 to 36.4) °C on average.  
Control ambient humidity during emission sampling as described in § 1066.420(d). 
(2) Conditions before testing. Use good engineering judgment to demonstrate that you meet 
the specified temperature and humidity tolerances in paragraph (f)(1) of this section during 
the preconditioning cycle and during the vehicle soak period in paragraph (c)(6) of this 
section. 
(3) * * * 

(iii) Determine radiant energy intensity experienced by the vehicle as the average value 
between two measurements along the vehicle’s centerline, one at the base of the 
windshield and the other at the bottom of the rear window (or equivalent location for 
vehicles without a rear window). This value must be (850 ±45) W/m2. Instruments for 
measuring radiant energy intensity must meet the following minimum specifications: 

* * * * * 

279. Amend § 1066.845 by revising paragraphs (c), and (f)(3) and (g) and adding 
paragraph (h) to read as follows: 

§ 1066.845 AC17 air conditioning efficiency test procedure. 
* * * * * 
(c) Ambient conditions. Measure and control ambient conditions as specified in § 1066.835(f), 
except that you must control ambient temperature during emission sampling to (22.0 to 28.0) °C 
throughout the test and (23.5 to 26.5) °C on average.  These tolerances apply to the combined 
SC03 and HFET drive cycles during emission sampling.  Note that you must set the same 
ambient temperature target for both the air conditioning on and off portions of emission 
sampling. Control ambient temperature during the preconditioning cycle and 30 minute soak to 
(25.0 ±5.0) °C. For these same modes with no emission sampling, target the specified ambient 
humidity levels, but you do not need to meet the humidity tolerances. Note that solar heating is 
disabled for certain test intervals as described in this section. 
* * * * * 
(f) * * * 

(3) Turn on solar heating within one minute after turning off the engine.  Once the solar 
energy intensity reaches 805 W/m2, let the vehicle soak for (30 ±1) minutes.  You may 
alternatively rely on prior measurements to start the soak period after a defined period of 
warming up to the specified solar heat load. Close the vehicle’s windows at the start of the 
soak period; ensure that the windows are adequately closed where instrumentation and wiring 
pass through to the interior. 
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* * * * * 
(g) Calculations. (1) Determine the mass of CO2 emissions for each of the two test intervals as 
described in § 1066.605. 

(2) Calculate the separate composite mass-weighted emissions of CO2, eCO2-AC17compAC[status], 
representing the average of the SC03 and HFET emissions, in grams per mile for operation 
with the vehicle’s air conditioner and the solar heating on and off using the following 
equation: 

൬
𝑚SCଷ ൬

𝑚HFET 𝑒CO2-AC17compAC[status] ൌ 0.5 ⋅ ൰  0.5 ⋅ ൰
𝐷SC03 𝐷HFET 

Eq. 1066.845-1 

Where: 
mSC03 = mass emissions from the SC03 test interval, in grams. 
DSC03 = measured driving distance during the SC03 test interval, in miles. 
mHFET = mass emissions from the HFET test interval, in grams. 
DHFET = measured driving distance during the HFET test interval, in miles. 

(3) Calculate the incremental CO2 emissions due to air conditioning operation by subtracting 
the composite mass-weighted emissions of CO2 with the vehicle’s air conditioner and the 
solar heating on, eCO2-AC17compACon, from the composite mass-weighted emissions of CO2 with 
the vehicle’s air conditioner and the solar heating off, eCO2-AC17compACoff. 

(h) Record information for each test as specified in § 1066.695. Emission results and the results 
of all calculations must be reported for each phase of the test. The manufacturer must also report 
the following information for each vehicle tested: interior volume, climate control system type 
and characteristics, refrigerant used, compressor type, and evaporator/condenser characteristics. 

280. Amend § 1066.1001 by adding definitions for “Charge-depleting” and “Charge-
sustaining” in alphabetical order and revising the definition for “Test interval” to read as 
follows: 

§ 1066.1001 Definitions. 
* * * * * 
Charge-depleting means relating to the test interval of a plug-in hybrid engine or powertrain in 
which the engine or powertrain consumes electric energy from the RESS that has been charged 
from an external power source until the RESS is depleted to the point that a test interval qualifies 
as charge-sustaining. The engine might consume fuel to produce power during a charge-
depleting test interval. 
Charge-sustaining means relating to the test interval of a plug-in hybrid engine or powertrain in 
which the engine or powertrain consumes fuel to produce power such that the battery’s net-
energy change meets the end-of-test criterion of SAE J1711 or SAE J2711, as applicable 
(incorporated by reference in § 1066.1010). 
* * * * * 
Test interval means a period over which a vehicle’s emission rates are determined separately.  
For many standards, compliance with the standard is based on a weighted average of the mass 
emissions from multiple test intervals.  For example, the standard-setting part may specify a 
complete duty cycle as a cold-start test interval and a hot-start test interval.  In cases where 
multiple test intervals occur over a duty cycle, the standard-setting part may specify additional 
calculations that weight and combine results to arrive at composite values for comparison against 
the applicable standards in this chapter. 
* * * * * 
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281.  Amend § 1066.1005 by revising paragraphs (b), (g), and (h) to read as follows: 

§ 1066.1005 Symbols, abbreviations, acronyms, and units of measure. 
* * * * * 
(b) Symbols for chemical species. This part uses the following symbols for chemical species and 
exhaust constituents: 

TABLE 2 TO PARAGRAPH (b) OF § 1066.1005—SYMBOLS FOR CHEMICAL SPECIES AND EXHAUST 

CONSTITUENTS 
Symbol Species 

CH4 methane. 
CH3OH methanol. 
CH2O formaldehyde. 
C2H4O acetaldehyde. 
C2H5OH ethanol. 
C2H6 ethane. 
C3H7OH propanol. 
C3H8 propane. 
C4H10 butane. 
C5H12 pentane. 
CO carbon monoxide. 
CO2 carbon dioxide. 
H2O water. 
HC hydrocarbon. 
N2 molecular nitrogen. 
NMHC nonmethane hydrocarbon. 
NMHCE nonmethane hydrocarbon equivalent. 
NMOG nonmethane organic gas. 
NO nitric oxide. 
NO2 nitrogen dioxide. 
NOx oxides of nitrogen. 
N2O nitrous oxide. 
O2 molecular oxygen. 
OHC oxygenated hydrocarbon. 
PM particulate matter. 
THC total hydrocarbon. 
THCE total hydrocarbon equivalent. 

* * * * * 
(g) Constants. (1) This part uses the following constants for the composition of dry air: 

TABLE 7 TO PARAGRAPH (g)(1) OF § 1066.1005—CONSTANTS FOR THE COMPOSITION OF DRY AIR 
Symbol Quantity mol/mol 

xArair amount of argon in dry air 0.00934 
xCO2air amount of carbon dioxide in dry air 0.000375 
xN2air amount of nitrogen in dry air 0.78084 
xO2air amount of oxygen in dry air 0.209445 

(2) This part uses the following molar masses or effective molar masses of chemical species: 

TABLE 8 TO PARAGRAPH (g)(2) OF § 1066.1005—MOLAR MASSES OR EFFECTIVE MOLAR MASSES 

OF CHEMICAL SPECIES 

Symbol Quantity 
g/mol 

(10-3ꞏkgꞏmol-1) 
Mair molar mass of dry air1 28.96559 
MH2O molar mass of water 18.01528 
1See paragraph (g)(1) of this section for the composition of dry air. 

(3) This part uses the following molar gas constant for ideal gases: 
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TABLE 9 TO PARAGRAPH (g)(3) OF § 1066.1005—MOLAR GAS CONSTANT FOR IDEAL GASES 

Symbol Quantity 
J/(mol∙K) 

(m2∙kg∙s-2∙mol-1∙K-1) 
R molar gas constant 8.314472 

(h) Prefixes. This part uses the following prefixes to define a quantity: 

TABLE 10 TO PARAGRAPH (h) OF § 1066.1005—PREFIXES TO DEFINE A QUANTITY 
Symbol Quantity Value 

n nano 10-9 

µ micro 10-6 

m milli 10-3 

c centi 10-2 

k kilo 103 

M mega 106 

282. Revise § 1066.1010 to read as follows: 

§ 1066.1010 Incorporation by reference. 
Certain material is incorporated by reference into this part with the approval of the Director of 
the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other than 
that specified in this section, EPA must publish a document in the Federal Register and the 
material must be available to the public. All approved incorporation by reference (IBR) material 
is available for inspection at EPA and at the National Archives and Records Administration 
(NARA). Contact EPA at: U.S. EPA, Air and Radiation Docket Center, WJC West Building, 
Room 3334, 1301 Constitution Ave. NW, Washington, DC 20004; www.epa.gov/dockets; (202) 
202-1744. For information on inspecting this material at NARA, visit www.archives.gov/federal-
register/cfr/ibr-locations.html or email fr.inspection@nara.gov. The material may be obtained 
from the following sources: Certain material is incorporated by reference into this part with the 
approval of the Director of the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To 
enforce any edition other than that specified in this section, the Environmental Protection 
Agency must publish a document in the Federal Register and the material must be available to 
the public. All approved material is available for inspection at U.S. EPA, Air and Radiation 
Docket and Information Center, WJC West Building, Room 3334, 1301 Constitution Ave., NW., 
Washington, DC 20460, www.epa.gov/dockets, (202) 202-1744, and is available from the 
sources listed in this section. It is also available for inspection at the National Archives and 
Records Administration (NARA).  For information on the availability of this material at NARA, 
call 202–741–6030, or go to www.archives.gov/federal-register/cfr/ibr-locations.html. 
(a) National Institute of Standards and Technology (NIST), 100 Bureau Drive, Stop 1070, 
Gaithersburg, MD 20899-1070; (301) 975-6478; www.nist.gov. 
(1) NIST Special Publication 811, 2008 Edition, Guide for the Use of the International System of 
Units (SI), Physics Laboratory, March 2008; IBR approved for §§ 1066.20(a); 1066.1005. 
(2) [Reserved] 
(b) SAE International, 400 Commonwealth Dr., Warrendale, PA 15096-0001; (877) 606-7323 
(U.S. and Canada) or (724) 776-4970 (outside the U.S. and Canada); www.sae.org. 

(1) SAE J1263 MAR2010, Road Load Measurement and Dynamometer Simulation Using 
Coastdown Techniques, rRevised March 2010, (“SAE J1263”); IBR approved for 
§§ 1066.301(b);, 1066.305(a);, and 1066.310(b). 
(2) SAE J1634 JUL2017, Battery Electric Vehicle Energy Consumption and Range Test 
Procedure, rRevised July 2017, (“SAE J1634”)October 2012;, IBR approved for 
§ 1066.501(a). 
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(3) SAE J1711 JUN2010, Recommended Practice for Measuring the Exhaust Emissions and 
Fuel Economy of Hybrid-Electric Vehicles, Including Plug-In Hybrid Vehicles, rRevised 
June 2010, (“SAE J1711”); IBR approved for §§ 1066.501(a); 1066.1001. 
(4) SAE J2263 DEC2008, Road Load Measurement Using Onboard Anemometry and 
Coastdown Techniques, rRevised December 2008;, IBR approved for §§ 1066.301(b);, 
1066.305;, and 1066.310(b). 
(5) SAE J2263 MAY2020, (R) Road Load Measurement Using Onboard Anemometry and 
Coastdown Techniques, rRevised May 2020, (“SAE J2263”); IBR approved for 
§§ 1066.301(b); 1066.305; 1066.310(b). 
(65) SAE J2264 JAN2014, Chassis Dynamometer Simulation of Road Load Using 
Coastdown Techniques, rRevised January 2014, (“SAE J2264”); IBR approved for 
§ 1066.315. 
(76) SAE J2711 MAY2020, (R) Recommended Practice for Measuring Fuel Economy and 
Emissions of Hybrid-Electric and Conventional Heavy-Duty Vehicles, rRevised May 2020, 
(“SAE J2711”)issued September 2002;, IBR approved for §§ 1066.501(a); 1066.1001. 
(87) SAE J2951 JAN2014, Drive Quality Evaluation for Chassis Dynamometer Testing, 
rRevised January 2014, (“SAE J2951”); IBR approved for § 1066.425(j). 
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Attachment B 



 

For the reasons set out in the preamble, we are amending title 40, chapter I of the Code of 
Federal Regulations as set forth below. 

PART 2—PUBLIC INFORMATION 

1.  The authority citation for part 2 continues to read as follows: 
Authority: 5 U.S.C. 552, 552a, 553; 28 U.S.C. 509, 510, 534; 31 U.S.C. 3717. 

2. Amend § 2.301 by adding and reserving paragraph (i) and adding paragraph (j) to read as 
follows: 

§ 2.301 Special rules governing certain information obtained under the Clean Air Act. 
* * * * * 
(i) [Reserved] 
(j) Requests for or release of information subject to a confidentiality determination through 
rulemaking as specified in 40 CFR part 1068.  This paragraph (j) describes provisions that apply 
for a wide range of engines, vehicles, and equipment that are subject to emission standards and 
other requirements under the Clean Air Act. This includes motor vehicles and motor vehicle 
engines, nonroad engines and nonroad equipment, aircraft and aircraft engines, and stationary 
engines. It also includes portable fuel containers regulated under 40 CFR part 59, subpart F, and 
fuel tanks, fuel lines, and related fuel-system components regulated under 40 CFR part 1060. 
Regulatory provisions related to confidentiality determinations for these products are codified 
broadly in 40 CFR part 1068, with additional detailed provisions for specific sectors in the 
regulatory parts referenced in 40 CFR 1068.1. References in this paragraph (j) to 40 CFR part 
1068 also include these related regulatory parts.  

(1) Unless noted otherwise, 40 CFR 2.201 through 2.215 do not apply for information 
covered by the confidentiality determinations in 40 CFR part 1068 if EPA has determined 
through rulemaking that information to be any of the following pursuant to 42 U.S.C. 7414 or 
7542(c) in a rulemaking subject to 42 U.S.C. 7607(d): 

(i) Emission data as defined in paragraph (a)(2)(i) of this section. 
(ii) Data not entitled to confidential treatment. 

(2) Unless noted otherwise, 40 CFR 2.201 through 2.208 do not apply for information 
covered by the confidentiality determinations in 40 CFR part 1068 if EPA has determined 
through rulemaking that information to be entitled to confidential treatment pursuant to 42 
U.S.C. 7414 or 7542(c) in a rulemaking subject to 42 U.S.C. 7607(d). EPA will treat such 
information as confidential in accordance with the provisions of § 2.209 through 2.215, 
subject to paragraph (j)(4) of this section.  
(3) EPA will deny a request for information under 5 U.S.C. 552(b)(4) if EPA has determined 
through rulemaking that the information is entitled to confidential treatment under 40 CFR 
part 1068. The denial notification will include a regulatory cite to the appropriate 
determination. 
(4) A determination made pursuant to 42 U.S.C. 7414 or 7542 in a rulemaking subject to 42 
U.S.C. 7607(d) that information specified in 40 CFR part 1068 is entitled to confidential 
treatment shall continue in effect unless EPA takes one of the following actions to modify the 
determination: 

(i) EPA determines, pursuant to 5 U.S.C. 552(b)(4) and the Clean Air Act (42 U.S.C. 
7414; 7542(c)) in a rulemaking subject to 42 U.S.C. 7607(d), that the information is 
entitled to confidential treatment, or that the information is emission data or data that is 
otherwise not entitled to confidential treatment by statute or regulation. 
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(ii) EPA determines, pursuant to 5 U.S.C. 552(b)(4) and the Clean Air Act (42 U.S.C. 
7414; 7542(c)) that the information is emission data or data that is otherwise clearly not 
entitled to confidential treatment by statute or regulation under 40 CFR 2.204(d)(2). 
(iii) The Office of General Counsel revisits an earlier determination, pursuant to 5 U.S.C. 
552(b)(4) and the Clean Air Act (42 U.S.C. 7414; 7542(c)), that the information is 
entitled to confidential treatment because of a change in the applicable law or newly 
discovered or changed facts. Prior to a revised final determination, EPA shall afford the 
business an opportunity to submit a substantiation on the pertinent issues to be 
considered, including any described in §§ 2.204(e)(4) or 2.205(b), within 15 days of the 
receipt of the notice to substantiate. If, after consideration of any timely comments made 
by the business in its substantiation, the Office of General Counsel makes a revised final 
determination that the information is not entitled to confidential treatment under 42 
U.S.C. 7414 or 7542, EPA will notify the business in accordance with § 2.205(f)(2). 

(5) The provisions of 40 CFR 2.201 through 2.208 continue to apply for the categories of 
information identified in 40 CFR 1068.11(c) for which there is no confidentiality 
determination in 40 CFR part 1068. 
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PART 59—NATIONAL VOLATILE ORGANIC COMPOUND EMISSION STANDARDS 
FOR CONSUMER AND COMMERCIAL PRODUCTS 

3.  The authority citation for part 59 continues to read as follows: 
Authority: 42 U.S.C. 7414 and 7511b(e). 

4. Revise § 59.695 to read as follows: 

§ 59.695 What provisions apply to confidential information? 
The provisions of 40 CFR 1068.10 and 1068.11 apply for submitted information you claim as 
confidential information you submit under this part. 
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PART 60—STANDARDS OF PERFORMANCE FOR NEW STATIONARY SOURCES 

5.  The authority citation for part 60 continues to read as follows: 
Authority: 42 U.S.C. 7401 et seq. 

6.  Amend § 60.4202 by revising paragraph (g) introductory text to read as follows: 

§ 60.4202 What emission standards must I meet for emergency engines if I am a stationary 
CI internal combustion engine manufacturer? 
* * * * * 
(g) Notwithstanding the requirements in paragraphs (a) through (d) of this section, stationary 
emergency CI ICE identified in paragraphs (a) and (c) of this section may be certified to the 
provisions of 40 CFR part 1042 for commercial engines that are applicable for the engine's 
model year, displacement, power density, and maximum engine power if the engines will be 
used solely in either or both of the locations identified in paragraphs (g)(1) and (2) of this 
section. Engines that would be subject to the Tier 4 standards in 40 CFR part 1042 that are used 
solely in either or both of the locations identified in paragraphs (g)(1) and (2) of this section may 
instead continue to be certified to the previous tier of standards in 40 CFR part 1042. The 
previous tier is Tier 3 in most cases; however, the previous tier is Tier 2 if there are no Tier 3 
standards specified for engines of a certain size or power rating. 
* * * * * 

7. Revise § 60.4218 to read as follows: 

§ 60.4218 What General Provisions and confidential information provisions apply to me? 
(a) Table 8 to this subpart shows which parts of the General Provisions in §§ 60.1 through 60.19 
apply to you. 
(b) The provisions of 40 CFR 1068.10 and 1068.11 apply for engine manufacturers.  For others, 
the general confidential business information (CBI) provisions apply as described in 40 CFR 
part 2. 

8. Revise § 60.4246 to read as follows: 

§ 60.4246 What General Provisions and confidential information provisions apply to me? 
(a) Table 3 to this subpart shows which parts of the General Provisions in §§ 60.1 through 60.19 
apply to you. 
(b) The provisions of 40 CFR 1068.10 and 1068.11 apply for engine manufacturers.  For others, 
the general confidential business information (CBI) provisions apply as described in 40 CFR 
part 2. 
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PART 80—REGULATION OF FUELS AND FUEL ADDITIVES 

9.  The authority citation for part 80 continues to read as follows: 
Authority: 42 U.S.C. 7414, 7521, 7542, 7545, and 7601(a). 

Subpart B—[Removed and reserved] 

10. Remove and reserve subpart B. 
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PART 85— CONTROL OF AIR POLLUTION FROM MOBILE SOURCES 

11. The authority citation for part 85 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

12. Amend § 85.1501 by revising paragraph (a) to read as follows:  

§ 85.1501 Applicability. 
(a) Except where otherwise indicated, this subpart is applicable to motor vehicles offered for 
importation or imported into the United States for which the Administrator has promulgated 
regulations under 40 CFR part 86, subpart D or S, prescribing emission standards, but which are 
not covered by certificates of conformity issued under section 206(a) of the Clean Air Act (i.e., 
which are nonconforming vehicles as defined in § 85.1502), as amended, and part 86 at the time 
of conditional importation. Compliance with regulations under this subpart shall not relieve any 
person or entity from compliance with other applicable provisions of the Clean Air Act. This 
subpart no longer applies for heavy-duty engines certified under 40 CFR part 86, subpart A, or 
40 CFR part 1036; references in this subpart to “engines” therefore apply only for replacement 
engines intended for installation in motor vehicles that are subject to this subpart. 
* * * * * 

§ 85.1513—[Amended] 

13. Amend § 85.1513 by removing and reserving paragraph (e)(5).  
14. Revise § 85.1514 to read as follows: 

§ 85.1514 Treatment of confidential information. 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this 
subpart. 

15. Amend § 85.1515 by revising paragraph (a)(2)(ii)(A) to read as follows: 

§ 85.1515 Emission standards and test procedures applicable to imported nonconforming 
motor vehicles and motor vehicle engines. 
(a) * * * 
(2) * * * 
(ii) * * * 
(A) Exhaust and fuel economy tests. You must measure emissions over the FTP driving cycle 
and the highway fuel economy driving cycle as specified in 40 CFR 1066.801 to meet the fuel 
economy requirements in 40 CFR part 600 and demonstrate compliance with the exhaust 
emission standards in 40 CFR part 86 (other than PM). Measure exhaust emissions and fuel 
economy with the same test procedures used by the original manufacturer to test the vehicle for 
certification. However, you must use an electric dynamometer meeting the requirements of 40 
CFR part 1066, subpart B, unless we approve a different dynamometer based on excessive 
compliance costs. If you certify based on testing with a different dynamometer, you must state in 
the application for certification that all vehicles in the emission family will comply with emission 
standards if tested on an electric dynamometer. 
* * * * * 

16. Amend § 85.1701 by revising paragraphs (a)(1), (b), and (c) to read as follows:  

§ 85.1701 General applicability. 
(a) * * * 
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(1) Beginning January 1, 2014, the exemption provisions of 40 CFR part 1068, subpart C, apply 
instead of the provisions of this subpart for heavy-duty motor vehicle engines and heavy-duty 
motor vehicles regulated under 40 CFR part 86, subpart A, or 40 CFR part 1036, or 40 CFR part 
1037, except that the nonroad competition exemption of 40 CFR 1068.235 and the nonroad 
hardship exemption provisions of 40 CFR 1068.245, 1068.250, and 1068.255 do not apply for 
motor vehicle engines. Note that the provisions for emergency vehicle field modifications in 
§ 85.1716 continue to apply for heavy-duty engines. 
* * * * * 
(b) The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this 
subpart. 
(c) References to engine families and emission control systems in this subpart or in 40 CFR part 
1068 apply to durability groups and test groups as applicable for manufacturers certifying 
vehicles under the provisions of 40 CFR part 86, subpart S. 
* * * * * 

§ 85.1712—[Removed and Reserved] 

17. Remove and reserve § 85.1712. 
18. Revise § 85.1808 to read as follows: 

§ 85.1808 Treatment of confidential information. 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this 
subpart. 

19. Amend § 85.1901 by revising paragraph (a) to read as follows:  

§ 85.1901 Applicability. 
(a) The requirements of this subpart shall be applicable to all 1972 and later model year motor 
vehicles and motor vehicle engines, except that the provisions of 40 CFR 1068.501 apply instead 
for heavy-duty motor vehicle engines and heavy-duty motor vehicles certified under 40 CFR part 
86, subpart A, or 40 CFR part 1036 or 1037 starting January 1, 2018. 
* * * * * 

20. Revise § 85.1909 to read as follows: 

§ 85.1909 Treatment of confidential information. 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this 
subpart. 

21. Revise the heading of subpart V to read as follows: 

Subpart V—WARRANTY REGULATIONS AND VOLUNTARY AFTERMARKET 
PART CERTIFICATION PROGRAM 

22. Amend § 85.2102 by revising paragraphs (a)(1), (2), (4) through (6), (10), and (13) to 
read as follows: 

§ 85.2102 Definitions. 
(a) * * * 
(1) Act means Part A of Title II of the Clean Air Act, 42 U.S.C. 7421 et seq. 
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(2) Office Director means the Director for the Office of Transportation and Air Quality in the 
Office of Air and Radiation of the Environmental Protection Agency or other authorized 
representative of the Office Director. 
* * * * * 
(4) Emission performance warranty means that warranty given pursuant to this subpart and 42 
U.S.C. 7541(b). 
(5) Emission warranty means a warranty given pursuant to this subpart and 42 U.S.C. 7541(a) or 
(b). 
(6) Model year means the manufacturer's annual production period as described in subpart X of 
this part. 
* * * * * 
(10) Useful life means that period established pursuant to 42 U.S.C. 7521(d) and regulations 
promulgated thereunder. 
* * * * * 
(13) Written instructions for proper maintenance and use means those maintenance and 
operation instructions specified in the owner's manual as being necessary to assure compliance of 
a vehicle with applicable emission standards for the useful life of the vehicle that are: 
(i) In accordance with the instructions specified for performance on the manufacturer's prototype 
vehicle used in certification (including those specified for vehicles used under special 
circumstances); and 
(ii) In compliance with the requirements of 40 CFR 86.1808; and 
(iii) In compliance with any other EPA regulations governing maintenance and use instructions.  
* * * * * 

23. Amend § 85.2103 by revising paragraph (a)(3) to read as follows: 

§ 85.2103 Emission performance warranty. 
(a) * * * 
(3) Such nonconformity results or will result in the vehicle owner having to bear any penalty or 
other sanction (including the denial of the right to use the vehicle) under local, State or Federal 
law, then the manufacturer shall remedy the nonconformity at no cost to the owner; except that, 
if the vehicle has been in operation for more than 24 months or 24,000 miles, the manufacturer 
shall be required to remedy only those nonconformities resulting from the failure of any of the 
specified major emission control components listed in 42 U.S.C. 7541(i)(2) or components 
which have been designated by the Administrator under 42 U.S.C. 7541(i)(2) to be specified 
major emission control components until the vehicle has been in operation for 8 years or 80,000 
miles. 
* * * * * 

24. Amend § 85.2104 by revising paragraphs (a) and (h) introductory text to read as follows: 

§ 85.2104 Owners' compliance with instructions for proper maintenance and use. 
(a) An emission warranty claim may be denied on the basis of noncompliance by a vehicle owner 
with the written instructions for proper maintenance and use. 
* * * * * 
(h) In no case may a manufacturer deny an emission warranty claim on the basis of– 
* * * * * 
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25. Amend § 85.2106 by revising paragraphs (b) introductory text, (c), (d) introductory text, 
(d)(2), and (g) to read as follows: 

§ 85.2106 Warranty claim procedures. 
* * * * * 
(b) A claim under any emission warranty required by 42 U.S.C. 7541(a) or (b) may be submitted 
by bringing a vehicle to: 
* * * * * 
(c) To the extent required by any Federal or State law, whether statutory or common law, a 
vehicle manufacturer shall be required to provide a means for non-franchised repair facilities to 
perform emission warranty repairs. 
(d) The manufacturer of each vehicle to which the warranty is applicable shall establish 
procedures as to the manner in which a claim under the emission warranty is to be processed. 
The procedures shall–  
* * * * * 
(2) Require that if the facility at which the vehicle is initially presented for repair is unable for 
any reason to honor the particular claim, then, unless this requirement is waived in writing by the 
vehicle owner, the repair facility shall forward the claim to an individual or office authorized to 
make emission warranty determinations for the manufacturer.  
* * * * * 
(g) The vehicle manufacturer shall incur all costs associated with a determination that an 
emission warranty claim is valid. 

26. Amend § 85.2107 by revising paragraphs (a) and (b) to read as follows: 

§ 85.2107 Warranty remedy. 
(a) The manufacturer's obligation under the emission warranties provided under 42 U.S.C. 
7541(a) and (b) shall be to make all adjustments, repairs or replacements necessary to assure that 
the vehicle complies with applicable emission standards of the U.S. Environmental Protection 
Agency, that it will continue to comply for the remainder of its useful life (if proper maintenance 
and operation are continued), and that it will operate in a safe manner. The manufacturer shall 
bear all costs incurred as a result of the above obligation, except that after the first 24 months or 
24,000 miles (whichever first occurs) the manufacturer shall be responsible only for: 

(1) The adjustment, repair or replacement of any of the specified major emission control 
components listed in 42 U.S.C. 7541(i)(2) or components which have been designated by the 
administrator to be specified major emission control components until the vehicle has been in 
operation for 8 years or 80,000 miles; and 
(2) All other components which must be adjusted, repaired or replaced to enable a 
component adjusted, repaired, or replaced under paragraph (a)(1) of this section to perform 
properly. 

(b) Manufacturers shall be liable for the total cost of the remedy for any vehicle validly presented 
for repair under an emission warranty to any authorized service facility authorized by the vehicle 
manufacturer. State or local limitations as to the extent of the penalty or sanction imposed upon 
an owner of a failed vehicle shall have no bearing on this liability. 
* * * * * 
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27. Amend § 85.2109 by revising paragraphs (a) introductory text and (a)(6) to read as 
follows: 

§ 85.2109 Inclusion of warranty provisions in owners' manuals and warranty booklets. 
(a) A manufacturer shall furnish with each new motor vehicle, a full explanation of the emission 
warranties required by 42 U.S.C. 7541(a) and (b), including at a minimum the following 
information: 
* * * * * 
(6) An explanation that an owner may obtain further information concerning the emission 
warranties or that an owner may report violations of the terms of the Eemission warranties 
provided under 42 U.S.C. 7541(a) and (b) by contacting the Director, Compliance Division, 
Environmental Protection Agency, 2000 Traverwood Dr, Ann Arbor, MI 48105 (Attention: 
Warranty) or email to: complianceinfo@epa.gov. 
* * * * * 

28. Amend § 85.2111 by revising the introductory text and paragraphs (b) introductory text, 
(c), and (d) to read as follows: 

§ 85.2111 Warranty enforcement. 
The following acts are prohibited and may subject a manufacturer to a civil penalty as described 
in paragraph (d) of this section: 
* * * * * 
(b) Failing or refusing to comply with the terms and conditions of the emission warranties 
provided under 42 U.S.C. 7541(a) and (b) with respect to any vehicle to which this subpart 
applies. Acts constituting such a failure or refusal shall include, but are not limited to, the 
following: 
* * * * * 
(c) To provide directly or indirectly in any communication to the ultimate purchaser or any 
subsequent purchaser that emission warranty coverage is conditioned upon the use of any name 
brand component, or system or upon service (other than a component or service provided 
without charge under the terms of the purchase agreement), unless the communication is made 
pursuant to a written waiver by the Office Director. 
(d) The maximum penalty value is $37,500 for each offense that occurs after November 2, 2015. 
Maximum penalty limits may be adjusted based on the Consumer Price Index as described at 40 
CFR part 19. 
* * * * * 

29. Revise § 85.2123 to read as follows: 

§ 85.2123 Treatment of confidential information. 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this 
subpart. 

30. Revise the heading for subpart W to read as follows: 
Subpart W—Emission Control System Performance Warranty Short Tests 
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PART 86— CONTROL OF EMISSIONS FROM NEW AND IN-USE HIGHWAY 
VEHICLES AND ENGINES 

31. The authority citation for part 86 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

32. Amend § 86.007-11 by revising paragraphs (f) and (g) introductory text to read as 
follows: 

§ 86.007-11 Emission standards and supplemental requirements for 2007 and later model 
year diesel heavy-duty engines and vehicles. 
* * * * * 
(f) Model year 2007 and later diesel-fueled heavy-duty engines and vehicles for sale in Guam, 
American Samoa, or the Commonwealth of the Northern Mariana Islands may be subject to 
alternative standards under 40 CFR 1036.655. 
(g) Model years 2018 through 2026 engines at or above 56 kW that will be installed in specialty 
vehicles as allowed by 40 CFR 1037.605 may meet alternate emission standards as follows: 
* * * * * 

33. Amend § 86.008-10 by revising paragraph (g) introductory text to read as follows: 

§ 86.008-10 Emission standards for 2008 and later model year Otto-cycle heavy-duty 
engines and vehicles. 
* * * * * 
(g) Model years 2018 through 2026 engines that will be installed in specialty vehicles as allowed 
by 40 CFR 1037.605 may meet alternate emission standards as follows: 
* * * * * 

34. Amend § 86.010-18 by: 
a. Revising paragraph (a) introductory text. 
b. Removing and reserving paragraph (o) 
The revision reads as follows: 

§ 86.010-18 On-board Diagnostics for engines used in applications greater than 14,000 
pounds GVWR. 
(a) General. Heavy-duty engines intended for use in a heavy-duty vehicle weighing more than 
14,000 pounds GVWR must be equipped with an on-board diagnostic (OBD) system capable of 
monitoring all emission-related engine systems or components during the life of the engine. The 
OBD requirements of 40 CFR 1036.110 apply starting in model year 2027. In earlier model 
years, manufacturers may meet the requirements of this section or the requirements of 40 CFR 
1036.110. Note that 40 CFR 1036.150(v)(u) allows for an alternative communication protocol 
before model year 2027. The OBD system is required to detect all malfunctions specified in 
paragraphs (g), (h), and (i) of this section even though the OBD system is not required to use a 
unique monitor to detect each of those malfunctions. 
* * * * * 
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35. Amend § 86.016-1 by: 
a. Revising paragraphs (a) introductory text, (d) introductory text, and (d)(4). 
b. Adding and reserving paragraph (i). 
c. Adding paragraph (j). 
The revisions and additions read as follows: 

§ 86.016-1 General applicability. 
(a) Applicability. The provisions of this subpart apply for certain types of new heavy-duty 
engines and vehicles as described in this section. As described in paragraph (j) of this section, 
most of this subpart no longer applies starting with model year 2027. Note that this subpart does 
not apply for light-duty vehicles, light-duty trucks, medium-duty passenger vehicles, or vehicles 
at or below 14,000 pounds GVWR that have no propulsion engine, such as electric vehicles; see 
subpart S of this part for requirements that apply for those vehicles. In some cases, 
manufacturers of heavy-duty engines and vehicles can choose to meet the requirements of this 
subpart or the requirements of subpart S of this part; those provisions are therefore considered 
optional, but only to the extent that manufacturers comply with the other set of requirements. In 
cases where a provision applies only for a certain vehicle group based on its model year, vehicle 
class, motor fuel, engine type, or other distinguishing characteristics, the limited applicability is 
cited in the appropriate section. The provisions of this subpart apply for certain heavy-duty 
engines and vehicles as follows: 
* * * * * 
(d) Non-petroleum fueled vehicles. Standards and requirements apply to model year 2016 and 
later non-petroleum fueled motor vehicles as follows:  
* * * * * 

(4) The standards and requirements of 40 CFR part 1037 apply for vehicles above 14,000 
pounds GVWR that have no propulsion engine, such as electric vehicles. Electric heavy-duty 
vehicles may not generate PM emission credits. Electric heavy-duty vehicles may not 
generate NOX emission credits except as allowed under 40 CFR part 1037. 
* * * * * 

(i) [Reserved] 
(j) Transition to 40 CFR parts 1036 and 1037. Except for § 86.010-38(j), this subpart no longer 
applies starting with model year 2027. Individual provisions in 40 CFR parts 1036 and 1037 
apply instead of the provisions of this subpart before model year 2027 as specified in this subpart 
and 40 CFR parts 1036 and 1037. 

36. Amend § 86.090-5 by adding paragraph (b)(4) to read as follows. 

§ 86.090-5 General standards; increase in emissions; unsafe conditions. 
* * * * * 
(b) * * * 
(4) Manufacturers of engines equipped with vanadium-based SCR catalysts must design the 
engine and its emission controls to prevent vanadium sublimation and protect the catalyst from 
high temperatures as described in 40 CFR 1036.115(g)(2). 

37. Amend § 86.117-96 by revising paragraphs (d)(1) introductory text and (d)(1)(ii) and 
adding paragraphs (d)(1)(iii) and (iv) to read as follows. 

§ 86.117-96 Evaporative emission enclosure calibrations. 
* * * * * 
(d) * * * 
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(1) The calculation of net methanol and hydrocarbon mass change is used to determine enclosure 
background and leak rate. It is also used to check the enclosure volume measurements. The 
methanol mass change is calculated from the initial and final methanol samples, the net 
withdrawn methanol (in the case of diurnal emission testing with fixed-volume enclosures), and 
initial and final temperature and pressure according to the following equation: 

𝑇𝐸 ൈ ൫ሺ𝐶ୗଵ ൈ 𝐴𝑉ଵሻ  ሺ𝐶ୗଶ ൈ 𝐴𝑉ଶሻ൯ሺCୗଵ ൈ AVଵሻ  ሺCୗଶ ൈ AVଶሻMେୌଷୌ ൌ 𝑉୬ ൈ ቆቈ 
V ൈ Tୗୌୈ

𝑇𝐸୧ ൈ ൫ሺ𝐶ୗଵ୧ ൈ 𝐴𝑉ଵ୧ሻ  ሺ𝐶ୗଶ୧ ൈ 𝐴𝑉ଶሻ൯ሺCୗଵ୧ ൈ AVଵ୧ሻ  ሺCୗଶ୧ ൈ AVଶ୧ሻെ ቈ ቇ
𝑉୧ ൈ 𝑇ୗୌୈ୧ 

 ൫𝑀େୌଷୌ,୭୳୲ െ𝑀େୌଷୌ,୧୬൯ 
* * * * * 

(ii) Vn = Enclosure volume, in ft3, as measured in paragraph (b)(1) of this section. 
(iii) TE = Temperature of sample withdrawn, R. 
(iv) TSHED = Temperature of SHED, R. 

* * * * * 

38. Amend § 86.137-94 by revising paragraph (b)(24) to read as follows. 

§ 86.137-94 Dynamometer test run, gaseous and particulate emissions. 
* * * * * 
(b) * * * 
(24) This completes the test sequence for vehicles that do not need testing for evaporative 
emissions. Continue testing for evaporative emissions as follows: 

(i) Vehicles to be tested for evaporative emissions For the three-day diurnal test sequence, 
proceed according to § 86.134.; 
(ii) vehicles to be tested with the supplemental For the two-day diurnal test sequence, for 
evaporative emissions proceed according to § 86.138-96(k). For all others, this completes the 
test sequence. The following additional provisions apply for heavy-duty vehicles: 

(A) For vehicles with a nominal fuel tank capacity at or above 50 gallons, operate the 
vehicle over a second full FTP cycle before measuring evaporative emissions; exhaust 
emission measurement is not required for the additional FTP cycle. 
(B) [Reserved] 

39. Amend § 86.143-96 by revising paragraph (b)(1)(i) introductory text and adding 
paragraphs (b)(1)(i)(C) and (E) to read as follows. 

§ 86.143-96 Calculations; evaporative emissions. 
* * * * * 
(b) * * * 
(1) * * * 

𝑇𝐸୧ ൈ ൫ሺ𝐶ୗଵ୧ ൈ 𝐴𝑉ଵ୧ሻ  ሺ𝐶


ୗଶ୧ ൈ 𝐴𝑉ଶ୧ሻ൯െ ቈ ቇ  ൫𝑀େୌଷୌ,୭୳୲ െ𝑀େୌଷୌ,୧୬൯𝑉୧ ൈ 𝑇ୗୌୈ୧ 
* * * * * 

(i) Methanol emissions: 

Mେୌଷୌ ൌ 𝑉୬ ൈ ቆቈ
𝑇𝐸 ൈ ൫ሺCୗଵ ൈ 𝐴𝑉ଵሻ  ሺ𝐶ୗଶ ൈ 𝐴𝑉ଶሻ൯

𝑉 ൈ 𝑇ୗୌୈ
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(C) TE = Temperature of sample withdrawn, R.[Reserved] 
* * * * * 
(E) TSHED = Temperature of SHED, R.[Reserved] 
* * * * * 

40. Amend § 86.154-98 by revising paragraph (e)(9) to read as follows. 

§ 86.154-98 Measurement procedure; refueling test. 
* * * * * 
(e) * * * 
(9) For vehicles equipped with more than one fuel tank, use good engineering judgment to apply 
the procedures described in this section shall be performed for each fuel tank. 

41. Add § 86.450 to subpart E to read as follows: 

§ 86.450 Treatment of confidential information. 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this 
subpart. 

Subpart I—[Removed and Reserved] 

42. Subpart I, consisting of §§ 86.1101-87 through 86.1116-87, is removed and reserved. 
43. Add § 86.1117 to subpart L to read as follows: 

§ 86.1117 Labeling. 
(a) Light-duty trucks and heavy-duty vehicles and engines for which nonconformance penalties 
are to be paid in accordance with § 86.1113-87(b) must have information printed on the emission 
control information label or a supplemental label as follows. 

(1) The manufacturer must begin labeling production engines or vehicles within 10 days after 
the completion of the PCA.  
(2) This statement shall read: “The manufacturer of this [engine or vehicle, as applicable] 
will pay a nonconformance penalty to be allowed to introduce it into U.S. commerce at an 
emission level higher than the applicable emission standard. The [compliance level or 
alternative emission standard] for this engine/vehicle is [insert the applicable pollutant and 
compliance level calculated in accordance with § 86.1112-87(a)].”  
(3) If a manufacturer introduces an engine or vehicle into U.S. commerce prior to the 
compliance level determination of § 86.1112-87(a), it must provide the engine or vehicle 
owner with a label as described in paragraph (a)(2) of this section to be affixed in a location 
in proximity to the emission control information label within 30 days of the completion of 
the PCA. 

(b) The Administrator may approve in advance other label content and formats, provided the 
alternative label contains information consistent with this section. 

44. Revise § 86.1301 to read as follows: 

§ 86.1301 Scope; applicability. 
(a) This subpart specifies gaseous emission test procedures for Otto-cycle and diesel heavy-duty 
engines, and particulate emission test procedures for diesel heavy-duty engines.  
(b) You may optionally demonstrate compliance with the emission standards of this part by 
testing hybrid engines and hybrid powertrains using the test procedures in 40 CFR part 1036, 
rather than testing the engine alone.  If you choose this option, you may meet the supplemental 
emission test (SET) requirements by using the SET duty cycle specified in either § 86.1362 or 40 
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CFR 1036.510505. Except as specified, provisions of this subpart and subpart A of this part that 
reference engines apply equally to hybrid engines and hybrid powertrains. 
(c) The abbreviations and acronyms from subpart A of this part apply to this subpart. 

§§ 86.1302-84, 86.1303-84, and 86.1304—[Removed] 

45. Remove §§ 86.1302-84, 86.1303-84, and 86.1304. 
46. Amend § 86.1362 by revising paragraph (b) to read as follows: 

§ 86.1362 Steady-state testing with a ramped-modal cycle. 
* * * * * 
(b) Measure emissions by testing the engine on a dynamometer with the following ramped-
modal duty cycle to determine whether it meets the applicable steady-state emission standards in 
this part and 40 CFR part 1036: 
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TABLE 1 OF § 86.1362—RAMPED-MODAL DUTY CYCLE 

RMC 
Mode 

Engine testing Hybrid powertrain testing 
CO2 

weighting 
(percent)5 

Time in 
mode 

(seconds) 

Engine 
Speed1,2 

Torque 
(percent)2,3 

Vehicle 
speed 

(mi/hr)4 

Road-grade coefficients4 

a b c d e f g h 

1a Steady-
state 

170 
Warm 
Idle 

0 0 0 0 0 0 0 0 0 0 6 

1b 
Transition 

20 
Linear 

Transition 
Linear 

Transition 
Linear 

Transition 
-1.898E-08 -5.895E-07 3.780E-05 4.706E-03 6.550E-04 -2.679E-02 -1.027E+00 1.542E+01 

2a Steady-
state 

173 A 100 vrefA -1.235E-08 -5.506E-07 3.954E-05 1.248E-03 5.287E-04 -3.117E-02 -3.263E-01 1.627E+01 9 

2b 
Transition 

20 
Linear 

Transition 
Linear 

Transition 
Linear 

Transition 
-1.640E-09 -4.899E-07 2.493E-05 5.702E-04 4.768E-04 -2.389E-02 -2.712E-01 1.206E+01 

3a Steady-
state 

219 B 50 vrefB 8.337E-09 -4.758E-07 1.291E-05 2.874E-04 4.528E-04 -1.803E-02 -1.830E-01 8.808E+00 10 

3b 
Transition 

20 B 
Linear 

Transition 
vrefB 4.263E-09 -5.102E-07 2.010E-05 3.703E-04 4.852E-04 -2.242E-02 -2.068E-01 1.074E+01 

4a Steady-
state 

217 B 75 vrefB 1.686E-10 -5.226E-07 2.579E-05 5.521E-04 5.005E-04 -2.561E-02 -2.393E-01 1.285E+01 10 

4b 
Transition 

20 
Linear 

Transition 
Linear 

Transition 
Linear 

Transition 
6.556E-10 -4.971E-07 2.226E-05 5.293E-04 4.629E-04 -2.185E-02 -1.819E-01 1.086E+01 

5a Steady-
state 

103 A 50 vrefA 3.833E-09 -4.343E-07 1.369E-05 4.755E-04 4.146E-04 -1.605E-02 -1.899E-01 8.200E+00 12 

5b 
Transition 

20 A 
Linear 

Transition 
vrefA -7.526E-11 -4.680E-07 2.035E-05 7.214E-04 4.478E-04 -2.012E-02 -2.306E-01 1.043E+01 

6a Steady-
state 

100 A 75 vrefA -4.195E-09 -4.855E-07 2.624E-05 8.345E-04 4.669E-04 -2.338E-02 -2.547E-01 1.215E+01 12 

6b 
Transition 

20 A 
Linear 

Transition 
vrefA 3.185E-09 -4.545E-07 1.549E-05 6.220E-04 4.308E-04 -1.724E-02 -2.093E-01 8.906E+00 

7a Steady-
state 

103 A 25 vrefA 1.202E-08 -3.766E-07 6.943E-07 1.107E-04 3.579E-04 -8.468E-03 -1.243E-01 4.195E+00 12 

7b 
Transition 

20 
Linear 

Transition 
Linear 

Transition 
Linear 

Transition 
1.481E-09 -5.004E-07 2.151E-05 6.028E-04 4.765E-04 -2.197E-02 -2.669E-01 1.109E+01 

8a Steady-
state 

194 B 100 vrefB -8.171E-09 -5.682E-07 3.880E-05 8.171E-04 5.462E-04 -3.315E-02 -2.957E-01 1.689E+01 9 

8b 
Transition 

20 B 
Linear 

Transition 
vrefB 3.527E-09 -5.294E-07 2.221E-05 4.955E-04 4.976E-04 -2.363E-02 -2.253E-01 1.156E+01 

9a Steady-
state 

218 B 25 vrefB 1.665E-08 -4.288E-07 -1.393E-07 2.170E-05 4.062E-04 -1.045E-02 -1.266E-01 4.762E+00 9 

9b 
Transition 

20 
Linear 

Transition 
Linear 

Transition 
Linear 

Transition 
7.236E-09 -5.497E-07 1.998E-05 1.381E-04 5.110E-04 -2.333E-02 -2.154E-01 1.024E+01 

10a 
Steady-
state 

171 C 100 vrefC -7.509E-10 -5.928E-07 3.454E-05 5.067E-04 5.670E-04 -3.353E-02 -2.648E-01 1.649E+01 2 

10b 
Transition 

20 C 
Linear 

Transition 
vrefC 1.064E-08 -5.343E-07 1.678E-05 2.591E-04 5.101E-04 -2.331E-02 -2.017E-01 1.119E+01 
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11a 
Steady- 102 C 25 vrefC 2.235E-08 -4.756E-07 -2.078E-06 -6.006E-05 4.509E-04 -1.213E-02 -1.261E-01 5.090E+00 1 
state 
11b 
Transition 

20 C 
Linear 

Transition 
vrefC 1.550E-08 -5.417E-07 1.114E-05 8.438E-05 5.051E-04 -2.005E-02 -1.679E-01 8.734E+00 

12a 
Steady- 100 C 75 vrefC 7.160E-09 -5.569E-07 2.234E-05 3.107E-04 5.301E-04 -2.644E-02 -2.177E-01 1.266E+01 1 
state 
12b 
Transition 

20 C 
Linear 

Transition 
vrefC 9.906E-09 -5.292E-07 1.694E-05 2.460E-04 5.058E-04 -2.304E-02 -1.990E-01 1.103E+01 

13a 
Steady- 102 C 50 vrefC 1.471E-08 -5.118E-07 9.881E-06 1.002E-04 4.864E-04 -1.904E-02 -1.678E-01 8.738E+00 1 
state 
13b 
Transition 

20 
Linear 

Transition 
Linear 

Transition 
Linear 

Transition 
-1.482E-09 -1.992E-06 6.475E-05 -1.393E-02 1.229E-03 -3.967E-02 1.135E+00 -7.267E+00 

14 Steady-
state 

168 
Warm 
Idle 

0 0 0 0 0 0 0 0 0 0 6 

1Engine speed terms are defined in 40 CFR part 1065.
2Advance from one mode to the next within a 20 second transition phase. During the transition phase, command a linear progression from the settings of the current mode to the 
settings of the next mode.
3The percent torque is relative to maximum torque at the commanded engine speed.
4See 40 CFR 1036.510505(c) for a description of powertrain testing with the ramped-modal cycle, including the equation that uses the road-grade coefficients. 
5Use the specified weighting factors to calculate composite emission results for CO2 as specified in 40 CFR 1036.501150. 
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47. Amend § 86.1372 by revising paragraph (a) introductory text to read as follows: 

§ 86.1372 Measuring smoke emissions within the NTE zone. 
* * * * * 
(a) For steady-state or transient smoke testing using full-flow opacimeters, use equipment 
meeting the requirements of 40 CFR part 1065, subpart L, or ISO/DIS-11614 “Reciprocating 
internal combustion compression-ignition engines–Apparatus for measurement of the opacity 
and for determination of the light absorption coefficient of exhaust gas” is required. ISO/DIS-
11614 is incorporated by reference (see § 86.1). 
* * * * * 

48. Amend § 86.1801-12 by revising paragraphs (a) introductory text, (a)(2) introductory 
text, (a)(2)(iii), (a)(3) introductory text, (a)(3)(iii) and (iv), (b), and (g) to read as follows: 

§ 86.1801-12 Applicability. 
(a) Applicability. The provisions of this subpart apply to certain types of new vehicles as 
described in this paragraph (a). Where the provisions apply for a type of vehicle, they apply for 
vehicles powered by any fuel, unless otherwise specified. In some cases, manufacturers of 
heavy-duty engines and vehicles can choose whether to meet the requirements of this subpart or 
the requirements of subpart A of this part; those provisions are therefore considered optional, but 
only to the extent that manufacturers comply with the other set of requirements. In cases where a 
provision applies only to a certain vehicle group based on its model year, vehicle class, motor 
fuel, engine type, or other distinguishing characteristics, the limited applicability is cited in the 
appropriate section. Testing Rreferences in this subpart to 40 CFR part 86 generally apply to Tier 
2 and older vehicles, while testing references to 40 CFR part 1066 generally apply to Tier 3 and 
newer vehicles; see 40 CFR§ 86.101 for detailed provisions related to this transition. The 
provisions of this subpart apply to certain vehicles as follows: 
* * * * * 

(2) * * *The provisions of this subpart apply for medium-duty passenger vehicles and all 
vehicles at or below 14,000 pounds GVWR that have no propulsion engine, such as electric 
vehicles. The provisions of this subpart also apply for other complete heavy-duty vehicles at 
or below 14,000 pounds GVWR, except as follows: 

(iii) The provisions of this subpart are optional for diesel-fueled Class 3 heavy-duty 
vehicles in a given model year if those vehicles are equipped with engines certified to the 
appropriate standards in § 86.007-11 or 40 CFR 1036.104 for which less than half of the 
engine family's sales for the model year in the United States are for complete Class 3 
heavy-duty vehicles. This includes engines sold to all vehicle manufacturers. If you are 
the original manufacturer of the engine and the vehicle, base this showing on your sales 
information. If you manufacture the vehicle but are not the original manufacturer of the 
engine, you must use your best estimate of the original manufacturer's sales information. 

(3) The provisions of this subpart generally do not apply to incomplete heavy-duty vehicles 
of any size, or to complete vehicles above 14,000 pounds GVWR (see § 86.016-1 and 40 
CFR parts 1036 and 1037). However, this subpart applies to such vehicles in the following 
cases: 
* * * * * 
(iii) The evaporative emission standards apply for incomplete heavy-duty vehicles at or 
below 14,000 pounds GVWR. Evaporative emission standards also apply for complete and 
incomplete heavy-duty vehicles above 14,000 pounds GVWR as specified in 40 CFR 
1037.103. 
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(iv) Evaporative and Rrefueling emission standards apply for complete and incomplete 
heavy-duty vehicles above 14,000 pounds GVWR as specified in 40 CFR 1037.103. All sizes 
of incomplete heavy-duty vehicles may be optionally certified to the refueling emission 
standards in this subpart. 
* * * * * 

(b) Relationship to 40 CFR parts 1036 and 1037subpart A of this part. If any heavy-duty vehicle 
is not subject to standards and certification requirements under this subpart, the vehicle and its 
installed engine are instead subject to standards and certification requirements under 40 CFR 
parts 1036 and 1037, as applicable. If you optionally certify engines or vehicles to standards 
under 40 CFR part 1036 or 40 CFR part 1037, respectively, those engines or vehicles are subject 
to all the regulatory requirements in 40 CFR parts 1036 and 1037 as if they were mandatory. 
Note that heavy-duty engines subject to greenhouse gas standards under 40 CFR part 1036 
before model year 2027 are also subject to standards and certification requirements under 40 
CFR part 86, subpart A. In some cases, manufacturers of heavy-duty engines and vehicles can 
choose whether to meet the requirements of this subpart or the requirements of subpart A of this 
part; those provisions are therefore considered optional, but only to the extent that manufacturers 
comply with the other set of requirements. Unless specified otherwise, if heavy-duty vehicles are 
not subject to provisions of this subpart or if manufacturers choose not to meet optional 
provisions of this subpart as described in paragraph (a) of this section, the engines installed in 
those vehicles must meet the corresponding requirements under subpart A of this part. If a 
vehicle and its installed engine comply with a mix of provisions from this subpart and from 
subpart A of this part, the vehicle must be certified under this subpart, and the engine does not 
need to be certified separately. 
* * * * * 
(g) Complete and incomplete vehicles. Several provisions in this subpart, including the 
applicability provisions described in this section, are different for complete and incomplete 
vehicles. We differentiate these vehicle types as described in 40 CFR 1037.801. 

* * * * * 

49. Amend § 86.1806-17 by adding paragraphs (a)(9) and (b)(4) to read as follows: 

§ 86.1806-17 Onboard diagnostics. 
* * * * * 
(a) * * * 
(9) Apply thresholds as specified in 40 CFR 1036.110(b)(5) for engines certified to emission 
standards under 40 CFR part 1036. 
(b) * * * 
(4) For vehicles with installed compression-ignition engines that are subject to standards and 
related requirements under 40 CFR 1036.104 and 1036.111, you must comply with the following 
additional requirements: 

(i) Make parameters related to engine derating and other inducements available for reading 
with a generic scan tool as specified in 40 CFR 110(b)(9)(vi). 
(ii) Design your vehicles to display information 1036.related to engine derating and other 
inducements in the cab as specified in 40 CFR 1036.110(c)(1). 

* * * * * 

50. Amend § 86.1810-17 by adding paragraphs (j) and (k) to read as follows: 

§ 86.1810-17 General requirements. 
* * * * * 
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(j) Small-volume manufacturers that modify a vehicle already certified by a different company 
may recertify that vehicle under this subpart S based on the vehicle supplier’s compliance with 
fleet average standards for criteria exhaust emissions, evaporative emissions, and greenhouse gas 
emissions as follows: 

(1) The recertifying manufacturer must certify the vehicle at bin levels and family emission 
limits that are the same as or more stringent than the corresponding bin levels and family 
emission limits for the vehicle supplier.  
(2) The recertifying manufacturer must meet all the standards and requirements described in 
this subpart S, except for the fleet average standards for criteria exhaust emissions, 
evaporative emissions, and greenhouse gas emissions. 
(3) The vehicle supplier must send the small-volume manufacturer a written statement 
accepting responsibility to include the subject vehicles in the vehicle supplier’s exhaust and 
evaporative fleet average calculations in §§ 86.1860-17, 86.1864-10, and 86.1865-12. 
(4) The small-volume manufacturer must describe in the application for certification how the 
two companies are working together to demonstrate compliance for the subject vehicles.  The 
application must include the statement from the vehicle supplier described in paragraph (j)(3) 
of this section.  
(5) The vehicle supplier must include a statement that the vehicle supplier is including the 
small volume manufacturer’s sales volume and emissions levels in the vehicle supplier’s fleet 
average reports under §§ 86.1860-17, 86.1864-10, and 86.1865-12. 

(k) Gasoline-fueled vehicles must have a restriction in the tank filler inlet that allows inserting 
nozzles meeting the specifications of § 1090.1550(a), but not nozzles with an outside diameter 
greater than 2.3 centimeters. 

51. Amend § 86.1813-17 by revising paragraphs (a)(2)(iii) and (b) to read as follows: 

§ 86.1813-17 Evaporative and refueling emission standards. 
* * * * * 
(a) * * * 
(2) * * * 
(iii) Hydrocarbon emissions must not exceed 0.020 g for LDV and LDT and 0.030 g for HDV 
when tested using the Bleed Emission Test Procedure adopted by the California Air Resources 
Board as part of the LEV III program. This procedure quantifies diurnal emissions using the two-
diurnal test sequence without measuring hot soak emissions. For heavy-duty vehicles with a 
nominal fuel tank capacity at or above 50 gallons, operate the vehicle over a second full FTP 
cycle before measuring diurnal emissions. The standards in this paragraph (a)(2)(iii) do not apply 
for testing at high-altitude conditions. For vehicles with non-integrated refueling canisters, the 
bleed emission test and standard do not apply to the refueling canister. You may perform the 
Bleed Emission Test Procedure using the analogous test temperatures and the E10 test fuel 
specified in subpart B of this part. 
(b) Refueling emissions. Light-duty vehicles, light-duty trucks, and complete heavy-duty 
vehicles must meet the refueling emission standards in this paragraph (b) as follows when 
measured over the procedure specified in § 86.150:. These standards apply starting with model 
year 2018 for vehicles above 10,000 pounds GVWR. 

(1) The following implementation dates apply for incomplete vehicles: 
(i) Refueling standards apply starting with model year 2027 for incomplete vehicles 
certified under 40 CFR part 1037, unless the manufacturer complies with the alternate 
phase-in specified in paragraph (b)(1)(iii) of this section. If you do not meet the 
alternative phase-in requirement for model year 2026, you must certify all your 
incomplete heavy-duty vehicles above 14,000 pounds GVWR to the refueling standard in 
model year 2027. 
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(ii) Refueling standards are optional for incomplete heavy-duty vehicles at or below 
14,000 pounds GVWR, unless the manufacturer uses the alternate phase-in specified in 
paragraph (b)(1)(iii) of this section to meet standards together for heavy-duty vehicles 
above and below 14,000 pounds GVWR. 
(iii) Manufacturers may comply with an alternate phase-in of the refueling standard for 
incomplete heavy-duty vehicles as described in this paragraph (b)(1)(iii). Manufacturers 
must meet the refueling standard during the phase-in based on their projected nationwide 
production volume of all incomplete heavy-duty vehicles subject to standards under this 
subpart and under 40 CFR part 1037 as described in Table 4 of this section. Keep records 
as needed to show that you meet phase-in requirements. 
Table 4 of § 86.1813-17—Alternative Phase-In Schedule for Refueling Emission 
Standards for Incomplete Heavy-Duty Vehicles 

Model year 
Minimum percentage of vehicles 
subject to the refueling standard 

2026 40 

2027 40 

2028 80 

2029 80 

2030 100 

(2) The following refueling standards apply:  
(i1) 0.20 g THCE per gallon of fuel dispensed for vehicles using volatile liquid fuels. 
This standard also applies for diesel-fueled LDV. 
(ii2) 0.15 g THC per gallon of fuel dispensed for liquefied petroleum gas-fueled vehicles 
and natural gas-fueled vehicles. 

* * * * * 

§ 86.1819—[Removed] 

52. Remove § 86.1819. 
53. Amend § 86.1819-14 by revising paragraph (d)(12)(i) to read as follows: 

§ 86.1819-14 Greenhouse gas emission standards for heavy-duty vehicles. 
* * * * * 
(d) * * * 
(12) * * * 
(i) Configuration means a subclassification within a test group based on engine code, 
transmission type and gear ratios, final drive ratio, and other parameters we designate. Engine 
code means the combination of both “engine code” and “basic engine” as defined for light-duty 
vehicles in 40 CFR 600.002. 
* * * * * 

54. Amend § 86.1821-01 by revising paragraph (a) and adding paragraph (g) to read as 
follows: 

§ 86.1821-01 Evaporative/refueling family determination. 
(a) The gasoline-, ethanol-, methanol-, liquefied petroleum gas-, and natural gas-fueled vehicles 
described in a certification application will be divided into groupings expected to have similar 
evaporative and/or refueling emission characteristics (as applicable) throughout their useful life. 
Each group of vehicles with similar evaporative and/or refueling emission characteristics shall be 
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defined as a separate evaporative/refueling family. Manufacturers shall use good engineering 
judgment to determine evaporative/refueling families. This section applies for all sizes and types 
of vehicles that are subject to evaporative or refueling standards, including those subject to 
standards under 40 CFR 1037.103. 
* * * * * 
(g) Determine evaporative/refueling families separately for vehicles subject to standards under 
40 CFR 1037.103 based on the criteria in paragraph (b) of this section, even for vehicles you 
certify based on engineering analysis under 40 CFR 1037.103(c). In addition, if you certify such 
vehicles based on testing, include only those vehicle models in the family that are properly 
represented by that testing, as described in § 86.1828.  

55. Amend § 86.1823-08 by: 
a. Revising paragraph (c)(1)(iv)(A). 
b. Adding paragraph (m) introductory text. 
c. Revising paragraph (m)(1). 
The addition and revisions read as follows: 

§ 86.1823-08 Durability demonstration procedures for exhaust emissions. 
* * * * * 
(c) * * * 
(1) * * * 
(iv)* * * 
(A) The simulated test weight will be the equivalent test weight specified in § 86.129 using a 
weight basis of the loaded vehicle weight for light-duty vehicles and light light-duty trucks, and 
ALVW for all other vehicles. 
* * * * * 
(m) Durability demonstration procedures for vehicles subject to the greenhouse gas exhaust 
emission standards specified in § 86.1818. Determine a deterioration factor for each exhaust 
constituent as described in this paragraph (m) and in 40 CFR 600.113-12(h) through (m) to 
calculate the composite CREE DF value. 

(1) CO2. (i) Unless otherwise specified under paragraph (m)(1)(ii) or (iii) of this section, 
manufacturers may use a multiplicative CO2 deterioration factor of one or an additive 
deterioration factor of zero to determine full useful life emissions for the FTP and HFET 
tests. 
(ii) Based on an analysis of industry-wide data, EPA may periodically establish and/or 
update the deterioration factor for CO2 emissions, including air conditioning and other 
credit-related emissions. Deterioration factors established and/or updated under this 
paragraph (m)(1)(ii) will provide adequate lead time for manufacturers to plan for the 
change. 
(iii) For plug-in hybrid electric vehicles and any other vehicle model the manufacturer 
determines will experience increased CO2 emissions over the vehicle’s useful life, 
consistent with good engineering judgment, manufacturers must either install aged 
batteries and other relevant components on test vehicles as provided in paragraph (f)(2) 
of this section, determine a deterioration factor based on testing, or provide an 
engineering analysis that the vehicle is designed such that CO2 emissions will not 
increase over the vehicle’s useful life. Manufacturers may test using the whole-vehicle 
mileage accumulation procedures in § 86.1823-08 (c) or (d)(1), or manufacturers may 
request prior EPA approval for an alternative durability procedure based on good 
engineering judgment. For the testing option, each FTP test performed on the durability 
data vehicle selected under § 86.1822 must also be accompanied by an HFET test, and 
combined FTP/HFET CO2 results determined by averaging the city (FTP) and highway 
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(HFET) CO2 values, weighted 0.55 and 0.45 respectively. The deterioration factor will 
be determined for this combined CO2 value. Calculated multiplicative deterioration 
factors that are less than one shall be set to equal one, and calculated additive 
deterioration factors that are less than zero shall be set to zero. 

* * * * * 

56. Amend § 86.1843-01 by revising paragraph (f)(2) and adding paragraph (i) to read as 
follows: 

§ 86.1843-01 General information requirements. 
* * * * * 
(f) * * * 
(2) The manufacturer must submit a final update to Part 1 and Part 2 of the Application by May 1 
following the end of the model year to incorporate any applicable running changes or corrections 
which occurred between January 1 of the applicable model year and the end of the model year. A 
manufacturer may request an extension for submitting the final update. The request must clearly 
indicate the circumstances necessitating the extension. 
* * * * * 
(i) Confidential information. The provisions of 40 CFR 1068.10 and 1068.11 apply for 
information you submit under this subpart. 

57. Amend § 86.1869-12 by revising paragraph (d)(2)(i) to read as follows: 

§ 86.1869-12 CO2 credits for off-cycle CO2 reducing technologies. 
* * * * * 
(d) * * * 
(2) Notice and opportunity for public comment. (i) The Administrator will publish a notice of 
availability in the Federal Register notifying the public of a manufacturer's proposed alternative 
off-cycle credit calculation methodology. The notice will include details regarding the proposed 
methodology but will not include any Confidential Business Information (see 40 CFR 1068.10 
and 1068.11). The notice will include instructions on how to comment on the methodology. The 
Administrator will take public comments into consideration in the final determination and will 
notify the public of the final determination. Credits may not be accrued using an approved 
methodology until the first model year for which the Administrator has issued a final approval. 
* * * * * 
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PART 87—CONTROL OF AIR POLLUTION FROM AIRCRAFT AND AIRCRAFT 
ENGINES 

58. The authority citation for part 87 continues to read as follows: 
Authority: 42 U.S.C. 7401 et seq. 

59. Revise § 87.4 to read as follows:

§ 87.4 Treatment of confidential information.
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this part. 

§ 87.42—[Amended] 

60. Amend § 87.42 by removing and reserving paragraph (d). 
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PART 600—FUEL ECONOMY AND GREENHOUSE GAS EXHAUST EMISSIONS OF 
MOTOR VEHICLES 

58. The authority citation for part 600 continues to read as follows: 
Authority: 49 U.S.C. 32901—23919q, Pub. L. 109-58. 

59. Amend § 600.001 by removing the paragraph heading from paragraph (e) and adding 
paragraph (f) to read as follows: 

§ 600.001 General applicability. 
* * * * * 
(f) Unless we specify otherwise, send all reports and requests for approval to the Designated 
Compliance Officer (see § 600.002). 

60. Amend § 600.002 by adding a definition for “Designated Compliance Officer” in 
alphabetical order and revising the definitions for “Engine code”, “SC03”, and “US06” to 
read as follows: 

§ 600.002 Definitions. 
* * * * * 
Designated Compliance Officer means the Director, Light-Duty Vehicle Center, U.S. 
Environmental Protection Agency, 2000 Traverwood Drive, Ann Arbor, MI 48105; 
complianceinfo@epa.gov; www.epa.gov/ve-certification. 
* * * * * 
Engine code means one of the following: 

(1) For LDV, LDT, and MDPV, engine code means a unique combination, within a test 
group (as defined in § 86.1803 of this chapter), of displacement, fuel injection (or carburetion 
or other fuel delivery system), calibration, distributor calibration, choke calibration, auxiliary 
emission control devices, and other engine and emission control system components 
specified by the Administrator. For electric vehicles, engine code means a unique 
combination of manufacturer, electric traction motor, motor configuration, motor controller, 
and energy storage device. 
(2) For HDV, engine code has the meaning given in § 86.1819-14(d)(12) of this chapter.  
* * * * * 

SC03 means the test procedure specified in 40 CFR 1066.801(c)(2). 
* * * * * 
US06 means the test procedure as described in 40 CFR 1066.801(c)(2). 
* * * * * 

61. Amend § 600.011 by: 
a. Adding introductory text; 
b. Removing paragraph (a); 
c. Redesignating paragraph (b) as paragraph (a); revising paragraphs (a) and (c)(2) 
d. Adding a new paragraph (b); 
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e. Revising paragraph (c)(2); and 
f. Removing paragraph (d). 
The additions and revisions to read as follows: 

§ 600.011 Incorporation by reference. 
Certain material is incorporated by reference into this part with the approval of the Director of 
the Federal Register under 5 U.S.C. 552(a) and 1 CFR part 51. To enforce any edition other than 
that specified in this section, EPA must publish a document in the Federal Register and the 
material must be available to the public. All approved incorporation by reference (IBR) material 
is available for inspection at EPA and at the National Archives and Records Administration 
(NARA). Contact EPA at: U.S. EPA, Air and Radiation Docket Center, WJC West Building, 
Room 3334, 1301 Constitution Ave. NW, Washington, DC 20004; www.epa.gov/dockets; (202) 
202-1744. For information on inspecting this material at NARA, visit www.archives.gov/federal-
register/cfr/ibr-locations.html or email fr.inspection@nara.gov. The material may be obtained 
from the following sources: (a) Certain material is incorporated by reference into this part with 
the approval of the Director of the Federal Register in accordance with 5 U.S.C. 552(a) and 1 
CFR part 51. To enforce any edition other than that specified in this section, the Environmental 
Protection Agency (EPA) must publish a document in the Federal Register and the material must 
be available to the public. All approved material is available for inspection at the EPA and at the 
National Archives and Records Administration (NARA).  Contact EPA at: U.S. EPA, Air and 
Radiation Docket and Information Center, 1301 Constitution Ave., NW., Room B102, EPA West 
Building, Washington, DC 20460, www.epa.gov/dockets, (202) 202-1744. For information on the 
availability of this material at NARA, email: fr.inspection@nara.gov, or go to: 
www.archives.gov/federal-register/cfr/ibr-locations.html. The material may be obtained from the 
sources in the following paragraphs of this section. 
* * * * * 
(bd) International Organization for Standardization, Case Postale 56, CH-1211 Geneva 20, 
Switzerland;, (41) 22749 0111; central@iso.org; or www.iso.org, or central@iso.org. 

(1) ISO/IEC 18004:2006(E), Information technology - Automatic identification and data 
capture techniques - QR Code 2005 bar code symbology specification, Second Edition, 
September 1, 2006, IBR approved for § 600.302-12(b). 
(2) [Reserved] 

(c) * * * 
(2) SAE J1634 JUL2017, Battery Electric Vehicle Energy Consumption and Range Test 
Procedure, rRevised July 2017; IBR approved for §§ 600.116-12(a); 600.210-12(d); 600.311-
12(j) and (k). 

* * * * * 

§§ 600.106-08, 600.108-08, 600.109-08, and 600.110-08—[Removed] 

62. Remove the following sections: §§ 600.106-08, 600.108-08, 600.109-08, and 600.110-
08. 

63. Amend § 600.111-08 by revising the introductory text to read as follows: 

§ 600.111-08 Test procedures. 
This section describes test procedures for the FTP, highway fuel economy test (HFET), US06, 
SC03, and the cold temperature FTP tests. See 40 CFR 1066.801(c) for an overview of these 
procedures. Perform testing according to test procedures and other requirements contained in this 
part 600 and in 40 CFR part 1066. This testing includes specifications and procedures for 
equipment, calibrations, and exhaust sampling. Manufacturers may use data collected according 
to previously published test procedures for model years through 2021. In addition, we may 

B-26 

mailto:central@iso.org
www.iso.org
mailto:central@iso.org
www.archives.gov/federal-register/cfr/ibr-locations.html
mailto:fr.inspection@nara.gov
www.epa.gov/dockets
mailto:fr.inspection@nara.gov
www.archives.gov/federal
www.epa.gov/dockets


 

 

approve the use of previously published test procedures for later model years as an alternative 
procedure under 40 CFR 1066.10(c). Manufacturers must comply with regulatory requirements 
during the transition as described in 40 CFR 86.101 and 86.201. 
* * * * * 

§ 600.112-08—[Removed] 

64. Remove § 600.112-08. 
65. Amend § 600.113-12 by revising paragraphs (a)(1), (b) through (d), and (e)(1) to read as 

follows: 

§ 600.113-12 Fuel economy, CO2 emissions, and carbon-related exhaust emission 
calculations for FTP, HFET, US06, SC03 and cold temperature FTP tests. 
* * * * * 
(a) * * * 

(1) Calculate the weighted grams/mile values for the FTP test for CO2, HC, and CO, and 
where applicable, CH3OH, C2H5OH, C2H4O, HCHO, NMHC, N2O, and CH4 as specified in 
40 CFR 1066.605. Measure and record the test fuel's properties as specified in paragraph (f) 
of this section. 

* * * * * 
(b) Calculate the HFET fuel economy as follows: 

(1) Calculate the mass values for the highway fuel economy test for HC, CO, and CO2, and 
where applicable, CH3OH, C2H5OH, C2H4O, HCHO, NMHC, N2O, and CH4 as specified in 
40 CFR 1066.605. Measure and record the test fuel's properties as specified in paragraph (f) 
of this section. 
(2) Calculate the grams/mile values for the highway fuel economy test for HC, CO, and CO2, 
and where applicable CH3OH, C2H5OH, C2H4O, HCHO, NMHC, N2O, and CH4 by dividing 
the mass values obtained in paragraph (b)(1) of this section, by the actual driving distance, 
measured in miles, as specified in 40 CFR 1066.840. 

(c) Calculate the cold temperature FTP fuel economy as follows: 
(1) Calculate the weighted grams/mile values for the cold temperature FTP test for HC, CO, 
and CO2, and where applicable, CH3OH, C2H5OH, C2H4O, HCHO, NMHC, N2O, and CH4 as 
specified in 40 CFR 1066.605. 
(2) Calculate separately the grams/mile values for the cold transient phase, stabilized phase 
and hot transient phase of the cold temperature FTP test as specified in 40 CFR 1066.605. 
(3) Measure and record the test fuel's properties as specified in paragraph (f) of this section. 

(d) Calculate the US06 fuel economy as follows: 
(1) Calculate the total grams/mile values for the US06 test for HC, CO, and CO2, and where 
applicable, CH3OH, C2H5OH, C2H4O, HCHO, NMHC, N2O, and CH4 as specified in 40 CFR 
1066.605. 
(2) Calculate separately the grams/mile values for HC, CO, and CO2, and where applicable, 
CH3OH, C2H5OH, C2H4O, HCHO, NMHC, N2O, and CH4, for both the US06 City phase and 
the US06 Highway phase of the US06 test as specified in 40 CFR 1066.605 and 1066.831. In 
lieu of directly measuring the emissions of the separate city and highway phases of the US06 
test according to the provisions of 40 CFR 1066.831, the manufacturer may optionally, with 
the advance approval of the Administrator and using good engineering judgment, analytically 
determine the grams/mile values for the city and highway phases of the US06 test. To 
analytically determine US06 City and US06 Highway phase emission results, the 
manufacturer shall multiply the US06 total grams/mile values determined in paragraph (d)(1) 
of this section by the estimated proportion of fuel use for the city and highway phases 
relative to the total US06 fuel use. The manufacturer may estimate the proportion of fuel use 
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for the US06 City and US06 Highway phases by using modal CO2, HC, and CO emissions 
data, or by using appropriate OBD data (e.g., fuel flow rate in grams of fuel per second), or 
another method approved by the Administrator. 
(3) Measure and record the test fuel's properties as specified in paragraph (f) of this section. 

(e) * * * 
(1) Calculate the grams/mile values for the SC03 test for HC, CO, and CO2, and where 
applicable, CH3OH, C2H5OH, C2H4O, HCHO, NMHC, N2O, and CH4 as specified in 40 CFR 
1066.605. 

* * * * * 

66. Amend § 600.115-11 by revising the introductory text to read as follows: 

§ 600.115-11 Criteria for determining the fuel economy label calculation method. 
This section provides the criteria to determine if the derived 5-cycle method for determining fuel 
economy label values, as specified in § 600.210-08(a)(2) or (b)(2) or § 600.210-12(a)(2) or 
(b)(2), as applicable, may be used to determine label values. Separate criteria apply to city and 
highway fuel economy for each test group. The provisions of this section are optional. If this 
option is not chosen, or if the criteria provided in this section are not met, fuel economy label 
values must be determined according to the vehicle-specific 5-cycle method specified in 
§ 600.210-08(a)(1) or (b)(1) or § 600.210-12(a)(1) or (b)(1), as applicable. However, dedicated 
alternative-fuel vehicles (other than battery electric vehicles and fuel cell vehicles), dual fuel 
vehicles when operating on the alternative fuel, MDPVs, and vehicles imported by Independent 
Commercial Importers may use the derived 5-cycle method for determining fuel economy label 
values whether or not the criteria provided in this section are met. Manufacturers may 
alternatively account for this effect for battery electric vehicles, fuel cell vehicles, and plug-in 
hybrid electric vehicles (when operating in the charge-depleting mode) by multiplying 2-cycle 
fuel economy values by 0.7 and dividing 2-cycle CO2 emission values by 0.7. 
* * * * * 

67. Amend § 600.116-12 by revising paragraph (a) to read as follows: 

§ 600.116-12 Special procedures related to electric vehicles and hybrid electric vehicles. 
(a) Determine fuel economy values for electric vehicles as specified in §§ 600.210 and 600.311 
using the procedures of SAE J1634 (incorporated by reference in § 600.011). Use the procedures 
of SAE J1634, Section 8, with the following clarifications and modifications for using this and 
other sections of SAE J1634: 

(1) Vehicles that cannot complete the Multi-Cycle Range and Energy Consumption Test 
(MCT) because they are unable travel the distance required to complete the test with a fully 
charged battery, or they are unable to achieve the maximum speed on either the UDDS or 
HFEDS (Highway Fuel Economy Drive Cycle also known as the HFET) cycle should seek 
Administrator approval to use the procedures outlined in SAE J1634 Section 7 Single Cycle 
Range and Energy Consumption Test (SCT). 
(2) The MCT includes the following key-on soak times and key-off soak periods:  

(i) As noted in SAE J1634 Section 8.3.4, a 15 second key-on pause is required between 
UDDS1 and HFEDS1, and UDDS3 and HFEDS2. The key-on pause is considered a part of 
the HFEDS1 and HFEDS2 drive cycle. 
(ii) As noted in SAE J1634 Section 8.3.4, a 10- minute key-off soak period is required 
between HFEDS1 and UDDS2, and HFEDS2 and UDDS4. 
(iii) A 5-minute minimum key-off soak period up to 30 minutes may be inserted is 
required between UDDS2 and the first phase of the mid-test constant speed cycle, and 
between UDDS4 and the first phase of the end-of-test constant speed cycle., and between 
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the end of the mid-test constant speed cycle and UDDS3. Start the next test segment 
immediately if there is no key-off soak between test segments. 
(iv) If multiple phases are required during either the mid-test constant speed cycle or the 
end-of-test constant speed cycle there must be a minimum 5-minute to 30-minute key-off 
soak period between each constant speed phase as noted in SAE J1634 Section 6.6. The 
key-off soak periods between the constant speed phases may last for up to a maximum of 
30 minutes. 

(3) As noted in SAE J1634 Section 8.3.4, during all ‘key-off’ soak periods, the key or power 
switch must be in the “off” position, the hood must be closed, the test cell fan(s) must be off, 
and the brake pedal not depressed. For vehicles which do not have a key or power switch the 
vehicle must be placed in the ‘mode’ the manufacturer recommends when the vehicle is to be 
parked and the occupants exit the vehicle. 
(4) Manufacturers may determine the mid-test constant speed cycle distance (dM) using their 
own methodology and good engineering judgment. Otherwise, eEither Method 1 or Method 2 
described in Appendix A of SAE J1634 may be used to estimate the mid-test constant speed 
cycle distance (dM). The mid-test constant speed cycle distance calculation needs to be 
performed prior to beginning the test and should not use data from the test being performed. 
If Method 2 is used, multiply the result determined by the Method 2 equation by 0.8 to 
determine the mid-test constant speed cycle distance (dM). 
(5) Divide the mid-test constant speed cycle distance (dM) by 65 mph to determine the total 
time required for the mid-test constant speed cycle. If the time required is one- hour or less, 
the mid-test constant speed cycle can be performed with no key-off soak periods. If the time 
required is greater than one- hour, the mid-test constant speed cycle must be separated into 
phases such that no phase exceeds more than one- hour. At the conclusion of each mid-test 
constant speed phase, except at the conclusion of the mid-test constant speed cycle, perform a 
minimum 5-minute to 30-minute key-off soak will be performed. A key-off soak period up to 
30 minutes may be inserted between the end of the mid-test constant speed cycle and 
UDDS3. 
(6) Using good engineering judgment determine the end-of-test constant speed cycle distance 
so that it does not exceed 20% of the total distance driven during the MCT as described in 
SAE J1634 Section 8.3.3. 
(7) Divide the end-of-test constant speed cycle distance (dE) by 65 mph to determine the total 
time required for the end-of-test constant speed cycle. If the time required is one-hour or less 
the end-of-test constant speed cycle can be performed with no key-off soak periods. If the 
time required is greater than one-hour the end-of-test constant speed cycle must be separated 
into phases such that no phase exceeds more than one-hour. At the conclusion of each end-
of-test constant speed phase, perform a minimum 5-minute to 30-minute key-off soak will be 
performed. 
(8) SAE J1634 Section 3.13 defines useable battery energy (UBE) as the total DC discharge 
energy (Edctotal), measured in DC watt-hours for a full discharge test. The total DC discharge 
energy is the sum of all measured phases of a test inclusive of all drive cycle types. As key-
off soak periods are not considered part of the test phase, the discharge energy that occurs 
during the key-off soak periods is not included in the useable battery energy.  
(9) Recharging the vehicle's battery must start within three hours after the end of testing. 
(10) At the request of a manufacturer, the Administrator may approve the use of an earlier 
version of SAE J1634 when a manufacturer is carrying over data for vehicles tested using a 
prior version of SAE J1634. 
(11) All label values related to fuel economy, energy consumption, and range must be based 
on 5-cycle testing or on values adjusted to be equivalent to 5-cycle results. Prior to 
performing testing to generate a 5-cycle adjustment factor, manufacturers must request 
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Administrator approval to use SAE J1634 Appendices B and C for determining a 5-cycle 
adjustment factor with the following modifications, clarifications, and attestations:  

(i) The 20 °F charge-depleting UDDS must be performed with a minimum 10-minute 
key-off soak period between each UDDS cycle. Key-off soak periods of up to 30 minutes 
are allowed. During all ‘key-off’ soak periods, the key or power switch must be in the 
“off” position, the hood must be closed, the test cell fan(s) must be off, and the brake 
pedal not depressed. For vehicles which do not have a key or power switch the vehicle 
must be placed in the ‘mode’ the manufacturer recommends when the vehicle is to be 
parked and the occupants exit the vehicle. 
(ii) Before model year 2025, pPrior to performing the 20 °F charge-depleting UDDS, the 
vehicle must soak for a minimum of 12 hours and a maximum of 36 hours at a 
temperature of 20 °F. Prior to beginning the 12 to 36 hour cold soak at 20 °F the vehicle 
must be fully charged, the charging can take place at test laboratory ambient temperatures 
(68 to 86 °F) or at 20 °F. During the 12 to 36 hour cold soak period the vehicle may not 
be connected to a charger nor is the vehicle cabin or battery to be preconditioned during 
the 20 °F soak period. 
(iii) Beginning with the 2024 model year 2025, the 20 °F UDDS charge-depleting UDDS 
test will be replaced with a 20 °F UDDS test consisting of two2 UDDS cycles performed 
with a 10-minute key-off soak between the two UDDS cycles. The data from the two 
UDDS cycles will be used to calculate the five-cycle adjustment factor, instead of using 
the results from the entire charge-depleting data set. Manufacturers that have submitted 
and used the average data from 20 °F charge-depleting UDDS data sets will be required 
to revise their 5-cycle adjustment factor calculation and re-label vehicles using the data 
from the first two UDDS cycles only. Manufacturers, at their discretion, would also be 
allowed to re-run the 20 °F UDDS test with the battery charged to a state-of-charge (SoC) 
determined by the manufacturer. The battery does not need to be at 100% SoC before the 
20 °F cold soak. 
(iiiiv) Manufacturers must submit a written attestation to the Administrator at the 
completion of testing with the following information: 

(A) A statement noting the SoC level of the rechargeable energy storage system 
(RESS) prior to beginning the 20°F cold soak for testing performed beginning with 
model year 20252024. 
(B) A statement confirming the vehicle was not charged or preconditioned during the 
12 to 36 hour 20 °F soak period before starting the 20 °F UDDS cycle.  
(C) A summary of all the 5-cycle test results and the calculations used to generate the 
5-cycle adjustment factor, including all of the 20 °F UDDS cycles, the distance 
travelled during each UDDS and the measured DC discharge energy during each 
UDDS phase. Beginning in model year 20252024, the 20 °F UDDS test results will 
consist of only two UDDS cycles. 
(D) Beginning in model year 20242025, calculate City Fuel Economy using the 
following equation for the RunningFC instead of the equation used to calculate the 
City Fuel Economy found on Page 30 in Appendix C of SAE J1634 should be 
replaced with the following equation when calculating City Fuel Economy:

0.48 0.41 0.11 
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 0.18 𝑥  ൨

ሺ20𝑑𝑒𝑔𝐹 𝑈𝐷𝐷𝑆1 𝐵𝑎𝑔2  20𝑑𝑒𝑔𝐹 𝑈𝐷𝐷𝑆2 𝐵𝑎𝑔2ሻ
 

20𝑑𝑒𝑔𝐹 𝑈𝐷𝐷𝑆2 𝐵𝑎𝑔1
1 0.61 0.39

 0.133 𝑥 1.083 𝑥 
𝑆𝐶03 

െ ൬
𝐵𝑎𝑔3 𝐹𝑇𝑃 

 
𝐵𝑎𝑔2 𝐹𝑇𝑃ሻ

൰൨ 

(E) A description of each test group and configuration which will use the 5-cycle 
adjustment factor, including the battery capacity of the vehicle used to generate the 5-
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cycle adjustment factor and the battery capacity of all the configurations to which it 
will be applied.  

(iv) At the conclusion of the manufacturers testing and after receiving the attestations 
from the manufacturer regarding the performance of the 20 °F UDDS test processes, the 
5-cycle test results, and the summary of vehicles to which the manufacturer proposes 
applying the 5-cycle adjustment factor, the Administrator will review the submittals and 
inform the manufacturer in writing if the Administrator concurs with the manufacturer’s 
proposal. If not, the Administrator will describe the rationale to the manufacturer for not 
approving their request. 

* * * * * 

68. Amend § 600.210-12 by revising paragraphs (a) introductory text, (a)(2)(iii), and (d) to 
read as follows: 

§ 600.210-12 Calculation of fuel economy and CO2 emission values for labeling. 
(a) General labels. Except as specified in paragraphs (d) and (e) of this section, fuel economy 
and CO2 emissions for general labels may be determined by one of two methods. The first is 
based on vehicle-specific model-type 5-cycle data as determined in § 600.209-12(b). This 
method is available for all vehicles and is required for vehicles that do not qualify for the second 
method as described in § 600.115 (other than electric vehicles). The second method, the derived 
5-cycle method, determines fuel economy and CO2 emissions values from the FTP and HFET 
tests using equations that are derived from vehicle-specific 5-cycle model type data, as 
determined in paragraph (a)(2) of this section. Manufacturers may voluntarily lower fuel 
economy (MPG) values and raise CO2 values if they determine that the label values from any 
method are not representative of the in-use fuel economy and CO2 emissions for that model type, 
but only if the manufacturer changes both the MPG values and the CO2 value and revises any 
other affected label value accordingly for a model type (including but not limited to the fuel 
economy 1-10 rating, greenhouse gas 1-10 rating, annual fuel cost, 5-year fuel cost information). 
Similarly, for any electric vehicles and plug-in hybrid electric vehicles, manufacturers may 
voluntarily lower the fuel economy (MPGe) and raise the energy consumption (kW-hr/100 mile) 
values if they determine that the label values are not representative of the in-use fuel economy, 
energy consumption, and CO2 emissions for that model type, but only if the manufacturer 
changes both the MPGe and the energy consumption value and revises any other affected label 
value accordingly for a model type. Manufacturers may voluntarily lower the value for electric 
driving range if they determine that the label values are not representative of the in-use electric 
driving range. 
* * * * * 
(2) * * * 

(iii) Unless and until superseded by written guidance from the Administrator, the following 
intercepts and slopes shall be used in the equations in paragraphs (a)(2)(i) and (ii) of this 
section: 

City Intercept = 0.004091. 
City Slope =1.1601. 
Highway Intercept =0.003191. 
Highway Slope =1.2945. 

* * * * * 
(d) Calculating combined fuel economy, CO2 emissions, and driving range. (1) If the criteria in 

§ 600.115-11(a) are met for a model type, both the city and highway fuel economy and CO2 

emissions values must be determined using the vehicle-specific 5-cycle method. If the 
criteria in § 600.115-11(b) are met for a model type, the city fuel economy and CO2 

emissions values may be determined using either method, but the highway fuel economy and 
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CO2 emissions values must be determined using the vehicle-specific 5-cycle method (or 
modified 5-cycle method as allowed under § 600.114-12(b)(2)). 
(2) If the criteria in § 600.115 are not met for a model type, the city and highway fuel 
economy and CO2 emission label values must be determined by using the same method, 
either the derived 5-cycle or vehicle-specific 5-cycle. 
(3) Manufacturers may use one of the following methods to determine 5-cycle values for fuel 
economy, CO2 emissions, and driving range for electric vehicles: 

(i) Generate 5-cycle data as described in paragraph (a)(1) of this section using the 
procedures of SAE J1634 (incorporated by reference in § 600.011) with amendments and 
revisions as described in § 600.116-12(a). 
(ii) Multiply 2-cycle fuel economy values and driving range by 0.7 and divide 2-cycle 
CO2 emission values by 0.7. 
(iii) Manufacturers may ask the Administrator to approve adjustment factors for deriving 
5-cycle fuel economy results from 2-cycle test data based on operating data from their in-
use vehicles. Such data should be collected from multiple vehicles with different drivers 
over a range of representative driving routes and conditions. The Administrator may 
approve such an adjustment factor for any of the manufacturer’s vehicle models that are 
properly represented by the collected data. 

* * * * * 

69. Amend § 600.311-12 by revising paragraphs (j)(2), (j)(4) introductory text, and (j)(4)(i) 
to read as follows: 

§ 600.311-12 Determination of values for fuel economy labels. 
* * * * * 
(j) * * * 

(2) For electric vehicles, determine the vehicle's overall driving range as described in Section 
8 of SAE J1634 (incorporated by reference in § 600.011), with amendments and revisions as 
described in § 600.116. Determine separate range values for FTP-based city and HFET-based 
highway driving. Adjust these values to represent derived 5-cycle values as described in 
§600.210-12(d)(3)reflect actual in-use driving conditions, then combine them calculate a 
combined value by arithmetically by averaging the two values, weighted 0.55 and 0.45, 
respectively, and rounding to the nearest whole number.  
* * * * * 
(4) For plug-in hybrid electric vehicles, determine the adjusted charge-depleting (Rcda) 
driving range, the adjusted all electric driving range (if applicable), and overall adjusted 
driving range as described in SAE J1711 (incorporated by reference in § 600.011), as 
described in § 600.116, as follows: 

(i) Determine the vehicle's Actual Charge-Depleting Range, Rcda, separately for FTP-
based city and HFET-based highway driving. and aAdjust these values to represent 
derived 5-cycle values as described in 600.115-11reflect actual in-use driving conditions. 
Determine separate range values for FTP-based city and HFET-based highway driving, 
then combine them calculate a combined value by arithmetically by averaging the two 
values, weighted 0.55 and 0.45, respectively, and rounding to the nearest whole number. 
Precondition the vehicle as needed to minimize engine operation for consuming stored 
fuel vapors in evaporative canisters; for example, you may purge the evaporative canister 
or time a refueling event to avoid engine starting related to purging the canister. For 
vehicles that use combined power from the battery and the engine before the battery is 
fully discharged, also use this procedure to establish an all electric range by determining 
the distance the vehicle drives before the engine starts, rounded to the nearest mile. You 
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may represent this as a range of values. We may approve adjustments to these procedures 
if they are necessary to properly characterize a vehicle's all electric range. 

* * * * * 

70. Amend § 600.510-12 by revising the entry defining the term “AFE” in paragraph (e) to 
read as follows: 

§ 600.510-12 Calculation of average fuel economy and average carbon-related exhaust 
emissions. 
* * * * * 
(e) * * * 
AFE = Average combined fuel economy as calculated in paragraph (c)(2) of this section, 
rounded to the nearest 0.0001 mpg; 

* * * * * 

71. Amend § 600.512-12 by adding paragraph (a)(3) and revising paragraph (b) to read as 
follows: 

§ 600.512-12 Model year report. 
(a) * * * 
(3) Separate reports shall be submitted for passenger automobiles and light trucks (as identified 
in § 600.510-12). 
(b) The model year report shall be in writing, signed by the authorized representative of the 
manufacturer and shall be submitted no later than May 1 following the end of the model year. A 
manufacturer may request an extension for submitting the model year report if that is needed to 
provide all additional required data as determined in § 600.507-12. The request must clearly 
indicate the circumstances necessitating the extension.  
* * * * * 
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PART 1027—FEES FOR VEHICLE AND ENGINE COMPLIANCE PROGRAMS 

72. The authority citation for part 1027 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

73. Amend § 1027.101 by revising paragraph (a)(1) to read as follows:  

§ 1027.101 To whom do these requirements apply? 
(a) * * * 
(1) Motor vehicles and motor vehicle engines we regulate under 40 CFR part 86 or 1036. This 
includes light-duty vehicles, light-duty trucks, medium-duty passenger vehicles, highway 
motorcycles, and heavy-duty highway engines and vehicles. 
* * * * * 
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PART 1030—CONTROL OF GREENHOUSE GAS EMISSIONS FROM ENGINES 
INSTALLED ON AIRPLANES 

74. The authority citation for part 1030 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

75. Revise § 1030.98 to read as follows: 

§ 1030.98 Confidential information. 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this part. 

B-35 



 

 

  

PART 1031— CONTROL OF AIR POLLUTION FROM AIRCRAFT ENGINES 

76. The authority citation for part 1031 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

77. Revise § 1031.170 to read as follows: 

§ 1031.170 Confidential information. 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this 
partconsider confidential. 
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PART 1033—CONTROL OF EMISSIONS FROM LOCOMOTIVES 

78. The authority citation for part 1033 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

79. Amend § 1033.1 by revising paragraph (e) to read as follows:  

§ 1033.1 Applicability. 
* * * * * 
(e) This part applies for locomotives that were certified as freshly manufactured or 
remanufactured locomotives under 40 CFR part 92. 

§ 1033.5—[Amended] 

80. Amend § 1033.5 by removing and reserving paragraph (c). 
81. Amend § 1033.101 by revising the introductory text to read as follows: 

§ 1033.101 Exhaust emission standards. 
See appendix A of this part to determine how emission standards apply before 2023. 
* * * * * 

§ 1033.102—[Removed] 

82. Remove § 1033.102. 
83. Amend § 1033.115 by revising paragraphs (b) introductory text and (c) to read as 

follows: 

§ 1033.115 Other requirements. 
* * * * * 
(b) Adjustable parameters. Locomotives that have adjustable parameters must meet all the 
requirements of this part for any adjustment in the approved adjustable range. General provisions 
for adjustable parameters apply as specified in 40 CFR 1068.50. You must specify in your 
application for certification the adjustable range of each adjustable parameter on a new 
locomotive or new locomotive engine to– 
* * * * * 
(c) Prohibited controls. (1) General provisions. You may not design or produce your 

locomotives with emission control devices, systems, or elements of design that cause or 
contribute to an unreasonable risk to public health, welfare, or safety while operating. For 
example, a locomotive may not emit a noxious or toxic substance it would otherwise not emit 
that contributes to such an unreasonable risk. 
(2) Vanadium sublimation in SCR catalysts. For engines equipped with vanadium-based SCR 
catalysts, you must design the engine and its emission controls to prevent vanadium 
sublimation and protect the catalyst from high temperatures. We will evaluate your engine 
design based on the following information that you must include in your application for 
certification: 

(i) Identify the threshold temperature for vanadium sublimation for your specified SCR 
catalyst formulation as described in 40 CFR 1065.1113 through 1065.1121. 
(ii) Describe how you designed your engine to prevent catalyst inlet temperatures from 
exceeding the temperature you identify in paragraph (c)(2)(i) of this section, including 
consideration of engine wear through the useful life. Also describe your design for 
catalyst protection in case catalyst temperatures exceed the specified temperature.  In 
your description, include how you considered elevated catalyst temperature resulting 
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from sustained high-load engine operation, catalyst exotherms, particulate filter 
regeneration, and component failure resulting in unburned fuel in the exhaust stream. 

* * * * * 

84. Amend § 1033.120 by revising paragraph (c) to read as follows: 

§ 1033.120 Emission-related warranty requirements. 
* * * * * 
(c) Components covered. The emission-related warranty covers all components whose failure 
would increase a locomotive's emissions of any regulated pollutant. This includes components 
listed in 40 CFR part 1068, appendix A, and components from any other system you develop to 
control emissions. The emission-related warranty covers the components you sell even if another 
company produces the component. Your emission-related warranty does not need to cover 
components whose failure would not increase a locomotive's emissions of any regulated 
pollutant. For remanufactured locomotives, your emission-related warranty is required to cover 
only those parts that you supply or those parts for which you specify allowable part 
manufacturers. It does not need to cover used parts that are not replaced during the 
remanufacture. 
* * * * * 

85. Amend § 1033.205 by revising paragraph (d)(6) to read as follows: 

§ 1033.205 Applying for a certificate of conformity. 
* * * * * 
(d) * * * 
(6) A description of injection timing, fuel rate, and all other adjustable operating parameters, 
including production tolerances. For any operating parameters that do not qualify as adjustable 
parameters, include a description supporting your conclusion (see 40 CFR 1068.50(c)).  Include 
the following in your description of each adjustable parameter: 

(i) For practically adjustable operating mechanically controlled parameters, include the 
nominal or recommended setting, the intended practically physically adjustable range, the 
limits or stops used to limit adjustable ranges, and production tolerances of the limits or stops 
used to establish each physically practically adjustable range. Also include information 
showing why State that the physical limits, stops or other means of limiting adjustment, are 
effective in preventing adjustment of parameters on in-use engines to settings outside your 
intended physically practically adjustable ranges and provide information to support this 
statement. 
(ii) For programmable operating electronically controlled parameters, state that you have 
restricted access to electronic controls to prevent parameter adjustments on in-use engines 
that would allow operation outside the practically adjustable range. dDescribe how your 
engines are designed to prevent unauthorized adjustments. 

* * * * * 

86. Amend § 1033.245 by adding paragraph (f) to read as follows: 

§ 1033.245 Deterioration factors. 
* * * * * 
(f) You may alternatively determine and verify deterioration factors based on bench-aged 
aftertreatment as described in 40 CFR 1036.245 and 1036.246, with the following exceptions: 

(1) The minimum required aging for locomotive engines as specified in 40 CFR 
1036.245(c)(2) is 3,000 hours. Operate the engine for service accumulation using the same 
sequence of duty cycles that would apply for determining a deterioration factor under 
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paragraphs (a) through (d) of this section. Apply the percentage of useful life from Table 1 of 
40 CFR 1036.246 based on hours of operation rather than vehicle mileage. 
(2) Perform verification testing as described in subpart F of this part rather than 40 CFR 
1036.555520. The provisions of 40 CFR 1036.246(d)(2) and (3) do not apply. Perform 
testing consistent with the original certification to determine whether tested locomotives 
meet the duty-cycle emission standards in § 1033.101. 
(3) Apply infrequent regeneration adjustment factors as specified in § 1033.535 rather than 
40 CFR 1036.580522. 

87. Revise § 1033.525 to read as follows: 

§ 1033.525 Smoke opacity testing. 
Analyze exhaust opacity test data as follows: 
(a) Measure exhaust opacity using the procedures specified in 40 CFR 1065.1125. Perform the 
opacity test with a continuous digital recording of smokemeter response identified by notch 
setting over the entire locomotive test cycle specified in § 1033.515(c)(4) or § 1033.520(e)(4). 
Measure smokemeter response in percent opacity to within one percent resolution. 
(b) Calibrate the smokemeter as follows: 

(1) Calibrate using neutral density filters with approximately 10, 20, and 40 percent opacity. 
Confirm that the opacity values for each of these reference filters are NIST-traceable within 
185 days of testing, or within 370 days of testing if you consistently protect the reference 
filters from light exposure between tests. 
(2) Before each test, remove the smokemeter from the exhaust stream, if applicable, and 
calibrate as follows: 

(i) Zero. Adjust the smokemeter to give a zero response when there is no detectable 
smoke. 
(ii) Linearity. Insert each of the qualified reference filters in the light path perpendicular 
to the axis of the light beam and adjust the smokemeter to give a result within 1 
percentage point of the named value for each reference filter. 

(c) Use computer analysis to evaluate percent opacity for each notch setting. Treat the start of the 
first idle mode as the start of the test. Each mode ends when operator demand changes for the 
next mode (or for the end of the test). Analyze the opacity trace using the following procedure: 

(1) 3 second peak. Identify the highest opacity value over the test and integrate the highest 3 
second average including that highest value. 
(2) 30 second peak. Divide the test into a series of 30 second segments, advancing each 
segment in 1 second increments. Determine the opacity value for each segment and identify 
the highest opacity value from all the 30 second segments. 
(3) Steady-state. Calculate the average of second-by-second values between 120 and 180 
seconds after the start of each mode. For RMC modes that are less than 180 seconds, 
calculate the average over the last 60 seconds of the mode.  Identify the highest of those 
steady-state values from the different modes.  

(d) Determine values of standardized percent opacity, κstd, by correcting to a reference optical 
path length of 1 meter for comparing to the standards using the following equation:  

ଵ

𝜅ୱ୲ୢ ൌ 100  ൭1 െ ቀ1 െ 
𝜅୫ୣୟୱ ౣ౩൱
100 

ቁ 

Eq. 1033.525-1 

Where: 
κmeas = the value of percent opacity from paragraphs (c)(1) through (3) of this section. 
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lmeas = the smokemeter’s optical path length in the exhaust plume, expressed to the nearest 
0.01 meters. 

Example: 
κmeas = 14.1 % 
lmeas = 1.11 m 

ቌ1 െ ൬1 െ 
14.1

𝜅ୱ୲ୢ ൌ 100  
100 

൰
ଵ. 
ଵ
ଵଵ
ቍ ൌ 12.8 % 

𝜅ୱ୲ୢ ൌ 12.8 % 

88. Amend § 1033.630 by revising paragraph (b)(1) to read as follows: 

§ 1033.630 Staged-assembly and delegated assembly exemptions. 
* * * * * 
(b) * * * 
(1) In cases where an engine has been assembled in its certified configuration, properly labeled, 
and will not require an aftertreatment device to be attached when installed in the locomotive, no 
exemption is needed to ship the engine. You do not need an exemption to ship engines without 
specific components if they are not emission-related components identified in appendix A of 40 
CFR part 1068. 

89. Amend § 1033.815 by revising paragraph (f) to read as follows: 

§ 1033.815 Maintenance, operation, and repair. 
* * * * * 
(f) Failure to perform required maintenance is a violation of the tampering prohibition in 40 CFR 
1068.101(b)(1). Failure of any person to comply with the recordkeeping requirements of this 
section is a violation of 40 CFR 1068.101(a)(2).  

90. Amend § 1033.901 by revising the definitions of “Adjustable parameter” and 
“Designated Compliance Officer” to read as follows: 

§ 1033.901 Definitions. 
* * * * * 
Adjustable parameter has the meaning given in 40 CFR 1068.50.  means any device, system, or 
element of design that someone can adjust (including those which are difficult to access) and 
that, if adjusted, may affect emissions or locomotive performance during emission testing or 
normal in-use operation. This includes, but is not limited to, parameters related to injection 
timing and fueling rate. You may ask us to exclude a parameter if you show us that it will not be 
adjusted in a way that affects emissions during in-use operation. 
* * * * * 
Designated Compliance Officer means the Director, Diesel Engine Compliance Center, U.S. 
Environmental Protection Agency, 2000 Traverwood Drive, Ann Arbor, MI 48105; 
complianceinfo@epa.gov; www.epa.gov/ve-certification. 
* * * * * 
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91. Redesignate appendix I to part 1033 as appendix A to part 1033 and revise newly 
redesignated appendix A to read as follows: 

Appendix A to Part 1033—Original Standards for Tier 0, Tier 1 and Tier 2 Locomotives 
(a) Locomotives were originally subject to Tier 0, Tier 1, and Tier 2 emission standards 
described in paragraph (b) of this appendix as follows: 

(1) The Tier 0 and Tier 1 standards in paragraph (b) of this appendix applied instead of the 
Tier 0 and Tier 1 standards of § 1033.101 for locomotives manufactured and remanufactured 
before January 1, 2010. For example, a locomotive that was originally manufactured in 2004 
and remanufactured on April 10, 2011, was subject to the original Tier 1 standards specified 
in paragraph (b) of this appendix and became subject to the Tier 1 standards of § 1033.101 
when it was remanufactured on April 10, 2011. 
(2) The Tier 2 standards in paragraph (b) of this appendix applied instead of the Tier 2 
standards of § 1033.101 for locomotives manufactured and remanufactured before January 1, 
2013. 

(b) The following NOx and PM standards applied before the dates specified in paragraph (a) of 
this appendix: 
Table 1 to Appendix A—Original Locomotive Emission Standards 

Type of 
standard 

Year of original 
manufacture 

Tier 
Standards 
(g/bhp-hr) 

NOX PM-primary PM-alternate1a 

Line-haul 
1973-1992 Tier 0 9.5 0.60 0.30 
1993-2004 Tier 1 7.4 0.45 0.22 
2005-2011 Tier 2 5.5 0.20 0.10 

Switch 
1973-1992 Tier 0 14.0 0.72 0.36 
1993-2004 Tier 1 11.0 0.54 0.27 
2005-2011 Tier 2 8.1 0.24 0.12 

1aLocomotives certified to the alternate PM standards are also subject to alternate CO 
standards of 10.0 for the line-haul cycle and 12.0 for the switch cycle. 

(c) The original Tier 0, Tier 1, and Tier 2 standards for HC and CO emissions and smoke are the 
same standards identified in § 1033.101. 
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PART 1039—CONTROL OF EMISSIONS FROM NEW AND IN-USE NONROAD 
COMPRESSION-IGNITION ENGINES 

140. The authority citation for part 1039 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

141. Amend § 1039.105 by revising the section heading and paragraphs (a) introductory 
text and (b) introductory text to read as follows: 

§ 1039.105 What smoke opacity standards must my engines meet? 
(a) The smoke opacity standards in this section apply to all engines subject to emission standards 
under this part, except for the following engines:  
* * * * * 
(b) Measure smoke opacity as specified in § 1039.501(c). Smoke opacity from your engines may 
not exceed the following standards:  
* * * * * 

142.  Amend § 1039.115 by revising paragraphs (e) and (f) to read as follows: 

§ 1039.115 What other requirements apply? 
* * * * * 
(e) Adjustable parameters. Engines that have adjustable parameters must meet all the 
requirements of this part for any adjustment in the practicallyphysically adjustable range. We 
may require that you set adjustable parameters to any specification within the practically 
adjustable range during any testing, including certification testing, selective enforcement 
auditing, or in-use testing. General provisions for adjustable parameters apply as specified in 40 
CFR 1068.50. 
(f) Prohibited controls. (1) General provisions. You may not design your engines with emission 

control devices, systems, or elements of design that cause or contribute to an unreasonable 
risk to public health, welfare, or safety while operating. For example, an engine may not emit 
a noxious or toxic substance it would otherwise not emit that contributes to such an 
unreasonable risk. 
(2) Vanadium sublimation in SCR catalysts. For engines equipped with vanadium-based SCR 
catalysts, you must design the engine and its emission controls to prevent vanadium 
sublimation and protect the catalyst from high temperatures. We will evaluate your engine 
design based on the following information that you must include in your application for 
certification: 

(i) Identify the threshold temperature for vanadium sublimation for your specified SCR 
catalyst formulation as described in 40 CFR 1065.1113 through 1065.1121. 
(ii) Describe how you designed your engine to prevent catalyst inlet temperatures from 
exceeding the temperature you identify in paragraph (f)(2)(i) of this section, including 
consideration of engine wear through the useful life. Also describe your design for 
catalyst protection in case catalyst temperatures exceed the specified temperature.  In 
your description, include how you considered elevated catalyst temperature resulting 
from sustained high-load engine operation, catalyst exotherms, DPF regeneration, and 
component failure resulting in unburned fuel in the exhaust stream. 

* * * * * 

143.  Amend § 1039.205 by revising paragraph (s) to read as follows: 

§ 1039.205 What must I include in my application? 
* * * * * 
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(s) Describe all adjustable operating parameters (see § 1039.115(e)), including production 
tolerances. For any operating parameters that do not qualify as adjustable parameters, include a 
description supporting your conclusion (see 40 CFR 1068.50(c)). Include the following in your 
description of each adjustable parameter: 

(1) For practically adjustable mechanically controlled parameters, include the nominal or 
recommended setting, the intended practicallyphysically adjustable range, and the limits or 
stops used to limit adjustable ranges, and production tolerances of the limits or stops used to 
establish each physically adjustable range. Also include information showing why State that 
the limits, stops, or other means of inhibiting adjustment are effective in preventing 
adjustment of parameters on in-use engines to settings outside your intended 
practicallyphysically adjustable ranges. 
(2) For programmable operating parameters, state that you have restricted access to 
electronic controls to prevent parameter adjustments on in-use engines that would allow 
operation outside the practically adjustable range. For electronically controlled parameters, 
dDescribe how your engines are designed to prevent unauthorized adjustments. 

* * * * * 

144. Amend § 1039.245 by adding paragraph (e) to read as follows: 

§ 1039.245 How do I determine deterioration factors from exhaust durability testing? 
* * * * * 
(e) You may alternatively determine and verify deterioration factors based on bench-aged 
aftertreatment as described in 40 CFR 1036.245 and 1036.246, with the following exceptions: 

(1) The minimum required aging for engines as specified in 40 CFR 1036.245(c)(2) is 1,500 
hours. Operate the engine for service accumulation using the same sequence of duty cycles 
that would apply for determining a deterioration factor under paragraph (c) of this section. 
Apply the percentage of useful life from Table 1 of 40 CFR 1036.246 based on hours of 
operation rather than vehicle mileage. 
(2) Use good engineering judgment to perform verification testing using the procedures of 
§ 1039.515 rather than 40 CFR 1036.555520. For PEMS testing, Mmeasure emissions as the 
equipment goes through its normal operation over the course of the day (or shift-day). 
(3) Apply infrequent regeneration adjustment factors as specified in § 1039.525 rather than 
40 CFR 1036.580522. 

145. Amend § 1039.501 by revising paragraph (c) to read as follows: 

§ 1039.501 How do I run a valid emission test? 
* * * * * 
(c) Measure smoke opacity using the procedures in 40 CFR part 1065, subpart L, for evaluating 
whether engines meet the smoke opacity standards in § 1039.105, except that you may test two-
cylinder engines with an exhaust muffler like those installed on in-use engines. 
* * * * * 

146. Revise § 1039.655 to read as follows: 

§ 1039.655 What special provisions apply to engines sold in American Samoa or the 
Commonwealth of the Northern Mariana Islands? 
(a) The prohibitions in 40 CFR 1068.101(a)(1) do not apply to diesel-fueled engines that are 
intended for use and will be used in American Samoa or the Commonwealth of the Northern 
Mariana Islands at or above 56 kW, if subject to the following conditions are met: 

(1) The engine is intended for use and will be used in American Samoa or the 
Commonwealth of the Northern Mariana Islands. 
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(12) The engine meets the latest applicable emission standards in appendix I of this part. 
(23) You meet all the requirements of 40 CFR 1068.265. 

(b) If you introduce an engine into U.S. commerce in the United States under this section, you 
must meet the labeling requirements in § 1039.135, but add the following statement instead of 
the compliance statement in § 1039.135(c)(12): 

THIS ENGINE DOES NOT COMPLY WITH U.S. EPA TIER 4 EMISSION 
REQUIREMENTS. IMPORTING THIS ENGINE INTO THE UNITED STATES OR ANY 
TERRITORY OF THE UNITED STATES EXCEPT AMERICAN SAMOA OR THE 
COMMONWEALTH OF THE NORTHERN MARIANA ISLANDS MAY BE A 
VIOLATION OF FEDERAL LAW SUBJECT TO CIVIL PENALTY. 

(c) Introducing into commerce an engine exempted under this section in any state or territory of 
the United States other than American Samoa or the Commonwealth of the Northern Mariana 
Islands, throughout its lifetime, violates the prohibitions in 40 CFR 1068.101(a)(1), unless it is 
exempt under a different provision. 
(d) The exemption provisions in this section also applied for engines that were introduced into 
commerce in Guam before January 1, 2024[the effective date of the final rule] if they would 
otherwise have been subject to Tier 4 standards. 

147. Amend § 1039.801 by revising the definitions of “Adjustable parameter”, “Critical 
emission-related component”, and “Designated Compliance Officer” to read as follows:  

§ 1039.801 What definitions apply to this part? 
* * * * * 
Adjustable parameter has the meaning given in 40 CFR 1068.50. means any device, system, or 
element of design that someone can adjust (including those which are difficult to access) and 
that, if adjusted, may affect emissions or engine performance during emission testing or normal 
in-use operation. This includes, but is not limited to, parameters related to injection timing and 
fueling rate. You may ask us to exclude a parameter that is difficult to access if it cannot be 
adjusted to affect emissions without significantly degrading engine performance, or if you 
otherwise show us that it will not be adjusted in a way that affects emissions during in-use 
operation. 
* * * * * 
Critical emission-related component has the meaning given in 40 CFR 1068.30. 
* * * * * 
Designated Compliance Officer means the Director, Diesel Engine Compliance Center, U.S. 
Environmental Protection Agency, 2000 Traverwood Drive, Ann Arbor, MI 48105; 
complianceinfo@epa.gov; www.epa.gov/ve-certification. 
* * * * * 

148. Amend appendix I of part 1039 by revising paragraphs (a) and (b) to read as follows: 

Appendix I to Part 1039—Summary of Previous Emission Standards 
* * * * * 
(a) Tier 1 standards apply as summarized in the following table: 
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TABLE 1 TO APPENDIX I—TIER 1 EMISSION STANDARDS [G/KW-HR] 

Rated Power (kW) 
Starting 

Model Year 
NOx HC NOx+NMHC CO PM 

kW< 8 2000 — — 10.5 8.0 1.0 
8 < kW < 19 2000 — — 9.5 6.6 0.80 

19 < kW < 37 1999 — — 9.5 5.5 0.80 
37 < kW < 75 1998 9.2 — — — — 

75 < kW < 130 1997 9.2 — — — — 
130 < kW < 560 1996 9.2 1.3 — 11.4 0.54 

kW > 560 2000 9.2 1.3 — 11.4 0.54 

(b) Tier 2 standards apply as summarized in the following table: 

TABLE 2 TO APPENDIX I—TIER 2 EMISSION STANDARDS [G/KW-HR] 

Rated Power (kW) 
Starting Model 

Year 
NOx+NMHC CO PM 

kW< 8 2005 7.5 8.0 0.80 
8 < kW < 19 2005 7.5 6.6 0.80 

19 < kW < 37 2004 7.5 5.5 0.60 
37 < kW < 75 2004 7.5 5.0 0.40 

75 < kW < 130 2003 6.6 5.0 0.30 
130 < kW < 225 2003 6.6 3.5 0.20 
225 < kW < 450 2001 6.4 3.5 0.20 
450 < kW < 560 2002 6.4 3.5 0.20 

kW > 560 2006 6.4 3.5 0.20 

* * * * * 
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PART 1042—CONTROL OF EMISSIONS FROM NEW AND IN-USE MARINE 
COMPRESSION-IGNITION ENGINES AND VESSELS 

149.  The authority citation for part 1042 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

150.  Amend § 1042.110 by revising paragraph (a)(1) to read as follows: 

§ 1042.110 Recording reductant use and other diagnostic functions. 
(a) * * * 
(1) The diagnostic system must monitor reductant supply and alert operators to the need to 
restore the reductant supply, or to replace the reductant if it does not meet your concentration 
specifications. Unless we approve other alerts, use a warning lamp and an audible alarm. You do 
not need to separately monitor reductant quality if your system uses input from an exhaust NOX 

sensor (or other sensor) to alert operators when reductant quality is inadequate. However, tank 
level or DEF flow must be monitored in all cases. 
* * * * * 

151. Amend § 1042.115 by revising paragraphs (d) introductory text and (e) to read as 
follows: 

§ 1042.115 Other requirements. 
* * * * * 
(d) Adjustable parameters. General provisions for adjustable parameters apply as specified in 40 
CFR 1068.50. The following additional category-specific provisions apply: 
* * * * * 
(e) Prohibited controls. (1) General provisions. You may not design your engines with emission 

control devices, systems, or elements of design that cause or contribute to an unreasonable 
risk to public health, welfare, or safety while operating. For example, an engine may not emit 
a noxious or toxic substance it would otherwise not emit that contributes to such an 
unreasonable risk. 
(2) Vanadium sublimation in SCR catalysts. For engines equipped with vanadium-based SCR 
catalysts, you must design the engine and its emission controls to prevent vanadium 
sublimation and protect the catalyst from high temperatures. We will evaluate your engine 
design based on the following information that you must include in your application for 
certification: 

(i) Identify the threshold temperature for vanadium sublimation for your specified SCR 
catalyst formulation as described in 40 CFR 1065.1113 through 1065.1121. 
(ii) Describe how you designed your engine to prevent catalyst inlet temperatures from 
exceeding the temperature you identify in paragraph (e)(2)(i) of this section, including 
consideration of engine wear through the useful life. Also describe your design for 
catalyst protection in case catalyst temperatures exceed the specified temperature.  In 
your description, include how you considered elevated catalyst temperature resulting 
from sustained high-load engine operation, catalyst exotherms, DPF regeneration, and 
component failure resulting in unburned fuel in the exhaust stream. 

* * * * * 

152.  Amend § 1042.145 by adding paragraph (h) to read as follows: 

§ 1042.145 Interim provisions. 
* * * * * 

B-46 



 

 

 

 

 

(h) Expanded production-line testing. Production-line testing requirements for Category 1 engine 
families with a projected U.S.-directed production volume below 100 engines and for all families 
certified by small-volume engine manufacturers start to apply in model year 2024. All 
manufacturers must test no more than four engine families in a single model year, and small-
volume engine manufacturers must test no more than two engine families in a single model year.  
* * * * * 

153.  Amend § 1042.205 by revising paragraphs (c) and (s) to read as follows: 

§ 1042.205 Application requirements. 
* * * * * 
(c) If your engines are equipped with an engine diagnostic system as required under § 1042.110, 
explain how it works, describing especially the engine conditions (with the corresponding 
diagnostic trouble codes) that cause the warning lamp to go on. Also identify the communication 
protocol (SAE J1939, SAE J1979, etc.). 
* * * * * 
(s) Describe all adjustable operating parameters (see § 1042.115(d)), including production 
tolerances. For any operating parameters that do not qualify as adjustable parameters, include a 
description supporting your conclusion (see 40 CFR 1068.50(c)). Include the following in your 
description of each adjustable parameter: 

(1) For practically adjustable mechanically controlled parameters, include the nominal or 
recommended setting, the intended practicallyphysically adjustable range, and the limits or 
stops used to establish adjustable ranges. 

(i) For Category 1 engines, include information showing why state that the limits, stops, 
or other means of inhibiting mechanical adjustment are effective in preventing 
adjustment of parameters on in-use engines to settings outside your intended 
practicallyphysically adjustable ranges and provide information to support this statement. 
(ii) For Category 2 and Category 3 engines, propose a range of mechanical adjustment for 
each adjustable parameter, as described in § 1042.115(d). Include information showing 
why State that the limits, stops, or other means of inhibiting mechanical adjustment are 
effective in preventing adjustment of parameters on in-use engines to settings outside 
your proposed adjustable ranges and provide information to support this statement. 

(2) For programmable operating parameters, state that you have restricted access to 
electronic controls to prevent parameter adjustments on in-use engines that would allow 
operation outside the practically adjustable range. For electronically controlled parameters, 
dDescribe how your engines are designed to prevent unauthorized adjustments. 

* * * * * 

154. Amend § 1042.245 by adding paragraph (e) to read as follows: 

§ 1042.245 Deterioration factors. 
* * * * * 
(e) You may alternatively determine and verify deterioration factors based on bench-aged 
aftertreatment as described in 40 CFR 1036.245 and 1036.246, with the following exceptions: 

(1) The minimum required aging as specified in 40 CFR 1036.245(c)(2) is 1,500 hours for 
Category 1 engines and 3,000 hours for Category 2 engines. Operate the engine for service 
accumulation using the same sequence of duty cycles that would apply for determining a 
deterioration factor under paragraph (c) of this section. Apply the percentage of useful life 
from Table 1 of 40 CFR 1036.246 based on hours of operation rather than vehicle mileage. 
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(2) Use good engineering judgment to perform verification testing using the procedures of 
§ 1042.515 rather than 40 CFR 1036.555520. For PEMS testing, Mmeasure emissions as the 
vessel goes through its normal operation over the course of the day (or shift-day). 
(3) Apply infrequent regeneration adjustment factors as specified in § 1042.525 rather than 
40 CFR 1036.580522. 

155. Revise § 1042.301 to read as follows: 

§ 1042.301 General provisions. 
(a) If you produce freshly manufactured marine engines that are subject to the requirements of 
this part, you must test them as described in this subpart. 
(b) We may suspend or revoke your certificate of conformity for certain engine families if your 
production-line engines do not meet the requirements of this part or you do not fulfill your 
obligations under this subpart (see §§ 1042.325 and 1042.340). Similarly, we may deny 
applications for certification for the upcoming model year if you do not fulfill your obligations 
under this subpart (see § 1042.255(c)(1)).  
(c) Other regulatory provisions authorize us to suspend, revoke, or void your certificate of 
conformity, or order recalls for engine families, without regard to whether they have passed 
production-line testing requirements.  The requirements of this subpart do not affect our ability 
to do selective enforcement audits, as described in 40 CFR part 1068.  Individual engines in 
families that pass production-line testing requirements must also conform to all applicable 
regulations of this part and 40 CFR part 1068. 
(d) You may ask to use another alternate program or measurement method for testing 
production-line engines. In your request, you must show us that the alternate program gives 
equal assurance that your engines meet the requirements of this part.  We may waive some or all 
of this subpart’s requirements if we approve your alternate program.  
(e) If you certify a Category 1 or Category 2 engine family with carryover emission data, as 
described in § 1042.235(d), you may omit production-line testing if you fulfilled your testing 
requirements with a related engine family in an earlier year, except as follows: 

(1) We may require that you perform additional production-line testing under this subpart in 
any model year for cause, such as if you file a defect report related to the engine family or if 
you amend your application for certification in any of the following ways: 

(i) You designate a different supplier or change technical specifications for any critical 
emission-related components. 
(ii) You add a new or modified engine configuration such that the test data from the 
original emission-data engine do not clearly continue to serve as worst-case testing for 
certification. 
(iii) You change your family emission limit without submitting new emission data. 

(2) If you certify an engine family with carryover emission data with no production-line 
testing for more than five model years, we may require that you perform production-line 
testing again for one of those later model years unless you demonstrate that none of the 
circumstances identified in paragraph (e)(1) of this section apply for the engine family.  

(f) We may ask you to make a reasonable number of production-line engines available for a 
reasonable time so we can test or inspect them for compliance with the requirements of this part.  
For Category 3 engines, you are not required to deliver engines to us, but we may inspect and 
test your engines at any facility at which they are assembled or installed in vessels. 

B-48 



 

 

 

 

  

156.  Amend § 1042.302 by revising the introductory text to read as follows: 

§ 1042.302 Applicability of this subpart for Category 3 engines. 
If you produce Tier 3 or later Category 3 engines that are subject to the requirements of this part, 
you must test them as described in this subpart, except as specified in this section. 
* * * * * 

157.  Amend § 1042.305 by revising paragraph (a) to read as follows: 

§ 1042.305 Preparing and testing production-line engines. 
* * * * * 
(a) Test procedures. Test your production-line engines using the applicable testing procedures in 
subpart F of this part to show you meet the duty-cycle emission standards in subpart B of this 
part. For Category 1 and Category 2 engines, the not-to-exceed standards apply for this testing 
of Category 1 and Category 2 engines, but you need not do additional testing to show that 
production-line engines meet the not-to-exceed standards.  The mode cap standards apply for 
testing Category 3 engines subject to Tier 3 standards (or for engines subject to the Annex VI 
Tier III NOx standards under § 1042.650(d)). 
* * * * * 

158. Revise § 1042.310 to read as follows: 

§ 1042.310 Engine selection for Category 1 and Category 2 engines. 
(a) For Category 1 and Category 2 engine families, the minimum sample size is one engine. You 
may ask us to approve treating commercial and recreational engines as being from the same 
engine family for purposes of production-line testing if you certify them using the same 
emission-data engine. 
(b) Select engines for testing as follows: 

(1) For Category 1 engines, randomly select one engine within the first 60 days of the start of 
production for each engine family.    
(2) For Category 2 engines, randomly select one engine within 60 days after you produce the 
fifth engine from an engine family (or from successive families that are related based on your 
use of carryover data under § 1042.230(d)). 
(3) If you do not produce an engine from the engine family in the specified time frame, test 
the next engine you produce. 
(4) Test engines promptly after selecting them. You may preferentially select and test engines 
earlier than we specify. 
(5) You meet the requirement to randomly select engines under this section if you assemble 
the engine in a way that fully represents your normal production and quality procedures. 

(c) For each engine that fails to meet emission standards, select test two engines from the same 
engine family from the next fifteen engines produced or within seven days, whichever is later.  If 
you do not produce fifteen additional engines within 90 days, select test two additional engines 
within 90 days or as soon as practicable. Test engines promptly after selecting them. If an engine 
fails to meet emission standards for any pollutant, count it as a failing engine under this 
paragraph (c). 
(d) Continue testing until one of the following things happens: 

(1) You test the number of engines required under paragraphs (b) and (c) of this section. For 
example, if the initial engine fails and then two engines pass, testing is complete for that 
engine family. 
(2) The engine family does not comply according to § 1042.315 or you choose to declare that 
the engine family does not comply with the requirements of this subpart. 
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(e) You may elect to test more randomly chosen engines than we require under this section. 

159.  Amend § 1042.315 by revising paragraphs (a)(1) and (b) to read as follows: 

§ 1042.315 Determining compliance. 
* * * * * 
(a) * * * 

(1) Initial and final test results. Calculate and round the test results for each engine.  If you 
do multiple tests on an engine in a given configuration (without modifying the engine), 
calculate the initial results for each test, then add all the test results together and divide by the 
number of tests. Round this final calculated value for the final test results on that engine.  
Include the Green Engine Factor to determine low-hour emission results, if applicable. 
* * * * * 

(b) For Category 1 and Category 2 engines, if a production-line engine fails to meet emission 
standards and you test additional engines as described in § 1042.310, calculate the average 
emission level for each pollutant for all the engines.  If the calculated average emission level for 
any pollutant exceeds the applicable emission standard, the engine family fails the production-
line testing requirements of this subpart.  Tell us within ten working days if an engine fails.  You 
may request to amend the application for certification to raise the FEL of the engine family as 
described in § 1042.225(f). 

160.  Amend § 1042.320 by revising paragraph (c) to read as follows: 

§ 1042.320 What happens if one of my production-line engines fails to meet emission 
standards? 
* * * * * 
(c) Use test data from a failing engine for the compliance demonstration under § 1042.315 as 
follows: 

(1) Use the original, failing test results as described in § 1042.315, whether or not you 
modify the engine or destroy it. However, for catalyst-equipped engines, you may ask us to 
allow you to exclude an initial failed test if all the following are true: 

(i) The catalyst was in a green condition when tested initially. 
(ii) The engine met all emission standards when retested after degreening the catalyst. 
(iii) No additional emission-related maintenance or repair was performed between the 
initial failed test and the subsequent passing test. 

(2) Do not use test results from a modified engine as final test results under § 1042.315, 
unless you change your production process for all engines to match the adjustments you 
made to the failing engine. If you change production processes and use the test results from a 
modified engine, count the modified engine as the next engine in the sequence, rather than 
averaging the results with the testing that occurred before modifying the engine. 

161.  Amend § 1042.325 by revising paragraph (b) to read as follows: 

§ 1042.325 What happens if an engine family fails the production-line testing 
requirements? 
* * * * * 
(b) We will tell you in writing if we suspend your certificate in whole or in part.  We will not 
suspend a certificate until at least 15 days after the engine family fails as described in 
§ 1042.315(b). The suspension is effective when you receive our notice. 
* * * * * 
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162. Revise § 1042.345 to read as follows: 

§ 1042.345 Reporting. 
(a) Send us a test report within 45 days after you complete production-line testing for a Category 
1 or Category 2 engine family, and within 45 days after you finish testing each Category 3 
engine. We may approve a later submission for Category 3 engines if it allows you to combine 
test reports for multiple engines. 
(b) Include the following information in the report: 

(1) Describe any facility used to test production-line engines and state its location. 
(2) For Category 1 and Category 2 engines, describe how you randomly selected engines. 
(3) Describe each test engine, including the engine family’s identification and the engine’s 
model year, build date, model number, identification number, and number of hours of 
operation before testing. Also describe how you developed and applied the Green Engine 
Factor, if applicable. 
(4) Identify how you accumulated hours of operation on the engines and describe the 
procedure and schedule you used. 
(5) Provide the test number; the date, time and duration of testing; test procedure; all initial 
test results; final test results; and final deteriorated test results for all tests.  Provide the 
emission results for all measured pollutants.  Include information for both valid and invalid 
tests and the reason for any invalidation. 
(6) Describe completely and justify any nonroutine adjustment, modification, repair, 
preparation, maintenance, or test for the test engine if you did not report it separately under 
this subpart. Include the results of any emission measurements, regardless of the procedure 
or type of engine. 

(c) We may ask you to add information to your written report so we can determine whether your 
new engines conform with the requirements of this subpart.  We may also ask you to send less 
information. 
(d) An authorized representative of your company must sign the following statement: 
We submit this report under sections 208 and 213 of the Clean Air Act.  Our production-line 
testing conformed completely with the requirements of 40 CFR part 1042.  We have not changed 
production processes or quality-control procedures for test engines in a way that might affect 
emission controls.  All the information in this report is true and accurate to the best of my 
knowledge. I know of the penalties for violating the Clean Air Act and the regulations.  
(Authorized Company Representative) 
(e) Send electronic reports of production-line testing to the Designated Compliance Officer using 
an approved information format. If you want to use a different format, send us a written request 
with justification for a waiver. You may combine reports from multiple engines and engine 
families into a single report. 
(f) We will send copies of your reports to anyone from the public who asks for them.  See 
§ 1042.915 for information on how we treat information you consider confidential. 

163.  Amend § 1042.515 by revising paragraph (d) to read as follows: 

§ 1042.515 Test procedures related to not-to-exceed standards. 
* * * * * 
(d) Engine testing may occur at any conditions expected during normal operation but that are 
outside the conditions described in paragraph (c) of this section, as long as measured values are 
corrected to be equivalent to the nearest end of the specified range, using good engineering 
judgment. Correct NOX emissions for humidity as specified in 40 CFR part 1065, subpart G. 
* * * * * 
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164.  Amend § 1042.615 by revising paragraph (g) introductory text to read as follows: 

§ 1042.615 Replacement engine exemption. 
* * * * * 
(g) In unusual circumstances, you may ask us to allow you to apply the replacement engine 
exemption of this section for repowering a steamship or a vessel that becomes a “new vessel” 
under § 1042.901 as a result of modifications, as follows: 
* * * * * 

165.  Amend § 1042.660 by revising paragraph (b) to read as follows: 

§ 1042.660 Requirements for vessel manufacturers, owners, and operators. 
* * * * * 
(b) For vessels equipped with SCR systems requiring the use of urea or other reductants, owners 
and operators must report to the Designated Compliance Officer within 30 days any operation of 
such vessels without the appropriate reductant. For each reportable incident, include the cause of 
the noncompliant operation, the remedy, and an estimate of the extent of operation without 
reductant. You must remedy the problem as soon as practicable to avoid violating the tampering 
prohibition in 40 CFR 1068.101(b)(1). If the remedy is not complete within 30 days of the 
incident, notify the Designated Compliance Officer when the issue is resolved, along with any 
relevant additional information related to the repair. This reporting requirement applies for all 
engines on covered vessels even if the engines are certified to Annex VI standards instead of or 
in addition to EPA standards under this part. Failure to comply with the reporting requirements 
of this paragraph (b) is a violation of 40 CFR 1068.101(a)(2). Note that operating such engines 
without reductant is a violation of 40 CFR 1068.101(b)(1). 
* * * * * 

166.  Amend § 1042.901 by revising the definitions of “Adjustable parameter”, “Category 
1”, “Category 2”, “Critical emission-related component”, and “Designated Compliance 
Officer” and removing the definition of “Designated Enforcement Officer” to read as 
follows: 

§ 1042.901 Definitions. 
* * * * * 
Adjustable parameter has the meaning given in 40 CFR 1068.50.  means any device, system, or 
element of design that someone can adjust (including those which are difficult to access) and 
that, if adjusted, may affect emissions or engine performance during emission testing or normal 
in-use operation. This includes, but is not limited to, parameters related to injection timing and 
fueling rate. You may ask us to exclude a parameter that is difficult to access if it cannot be 
adjusted to affect emissions without significantly degrading engine performance, or if you 
otherwise show us that it will not be adjusted in a way that affects emissions during in-use 
operation. 
* * * * * 

Category 1 means relating to a marine engine with specific engine displacement below 7.0 liters 
per cylinder. See § 1042.670 to determine equivalent per-cylinder displacement for 
nonreciprocating marine engines (such as gas turbine engines). Note that the maximum specific 
engine displacement for Category 1 engines subject to Tier 1 and Tier 2 standards was 5.0 liters 
per cylinder. 

Category 2 means relating to a marine engine with a specific engine displacement at or above 7.0 
liters per cylinder but less than 30.0 liters per cylinder. See § 1042.670 to determine equivalent 
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per-cylinder displacement for nonreciprocating marine engines (such as gas turbine engines). 
Note that the minimum specific engine displacement for Category 2 engines subject to Tier 1 and 
Tier 2 standards was 5.0 liters per cylinder. 
* * * * * 
Critical emission-related component has the meaning given in 40 CFR 1068.30. 
* * * * * 
Designated Compliance Officer means the Director, Diesel Engine Compliance Center, U.S. 
Environmental Protection Agency, 2000 Traverwood Drive, Ann Arbor, MI 48105; 
complianceinfo@epa.gov; www.epa.gov/ve-certification. 
* * * * * 

167.  Amend appendix I to part 1042 by revising paragraph (a) to read as follows: 

Appendix I to Part 1042—Summary of Previous Emission Standards 
* * * * * 
(a) Engines below 37 kW. Tier 1 and Tier 2 standards for engines below 37 kW originally 
adopted under 40 CFR part 89 apply as follows:  

TABLE 1 TO APPENDIX I—EMISSION STANDARDS FOR ENGINES BELOW 37 kW (g/kW-hr) 
Rated power 

(kW) 
Tier Model year NMHC + NOx CO PM 

kW<8 
Tier 1 2000 10.5 8.0 1.0 
Tier 2 2005 7.5 8.0 0.80 

8<kW<19 
Tier 1 2000 9.5 6.6 0.80 
Tier 2 2005 7.5 6.6 0.80 

19<kW<37 
Tier 1 1999 9.5 5.5 0.80 
Tier 2 2004 7.5 5.5 0.60 

* * * * * 
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PART 1043— CONTROL OF NOX, SOX, AND PM EMISSIONS FROM MARINE 
ENGINES AND VESSELS SUBJECT TO THE MARPOL PROTOCOL 

168. The authority citation for part 1043 continues to read as follows: 
Authority: 33 U.S.C. 1901-1912. 

169. Amend § 1043.20 by removing the definition of “Public vessels” and adding a 
definition of “Public vessel” in alphabetical order to read as follows: 

§ 1043.20 Definitions. 
* * * * * 
Public vessel means a warship, naval auxiliary vessel, or other vessel owned or operated by a 
sovereign country when engaged in noncommercial service. Vessels with a national security 
exemption under 40 CFR 1042.635 are deemed to be public vessels with respect to compliance 
with NOx-related requirements of this part when engaged in noncommercial service. Similarly, 
vessels with one or more installed engines that have a national security exemption under 40 CFR 
1090.605 are deemed to be public vessels with respect to compliance with fuel content 
requirements when engaged in noncommercial service. 
* * * * * 

170. Amend § 1043.55 by revising paragraphs (a) and (b) to read as follows: 

§ 1043.55 Applying equivalent controls instead of complying with fuel requirements. 
* * * * * 
(a) The U.S. Coast Guard is the approving authority under APPS for such equivalent methods for 
U.S.-flagged vessels. 
(b) The provisions of this paragraph (b) apply for vessels equipped with controls certified by the 
U.S. Coast Guard or the Administration of a foreign-flag vessel to achieve emission levels 
equivalent to those achieved by the use of fuels meeting the applicable fuel sulfur limits of 
Regulation 14 of Annex VI. Fuels not meeting the applicable fuel sulfur limits of Regulation 14 
of Annex VI may be used on such vessels consistent with the provisions of the IAPP certificate, 
APPS and Annex VI. 
* * * * * 

171.  Amend § 1043.95 by revising paragraph (b) to read as follows: 

§ 1043.95 Great Lakes provisions. 
* * * * * 
(b) The following exemption provisions apply for ships qualifying under paragraph (a) of this 
section: 

(1) The fuel-use requirements of this part do not apply through December 31, 2025, if we 
approved an exemption under this section before [60 days after the date of publication in the 
Federal Registerinsert effective date of the final rule] based on the use of replacement 
engines certified to applicable standards under 40 CFR part 1042 corresponding to the date 
the vessel entered dry dock for service. All other requirements under this part 1043 continue 
to apply to exempted vessels, including requirements related to bunker delivery notes. 
(2) A marine diesel engine installed to repower a steamship may be certified to the Tier II 
NOx standard instead of the Tier III NOx standard pursuant to Regulation 13 of Annex VI.  
may be a replacement engine under Regulation 13.2.2 of Annex VI. Such an engine may 
qualify for an exemption from the Tier III NOx standard under Regulation 13.2.2 of Annex 
VI. 

* * * * * 
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PART 1045—CONTROL OF EMISSIONS FROM SPARK-IGNITION PROPULSION 
MARINE ENGINES AND VESSELS 

172.  The authority citation for part 1045 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

173.  Amend § 1045.115 by revising paragraphs (e) and (f) to read as follows: 

§ 1045.115 What other requirements apply? 
* * * * * 
(e) Adjustable parameters. Engines that have adjustable parameters must meet all the 
requirements of this part for any adjustment in the practicallyphysically adjustable range. We 
may require that you set adjustable parameters to any specification within the practically 
adjustable range during any testing, including certification testing, production-line testing, or in-
use testing. General provisions for adjustable parameters apply as specified in 40 CFR 1068.50. 
(f) Prohibited controls. You may not design your engines with emission control devices, 
systems, or elements of design that cause or contribute to an unreasonable risk to public health, 
welfare, or safety while operating. For example, an engine may not emit a noxious or toxic 
substance it would otherwise not emit that contributes to such an unreasonable risk. 
* * * * * 

174.  Amend § 1045.205 by revising paragraph (r) to read as follows: 

§ 1045.205 What must I include in my application? 
* * * * * 
(r) Describe all adjustable operating parameters (see § 1045.115(e)), including production 
tolerances. For any operating parameters that do not qualify as adjustable parameters, include a 
description supporting your conclusion (see 40 CFR 1068.50(c)). Include the following in your 
description of each adjustable parameter: 

(1) For practically adjustable mechanically controlled parameters, include the nominal or 
recommended setting, the intended practicallyphysically adjustable range, and the limits or 
stops used to establish adjustable ranges. Also include information showing why State that 
the limits, stops, or other means of inhibiting adjustment are effective in preventing 
adjustment of parameters on in-use engines to settings outside your intended 
practicallyphysically adjustable ranges and provide information to support this statement. 
(2) For programmable operating parameters, state that you have restricted access to 
electronic controls to prevent parameter adjustments on in-use engines that would allow 
operation outside the practically adjustable range. For electronically controlled parameters, 
dDescribe how your engines are designed to prevent unauthorized adjustments. 

* * * * * 

175.  Amend § 1045.801 by revising the definitions of “Adjustable parameter” and 
“Critical emission-related component” to read as follows:  

§ 1045.801 What definitions apply to this part? 
* * * * * 
Adjustable parameter has the meaning given in 40 CFR 1068.50.  means any device, system, or 
element of design that someone can adjust (including those which are difficult to access) and 
that, if adjusted, may affect emissions or engine performance during emission testing or normal 
in-use operation. This includes, but is not limited to, parameters related to injection timing and 
fueling rate. You may ask us to exclude a parameter that is difficult to access if it cannot be 
adjusted to affect emissions without significantly degrading engine performance, or if you 
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otherwise show us that it will not be adjusted in a way that affects emissions during in-use 
operation. 
* * * * * 
Critical emission-related component has the meaning given in 40 CFR 1068.30. 
* * * * * 

176. Revise § 1045.815 to read as follows: 

§ 1045.815 What provisions apply to confidential information? 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this part. 
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PART 1048—CONTROL OF EMISSIONS FROM NEW, LARGE NONROAD SPARK-
IGNITION ENGINES 

177.  The authority citation for part 1048 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

178.  Amend § 1048.115 by revising paragraphs (e) and (f) to read as follows: 

§ 1048.115 What other requirements apply? 
* * * * * 
(e) Adjustable parameters. Engines that have adjustable parameters must meet all the 
requirements of this part for any adjustment in the practicallyphysically adjustable range. We 
may require that you set adjustable parameters to any specification within the practically 
adjustable range during any testing, including certification testing, production-line testing, or in-
use testing. General provisions for adjustable parameters apply as specified in 40 CFR 1068.50. 
(f) Prohibited controls. You may not design your engines with emission control devices, 
systems, or elements of design that cause or contribute to an unreasonable risk to public health, 
welfare, or safety while operating. For example, an engine may not emit a noxious or toxic 
substance it would otherwise not emit that contributes to such an unreasonable risk. 
* * * * * 

179.  Amend § 1048.205 by revising paragraph (t) to read as follows: 

§ 1048.205 What must I include in my application? 
* * * * * 
(t) Describe all adjustable operating parameters (see § 1048.115(e)), including production 
tolerances. For any operating parameters that do not qualify as adjustable parameters, include a 
description supporting your conclusion (see 40 CFR 1068.50(c)). Include the following in your 
description of each adjustable parameter: 

(1) For practically adjustable mechanically controlled parameters, include the nominal or 
recommended setting, the intended practicallyphysically adjustable range, and the limits or 
stops used to establish adjustable ranges. Also include information showing why State that 
the limits, stops, or other means of inhibiting adjustment are effective in preventing 
adjustment of parameters on in-use engines to settings outside your intended 
practicallyphysically adjustable ranges and provide information to support this statement. 
(2) For programmable operating parameters, state that you have restricted access to 
electronic controls to prevent parameter adjustments on in-use engines that would allow 
operation outside the practically adjustable range. For electronically controlled parameters, 
dDescribe how your engines are designed to prevent unauthorized adjustments. 

* * * * * 

180. Amend § 1048.240 by adding paragraph (f) to read as follows: 

§ 1048.240 How do I demonstrate that my engine family complies with exhaust emission 
standards? 
* * * * * 
(f) You may alternatively determine and verify deterioration factors based on bench-aged 
aftertreatment as described in 40 CFR 1036.245 and 1036.246, with the following exceptions: 

(1) The minimum required aging for engines as specified in 40 CFR 1036.245(c)(2) is 300 
hours. Operate the engine for service accumulation using the same sequence of duty cycles 
that would apply for determining a deterioration factor under paragraph (c) of this section. 
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Apply the percentage of useful life from Table 1 of 40 CFR 1036.246 based on hours of 
operation rather than vehicle mileage. 
(2) Use good engineering judgment to perform verification testing using the procedures of 
§ 1048.515 rather than 40 CFR 1036.555520. For PEMS testing, Mmeasure emissions as the 
equipment goes through its normal operation over the course of the day (or shift-day). 

181.  Amend § 1048.501 by revising paragraph (e)(2) to read as follows: 

§ 1048.501 How do I run a valid emission test? 
* * * * * 
(e) * * * 
(2) For engines equipped with carbon canisters that store fuel vapors that will be purged for 
combustion in the engine, precondition the canister as specified in 40 CFR 86.132-96(h) and then 
operate the engine for 60 minutes over repeat runs of the duty cycle specified in appendix II of 
this part. 
* * * * * 

182.  Amend § 1048.620 by revising paragraphs (a)(3), (d), and (e) to read as follows: 

§ 1048.620 What are the provisions for exempting large engines fueled by natural gas or 
liquefied petroleum gas? 
(a) * * * 
(3) The engine must be in an engine family that has a valid certificate of conformity showing that 
it meets emission standards for engines of that power rating under 40 CFR part 1039. 
* * * * * 
(d) Engines exempted under this section are subject to all the requirements affecting engines 
under 40 CFR part 1039. The requirements and restrictions of 40 CFR part 1039 apply to anyone 
manufacturing engines exempted under this section, anyone manufacturing equipment that uses 
these engines, and all other persons in the same manner as if these were nonroad diesel engines. 
(e) You may request an exemption under this section by submitting an application for 
certification for the engines under 40 CFR part 1039. 

183.  Amend § 1048.801 by revising the definitions of “Adjustable parameter” and 
“Critical emission-related component” to read as follows:  

§ 1048.801 What definitions apply to this part? 
* * * * * . 
Adjustable parameter has the meaning given in 40 CFR 1068.50.  means any device, system, or 
element of design that someone can adjust (including those which are difficult to access) and 
that, if adjusted, may affect emissions or engine performance during emission testing or normal 
in-use operation. This includes, but is not limited to, parameters related to injection timing and 
fueling rate. You may ask us to exclude a parameter that is difficult to access if it cannot be 
adjusted to affect emissions without significantly degrading engine performance, or if you 
otherwise show us that it will not be adjusted in a way that affects emissions during in-use 
operation. 
* * * * * 
Critical emission-related component has the meaning given in 40 CFR 1068.30. 
* * * * * 
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184. Revise § 1048.815 to read as follows: 

§ 1048.815 What provisions apply to confidential information? 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this part. 
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PART 1051—CONTROL OF EMISSIONS FROM RECREATIONAL ENGINES AND 
VEHICLES 

185.  The authority citation for part 1051 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

186. Amend § 1051.115 by revising paragraphs (c), (d) introductory text, (d)(1), (d)(2) 
introductory text, and (e) to read as follows: 

§ 1051.115 What other requirements apply? 
* * * * * 
(c) Adjustable parameters. Vehicles that have adjustable parameters must meet all the 
requirements of this part for any adjustment in the practicallyphysically adjustable range. Note 
that parameters that control the air-fuel ratio may be treated separately under paragraph (d) of 
this section. We may require that you set adjustable parameters to any specification within the 
practically adjustable range during any testing, including certification testing, production-line 
testing, or in-use testing. General provisions for adjustable parameters apply as specified in 40 
CFR 1068.50. 
(d) Other adjustments. The following provisions apply for engines with carburetor jets or 
needles, and for engines with any other technology involving service to adjust air-fuel ratio that 
falls within the time and cost specifications of 40 CFR 1068.50(d)(1):  

(1) In your application for certification, specify the practicallyphysically adjustable range of 
air-fuel ratios you expect to occur in use. You may specify it in terms of engine parts (such as 
the carburetor jet size and needle configuration as a function of atmospheric conditions).  
(2) The practicallyphysically adjustable range specified in paragraph (d)(1) of this section 
must include all air-fuel ratios between the lean limit and the rich limit, unless you can show 
that some air-fuel ratios will not occur in use. 

* * * * * 
(e) Prohibited controls. You may not design your engines with emission control devices, 
systems, or elements of design that cause or contribute to an unreasonable risk to public health, 
welfare, or safety while operating. For example, an engine may not emit a noxious or toxic 
substance it would otherwise not emit that contributes to such an unreasonable risk. 
* * * * * 

187.  Amend § 1051.205 by revising paragraph (q) to read as follows: 

§ 1051.205 What must I include in my application? 
* * * * * 
(q) Describe all adjustable operating parameters (see § 1051.115(e)), including production 
tolerances. For any operating parameters that do not qualify as adjustable parameters, include a 
description supporting your conclusion (see 40 CFR 1068.50(c)). Include the following in your 
description of each adjustable parameter: 

(1) For practically adjustable mechanically controlled parameters, include the nominal or 
recommended setting, the intended practicallyphysically adjustable range, and the limits or 
stops used to establish adjustable ranges. Also include information showing why State that 
the limits, stops, or other means of inhibiting adjustment are effective in preventing 
adjustment of parameters on in-use engines to settings outside your intended 
practicallyphysically adjustable ranges and provide information to support this statement. 
(2) For programmable operating parameters, state that you have restricted access to 
electronic controls to prevent parameter adjustments on in-use engines that would allow 
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operation outside the practically adjustable range. For electronically controlled parameters, 
dDescribe how your engines are designed to prevent unauthorized adjustments. 

* * * * * 

188.  Amend § 1051.501 by revising paragraphs (c)(2), (d)(2)(i) and (d)(3) to read as 
follows: 

§ 1051.501 What procedures must I use to test my vehicles or engines? 
* * * * * 
(c) * * * 
(2) To measure fuel-line permeation emissions, use the equipment and procedures specified in 
SAE J30 as described in 40 CFR 1060.810. Prior to permeation testing of fuel line, precondition 
the fuel line by filling it with the fuel specified in paragraph (d)(3) of this section, sealing the 
openings, and soaking it for 4 weeks at (23 ±5) °C. To measure fuel-line permeation emissions, 
use the equipment and procedures specified in SAE J30 as described in 40 CFR 1060.810. Use 
the fuel specified in paragraph (d)(3) of this section. Perform daily measurements for 14 days, 
except that you may omit up to two daily measurements in any seven-day period. Maintain an 
ambient temperature of (23 ±2) °C throughout the sampling period, except for intervals up to 30 
minutes for weight measurements. 
(d) * * * 
(2) * * * 
(i) For the preconditioning soak described in § 1051.515(a)(1) and fuel slosh durability test 
described in § 1051.515(d)(3), use the fuel specified in 40 CFR 1065.710(b), or the fuel specified 
in 40 CFR 1065.710(c) blended with 10 percent ethanol by volume. As an alternative, you may 
use Fuel CE10, which is Fuel C as specified in ASTM D471 (see 40 CFR 1060.810) blended 
with 10 percent ethanol by volume. 
* * * * * 
(3) Fuel hose permeation. Use the fuel specified in 40 CFR 1065.710(b), or the fuel specified in 
40 CFR 1065.710(c) blended with 10 percent ethanol by volume for permeation testing of fuel 
lines. As an alternative, you may use Fuel CE10, which is Fuel C as specified in ASTM D471 
(see 40 CFR 1060.810) blended with 10 percent ethanol by volume. 
* * * * * 

189.  Amend § 1051.515 by revising paragraph (a)(1) to read as follows: 

§ 1051.515 How do I test my fuel tank for permeation emissions? 
* * * * * 
(a) * * * 
(1) Fill the tank with the fuel specified in § 1051.501(d)(2)(i), seal it, and allow it to soak at 28 
±5 °C for 20 weeks or at (43 ±5) °C for 10 weeks.  
* * * * * 

190.  Amend § 1051.740 by revising paragraph (b)(5) to read as follows: 

§ 1051.740 Are there special averaging provisions for snowmobiles? 
* * * * * 
(b) * * * 
(5) Credits can also be calculated for Phase 3 using both sets of standards. Without regard to the 
trigger level values, if your net emission reduction for the redesignated averaging set exceeds the 
requirements of Phase 3 in § 1051.103 (using both HC and CO in the Phase 3 equation in 
§ 1051.103), then your credits are the difference between the Phase 3 reduction requirement of 
that section and your calculated value. 
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191.  Amend § 1051.801 by revising the definitions of “Adjustable parameter” and 
“Critical emission-related component” to read as follows:  

§ 1051.801 What definitions apply to this part? 
* * * * * 
Adjustable parameter has the meaning given in 40 CFR 1068.50. means any device, system, or 
element of design that someone can adjust (including those which are difficult to access) and 
that, if adjusted, may affect emissions or engine performance during emission testing or normal 
in-use operation. This includes, but is not limited to, parameters related to injection timing and 
fueling rate. You may ask us to exclude a parameter that is difficult to access if it cannot be 
adjusted to affect emissions without significantly degrading engine performance, or if you 
otherwise show us that it will not be adjusted in a way that affects emissions during in-use 
operation. 
* * * * * 
Critical emission-related component has the meaning given in 40 CFR 1068.30. 
* * * * * 

192. Revise § 1051.815 to read as follows: 

§ 1051.815 What provisions apply to confidential information? 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this part. 

B-62 



 

 

 

 

 

  

PART 1054—CONTROL OF EMISSIONS FROM NEW, SMALL NONROAD SPARK-
IGNITION ENGINES AND EQUIPMENT 

193.  The authority citation for part 1054 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

194.  Amend § 1054.115 by revising paragraphs (b) and (d) to read as follows: 

§ 1054.115 What other requirements apply? 
* * * * * 
(b) Adjustable parameters. Engines that have adjustable parameters must meet all the 
requirements of this part for any adjustment in the practicallyphysically adjustable range. We 
may require that you set adjustable parameters to any specification within the practically 
adjustable range during any testing, including certification testing, production-line testing, or in-
use testing. You may ask us to limit idle-speed or carburetor adjustments to a smaller range than 
the practicallyphysically adjustable range if you show us that the engine will not be adjusted 
outside of this smaller range during in-use operation without significantly degrading engine 
performance. General provisions for adjustable parameters apply as specified in 40 CFR 
1068.50. 
* * * * * 
(d) Prohibited controls. You may not design your engines with emission control devices, 
systems, or elements of design that cause or contribute to an unreasonable risk to public health, 
welfare, or safety while operating. For example, an engine may not emit a noxious or toxic 
substance it would otherwise not emit that contributes to such an unreasonable risk. 
* * * * * 

195. Amend § 1054.205 by revising paragraphs (o)(1) and (q) to read as follows: 

§ 1054.205 What must I include in my application? 
* * * * * 
(o) * * * 
(1) Present emission data for hydrocarbon (such as THC, THCE, or NMHC, as applicable), NOx, 
and CO on an emission-data engine to show your engines meet the applicable exhaust emission 
standards as specified in § 1054.101. Show emission figures before and after applying 
deterioration factors for each engine. Include test data from each applicable duty cycle as 
specified in § 1054.505(b). If we specify more than one grade of any fuel type (for example, low-
temperature and all-season gasoline), you need to submit test data only for one grade, unless the 
regulations of this part specify otherwise for your engine. 
* * * * * 
(q) Describe all adjustable operating parameters (see § 1054.115(b)), including production 
tolerances. For any operating parameters that do not qualify as adjustable parameters, include a 
description supporting your conclusion (see 40 CFR 1068.50(c)). Include the following in your 
description of each adjustable parameter: 

(1) For practically adjustable mechanically controlled parameters, include the nominal or 
recommended setting, the intended practicallyphysically adjustable range, and the limits or 
stops used to establish adjustable ranges. Also include information showing why State that 
the limits, stops, or other means of inhibiting adjustment are effective in preventing 
adjustment of parameters on in-use engines to settings outside your intended 
practicallyphysically adjustable ranges and provide information to support this statement. 
(2) For programmable operating parameters, state that you have restricted access to 
electronic controls to prevent parameter adjustments on in-use engines that would allow 
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operation outside the practically adjustable range. For electronically controlled parameters, 
dDescribe how your engines are designed to prevent unauthorized adjustments. 

* * * * * 

196.  Amend § 1054.230 by revising paragraphs (b)(8) and (9) to read as follows: 

§ 1054.230 How do I select emission families? 
* * * * * 
(b) * * * 

(8) Method of control for engine operation, other than governing. For example, multi-
cylinder engines with port fuel injection may not be grouped into an emission family with 
engines that have a single throttle-body injector or carburetor. 
(9) The numerical level of the applicable emission standards. For example, an emission 
family may not include engines certified to different family emission limits, though you may 
change family emission limits without recertifying as specified in § 1054.225. 

* * * * * 

197. Amend § 1054.505 by revising paragraphs (a), (b) introductory text, (b)(1)(i), (b)(2), 
and (d) to read as follows: 

§ 1054.505 How do I test engines? 
(a) This section describes how to test engines under steady-state conditions. We may also 
perform other testing as allowed by the Clean Air Act. Sample emissions separately for each 
mode, then calculate an average emission level for the whole cycle using the weighting factors 
specified for each mode. Control engine speed as specified in this section. Use one of the 
following methods for confirming torque values for nonhandheld engines: 

(1) Calculate torque-related cycle statistics and compare with the established criteria as 
specified in 40 CFR 1065.514 to confirm that the test is valid. 
(2) Evaluate each mode separately to validate the duty cycle. All torque feedback values 
recorded during non-idle sampling periods must be within ±2 percent of the reference value 
or within ±0.27 Nꞏm of the reference value, whichever is greater. Also, the mean torque 
value during non-idle sampling periods must be within ±1 percent of the reference value or 
±0.12 Nꞏm of the reference value, whichever is greater. Control torque during idle as 
specified in paragraph (c) of this section. 

(b) Measure emissions by testing engines on a dynamometer with the test procedures for 
constant-speed engines in 40 CFR part 1065 while using the steady-state duty cycles identified in 
this paragraph (b) to determine whether it meets the exhaust emission standards specified in 
§ 1054.101(a). This paragraph (b) applies for all engines, including those not meeting the 
definition of “constant-speed engine” in 40 CFR 1065.1001. 

(1) * * * 
(i) For ungoverned handheld engines used in fixed-speed applications all having 
approximately the same nominal in-use operating speed, hold engine speed within 350 
rpm of the nominal speed for testing. We may allow you to include in your engine family, 
without additional testing, a small number of engines that will be installed such that they 
have a different nominal speed. If your engine family includes a majority of engines with 
approximately the same nominal in-use operating speed and a substantial number of 
engines with different nominal speeds, you must test engines as specified in this 
paragraph (b)(1)(i) and paragraph (b)(1)(ii) of this section. 

* * * * * 
(2) For nonhandheld engines designed to idle, use the six-mode duty cycle described in 
paragraph (b)(1) of appendix II of this part; use the five-mode duty cycle described in 
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paragraph (b)(2) of appendix II of this part for engines that are not designed to idle. If an 
engine family includes engines designed to idle and engines not designed to idle, include in 
the application for certification the test results for the duty cycle that will result in worst-case 
HC+NOx emissions based on measured values for that engine family. Control engine speed 
during the full-load operating mode as specified in paragraph (d) of this section. For all other 
modes, control engine speed to within 5 percent of the nominal speed specified in paragraph 
(d) of this section or let the installed governor (in the production configuration) control 
engine speed. For all modes except idle, control torque as needed to meet the cycle-validation 
criteria in paragraph (a) of this section. The governor may be adjusted before emission 
sampling to target the nominal speed identified in paragraph (d) of this section, but the 
installed governor must control engine speed throughout the emission-sampling period 
whether the governor is adjusted or not.  

* * * * * 
(d) During full-load operation for nonhandheld engines, operate the engine with the following 
parameters: 

(1) Select an engine speed for testing as follows: 
(i) For engines with a governed speed at full load between 2700 and 4000 rpm, select 
appropriate test speeds for the emission family. If all the engines in the emission family 
are used in intermediate-speed equipment, select a test speed of 3060 rpm. The test 
associated with intermediate-speed operation is referred to as the A Cycle. If all the 
engines in the emission family are used in rated-speed equipment, select a test speed of 
3600 rpm. The test associated with rated-speed operation is referred to as the B Cycle. If 
an emission family includes engines used in both intermediate-speed equipment and 
rated-speed equipment, measure emissions at test speeds of both 3060 and 3600 rpm. In 
unusual circumstances, you may ask to use a test speed different than that specified in 
this paragraph (d)(1)(i) if it better represents in-use operation. 
(ii) For engines with a governed speed below 2700 or above 4000 rpm, ask us to approve 
one or more test speeds to represent those engines using the provisions for special 
procedures in 40 CFR 1065.10(c)(2). 

* * * * * 

198. Amend § 1054.801 by: 
a. Revising the definitions of “Adjustable parameter” and “Critical emission-related component”. 
b. Removing the definition of “Discrete mode”. 
c. Revising the definition of “Intermediate-speed equipment”. 
d. Removing the definition of “Ramped-modal”. 
e. Revising the definitions of “Rated-speed equipment” and “Steady-state”. 
The revisions read as follows: 

§ 1054.801 What definitions apply to this part? 
* * * * * 
Adjustable parameter has the meaning given in 40 CFR 1068.50. means any device, system, or 
element of design that someone can adjust (including those which are difficult to access) and 
that, if adjusted, may affect emissions or engine performance during emission testing or normal 
in-use operation. This includes, but is not limited to, parameters related to injection timing and 
fueling rate. You may ask us to exclude a parameter that is difficult to access if it cannot be 
adjusted to affect emissions without significantly degrading engine performance, or if you 
otherwise show us that it will not be adjusted in a way that affects emissions during in-use 
operation. 
* * * * * 
Critical emission-related component has the meaning given in 40 CFR 1068.30. 
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* * * * * 
Intermediate-speed equipment includes all nonhandheld equipment in which the installed 
engine’s governed speed at full load is below 3330 rpm.  It may also include nonhandheld 
equipment in which the installed engine’s governed speed at full load is as high as 3400 rpm. 
* * * * * 
Rated-speed equipment includes all nonhandheld equipment in which the installed engine’s 
governed speed at full load is at or above 3400 rpm. It may also include nonhandheld equipment 
in which the installed engine’s governed speed at full load is as low as 3330 rpm. 
* * * * * 
Steady-state means relating to emission tests in which engine speed and load are held at a finite 
set of essentially constant values. 
* * * * * 

199. Revise § 1054.815 to read as follows: 

§ 1054.815 What provisions apply to confidential information? 
The provisions of 40 CFR 1068.10 and 1068.11 apply for information you submit under this part. 

200.  Redesignate appendix I to part 1054 as appendix A to part 1054 and amend newly 
redesignated appendix A by revising paragraph (b)(3) introductory text to read as 
follows: 

Appendix A to Part 1054—Summary of Previous Emission Standards 
* * * * * 
(b) * * * 
(3) Note that engines subject to Phase 1 standards were not subject to useful life, deterioration 
factor, production-line testing, or in-use testing provisions. In addition, engines subject to Phase 
1 standards and engines subject to Phase 2 standards were both not subject to the following 
provisions: 
* * * * * 

201. Redesignate appendix II to part 1054 as appendix B to part 1054 and revise newly 
redesignated appendix B to read as follows: 

Appendix B to Part 1054— Duty Cycles for Laboratory Testing 
(a) Test handheld engines with the following steady-state duty cycle: 
Table 1 to Appendix B—Duty Cycle for Handheld Engines 

G3 Engine Torque Weighting 
Mode  Speeda (percent)b Factors 
Number 
1 Rated speed 100 0.85 

2 Warm idle 0 0.15 

a Test engines at the specified speeds as described in 
§ 1054.505. 
b Test engines at 100 percent torque by setting operator demand 
to maximum. Control torque during idle at its warm idle speed 
as described in 40 CFR 1065.510. 

(b) Test nonhandheld engines with one of the following steady-state duty cycles: 
(1) The following duty cycle applies for engines designed to idle: 
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Table 2 to Appendix B—Duty Cycle for Nonhandheld Engines With Idle 
G2 Mode Torque Weighting 
Numbera  (percent)b Factors 

1 100 0.09 

2 75 0.20 

3 50 0.29 

4 25 0.30 

5 10 0.07 

6 0 0.05 

a Control engine speed as described in § 1054.505.  Control 
engine speed for Mode 6 as described in § 1054.505(c) for 
idle operation.
b The percent torque is relative to the value established for 
full-load torque, as described in § 1054.505. 

(2) The following duty cycle applies for engines that are not designed to idle: 
Table 3 to Appendix B—Duty Cycle for Nonhandheld Engines Without Idle 

Mode Torque Weighting 
Numbera  (percent)b Factors 

1 100 0.09 

2 75 0.21 

3 50 0.31 

4 25 0.32 

5 10 0.07 

a Control engine speed as described in § 1054.505. 
b The percent torque is relative to the value established for 
full-load torque, as described in § 1054.505. 
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PART 1060—CONTROL OF EVAPORATIVE EMISSIONS FROM NEW AND IN-USE 
NONROAD AND STATIONARY EQUIPMENT  

202.  The authority citation for part 1060 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

203. Amend § 1060.101 by revising paragraph (e)(1) to read as follows: 

§ 1060.101 What evaporative emission requirements apply under this part? 
* * * * * 
(e) * * * 
(1) Adjustable parameters. Components or equipment with adjustable parameters must meet all 
the requirements of this part for any adjustment in the practicallyphysically adjustable range. See 
40 CFR 1068.50. 
* * * * * 

204.  Amend § 1060.515 by revising paragraphs (c) and (d) to read as follows: 

§ 1060.515 How do I test EPA Nonroad Fuel Lines and EPA Cold-Weather Fuel Lines for 
permeation emissions? 
* * * * * 
(c) Except as specified in paragraph (d) of this section, measure fuel line permeation emissions 
using the equipment and procedures for weight-loss testing specified in SAE J30 or SAE J1527 
(incorporated by reference in § 1060.810). Start the measurement procedure within 8 hours after 
draining and refilling the fuel line. Perform the emission test over a sampling period of 14 days. 
You may omit up to two daily measurements in any seven-day period. Determine your final 
emission result based on the average of measured values over the 14-day period. Maintain an 
ambient temperature of (23±2) °C throughout the sampling period, except for intervals up to 30 
minutes for daily weight measurements. 
(d) For fuel lines with a nominal inner diameter below 5.0 mm, you may alternatively measure 
fuel line permeation emissions using the equipment and procedures for weight-loss testing 
specified in SAE J2996 (incorporated by reference in § 1060.810). Determine your final 
emission result based on the average of measured values over the 14-day sampling period. 
Maintain an ambient temperature of (23±2) °C throughout the sampling period, except for 
intervals up to 30 minutes for daily weight measurements. 
* * * * * 

205.  Amend § 1060.520 by revising paragraph (b)(1) to read as follows: 

§ 1060.520 How do I test fuel tanks for permeation emissions? 
* * * * * 
(b) * * * 
(1) Fill the fuel tank to its nominal capacity with the fuel specified in paragraph (e) of this 
section, seal it, and allow it to soak at (28±5) °C for at least 20 weeks. Alternatively, the fuel 
tank may be soaked for at least 10 weeks at (43±5) °C. You may count the time of the 
preconditioning steps in paragraph (a) of this section as part of the preconditioning fuel soak as 
long as the ambient temperature remains within the specified temperature range and the fuel tank 
continues to be at least 40 percent full throughout the test; you may add or replace fuel as needed 
to conduct the specified durability procedures. Void the test if you determine that the fuel tank 
has any kind of leak. 
* * * * * 

206. Amend § 1060.801 by revising the definition of “Adjustable parameter” to read as 
follows: 
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§ 1060.801 What definitions apply to this part? 
* * * * * 
Adjustable parameter has the meaning given in 40 CFR 1068.50. means any device, system, or 
element of design that someone can adjust and that, if adjusted, may affect emissions. You may 
ask us to exclude a parameter if you show us that it will not be adjusted in use in a way that 
affects emissions. 
* * * * * 
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PART 1068—GENERAL COMPLIANCE PROVISIONS FOR HIGHWAY, 
STATIONARY, AND NONROAD PROGRAMS 

283.  The authority citation for part 1068 continues to read as follows: 
Authority: 42 U.S.C. 7401-7671q. 

284. Amend § 1068.1 by revising paragraphs (a)(2), (4), (5), (6), (8), (9), and (13) and 
adding paragraph (a)(15) to read as follows: 

§ 1068.1 Does this part apply to me? 
(a) * * * 
(2) This part 1068 applies for heavy-duty motor vehicles and motor vehicle engines we regulate 
under 40 CFR parts 1036 and 1037. This includes trailers. This part 1068 applies to heavy-duty 
motor vehicles and motor vehicle engines certified under 40 CFR part 86 to the extent and in the 
manner specified in 40 CFR parts 85, 86, and 1036. 
* * * * * 
(4) This part applies to aircraft and aircraft engines we regulate under 40 CFR parts 1030 and 
1031 87 to the extent and in the manner specified in 40 CFR parts 1030 and 103187. 
(5) This part 1068 applies for locomotives that are subject to the provisions of 40 CFR part 1033.  
(6) This part 1068 applies for land-based nonroad compression-ignition engines that are subject 
to the provisions of 40 CFR part 1039. This part 1068 applies for engines certified under 40 CFR 
part 89 to the extent and in the manner specified in 40 CFR part 1039. 
* * * * * 
(8) This part 1068 applies for marine compression-ignition engines that are subject to the 
provisions of 40 CFR part 1042. This part 1068 applies for marine compression-ignition engines 
certified under 40 CFR part 94 to the extent and in the manner specified in 40 CFR part 1042. 
(9) This part 1068 applies for marine spark-ignition engines that are subject to the provisions of 
40 CFR part 1045. This part 1068 applies for marine spark-ignition engines certified under 40 
CFR part 91 to the extent and in the manner specified in 40 CFR part 1045. 
* * * * * 
(13) This part applies for small nonroad spark-ignition engines that are subject to the provisions 
of 40 CFR part 1054. This part 1068 applies for nonroad spark-ignition engines certified under 
40 CFR part 90 to the extent and in the manner specified in 40 CFR part 1054. 
* * * * * 
(15) This part 1068 applies to portable fuel containers we regulate under 40 CFR part 59 to the 
extent and in the manner specified in 40 CFR part 59, subpart F. 
* * * * * 

285. Revise § 1068.10 to read as follows: 

§ 1068.10 Practices for handling confidential business information. 
The provisions of this section apply both to any information you send us and to any information 
we collect from inspections, audits, or other site visits.  
(a) When you submit information to us, if you claim any of that information as confidential, you 
may identify what you claim to be confidential by marking, circling, bracketing, stamping, or 
some other method; however, we will not consider any claims of confidentiality over information 
we have determined to be not entitled to confidential treatment under § 1068.11 or other 
applicable provisions. 
(b) If you send us information without claiming it is confidential, we may make it available to 
the public without further notice to you, as described in 40 CFR 2.301(j). 
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(c) For submissions that include information that may be entitled to confidential treatment, we 
may require that you send a “public” copy of the report that does not include the confidential 
information. We may require that you substantiate your claim to confidential treatment for any 
items not contained in the public version. We will release additional information from the 
complete version of such a submission only as allowed under 40 CFR 2.301(j) and as described 
in this subpart and the standard-setting part. 
(d) We will safeguard your confidential business information (CBI) as described in 40 CFR 
2.301(j). Also, we will treat certain information as confidential and will only disclose this 
information if it has been determined to be not entitled to confidential treatment as specified in 
§ 1068.11(c). The following general provisions describe how we will process requests for 
making information publicly available: 

(1) Certification information. We will treat information submitted in an application for 
certification as confidential until the introduction-into-commerce date you identify in your 
application for certification consistent with 40 CFR 2.301(a)(2)(ii)(B). If you do not identify 
an introduction-into-commerce date or if we issue the certificate after your specified date, for 
the purpose of this section the introduction-into-commerce date is the date we issue the 
certificate. After that date, we will treat information submitted in an application for 
certification as described in § 1068.11 after the date we issue the certificate. 
(2) Preliminary and superseded information. Preliminary and superseded versions of 
information you submit are covered by confidentiality determinations in the same manner as 
final documents. However, we will generally not disclose preliminary or superseded 
information unless we receive a request under 5 U.S.C. 552 that specifically asks for all 
versions of a document, including preliminary and superseded versions. We will consider a 
document preliminary if we have not reviewed it to verify its accuracy or if the reporting 
deadline has not yet passed. We will consider information superseded if you submit a new 
document or a revised application for certification to replace the earlier version. 
(3) Authorizing CBI disclosure. The provisions of this section do not prevent us from 
disclosing protected information if you specifically authorize it. 
(4) Relationship to the standard-setting part. The standard-setting part may identify 
additional provisions related to confidentiality determinations. Note that the standard-setting 
part identifies information requirements that apply for each type of engine/equipment. If this 
section identifies information that is not required for a given engine, that does not create a 
requirement to submit the information. 
(5) Changes in law. The confidentiality determinations in this section and in the standard-
setting parts may be changed through the processes described in 40 CFR 2.301(j)(4).    

286. Add § 1068.11 to read as follows: 

§ 1068.11 Confidentiality determinations and related procedures.  
This section characterizes various categories of information for purposes of making 
confidentiality determinations, as follows:  
(a) This paragraph (a) applies the definition of “Emission data” in 40 CFR 2.301(a) for 
information related to engines/equipment subject to this part. “Emission data” cannot be treated 
as confidential business information and shall be available to be disclosed to the public except as 
specified in § 1068.10(d)(1). The following categories of information qualify as emission data, 
except as specified in paragraph (c) of this section: 

(1) Certification and compliance information, including information submitted in an 
application for a certificate of conformity that is used to assess compliance.  
(2) Fleet value information, including information submitted for compliance with fleet 
average emission standards and emissions related ABT credit information, including the 
information used to generate credits. 
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(3) Source family information. For example, engine family information or test group 
information would identify the regulated emission source.  
(4) Test information and results, including emission test results and other data from emission 
testing that are submitted in an application for a certificate of conformity, test results from in-
use testing, production-line testing, and any other testing to demonstrate emissions. The 
information in this category includes all related information to characterize test results, 
document the measurement procedure, and modeling inputs and outputs where the 
compliance demonstration is based on computer modeling. 
(5) ABT credit information, including information submitted for current and future 
compliance demonstrations using credits under an ABT program.  
(6) Production volume, including information submitted for compliance with fleet average 
emission standards, compliance with requirements to test production engines/equipment, or 
compliance through ABT programs. 
(7) Defect and recall information, including all information submitted in relation to a defect 
or recall except the remedial steps you identify in § 1068.510(a)(2).  
(8) Selective enforcement audit compliance information. 

(b) The following categories of information are not eligible for confidential treatment, except as 
specified in § 1068.10(d)(1): 

(1) Published information, including information that is made available in annual and 
quarterly filings submitted to the U.S. Securities and Exchanges Commission, on company 
websites, or otherwise made publicly available by the information submitter. 
(2) Observable information available to the public after the introduction to commerce date.  

(c) The following categories of information are subject to the process for confidentiality 
determinations in 40 CFR part 2 as described in 40 CFR 2.301(j)(5):. 

(1) Projected sales volume and projected production volumes. 
(2) Production start and end dates. 
(3) Detailed description of emission control operation and function.  
(4) Design specifications related to aftertreatment devices. 
(5) Description of auxiliary emission control devices (AECDs). 
(6) Plans for meeting regulatory requirements. For example, this applies for any projections 
of emission credits for the coming model year or determinations of the number of required 
repair facilities that are based on projected production volumes. 
(7) The following information related to deterioration factors and other adjustment factors: 

(i) Procedures to determine deterioration factors and other emission adjustment factors. 
(ii) Any information used to justify those procedures. 
(iii) Emission measurements you use to compare procedures or demonstrate that the 
procedures are appropriate. 

(8) Financial information related to the following items: 
(i) ABT credit transactions, including dollar amount, identity of parties, and contract 
information. 
(ii) Meeting bond requirements, including aggregate U.S. asset holdings, financial details 
regarding specific assets, whether the manufacturer or importer obtains a bond, and 
copies of bond policies. 

(9) Serial numbers or other information to identify specific engines or equipment selected for 
testing. 
(10) Procedures that apply based on your request to test engines/equipment differently than 
we specify in the regulation. This applies for special and alternative test procedures. This also 
applies, for example, if we approve a broader or narrower zone of engine operation for not-
to-exceed testing. 
(11) Information related to testing vanadium catalysts in 40 CFR part 1065, subpart L. 
(12) GPS data identifying the location for in-use emission measurements.  
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(13) Information related to possible defects that are subject to further investigation (not 
confirmed defects). 
(14) Information submitted in support of a requested exemption. 

(d) If you submit information that is not addressed in paragraphs (a) through (c) of this section, 
you may claim the information as confidential. We may require you to provide us with 
information to substantiate your claims. If claimed, we may consider this substantiating 
information to be confidential to the same degree as the information for which you are requesting 
confidential treatment. We will make our determination based on your statements to us, the 
supporting information you send us, and any other available information. However, we may 
determine that your information is not subject to confidential treatment consistent with 40 CFR 
part 2 and 5 U.S.C. 552(b)(4). 
(e) Applications for certification and submitted reports typically rely on software or templates to 
identify specific categories of information. If you submit information in a comment field 
designated for users to add general information, we will respond to requests for disclosing that 
information consistent with paragraphs (a) through (d) of this section. 

287.  Amend § 1068.30 by adding a definition for “Critical emission-related component” 
in alphabetical order and revising the definition of “Designated Compliance Officer” to 
read as follows: 

§ 1068.30 Definitions. 
* * * * * 
Critical emission-related component means a component identified in appendix A of this part 
part or system whose primary purpose is to reduce emissions or whose failure would commonly 
increase emissions without significantly degrading engine/equipment performance. 
* * * * * 
Designated Compliance Officer means one of the following: 

(1) For motor vehicles regulated under 40 CFR part 86, subpart S: Director, Light-Duty 
Vehicle Center, U.S. Environmental Protection Agency, 2000 Traverwood Drive, Ann Arbor, 
MI 48105; complianceinfo@epa.gov; www.epa.gov/ve-certification. 
(2) For compression-ignition engines used in heavy-duty highway vehicles regulated under 
40 CFR part 86, subpart A, and 40 CFR parts 1036 and 1037, and for nonroad and stationary 
compression-ignition engines or equipment regulated under 40 CFR parts 60, 1033, 1039, 
and 1042: Director, Diesel Engine Compliance Center, U.S. Environmental Protection 
Agency, 2000 Traverwood Drive, Ann Arbor, MI 48105; complianceinfo@epa.gov; 
www.epa.gov/ve-certification. 
(3) Director, Gasoline Engine Compliance Center, U.S. Environmental Protection Agency, 
2000 Traverwood Drive, Ann Arbor, MI 48105; complianceinfo@epa.gov; www.epa.gov/ve-
certification, for all the following engines and vehicles: 

(i) For spark-ignition engines used in heavy-duty highway vehicles regulated under 40 
CFR part 86, subpart A, and 40 CFR parts 1036 and 1037, 
(ii) For highway motorcycles regulated under 40 CFR part 86, subpart E. 
(iii) For nonroad and stationary spark-ignition engines or equipment regulated under 40 
CFR parts 60, 1045, 1048, 1051, 1054, and 1060. 

288. Add § 1068.50 to read as follows: 

§ 1068.50 Adjustable parameters. 
(a) The standard-setting part generally requires as a condition of certification that production 
engines, pre-production engines, and in-use engines with adjustable parameters meet all the 
requirements of this the standard-setting part for any adjustment setting in the physically 
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practically adjustable range. This section defines these terms and describes general provisions 
that apply broadly across sectors. This section refers to engines, because most adjustable 
parameters are integral to the engine even in the case of equipment-based standards;. Tthis 
section also applies for equipment-based adjustable parameters. The provisions of this section 
apply starting with model year 20272024 and are optional for earlier model years. 
(b) You must use good engineering judgment for all decisions related to adjustable parameters.  
We recommend that you ask for preliminary approval for decisions related to new technologies, 
substantially changed engine designs, or new methods for limiting adjustability.  The standard-
setting part describes the information you must include in the application for certification related 
to adjustable parameters. Decisions related to adjustable parameters include the following: 

(1) Determining which engine operating parameters qualify as adjustable parameters.  
(2) Establishing the adequacy of the limits, stops, seals, programming limits, inducements, or 
other means used to limit adjustment, limit reprogramming, or ensure replenishment. 
(3) Defining the physically practically adjustable ranges for each such parameter. 

(c) For purposes of this section, “operating parameter” means any feature that can, by the nature 
of its design, be adjusted to affect engine/equipment performance, including engine components 
that are designed to be replaced. For example, while bolts used to assemble the engine are 
practically adjustable (can be loosened or tightened), they are not adjustable parameters because 
they are not operating parameters. Consider all programmable parameters not involving user-
selectable controls to be a single, collective operating parameter. See paragraph (h) of this 
section for special provisions related to elements of design involving consumption and 
replenishment. 
(d) A nonconsumable oOperating parameters areis considered an adjustable parameters if they 
are practically adjustable by a user or other person by physical adjustment, programmable 
adjustment, or regular replenishment of a fluid or other consumable material.  as follows: (1) 
However, Aan operating parameter is not an adjustable parameter if– 

(1) wWe determine it is permanently sealed or it is not practically adjustable using available 
tools, as described in paragraph (ed) of this section;, or 
(2) wWe determine that engine operation over the full range of adjustment does not affect 
emissions without also degrading engine performance to the extent that operators will be 
aware of the problem. Also, while spark plug gap and valve lash are practically adjustable 
operating parameters, they are not adjustable parameters because adjusting them does not 
affect emissions without also degrading engine performance.  

(e2) An operating parameter is considered practically adjustable as followsThe following 
specific criteria apply for determining whether a parameter is practically adjustable because it is 
permanently sealed or otherwise inaccessible: 
(1) Physically adjustable parameters are considered practically adjustable if the adjustment is 
accessible and can be performed by an experienced mechanic using appropriate tools within the 
following time and cost thresholds, excluding extraordinary measures: 
(i) For engines at or below 30 kW, physically adjustable parameters are considered practically 
adjustable if a typical user can make adjustments with ordinary tools within take more than 15 
minutes using or involve service parts that cost no more than $30. for engines at or below 30 kW, 
or 
(ii) For 30 – 560 kW engines, physically adjustable parameters are considered practically 
adjustable if a qualified mechanic can make adjustments with ordinary tools within take more 
than 60 minutes using or involve service parts that cost no more than $60 for engines between 30 
kW and 560 kW. 
(iii) For engines above 560 kW, physically adjustable parameters are considered practically 
adjustable if a qualified mechanic can make adjustments with any available supplies and tools 
within 60 minutes. 
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(iv) These cCosts thresholds in this section are expressed in 2020 dollars. Adjust these values 
for certification by comparing most recently available Consumer Price Index for All Urban 
Consumers (CPI-U) value published by the Bureau of Labor Statistics at 
www.bls.gov/data/inflation_calculator.htm. www.usinflationcalculator.com. As used in this 
paragraph (d), the term “ordinary tools” includes hand tools, solvents, or other supplies that are 
reasonably available to the operator. Hand tools include screwdrivers, pliers, hammers, awls, 
wrenches, electric screwdrivers, electric drills, and any tools supplied by the manufacturer with 
the product. Any such items that are sold at hardware stores, automotive parts supply stores or on 
the Internet are considered available. 
(v) The cCost thresholds described in this paragraph (d)(1) do not include the cost of labor or the 
cost of any necessary tools or nonconsumable supplies.; the tTime thresholds refer to the time 
required to access and adjust the parameter, excluding any time necessary to purchase parts, 
tools, or supplies, or to perform testing. 
(vi1) As used in this paragraph (d), tThe term “ordinary tools” has the following meanings for 
different sizes of engines: 
(A) Ordinary tools consist of slotted and Phillips head screwdrivers, pliers, hammers, awls, 
wrenches, electric screwdrivers, electric drills, and any tools supplied by the manufacturer, 
where those tools are used for their intended purpose.  
(B) For 30 – 560 kW engines, ordinary tools includes the tools identified in paragraph 
(e)(1)(vi)(A) of this section and any other hand tools, solvents, or other supplies Any such items 
that are sold at hardware stores, automotive parts supply stores or on the Internet are considered 
available. 
(vii) The following extraordinary measures are not included when determining whether a 
physically adjustable parameter is considered “practically adjustable” according to the specified 
time and cost thresholds: 
(A) Removing the cylinder head(s) from the engine block. 
(B) Fully or partially removing a carburetor.  
(C) Drilling or grinding through caps or plugs. 
(D) Causing damage to engine or equipment if the associated repair would exceed the time or 
cost thresholds in this paragraph (e)(1). 
(E) Making special tools to override design features that prevent adjustment. Note that 
extraordinary measures do not include purchase of such special tools if they become available as 
described in paragraph (e)(1)(vi)(B) of this section. For engines at or above 560 kW, 
mechanically controlled parameters are considered “practically adjustable” if the parameter can 
be adjusted using any available tools. Determine the practically adjustable range of 
mechanically controlled parameters as described in paragraph (e) this section. 

(2) A programmable operating parameter is Electronically controlled parameters are 
considered “practically adjustable” if an experienced mechanic can adjust the parameter they 
can be adjusted using any available tools (including devices that are used to alter computer 
code). Conversely, such parameters are not practically adjustable if you limit access to the 
electronic control units modules with password or encryption protection. You must have 
adequate protections in place to prevent distribution and use of passwords or encryption keys. 
We may exclude operating parameters (or narrow the adjustable range under paragraph (f) of 
this section) where we determine that the operating parameters will not be subject to in-use 
adjustment or will be subject to a more limited in-use adjustment.  Our approval may include 
conditions to ensure that the certified configuration includes adjustable ranges that reflect the 
expected range of in-use adjustment.  This paragraph (e)(2)(d)(2) applies for engines with 
any degree of electronic programmable control. Determine the practically adjustable range 
of electronically controlled parameters as described in paragraph (f) of this 
section.Programmable settings are considered practically adjustable if any of the following 
apply: 
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(i) The user can make the adjustment by following instructions in the owners manual. 
(ii) An experienced mechanic can make the adjustment using ordinary digital interface 
tools for selecting available settings or options as described in this paragraph (e)(2). 
(d)(2)(i) Electronic components on circuit boards (such as onboard computers) are not 
practically adjustable if the board is encapsulated with a durable resin that adequately 
limits access to components on the board, consistent with paragraph (d)(1) of this section.  
(d)(2)(ii) Threaded fasteners (such as screws) on mechanically controlled engines are 
considered not practically adjustable if simple tools cannot be used to adjust the 
parameter once the head is sheared off after adjustment at the factory, or if the fastener is 
recessed within a larger, permanent body and sealed with a durable plug, cap, or cover 
plate that adequately limits access to the fastener, consistent with paragraph (d)(1) of this 
section. 
(d)(2)(iii) Bimetal springs on mechanically controlled engines are considered not 
practically adjustable if the plate covering the bimetal spring is riveted or welded in place 
or it is held in place with threaded fasteners meeting the specifications described in this 
paragraph (c)(2). 

(d) The following provisions apply for determining whether operating parameters are 
“practically adjustable”: 
(fe) The practically adjustable range for physically adjustable operating parameters is based on 
design features to create physical limits or stops to limit adjustment. A physical limit or stop is 
adequate for defining the limits of the practically adjustable range if it has the following 
characteristics: 

(1) In the case of a threaded adjustment, the head is sheared off after adjustment at the 
factory or the threads are terminated, pinned, or crimped to prevent additional travel without 
such that the operator cannot bypass the physical limit or stop without causing damage for 
which the repairs would exceed the time or cost thresholds specified in paragraph (e)(1)(d)(1) 
of this section. 
(2) In the case of fasteners, bimetal springs, or other mechanical devices used to limit 
adjustment, those devices are recessed within a larger, permanent body and sealed with a 
plug, cap, or cover plate that limits access to the device consistent with the time and cost 
thresholds in paragraph (e)(1) of this section. 
(32) Operators cannot exceed the travel or rotation limits using appropriate ordinary tools 
without causing damage for which the repairs would exceed the time or cost thresholds 
specified in paragraph (e)(1)(d)(1) of this section. For example, if a vehicle has a shim, 
bushing, or other device to limit flow rates, range of travel, or other parameters to prevent 
operating outside of a specified range of engine or vehicle speeds, you must take steps to 
prevent operators or mechanics from removing, replacing, or altering those parts to operate at 
a wider range of engine or vehicle speeds.   

(gf) Apply the following provisions to determine the practically adjustable range for 
electronically controlled programmable parameters that can be adjusted by changing software or 
operating parameters (“reflashed”):  

(1) If an engine family includes multiple operating modes or other algorithms that can be 
selected or are easily accessible, consider each of the available selectable or accessible modes 
or settings to be within the practically adjustable range. 
(2) If you sell or offer to sell software or other tools products that an experienced mechanic 
not affiliated with the manufacturer could be used to reflash or otherwise modify the 
electronic control unitmodule, consider all those settings to be within the practically 
adjustable range. 
(3) If your engines/equipment have other electronic settings that can be modified or accessed 
as described in paragraph (d)(2) of this section, consider all those settings to be within the 
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practically adjustable range. The following engine systems and features illustrate examples of 
the types of electronic programmable settings for which this paragraph (g)(f)(3) applies: 

(i) Air-fuel setpoints for closed-loop fuel systems. 
(ii) Reductant flow systems. 
(iii) Base maps for fuel injection or spark timing. 
(iv) Exhaust gas recirculation maps. 

(h) The following provisions apply for adjustable parameters related to elements of design 
involving consumption and replenishment, such as DEF tank fill level and hybrid battery state of 
charge: 

(1) We will determine the range of adjustability based on the likelihood of in-use operation at 
a given point in the physically adjustable range.  We may determine that operation in certain 
subranges within the physically adjustable range is sufficiently unlikely that the subranges 
should be excluded from the allowable adjustable range for testing. In such cases, the 
engines/equipment are not required to meet the emission standards for operation in an 
excluded subrange. 
(2) Shipping new engines/equipment in a state or configuration requiring replenishment to be 
within the range of adjustability for a certified configuration does not cause a violation of the 
prohibition in § 1068.101(a)(1). 

(ig) We will make determinations regarding in-use adjustments of adjustable parameters under 
this section for certifying engines as follows: 

(1) Our determinations will depend on in-use maintenance practices conforming to the 
maintenance and service information you provide.  For example, if your published 
maintenance instructions describe routine procedures for adjusting engines or if you or your 
dealers make specialized tools available to operators, we will conclude that such adjustments 
are likely to occur. Also, your maintenance and service information may not specify 
adjustable ranges that are broader than those that you specify in your application for 
certification. 
(2) We may review manufacturer statements under this section for certifying engines for a 
later model year if we learn from observation of in-use engines or other information that a 
parameter was in fact practically adjustable or that the specified operating range was in fact 
not correct. We may require you to include a new adjustable parameter or to revise your 
specified operating range for an adjustable parameter.  

(h) (i) In your application for certification, include information related to adjustable parameters 
as described in the standard-setting part and state that you meet the specifications of this section 
and provide supporting documentation for that statement as follows: 

(1) If your engine is designed with mechanically controlled adjustable parameters, state that 
they meet the specifications of this section for preventing in-use operation outside the 
intended physically adjustable range. 
(2) If your engine is designed with electronically controlled operating parameters that you 
consider “not practically adjustable,” state that you have restricted access to the electronic 
controls as specified in this section to prevent in-use operation outside the practically 
adjustable range. 

(j) We may inspect your engines at any time to determine whether they meet the specifications of 
this section. We may purchase engines for testing, or we may ask you to supply engines for such 
inspections. We will inspect using appropriate ordinary tools and time limits specified in 
paragraph (d)(1) of this section and using any available devices that alter computer code, as 
specified in paragraph (e)(2)(d)(2) of this section. The inspection will determine the following: 

(1) If the adjustable parameter is limited to the physically adjustable range specified in the 
manufacturer’s certification application. 
(2) If physical stops for mechanically controlled physically adjustable parameters can be 
bypassed using methods outlined in paragraph (f)(d)(1) of this section. 
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(k) Except as provided in the standard-setting part and this paragraph (k)(h), engines are not in 
the certified configuration if you produce them with adjustable parameters set outside the range 
specified in your application for certification.  Similarly, engines are not in the certified 
configuration if you produce them with other operating parameters that do not conform to the 
certified configuration. Where we determine that you failed to identify something that should be 
considered an adjustable parameter, we may require you to treat the parameter as defective under 
§ 1068.501. If we determine you deliberately misrepresented the accessibility of the parameter or 
that you did not act in good faith, we may take action regarding your certificate as described in 
the standard-setting part (see, for example, 40 CFR 1054.255).  
(l) Nothing in this section limits the tampering prohibition of § 1068.101(b)(1) or the defeat 
device prohibition of § 1068.101(b)(2). 

289. Amend § 1068.101 by revising paragraphs (a) introductory text and (b)(5) to read as 
follows: 

§ 1068.101 What general actions does this regulation prohibit? 
* * * * * 
(a) The following prohibitions and requirements apply to manufacturers of new engines, 
manufacturers of equipment containing these engines, manufacturers of new equipment, and 
other persons as provided by § 1068.1(a), except as described in subparts C and D of this part: 
* * * * * 
(b) * * * 
(5) Importation. You may not import an uncertified engine or piece of equipment if it is defined 
to be new in the standard-setting part with a model year for which emission standards applied. 
Anyone violating this paragraph (b)(5) is deemed to be a manufacturer in violation of paragraph 
(a)(1) of this section. We may assess a civil penalty up to $44,539 for each engine or piece of 
equipment in violation. Note the following:  
* * * * * 

290. Amend § 1068.210 by revising paragraph (c) introductory text to read as follows: 

§ 1068.210 Exempting test engines/equipment. 
* * * * * 
(c) If you are a certificate holder, you may request an exemption for engines/equipment you 
intend to include in a test program. 
* * * * * 

291.  Amend § 1068.220 by revising paragraph (b) to read as follows: 

§ 1068.220 Exempting display engines/equipment. 
* * * * * 
(b) Nonconforming display engines/equipment will be exempted if they are used for displays in 
the interest of a business or the general public. The exemption in this section does not apply to 
engines/equipment displayed for any purpose we determine is inappropriate for a display 
exemption. 
* * * * * 

292.  Amend § 1068.240 by revising paragraphs (a)(1), (b)(3), and (c)(3)(ii) to read as 
follows: 

§ 1068.240 Exempting new replacement engines. 
* * * * * 

B-78 



 

 

 

(a) * * * 
(1) Paragraphs (b) and (c) of this section describe different approaches for exempting new 
replacement engines where the engines are specially built to correspond to an engine model 
from an earlier model year that was subject to less stringent standards than those that apply 
for current production (or is no longer covered by a certificate of conformity). You must 
comply with the requirements of paragraph (b) of this section for any number of replacement 
engines you produce in excess of what we allow under paragraph (c) of this section. You 
must designate engines you produce under this section as tracked engines under paragraph 
(b) of this section or untracked engines under paragraph (c) of this section by the deadline for 
the report specified in paragraph (c)(3) of this section. 
* * * * * 

(b) * * * 
(3) An old engine block replaced by a new engine exempted under this paragraph (b) may be 
reintroduced into U.S. commerce as part of an engine that meets either the current standards 
for new engines, the provisions for new replacement engines in this section, or another valid 
exemption. Otherwise, you must destroy the old engine block (or confirm that it has been 
destroyed), or export the engine block without its emission label. Note that this paragraph 
(b)(3) does not require engine manufacturers to take possession of the engine being replaced. 
Owners may arrange to keep the old engine if they demonstrate that the engine block has 
been destroyed. An engine block is destroyed under this paragraph (b)(3) if it can never be 
restored to a running configuration.  

* * * * * 
(c) * * * 

(3) * * * 
(ii) Count exempt engines as tracked under paragraph (b) of this section only if you meet 
all the requirements and conditions that apply under paragraph (b)(2) of this section by 
the due date for the annual report. In the annual report you must identify any replaced 
engines from the previous year whose final disposition is not resolved by the due date for 
the annual report. Continue to report those engines in later reports until the final 
disposition is resolved. If the final disposition of any replaced engine is not resolved for 
the fifth annual report following the production report, treat this as an untracked 
replacement in the fifth annual report for the preceding year.  

* * * * * 

293.  Amend § 1068.261 by revising paragraphs (b), (c) introductory text, and (d) 
introductory text to read as follows: 

§ 1068.261 Delegated assembly and other provisions related to engines not yet in the 
certified configuration. 
* * * * * 
(b) If you manufacture engines and install them in equipment you or an affiliated company also 
produce, you must take steps to ensure that your facilities, procedures, and production records 
are set up to ensure that equipment and engines are assembled in their proper certified 
configurations. For example, you may demonstrate compliance with the requirements of this 
section by maintaining a database showing how you pair aftertreatment components with the 
appropriate engines such that the final product is in its certified configuration. 
(c) If you manufacture engines and ship them to an unaffiliated company for installation in 
equipment and you include the price of all aftertreatment components in the price of the engine 
(whether or not you ship the aftertreatment components directly to the equipment manufacturer), 
all the following conditions apply: 
* * * * * 
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(d) If you manufacture engines and ship them to an unaffiliated company for installation in 
equipment, but you do not include the price of all aftertreatment components in the price of the 
engine, you must meet all the conditions described in paragraphs (c)(1) through (9) of this 
section, with the following additional provisions: 
* * * * * 

294.  Amend § 1068.301 by revising paragraph (b) to read as follows: 

§ 1068.301 General provisions for importing engines/equipment. 
* * * * * 
(b) In general, engines/equipment that you import must be covered by a certificate of conformity 
unless they were built before emission standards started to apply. This subpart describes the 
limited cases where we allow importation of exempt or excluded engines/equipment. If an engine 
has an exemption from exhaust emission standards, you may import the equipment under the 
same exemption. Imported engines/equipment that are exempt or excluded must have a label as 
described in the specific exemption or exclusion. If the regulation does not include specific 
labeling requirements, apply a label meeting the requirements of § 1068.45 that identifies your 
corporate name and describes the basis for the exemption or exclusion. 
* * * * * 

295.  Amend § 1068.310 by revising the introductory text and paragraph (e)(4) to read as 
follows: 

§ 1068.310 Exclusions for imported engines/equipment. 
If you show us that your engines/equipment qualify under one of the paragraphs of this section, 
we will approve your request to import such excluded engines/equipment. You must have our 
approval before importing engines/equipment under paragraph (a) of this section. You may, but 
are not required, to request our approval to import the engines/equipment under paragraph (b) 
through (d) of this section. Qualifying engines/equipment are excluded as follows: 
* * * * * 
(e) * * * 
(4) State: “THIS ENGINE IS EXEMPT FROM THE REQUIREMENTS OF [identify the part 
referenced in § 1068.1(a) that would otherwise apply], AS PROVIDED IN [identify the 
paragraph authorizing the exemption (for example, “40 CFR 1068.310(a)”)]. INSTALLING 
THIS ENGINE IN ANY DIFFERENT APPLICATION MAY BE A VIOLATION OF 
FEDERAL LAW SUBJECT TO CIVIL PENALTY.” 

296.  Amend § 1068.315 by revising paragraphs (a) and (h) and removing paragraph (i) to 
read as follows: 

§ 1068.315 Permanent exemptions for imported engines/equipment. 
* * * * * 
(a) National security exemption. You may import an engine or piece of equipment under the 
national security exemption in § 1068.225. 
* * * * * 
(h) Identical configuration exemption. Unless specified otherwise in the standard-setting part, 
you may import nonconforming engines/equipment if they are identical in all material respects to 
certified engines/equipment produced by the same manufacturer, subject to the following 
provisions: 

(1) You must meet all the following criteria: 
(i) You have owned the engines/equipment for at least six months. 
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(ii) You agree not to sell, lease, donate, trade, or otherwise transfer ownership of the 
engines/equipment for at least five years.  The only acceptable way to dispose of the 
engines/equipment during this five-year period is to destroy or export them. 
(iii) You use data or evidence sufficient to show that the engines/equipment are in a 
configuration that is identical in all material respects to engines/equipment the original 
manufacturer has certified to meet emission standards that apply at the time the 
manufacturer finished assembling or modifying the engines/equipment in question.  If 
you modify the engines/equipment to make them identical, you must completely follow 
the original manufacturer’s written instructions. 

(2) We will tell you in writing if we find the information insufficient to show that the 
engines/equipment are eligible for the identical configuration exemption.  We will then not 
consider your request further until you address our concerns. 

297.  Amend § 1068.325 by revising the introductory text and paragraphs (a) through (c), 
(e), and (g) to read as follows: 

§ 1068.325 Temporary exemptions for imported engines/equipment. 
You may import engines/equipment under certain temporary exemptions, subject to the 
conditions in this section. We may ask U.S. Customs and Border Protection to require a specific 
bond amount to make sure you comply with the requirements of this subpart. You may not sell or 
lease one of these exempted engines/equipment while it is in the United States except as 
specified in this section or § 1068.201(i). You must eventually export the engine/equipment as 
we describe in this section unless it conforms to a certificate of conformity or it qualifies for one 
of the permanent exemptions in § 1068.315 or the standard-setting part. 
(a) Exemption for repairs or alterations. You may temporarily import nonconforming 
engines/equipment solely for repair or alteration, subject to our advance approval as described in 
paragraph (j) of this section. You may operate the engine/equipment in the United States only as 
necessary to repair it, alter it, or ship it to or from the service location.  Export the 
engine/equipment directly after servicing is complete, or confirm that it has been destroyed. 
(b) Testing exemption.   You may temporarily import nonconforming engines/equipment for 
testing if you follow the requirements of § 1068.210, subject to our advance approval as 
described in paragraph (j) of this section. You may operate the engines/equipment in the United 
States only as needed to perform tests. The testing exemption expires one year after you import 
the engine/equipment unless we approve an extension.  The engine/equipment must be exported 
before the exemption expires. You may sell or lease the engines/equipment consistent with the 
provisions of § 1068.210. 
(c) Display exemption. You may temporarily import nonconforming engines/equipment for 
display if you follow the requirements of § 1068.220, subject to our advance approval as 
described in paragraph (j) of this section. The display exemption expires one year after you 
import the engine/equipment, unless we approve your request for an extension.  The 
engine/equipment must be exported (or destroyed) by the time the exemption expires or directly 
after the display concludes, whichever comes first.  
* * * * * 
(e) Diplomatic or military exemption. You may temporarily import nonconforming 
engines/equipment if you represent a foreign government in a diplomatic or military capacity.  
U.S Customs and Border Protection may require that you show your written confirmation from 
the U.S. State Department that you qualify for the diplomatic or military exemption or a copy of 
your orders for military duty in the United States.  We will rely on the State Department or your 
military orders to determine when your diplomatic or military status expires, at which time you 
must export your exempt engines/equipment. 
* * * * * 
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(g) Exemption for partially complete engines. The following provisions apply for importing 
partially complete engines and used engines that become new as a result of importation: 

(1) You may import a partially complete engine by shipping it from one of your facilities to 
another under the provisions of § 1068.260(c) if you also apply a removable label meeting 
the requirements of § 1068.45 that identifies your corporate name and states that the engine is 
exempt under the provisions of § 1068.325(g). 
(2) You may import an engine if another company already has a certificate of conformity and 
will be modifying the engine to be in its final certified configuration or a final exempt 
configuration if you meet the labeling and other requirements of § 1068.262. If you are 
importing a used engine that becomes new as a result of importation, you must meet all the 
requirements that apply to original engine manufacturers under § 1068.262. You may sell or 
lease the engines consistent with the provisions of § 1068.262. 

* * * * * 

298.  Amend § 1068.450 by revising paragraph (e) to read as follows: 

§ 1068.450 What records must I send to EPA? 
* * * * * 
(e) We may post test results on publicly accessible databases and we will send copies of your 
reports to anyone from the public who asks for them, consistent with § 1068.11.  

299. Amend § 1068.601 by revising the introductory text and paragraph (b) to read as 
follows: 

§ 1068.601 Overview. 
The regulations of this chapter involve numerous provisions that may result in EPA making a 
decision or judgment that you may consider adverse to your interests. For example, our decisions 
might require you to pay penalties, or you might consider that our decisions will limit your 
business activities or put you at a competitive disadvantage. As specified in the regulations in 
this chapter, this might involve an opportunity for an informal hearing or a formal hearing that 
follows specific procedures and is directed by a Presiding Officer. The regulations in this chapter 
generally specify when we would hold a hearing. In limited circumstances, we may grant a 
request for a hearing related to adverse decisions regarding regulatory provisions for which we 
do not specifically describe the possibility of asking for a hearing.  
* * * * * 
(b) For other issues where the regulation allows for a hearing in response to an adverse decision, 
you may request an informal hearing as described in § 1068.650. Sections 1068.610 through 
1068.630 describe when and how to request an informal hearing under various circumstances.  
* * * * * 

300. Add § 1068.630 to read as follows: 

§ 1068.630 Request for hearing – allowable maintenance. 
(a) Any manufacturer may request an informal hearing as described in § 1068.650 in response to 
our decision to identify allowable maintenance associated with new technology as part of the 
certification process. 
(b) You must send your hearing request in writing to the Designated Compliance Officer no later 
than 30 days after we publish our decision in the Federal Register. If the deadline passes, we 
may nevertheless grant you a hearing at our discretion.  
(c) Your hearing request must include the information specified in § 1068.610(d).  
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(d) We will approve your request for an informal hearing if we find that your request raises a 
substantial factual issue in the decision we made that, if addressed differently, could alter the 
outcome of that decision. 

301.  Redesignate appendix I to part 1068 as appendix A to part 1068 and amend newly 
redesignated appendix A by revising the introductory text and paragraph IV to read as 
follows: 

Appendix A to Part 1068 – Emission-Related Components 
This appendix specifies emission-related components that we refer to for describing such things 
as emission-related warranty or maintenance or requirements related to rebuilding engines. Note 
that inclusion of a component in Section III of this Appendix does not make it an emission-
related component for engines/equipment that are not subject to evaporative emission standards. 
* * * * * 
IV. Any other part or system that meets the definition of critical emission-related component. 
Emission-related components also include any other part whose primary purpose is to reduce 
emissions or whose failure would commonly increase emissions without significantly degrading 
engine/equipment performance. 

Appendix II to Part 1068—[Redesignated as Appendix B to Part 1068] 

302. Redesignate appendix II to part 1068 as appendix B to part 1068. 

Appendix III to Part 1068—[Redesignated as Appendix C to Part 1068] 

303. Redesignate appendix III to part 1068 as appendix C to part 1068. 
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PART 1090—REGULATION OF FUELS, FUEL ADDITIVES, AND REGULATED 
BLENDSTOCKS 

304.  The authority citation for part 1090 continues to read as follows: 
Authority: 42 U.S.C. 7414, 7521, 7522-7525, 7541, 7542, 7543, 7545, 7547, 7550, and 7601. 

305. Revise § 1090.1550 to read as follows: 

§ 1090.1550 Requirements for gasoline dispensing nozzles used with motor vehicles. 
The following requirements apply for any nozzle installation used for dispensing gasoline into 
motor vehicles:  
(a) Nozzles must meet the following hardware specifications: 

(1) The outside diameter of the terminal end must not be greater than 21.3 mm.  
(2) The terminal end must have a straight section of at least 63 mm.  
(3) The retaining spring must terminate at least 76 mm from the terminal end.  

(b) The dispensing flow rate must not exceed a maximum value of 10 gallons per minute. The 
flow rate may be controlled through any means in the pump/dispenser system, as long as it does 
not exceed the specified maximum value.   
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