Office of Transportation EPA420-R-04-008
and Air Quality May 2004

United States
Environmental Protection
Agency

Summary and Analysis of
Comments: Control of
Emissions from Nonroad
Diesel Engines



EPA420-R-04-008
May 2004

Summary and Analysis of Comments:
Control of Emissions from
Nonroad Diesel Engines

Assessment and Standards Division
Office of Transportation and Air Quality
U.S. Environmental Protection Agency



Table of Contents

GENERAL POSITION STATEMENTS . ... . e 1-1

1.1 Supports Rule . ... ... 1-1

1.1.1  Air Quality and Health Benefits ............... ... ... ... .......... 1-1

[.1.2 Impact on States .. ... ...ttt 1-5

1.2 Opposes Rule . ... ... e 1-6

ENVIRONMENTAL AND AIR QUALITY ISSUES . ... ... i 2-1

2.1 General Public Health Impacts ......... ... ... .. .. .. . . . . ... 2-1
2.1.1 Reducing Diesel Emissions Is Essential for Protecting the Public Against Health

RiISKS .o 2-1

2.1.2  Uncertainty in Health Risks Associated with Diesel Engines ............. 2-5

2.1.3  Health Benefits of the Rule and Current Air Pollution Problems ........... 2-7

2.2 Issues Related to Specific Public Health or Exposure Studies ................... 2-9

2.2.1  Long-term Exposure to PM and Diesel Exhaust and Health Effects ........ 2-9

2.2.2  Short-term Exposure Effects related to PM and Diesel Exhaust .......... 2-20

2.2.3  Health Effects Related to Ozone Exposures .......................... 2-22

2.2.4  Approach for Evaluating Air Quality and Exposure . ................... 2-24

23 Nonroad Contribution and NONROAD Emission Model ...................... 2-36

2.3.1  Nonroad Contribution . . ... ..... .. ...t 2-36

2.3.2  The NONROAD Emission Model ................ ... ... ... ..... 2-40

2.3.3 Draft RIA Emission Reductions ............ ... .. ... ... ... ..... 2-83

2.3.4 EPA Should Report Emission Reductions as a Percentage of Total Emissions2-84

2.4 Other Environmental Effects . ......... .. .. . .. . 2-85

2.4.1 Climate Impacts Associated with Diesel Emissions .................... 2-85

NONROAD ENGINE STANDARDS . ... e 3-1

3.1 Engine Standard Levels, Stringency, and Phase-In ............................ 3-1

3.1.1  General Comments on Engine Standards ............................. 3-1

3.1.2 Over750hp Engines . ...... ... 3-14

3.1.3  75-750hp Engines .. ...ttt 3-19

3.1.4 Under75hp Engines . ... ... ...t 3-19

3.1.5  Power Categories . ... ...ttt e 3-33

32 Technical Feasibility of Engine Standards . .............. ... ... ... .......... 3-36

3.2.1  General COMMENES . . ..ottt ettt e e e e 3-36

322 PMControl .. .. ... 3-46

323 NO, Control ... ... 3-53

324 HC Control ... ... e 3-58

325 COCoNrol .. ... 3-58

3.2.6  AirToxics Control ... ... ... ... i 3-59

33 Engines > 750 hp . ..o 3-59

33.1 Feasibility .. ... ..o 3-59

332 Costand DesignISsues .. ...........o i 3-62

34 7510 750 hp Engines .. ... .. o 3-63

3.5 Under 75 hp Engines ... ... .. o i 3-64

3.6 Crankcase Emission Requirements .............. ... ... ... .. iiiiinren.... 3-66

3.7 Sulfur's Effect on Diesel Control Devices . ................oiiiiiiiinn... 3-68

3.8 Fuel Economy Impacts of the Proposal ............... ... ... ... ... ....... 3-69



3.9 2007 Technology Review .. ........ ... . i 3-70
3.9.1 Support for Conducting a Technology Review ....................... 3-70
3.9.2  Scope of the Technology Review ............ ... ... .. ... .. 3-72
3.9.3 The Proposed Technology Review Is Unnecessary .................... 3-74
394 TIMING . . .ottt e e 3-75
3.10  Other Standards and Technology Issues ............... ... ... i, 3-76
3.10.1 Retrofit Program ... ........ ... ...ttt 3-76
3.10.2 Retirement of Older Engines ............... .. ... 0 iiiiiinenan.. 3-77
3.10.3 Effect on Existing Engines ............. .. .. .. .. . . . .. 3-77
3.10.4 EPA Should Require Reductions from All Combustion Sources .......... 3-78
3.10.5 Reactive Oxygenated SPECIes . ... .. v ittt 3-80
3.10.6 Rental Engines . ............. ..ttt 3-80
3.10.7 EPA Should Use the International SI-units .......................... 3-81
NONROAD DIESEL FUEL STANDARDS . ... . i 4-1
4.1 Level of Diesel Fuel Sulfur Standard (both initial 500 ppm and subsequent 15 ppm
standards) ... ... 4-1
4.1.1 General Support for 15 ppm Fuel Sulfur Standard ...................... 4-1
4.1.2 Incentives for Early Compliance ................ ...t iiirininnn... 4-2
413 HomeHeating Oil ........ ... ., 4-3
4.2 TIMING . oot 4-4
4.2.1 500 ppm Fuel Sulfur Standard ............... ... ... ... ... .. ... ..... 4-5
4.2.2 15 ppm Fuel Sulfur Standard ........... ... ... .. ... ... . . ..., 4-6
4.3 Program Design . . ... ... it 4-9
4.3.1 Two-Step Approach .. ...... ... . 4-9
4.3.2 Baseline Approach versus Designate and Track . ...................... 4-14
433 Dyesand Fuel Markers ............... ittt 4-26
4.4 Small Refiner Provisions . ......... ... .. . . 4-33
4.4.1  General SUPPOTT . . ..ottt 4-33
442 OPPOSE vttt 4-34
4.4.3 Small Refiner Definition .. ....... ... .. .. .. .. .. 4-35
4.4.4 Small Refiner Provisions .......... .. .. . .. .. i 4-37
4.4.5 Disqualification of Small Refiner Status ............................ 4-38
4.4.6 Lead time After Acquiring a Small Refinery ......................... 4-40
447 Small Refiner ‘Option 4" ... ... ... . i 4-41
448  Other . ..o 4-42
4.5 Hardship Provisions . ............. i e 4-43
4.5.1 Deadline for Hardship Applications ...................cciiuron.... 4-43
4.5.2 Notification to States on Potential Hardship Waivers .................. 4-44
453 GPAREIINETS .. ...t 4-44
4.6 Technological Issues or Limitations of Meeting the Sulfur Standards ............ 4-45
4.6.1 Technical Feasibility of Producing 15 ppm Nonroad, Locomotive, and Marine
Fuel ..o 4-45
4.6.2  Permitting . ... ...ttt 4-46
4.6.3 Impact of Standard on Reliability of Nonroad, Locomotive, and Marine Diesel
Fuel Supply . ... 4-46
4.7 Fuel Lubricity .. ... e 4-66
47.1  General .. ... 4-66
4772 Lubricity ISSUES . . . ..ot 4-69
473 O her ..o 4-70

1



4.8 Cetane and ATOMALICS . . ..ottt e e e 4-70
4.8.1  General . ... 4-70
4.8.2  Alternatives to the Proposed Cetane and Aromatics Standards ........... 4-72
4.9 Geographic COVETaZe . . .o v ot ottt ettt et et et e 4-73
4.9.1 Alaskaand Territories . . .. ... v ittt n et e e 4-73
4.9.2 American Samoa, Guam, Northern Mariana . ... ...................... 4-79
4.10  Other Fuel Standards Issues ... ...... ...t 4-80
4.10.1 Substantially Similar . .. ......... ... i 4-80
4.10.2 Geographic ISSUES . .. .. ...t 4-81
4.10.3 Overall Program Approach ......... ... ... ... . . . ... 4-82
4.10.4 Use of 500 ppm Sulfur Diesel Fuel Produced from Transmix or Segregated
Pipeline Interface in the NRLM Market .............. .. ... ... ..... 4-83
ENGINE AND EQUIPMENT COSTS .. ..ot e e 5-1
5.1 General Engine and Equipment CostIssues ................ccoiiinininenn... 5-1
5.1.1  Generally Supports EPA's Cost Estimates ............................ 5-1
5.1.2  EPA Has Underestimated the Economic Impacts of the Tier 4 Standards on
Equipment Costs and Operations . ..............c.ouiutenennennenn .. 5-2
5.1.3  EPA Should Use Today's Equipment Cost as the Baseline of Comparison and
NotaTier 3 Level Machine ........... .. .. .. ... .. i, 5-4
5.1.4  The Nonroad Sector Has Far less Ability to Absorb the Costs of Developing New
Engine Configurations and Redesigning Equipment .................... 5-5
5.2 Methodology for Estimating Engine and Equipment Costs ... ................... 5-6
53 Engine-Related CoSts ... ... .vt ot 5-7
5.3.1 Engine Fixed Costs . ... ..ottt e 5-7
5.3.2 Engine Variable Costs . . ... ..ottt e 5-14
5.3.3 Engine Operating CostS ... .....oturirir ettt 5-15
54 Equipment-Related CoSts . ... ...ovtit i e e 5-20
5.4.1 EPA's Variable Cost Estimates for Nonroad Equipment Should Be Increased to
Be Consistent with Industry Practice ............................... 5-20
5.4.2 EPA Should Evaluate the Equipment Cost Increases Within Each Power
L 117 o0 o 5-22
5.4.3 EPA Underestimates the Costs Associated with Small Equipment ........ 5-23
5.5 Example Equipment Costs Used for the Analyses . ........................... 5-24
LOW-SULFUR FUEL COSTS .. i e e e e e 6-1
6.1 Nonroad, Locomotive and Marine Fuel Volumes . ............... ... ... .. .... 6-1
6.1.1 EPA Should Complete a Comparative Assessment Between the EPA and Baker
& O'Brien Work to Assure That the Underlying Assumptions and Impacted
Volumes Are Consistent
............................................................. 6-1
6.2 Refining Costs . ... i i e e 6-3
6.2.1 Costs Were Underestimated .............. ... ... ... iiiiienaon.. 6-3
6.2.2  The Initial Volumes of Ultra-low Sulfur Diesel Will Be the Most Cost-effective
to Produce . ... 6-14
6.3 Costs of Distributing Nonroad Diesel Fuel ................................. 6-15
6.3.1 Fungible Shipment of 500 ppm Highway and NRLM Fuel .............. 6-15
6.3.2 Tank Truck CoSts ... ..ottt 6-15
6.3.3 Handling of 15 ppm Fuel Downgraded During Distribution ............. 6-15
6.4 Fuel Marker Costs . ... ...t e 6-16

111



6.4.1 Distribution of Marked Fuel . ... ... ... . . 6-16

6.4.2 GeographiC ISSUES . . ... .t e 6-17
7. BENEFITS METHOD AND ENVIRONMENTAL IMPACT ANALYSIS ............... 7-1
7.1 Benefits Method . .. ... ... 7-1
7.1.1 Ozone, CO, and Air Toxics Should Be Considered ..................... 7-1
7.1.2  Uncertainties Associated with the Health Benefits Methodology .......... 7-1
7.1.3  Public Health Benefits Below the NAAQS . ..... ... ... ... ... ... ...... 7-7
7.1.4  Assumptions in the Health Benefits Analysis .. ........................ 7-8
7.2 Economic Impact Analysis . ...........o it 7-12
7.2.1  EPA Failed to Perform an Adequate Analysis of Application Market End Users
That Will Be AffectedbytheRule ................................. 7-13
7.2.2  EPA’s Treatment of Fixed Costs in its Economic Impact Analysis Is Incorrec?-18
7.2.3 EPA’s Assumption of Perfectly Competitive Markets Is Incorrect ........ 7-19
7.2.4 EPA Did Not Include Substitution Effects in its Economic Analysis . ... .. 7-21
7.2.5 EPA Failed to Account for the Price Sensitivity of Small Equipment Markets in
its Economic Analysis . ... ....... i 7-24
7.2.6  Commenter Supports the Conclusions of EPA’s Draft Economic Impact
ANAlYSIS .. e 7-29
7.2.7  Commenter Does Not Support the Conclusions of EPA’s Draft Economic Impact
Analysis
............................................................ 7-29
8. ALTERNATIVE PROGRAM OPTIONS . ... e 8-1
8.1 One-Step AIternatives . .. ... ..ottt e 8-1
8.1.1  Supports One-Step Approach ......... ... ... .. i, 8-1
8.1.2  Opposes One-Step Approach . ........ ... ... . . .. 8-4
8.2 Other Two-Step AIernatives . ... ..o vttt et 8-5
8.2.1  Option 2b ... 8-6
8.2.2  OPtON 3 ... e 8-6
82.3 OptionsSaand S5b ........ .. 8-7
8.3 15 ppm Standard for Locomotive and Marine Diesel Fuel ..................... 8-8
8.3.1  Support for 15 ppm Locomotive and Marine Diesel Fuel in this Rule . . . . .. 8-8
8.3.2  Oppose 15 ppm Standard for Locomotive and Marine Diesel Fuel . ...... 8-10
8.3.3  Support More Stringent Locomotive and Marine Standards in a Separate
Rulemaking ... ... ... i e 8-17
8.4. Other Program Options . .. ...... ...t 8-19
8.4.1. Extended Use of 500 ppm Diesel Fuel in >750 hp Engines Employed by the
Mining Industry . ........ .. 8-19
9. REQUIREMENTS FOR ENGINE AND EQUIPMENT MANUFACTURERS ........... 9-21
9.1 Averaging, Banking, and Trading ............. ... ... ... . ... 9-21
9.1.1  General COMMENLS . . ...ttt ittt et e et 9-21
9.1.2  Family Emission Limit (FEL) Caps ............ ... ..., 9-27
0.1.3  AVeraging Sets .. ... ...ttt 9-28
9.1.4 Inclusion of Credits from Retrofit of Nonroad Engines ................. 9-29
9.1.5 ABT Tracking Requirements .................0iiiniiinrennnenan.n 9-34
9.1.6  Other ABT ISSUES ... ..ottt e e 9-34
9.2 Original Equipment Manufacturer (OEM) Transition Provisions ................ 9-36
9.2.1 General Flexibility Provisions .............. ... ... 0iiiiiinnen.... 9-36

v



9.3

9.4

9.5

9.6

9.7

9.8

9.2.2 Percent of Production Allowance . ........... .. eennnn.. 9-44

9.2.3 Small-Volume Allowance . ......... ... .. 9-46
9.2.4 Hardship Relief Provision .. ......... ... ... i, 9-49
9.2.5 Existing Inventory Allowance ............ .. .. .. . .. . .. 9-50
9.2.6  Notification, Reporting, and Labeling Requirements ................... 9-51
9.2.7 Foreign Manufacturers and Importers . .. ............ ... ... .. ..., 9-53
Small Business Provisions .. ............. ... 9-55
93,1 General ... ... 9-55
9.3.2  Small Engine Manufacturers . .. ......... ...ttt 9-57
9.3.3  Small Business Equipment Manufacturers ........................... 9-57
Encouraging Innovative Technologies ................. ..., 9-57
9.4.1 Credit for Early or Very Low Emission Engines ...................... 9-58
9.4.2 Extending the Existing Blue Sky Program ........................... 9-59
9.4.3 EPA Should Establish More Stringent Optional Standards to Facilitate Credit
GeNETation . . . ..o\ttt et 9-60
Test Procedures ... .......... it 9-60
9.5.1 Transient Test ... ... ... e 9-60
9.52 Cold-Start TeSting . . ... v\ttt e e e e 9-70
9.53 Controlof Smoke ....... ... . ... 9-78
954 TRUCYCIe ... 9-80
9.5.5 Other Test Procedure Issues ............. ... .. ... 9-84
NTE Requirements . . ... ..ottt e e e e et 9-95
9.6.1 Commenters Support the Proposed NTE Requirements ................. 9-95
9.6.2 Commenter Conditionally Supports the Proposed NTE Requirements . .. .. 9-95
9.6.3 Commenter Supports the Alternative NTE Methodology ............... 9-96

9.6.4 Commenters Conditionally Support the Alternative NTE Methodology . ... 9-96
9.6.5 EPA Should Not Finalize the Alternate NTE and Should Instead, Carry over the
Recently Clarified On-highway NTE Requirements as Modified for Nonroad

Engines .. ... 9-96
9.6.6 EPA Should Not Include NTE Requirements in the Proposed Rule ....... 9-98
9.6.7 EPA should modify the proposed NTE deficiency provisions ............ 9-99
9.6.8 EPA Should Clarify the NTE Implementation Schedule ............... 9-101
9.6.9 EPA Should Adjust the NTE Multiplier Threshold ................... 9-101
9.6.10 EPA Should Add Special Provisions to Describe the NTE Zone Applicable to

Constant Speed Engines . ........... ... ... 9-102

9.6.11 EPA Should Add Provisions That Would Exempt Engines During Start-up or
Engines with Exhaust Emission Control Devices from the NTE Requirements

........................................................... 9-102

9.6.12 EPA Should Clarify the Procedures That Are Used to Determine Conformance
with the NTE Provisions .. ............ ot 9-103
Certification Fuel .. ... . ... .. . . . . 9-103

9.7.1 The Emission Test Fuel Specifications Applicable to Nonroad, Locomotive and
Marine Engines Should Be Limited to No More than 500 ppm Sulfur Conteft 103

9.7.2  EPA Should Allow for the Use of Low Sulfur Certification Fuel Prior to 2007
MY for On-highway Engines and Vehicles That Employ Sulfur Sensitive

Technology ... ..o 9-104
9.7.3 EPA Should Ensure That Certification Fuel Is Representative of In-use

Fuel ... 9-104
General Compliance Provisions . ............. .o, 9-105
9.8.1 Stationary and Competition Engine Requirements . ................... 9-105



9.8.2  Definition of “Good Engineering Judgement” ....................... 9-106

9.8.3 Confidentiality .......... ... ... e 9-106
9.8.4 Audit Requirements . ...............ouurirerenenenenennnenennnn. 9-107
9.8.5 Identical Terms ... ... ... ..o in it 9-108
9.8.6  Exemption Provisions . .............. ...t 9-108
9.8.7 Importing Engines . . ............ .t 9-110
9.8.8  Hearing Provisions . ...............utirireroneeinnnennnnns. 9-111
9.8.9  Separate Shipment of Aftertreatment Devices ....................... 9-112
9.9 Defect Reporting .. ... ... 9-113
9.9.1  General CONCEINS ...« .vtt ettt ettt e e e 9-113
9.9.2  Specific Concerns Related to Investigation and Defect-Reporting
Thresholds . . ... .. 9-117
9.10  Engine Labeling .. ....... ... i e 9-121
9.10.1 Labeling Requirements for Certified Engines ....................... 9-121
9.10.2 Other Labeling ISSUes . .........c.utiririr i 9-128
9.11 In-Use Compliance Margin . .............uuirmrirereneeiennenennnnnn. 9-131
9.11.1 EPA Should Modify the Proposed In-use Compliance Margin Provision to
Ensure That it Is Beneficial and Useful to Nonroad Engine Manufacturers . 9-131
0.12  In-Use TeStiNg . ..ottt ittt e et ettt e e et et et 9-132
9.12.1 EPA Should Propose as Soon as Possible, Strong In-use Controls for Diesel
Vehicles and Engines .......... ... .. .. . . 9-132
9.12.2 Further Review Is Necessary in Order to Develop Adequate In-use Testing and
On-board Diagnostics Provisions ....................iviiien.... 9-133
9.12.3 EPA Should Ensure That States Do Not Use In-use Testing as a Mechanism to
Impose Fees on Equipment Owners ............... ... ....c.oo.... 9-134
9.13  Other Engine and Equipment Manufacturer Issues .......................... 9-134
9.13.1 EPA Should Modify the Proposed Engine Family Definition at Section 1039.230
........................................................... 9-134
9.13.2 EPA Should Establish Non-conformance Penalties (NCPs) as Part of the Tier 4
Rulemaking . ........... . i e 9-135
9.13.3 EPA Should Provide Manufacturers with Additional Flexibility with Respect to
Meeting the Installation Instruction Requirements .. .................. 9-135
9.13.4 The Equipment Manufacturer Should Be Responsible for Following the Engine
Manufacturer's Installation Instructions .............. .. ... .. .. ... .. 9-136
9.13.5 EPA Should Not Require the Aftertreatment System to Be Shipped from the
Engine Manufacturer's Facility with the Engine . . .................... 9-136
9.13.6 EPA Should Maintain the Proposed Provisions That Would Limit the Use of
Auxiliary Emission Control Devices and Defeat Devices .............. 9-137
9.13.7 Users of Nonroad Engines and Equipment Will Most Likely Operate Their
Engines for Longer Periods than EPA Projects ...................... 9-138
9.13.8 EPA Should Clarify the Requirements That Apply to Rebuilt Engines . ... 9-138
9.13.9 EPA Should Not Require Measurement and Submission of CO, Emissions 9-139
9.13.10 EPA Should Allow Multiple Cylinder Arrangements in a Single Engine Family
........................................................... 9-139
9.13.11 Shorter Useful Life Values ............. ... .. ... ... 9-140
10. REFINERY & FUEL DISTRIBUTION ISSUES .. ... ... . 10-1
10.1  Fuel Markers . ... ... 10-1
10.1.1 General Comments on Marking Provisions .......................... 10-1
10.1.2 Useof Solvent Yellow 124 . ... ... . 10-3

vi



11.

12.

10.2

10.3

10.4

Fuel Sulfur Testing and Sampling Requirements ........................... 10-14
10.2.1 Testing Requirements . ...............ot ittt 10-14
Compliance . ... ...ttt 10-20
10.3.1 Special Fuel Provisions and Exemptions ........................... 10-20
10.3.2 Technological or Logistical Considerations ......................... 10-24
10.3.3 Recordkeeping and Reporting Requirements ........................ 10-29
10.3.4 Downstream Compliance Issues . ............ ..., 10-32
10.3.5 Transmix Operator Compliance Issues ................. .. ... ... .... 10-36
10.3.6 Other Compliance Issues .................o ... 10-39
Other Refiner Issues . .. ... i e 10-46

ADMINISTRATIVE AND PROCEDURAL REQUIREMENTS (UMRAA, APA, PRA, etc.)

........................................................................ 11-1
11.1  SBREFA . 11-1
11.1.1 SBREFA Process . ........c.cuiiiuiiiumi i, 11-1

11.1.2 Regulatory Flexibility Act ..............cciiiiiiiiiiinnnnn.. 11-1

11.2  Other Administrative and Procedural Requirement Issues .................... 11-5
11.2.1 Clean Air ACt . ..ot e e 11-5

11.2.2 Public Hearings . . ...ttt i ittt 11-5
OTHER ISSUES . . e e e e 12-1
12.1  Relationship to Other Mobile Source Sectors .............. ..., 12-1
12.1.1 Highway DieselRule .......... ... ... ... . . .. 12-1

12.2  Alternative Fuels/Technology ............... .. i, 12-3
12.3  Harmomnization . ... .... .. ...ttt e e e 12-5
12.4  Other Programs and Regulations ............. ... ... ... .. i iiinrinnon.. 12-8
12.4.1 Regulations . ... ...ttt ettt e 12-8

12.4.2 Mitigation Fee Program ........... ... .. .. . .. .. . i 12-8

12.5  Miscellaneous . ... ...ttt 12-9
12.5.1 UseofShore Power ........ ... ... ... 12-9

12.52 ARTBAPetition . ... ... ... e 12-9

12.5.3 Involvement of a Neutral Party to Provide an Objective Evaluation of the Rule's

Impact ... 12-10
12.5.4 End-user Requirements .............. ...ttt 12-10

vil



List of Acronyms

ABT Averaging, Banking, and Trading

ACES Advanced Collaborative Emissions Study
ACS American Cancer Society

AECD Auxiliary Emission Control Device

AEO Annual Energy Outlook

ARV Accepted Reference Value

ASTM American Society for Testing and Materials
BOB Baker and O’Brien

BOL Bill of Lading

bped Barrels per Calendar Day

CAA Clean Air Act

CAMx Comprehensive Air Quality Model with Extension
CASAC Clean Air Scientific Advisory Committee
CFR Code of Federal Regulations

CI Compression Ignition

CcO Carbon Monoxide

COA Certificates of Analysis

CR4 Four-Firm Concentration Ratios

CRA Charles Rivers Associates

CRC DPG Coordinating Research Council Diesel Performance Group
CTA Credit Trading Area

CVSL Constant Speed Variable Load Test Cycle
DF Deterioration Factor

DMDBT Dimethyl-dibenzothiophene

DOC Diesel Oxidation Catalyst

DoD Department of Defense

DOE Department of Energy

DOJ Department of Justice

DTAB Diesel Treated As Blendstock

EGR Exhaust Gas Recirculation

EIA Energy Information Administration

EIA Economic Impact Analysis

viil




EUI Electronic Unit Injector (ion)

FAA Federal Aviation Administration

FCC Fluid Catalytic Cracker

FEL Family Emission Limit

FOKS Fuel Oil and Kerosene Survey

FTC Federal Trade Commission

FTP Federal Test Procedure

GDP Gross Domestic Product

GPA Geographic Phase-In Area

HAD Health Assessment Document

HAP Hazardous Air Pollutant

HDS Hydro-Desulfize

HEI Health Effects Institute

HEUI Hydrolic Actuated Electronically Controlled Unit Injector (ion)
HFRR High Frequency Reciprocating Rig

HHI Herfindahl-Hirschman Index

&M Inspection and Maintenance

IRS Internal Revenue Service

ISBL Inside Battery Limits

ISO International Organization for Standardization
kbpd Thousand Barrels Per Day

LCGO Light Coker Gas Oil

LCO Light Cycle Oil

LDDV Light-Duty Diesel Vehicle

LM, L&M Locomotive and Marine Diesel

mmBTU Million British Thermal Units
MVNRLM Motor Vehicle Nonroad, Locomotive, and Marine Fuel
MY Model Year

NAAQS National Ambient Air Quality Standards
NAS National Academy of Sciences

NDEIM Nonroad Diesel Economic Impact Model
NERA National Economic Research Associates
NMHC Non-Methane Hydrocarbon

X




NOx

Oxides of Nitrogen

NPC National Petroleum Council

NPRM Notice of Proposed Rulemaking

NR Nonroad Diesel

NRLM Nonroad, Locomotive, and Marine Diesel
NRTC Nonroad Transient Cycle

NSE National Security Exemption

NTE Not-To-Exceed

OBD Onboard Diagnostics

OEM Original Equipment Manufacturer

OMB Office of Management and Budget

OSBL Outside Battery Limits

PADD Petroleum Administration Districts for Defense
PM Particulate Matter

ppm Parts Per Million

PSA Petroleum Supply Annual

PSR Power Systems Research

PTD Product Transfer Document

RfC Reference Concentration

RFA Regulatory Flexibility Act

RIA Regulatory Impact Analysis

RMC Ramped Modal Cycle

RPE Retail Price Equivalent

SAB-HES Science Advisory Board- Health Effects Subcommittee
SBA Small Business Administration

SBREFA Small Business Regulatory Enforcement Fairness Act
SCFB Standard Cubic Feet per Barrel

SDAs Static Dissipator Additives

SEA Selective Enforcement Audit

SER Small Entity Representative

SI Spark Ignition

SLBOCLE Scuffing Load Ball on Cylinder Lubricity Evaluator
SO, Sulfur Dioxide




TAF Transient Adjustment Factors

TCO Temporary Compliance Option

TPEM Transition Program for Equipment Manufacturers

TRU Transportation Refrigeration Unit

ULSD Ultra-Low Sulfur Diesel

VCSB Voluntary Consensus Standards Board

VOCs Volatile Organic Compounds

VSL Value of a Statistic Life

WSD HFRR | Wear Scar Diameter High Frequency Reciprocating Rig
WTP Willingness to Pay

X1




Commenter Acronyms and EDOCKET Reference Numbers

Name

Acronym

Docket ID #

Air Transport Association

ATA (Airlines)

OAR-2003-0012-0755

Alaska Dept of Environmental Conservation

AK DEC, Alaska

OAR-2003-0012-0607

Alliance of Automobile Manufacturers Alliance 0OAR-2003-0012-0792
American Farm Bureau Federation AFBF OAR-2003-0012-0608
American Lung Association ' ALA

American Lung Association of Metro Chicago >

ALA- Chicago

American Petroleum Institute API OAR-2003-0012-0804 —
0808

American Rental Association ARA OAR-2003-0012-0612

American Road & Transportation Builders Assn. ARTBA OAR-2003-0012-0633

American Society for Testing & Materials ASTM OAR-2003-0012-0601

American Society for Testing & Materials (1/19/04 comments) OAR-2003-0012-0842

American Trucking Associations, Inc. ATA (Trucking) OAR-2003-0012-0632

Associated Equipment Distributors AED OAR-2003-0012-0831

Associated General Contractors of America ACG OAR-2003-0012-0791

Association of American Railroads AAR OAR-2003-0012-0700 —
0701

Association of Equipment Manufacturers AEM OAR-2003-0012-0669 —
0670

Assn. of Local Air Pollution Control Officials * ALAPCO

Association of Oil Pipe Lines AOPL OAR-2003-0012-0609

BP BP OAR-2003-0012-0649

Breakthrough Technologies Institute ' BTI

Building & Construction Trades Dept., AFL-CIO

BCTD, AFL-CIO

OAR-2003-0012-0674 —
0676

CA Air Resources Board CARB OAR-2003-0012-0644
California Assemblymember Alan Lowenthal OAR-2003-0012-0475
Caribbean Petroleum Corporation OAR-2003-0012-0646
Caterpillar Inc. OAR-2003-0012-0812
CEMA-CECE CEMA-CECE OAR-2003-0012-0598
Chevron Products Company Chevron OAR-2003-0012-0782
CHS Inc. (formerly Cenex Harvest States Coop.) CHS OAR-2003-0012-0785
CITGO Petroleum Corporation CITGO OAR-2003-0012-0707

xii




Clean Air Council CAC OAR-2003-0012-0613
Clean Air Task Force CATF OAR-2003-0012-0508
CNH Global CNH OAR-2003-0012-0819
Colonial Pipeline Colonial OAR-2003-0012-0694
Colorado Department of Public Health and Environment CO DPHE, Colorado OAR-2003-0012-06887
Connecticut Department of Env Conservation CT DEP OAR-2003-0012-0653
ConocoPhillips OAR-2003-0012-0777
Countrymark Cooperative, LLP Countrymark OAR-2003-0012-0602
Crown Central Petroleum Corporation Crown OAR-2003-0012-0640
Cummins Inc. OAR-2003-0012-0650
Deere & Company OAR-2003-0012-0692
Dept of Defense Steering Services Committee- Navy DOD- Navy OAR-2003-0012-0617
Detroit Diesel Corporation DDC OAR-2003-0012-0783
Deutz OAR-2003-0012-0820
Electric Power Research Institute EPRI OAR-2003-0012-0772
Electric Power Research Institute- from Ron Wyzga OAR-2003-0012-0587
Engine Manufacturers Association EMA OAR-2003-0012-0656 —
0657
Environment Northeast
Environmental Advocates of New York OAR-2003-0012-0523
Environmental Defense OAR-2003-0012-0821
Ergon, Inc. OAR-2003-0012-0634
Euromot OAR-2003-0012-0822 —
0823
ExxonMobil OAR-2003-0012-0616
FarWest Equipment Dealers Association FWEDA OAR-2003-0012-0679
Federal Aviation Administration FAA OAR-2003-0012-0682
Flint Hills Resources FHR OAR-2003-0012-0667
Frontier Oil Corporation OAR-2003-0012-0621
Gary-Williams Energy Corporation GWEC OAR-2003-0012-0753
General Electric Transportation Systems GE, GETS OAR-2003-0012-0784
Griffin Industries OAR-2003-0012-0119
Group Against Smog and Pollution >
Houston- Office of the Mayor OAR-2003-0012-0630

xiil




Idaho Barley Commission * IBC

Idaho Grain Producers Association * IGPA

Idaho Wheat Commission IwWC OAR-2003-0012-0645

[llinois Farm Bureau IFB OAR-2003-0012-0673

IL Lieutenant Governor Pat Quinn OAR-2003-0012-0781

Independent Fuel Terminal Operators Association IFTOA OAR-2003-0012-0671 —
0672

Ingersoll-Rand Company OAR-2003-0012-0504

International Brotherhood of Teamsters IBT OAR-2003-0012-0664

International Union of Operating Engineers IUOE OAR-2003-0012-0600

Isotag Technology Inc. OAR-2003-0012-0666,
0824 *

Isuzu OAR-2003-0012-0809

Izaac Walton League of America ?

Kansas Farm Bureau KFB OAR-2003-0012-0825

Kinder-Morgan Energy Partners OAR-2003-0012-0603

Komatsu OAR-2003-0012-0455 —
0457

Kubota Corporation OAR-2003-0012-0620

Laborers' Health and Safety Fund of N. America LHSFNA OAR-2003-0012-0638

Lister Petter OAR-2003-0012-0155

Lubrizol OAR-2003-0012-1019

Manufacturers of Emissions Controls Assoc. MECA OAR-2003-0012-0810 —
0811

Marathon Ashland Petroleum MAP OAR-2003-0012-0826 —
0827

Massachusetts Department of Env Protection MA DEP OAR-2003-0012-0641

Mercatus Center (George Mason Univ.) OAR-2003-0012-0627,
0828 *

Michigan Farm Bureau MFB OAR-2003-0012-0625

The Motorcycle Industry Council MIC OAR-2003-0012-0685

The Mountaineers OAR-2003-0012-0773

Murphy Oil Corporation OAR-2003-0012-0212

National Association of Convenience Stores NACS OAR-2003-0012-0635

National Association of Home Builders * NAHB

National Association of Wheat Growers, et al NAWG OAR-2003-0012-0752

X1V




National Barley Growers Association NBGA OAR-2003-0012-0639
National Biodiesel Board NBB OAR-2003-0012-0776
National Corn Growers Association NCGA
National Mining Association NMA OAR-2003-0012-0510
National Oilheat Research Alliance NORA OAR-2003-0012-0840
National Petrochemical and Refiners Assn. NPRA OAR-2003-0012-0814
Natural Resources Defense Council NRDC OAR-2003-0012-0661,
0665
Nebraska Farm Bureau Federation NFBF OAR-2003-0012-0514
New England Fuel Institute NEFI OAR-2003-0012-0712 —
0713
New Hampshire House of Representatives OAR-2003-0012-0126
New York State Dept. of Environmental Conservation NY DEC OAR-2003-0012-0786
NYC Environmental Justice Alliance NYCEJA OAR-2003-0012-0583
NYC Office of Environmental Coordination NYC OEC OAR-2003-0012-0631
North American Equipment Dealers Assoc. NAEDA OAR-2003-0012-0647
Northeast States for Coordinated Air Usage Mgmt. NESCAUM OAR-2003-0012-0659
Octel Starreon LLC OAR-2003-0012-0642
Ohio Environmental Council ? OEC
Ohio-Michigan Equipment Dealers Association OMEDA OAR-2003-0012-0747
Oregon Department of Environmental Quality OR DEQ OAR-2003-0012-0779
Oregon Wheat Growers League OWGL OAR-2003-0012-0593
Pennsylvania Dept of Environmental Protection PA DEP OAR-2003-0012-0699
Petro Star Inc. OAR-2003-0012-0624
Petroleum Marketers Association of America PMAA OAR-2003-0012-0606
Public Interest Research Group- various (also see 'US PIRG') PIRG OAR-2003-0012-0780
Regional Air Pollution Control Agency RAPCA OAR-2003-0012-0683
Salt Lake City- Mayor OAR-2003-0012-0787
Salt Lake Clean Cities OAR-2003-0012-0778
San Joaquin Valley Air Pollution Control District SIVAPCD OAR-2003-0012-0695
Sierra Club '
Sinclair Oil Company OAR-2003-0012-0704,
0829
Small Refiners OAR-2003-0012-0754
Society of Ind Gasoline Marketers of America ’ SIGMA

XV




South Coast Air Quality Management District SCAQMD OAR-2003-0012-0623

South Carolina Dept of Health & Environmental Control SC DHEC OAR-2003-0012-0476

Southern Alliance for Clean Energy > SACE

Southern Environmental Law Center * SELC

Stancil Co. (for Western Refining) OAR-2003-0012-0843

State & Territorial Air Pollution Program Administrators STAPPA OAR-2003-0012-0507

Sunoco OAR-2003-0012-0509

Tennessee Farm Bureau Federation TFBF OAR-2003-0012-0629

Tesoro OAR-2003-0012-0662

Texas Commission on Environmental Quality TCEQ OAR-2003-0012-0716 —
0717

Texas House of Representatives OAR-2003-0012-0658

ThermoKing Corporation OAR-2003-0012-0406

Union of Concerned Scientists UCS OAR-2003-0012-0830

United Color Manufacturing ucM OAR-2003-0012-0501

US Custom Harvesters °

US Public Interest Research Group US PIRG

U.S Small Business Administration- Office of Advocacy

SBA; Advocacy

OAR-2003-0012-0815 —
0818

USA Rice Federation USA Rice OAR-2003-0012-0652

Valero Energy Corporation OAR-2003-0012-0628
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* inadvertently docketed twice; both numbers listed have the exact same comments
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Control of Emissions from Nonroad Diesel Engines
Summary and Analysis of Comments
May, 2004

1. GENERAL POSITION STATEMENTS
What We Proposed:

The following comments relate in general to the NPRM. The comments in this section are not on
any specific aspect of the proposed rule; rather, they are directed to the general substance of the proposal.
More detailed proposal items, and their corresponding comments, can be found in later sections of this
Summary and Analysis of Comments.

For more information on the proposed rule, see 68 FR 28328.
1.1 Supports Rule

1.1.1  Air Quality and Health Benefits
What Commenters Said.:

A number of commenters expressed strong support for the proposed rule. These commenters
cited the enormous air quality and health benefits that would result from its implementation and many
described the air quality problems they have experienced personally and in their own communities, and
referenced EPA's statistics on the number of premature deaths, hospitalizations, heart attacks, and asthma
or respiratory-related health problems that could be avoided, as well as the costs associated with these
illnesses. The commenters also cited the risks of both cancer and respiratory illness posed by diesel
emissions. Lastly, commenters supported the adoption and implementation of this rule as quickly as
possible without any weakening or delays in the proposal. Additional discussion on the specific health
studies cited by commenters can be found in chapter 2.1.

Letters:

California Air Resources Board, OAR-2003-0012-0644 p. 1-4

California Assemblymember Alan Lowenthal, OAR-2003-0012-0475 p. 1

Clean Air Council, OAR-2003-0012-0613 p. 1-2

Clean Air Task Force, et. al., OAR-2003-0012-0508 p. 1-8

Colorado Department of Public Health and Environment, OAR-2003-0012-0687 p. 1
Environmental Advocates of NY, OAR-2003-0012-0523 p. 1

Environmental Defense, OAR-2003-0012-0821 p. 1-7

[llinois Lieutenant Governor Pat Quinn, OAR-2003-0012-0781 p. 1-4

International Brotherhood of Teamsters, OAR-2003-0012-0664 p. 2

International Union of Operating Engineers, OAR-2003-0012-0600 p. 1-2
Laborer's Health and Safety Fund of North America, OAR-2003-0012-0638 p. 1
Mountaineers, OAR-2003-0012-0773 p. 1

Natural Resources Defense Council, et. al., OAR-2003-0012-0661, 0665 p. 1-7
NESCAUM, OAR-2003-0012-0659 p. 2-4

New York City Environmental Justice Alliance, OAR-2003-0012-0583 p. 1

New Hampshire House of Representatives, OAR-2003-0012-0126 p. 1
Pennsylvania Department of Environmental Protection, OAR-2003-0012-0699 p. 2
STAPPA/ALAPCO, OAR-2003-0012-0507 p. 2-3
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Salt Lake City, OAR-2003-0012-0787 p. 1

Salt Lake Clean Cities, OAR-2003-0012-0778 p. 1

Texas House of Representatives, OAR-2003-0012-0658 p. 1

U.S. Public Interest Research Group, OAR-2003-0012-0780 p. 1

Union of Concerned Scientists, OAR-2003-0012-0830 p. 1

Wisconsin Department of Natural Resources, OAR-2003-0012-0702, 0703 p. 1-2

100,334 Public Citizens

1,862 Public Citizens

New York Public Hearing
A-2001-28, IV-D-05 [6 public citizens; 9/11 EA p. 255; ALA p. 61, 108; CATF
p. 234; E. Harlem AWG p. 269; ENE p. 251; Environmental Defense p. 147;
FPIR p. 264; Mt Sinai COEM, p.241; NRDC p. 27; NY EJA p. 232; NY DEC p.
11; NY PIRG p. 126; Sierra Club p. 248; U.S. PIRG p. 185; W. Harlem EA p.
259]

Chicago Public Hearing
A-2001-28, IV-D-06 [35 public citizens; Advocate Healthcare p. 275; ALA p.
278; Beth El p. 300; BTI p. 264-269; CATF, 254; CAT p. 152-158; ELPC p.
249; IL EPA p. 227; IL HSC p. 190; NCBLRD p. 69; NRDC p. 304; OEC p.
290-292; STAPPA/ALAPCO p. 34; Sierra Club p. 122, 164; SACE p. 179; U.S.
PIRG p. 9]

Los Angeles Public Hearing
A-2001-28, IV-D-07 [21 public citizens; ALA p. 171, 215; BTI p. 159; CARB p.
12; CA Earth Corps p. 201; CA ERA p. 77; CA Safe Schools p. 127; CAT p.
182; CCA p. 139; CSA p. 188; CBE p. 135; Environment CA p. 109;
Environment Canada p. 167; Environmental Defense p. 87; LAF p. 250; LA IEC
p- 197; NRDC p. 51; STAPPA/ALAPCO p. 22; Sierra Club p. 257; U.S. PIRG p.
175; UCS p. 65]

Many commenters stated that they believe that the proposed rule is a crucial component of the
effort to meet health based air quality standards, such as the NAAQS, and improve visibility as required
by the CAA and EPA's regional haze regulations. Some commenters (Oregon Department of
Environmental Quality, WRAP, National Park Service) noted that this rule would especially help improve
regional haze and visibility in the west. NESCAUM commented that attainment of the NAAQS is of
immediate concern to the states in the northeast region. And SACE noted that emission reductions from
nonroad sources would be particularly beneficial to metropolitan areas throughout the south. They added
that many southern areas are struggling to address nonattainment designations that have resulted in part,
from the tremendous growth this area has experienced. NRDC noted that L.A. is estimated to fall short of
attainment by 183 tons of NO, per day and the San Joaquin Valley faces a similar shortfall, they asserted
that since nonroad engines will account for almost 50 percent of the vehicle-related NO, emissions by
2007, and therefore it is crucial that EPA adopt this proposal as soon as possible. CARB noted that the
CAA preempts California from controlling emissions from new farm and construction equipment under
175 hp, and that EPA action in this area is crucial in order to facilitate attainment with the standards.

They added that 75 percent of the roughly 450,000 land-based and recreational marine diesel engines in
California are in this category and constitute 21 percent and 58 percent of the total mobile source NO, and
diesel PM, respectively, in California. The Connecticut Department of Environmental Protection
commented that in 1999, NO, emissions from nonroad diesel engines alone were responsible for one-third
of the total combined mobile and stationary source inventory in Connecticut, and as a result, this rule is
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crucial for assisting Connecticut in their efforts to attain and maintain the NAAQS for ozone.
Environmental Defense provided additional discussion on this issue including an assessment of
nonattainment areas throughout the nation and concludes that the problem could worsen without action to
reduce nonroad emissions.

Letters:
California Air Resources Board, OAR-2003-0012-0644 p. 1-4
City of Houston - Office of the Mayor, OAR-2003-0012-0630 p. 2
Connecticut Department of Environmental Protection, OAR-2003-0012-0653 p. 1-2
Environmental Defense, OAR-2003-0012-0821 p. 1-5
Massachusetts Department of Environmental Protection, OAR-2003-0012-0641 p. 1
New York City Office of Environmental Coordination, OAR-2003-0012-0631 p. 1
Natural Resources Defense Council, et. al., OAR-2003-0012-0661, 0665 p. 1-7
NESCAUM, OAR-2003-0012-0659 p. 2-4
Oregon Department of Environmental Quality, OAR-2003-0012-0779 p. 2
STAPPA/ALAPCO, OAR-2003-0012-0507 p. 2-3
South Carolina Department of Health & Environmental Control, OAR-2003-0012-0476 p. 1
South Coast Air Quality Management District, OAR-2003-0012-0623 p. 1
Texas Commission on Environmental Quality, OAR-2003-0012-0716, 717 p. 1
Western Regional Air Partnership, OAR-2003-0012-0774, 0775 p. 1
Wisconsin Department of Natural Resources, OAR-2003-0012-0702, 703 p. 1-2
New York Public Hearing
A-2001-28, IV-D-05 [ALA p. 108; Environmental Defense p. 149]
Chicago Public Hearing
A-2001-28, IV-D-06 [IL EPA p. 228; NPS p. 207-212; OEC p. 292; SACE p.
179; WRAP p. 51]
Los Angeles Public Hearing
A-2001-28, IV-D-07 [CCA p. 141; Environmental Defense p. 88; NRDC p. 52;
STAPPA/ALAPCO p. 25; SCAQMD p. 117; WRAP p. 157]

Some commenters (Clean Air Task Force, Pennsylvania Department of Environmental
Protection, Wisconsin Department of Natural Resources, STAPPA/ALAPCO, and ENE) stated that the
proposed rule is important because of the necessity for federal action in this area. They further noted that
states are pre-empted from regulating standards from new engines and it is impractical for them to
effectively regulate fuels and locomotives and marine engines at the state level. CARB also commented
that almost 75 percent of the nonroad diesel engines in California are federally preempted and beyond
CARB's authority to regulate.

We received comments regarding the potential for the rule to reduce the impact of diesel
emissions on global warming. One commenter specifically cited the impact of black carbon from diesels
as a major contributor to global warming, and added that states in the Northeast are increasingly looking
to diesel emissions to reduce global warming emissions. (See additional discussion under Issue 2.2).

Letters:

Clean Air Task Force, et. al., OAR-2003-0012-0508 p. 7-8

Pennsylvania Department of Environmental Protection, OAR-2003-0012-0699 p. 2
Wisconsin Department of Natural Resources, OAR-2003-0012-0702, 0703 p. 1-2
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New York Public Hearing, A-2001-28, IV-D-05 [ENE p. 251]
Los Angeles Public Hearing, A-2001-28, IV-D-07 [STAPPA/ALAPCO p. 23]

A number of commenters expressed that the proposed rule would be important from an
environmental justice perspective since it would help improve the health of those who are living near
industrial areas or in urban areas where construction is often ongoing. They commented that it is
important to recognize this proposal as a viable and necessary step for alleviating the disproportionate
adverse environmental effects on minority and low-income communities. The commenters further added
that these regulations could save 1 to 2 percent of hospital care costs among certain susceptible
populations, such as people of color and low-income families. Environmental Defense specifically noted
that when information from the MATES II study is matched with 1990 Census Data, it is clear that the
communities most impacted by diesel exhaust and other air toxics are predominantly low-income
communities of color. They provided additional information on the income, employment, and race of
affected communities and cites to 1990 Census Data, William H. Webster and Hubert Williams, The City
in Crisis: A Report by the Special Advisor to the Board of Police Commissioners on the Civil Disorder in
Los Angeles (1992), reprinted in Robert Garcia, Riots & Rebellion (1997), as supporting documentation.

In Illinois, locomotives are quite prevalent especially in the urban area in and around Chicago. It
is in urban areas that the risk of cancer and asthma is highest.

Letters:

Environmental Defense , OAR-2003-0012-0821 p. 6-7

IL Lt. Governor Pat Quinn, p. 4

NESCAUM, OAR-2003-0012-0659 p. 2-4

New York Public Hearing, A-2001-28, IV-D-05 [NY PIRG p. 126]

Los Angeles Public Hearing
A-2001-28, IV-D-07 [CEC p. 205; CA ERA p. 77; CCA p. 141; CSE p. 189;
CBE p. 135; LAF p. 250; L.A. IEC p. 198; Sierra Club p. 269; UCS p. 65]

Some commenters noted that the effects of nonroad diesel emissions on fragile ecosystems is well
documented- these emissions produce, among other ecological problems, acid rain. They further stated
that as the acidity of an aquatic ecosystem increases, species of plant and animal life are diminished, and
terrestrial animals dependent on aquatic ecosystems are also affected. The Illinois Department of Natural
Resources noted that acid rain reduces productivity in commercial fisheries, forestry and agriculture
resulting in a loss of jobs and taxable revenue in the State of Illinois. The Air Resources Division of the
National Park Service noted that researchers have documented the air pollution effects on biological and
aquatic resources in our national parks and that control of nonroad diesel pollution is a crucial component
of mitigating these effects.

Environmental Defense and STAPPA/ALAPCO commented that they support the
implementation of the proposed rule since the resulting NO, and PM emission reductions will lead to
significant economic benefits in the form of reduced damage to crops. Environmental Defense further
noted that California farmers lost an estimated $333 million to ozone crop damage in 1984 and $265
million in 1989. They commented that they believe that controlling NO, emissions from diesel farm
equipment will reduce ozone formation and will help limit crop damage, and cited a recent study which
demonstrated that farm workers are adversely affected by the pollution from diesel farm equipment and
have much to gain from rigorous emission standards.
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Letters:
Clean Air Task Force, et. al., OAR-2003-0012-0508 p. 7
Environmental Defense, OAR-2003-0012-0821 p. 3
linois Lieutenant Governor Pat Quinn, OAR-2003-0012-0781 p. 1-4
Natural Resources Defense Council, et. al., OAR-2003-0012-0661, 0665 p. 1-7
Pennsylvania Department of Environmental Protection, OAR-2003-0012-0699 p. 2
STAPPA/ALAPCO, OAR-2003-0012-0507 p. 2
Wisconsin Department of Natural Resources, OAR-2003-0012-0702, 0703 p. 1-2
New York Public Hearing, A-2001-28, IV-D-05 [Environmental Defense p. 149]
Chicago Public Hearing

A-2001-28, IV-D-06 [IL DNR p. 120; NPS p. 211; Sierra Club p. 122]
Los Angeles Public Hearing

A-2001-28, IV-D-07 [Environmental Defense p. 89; STAPPA/ALAPCO p. 23]

Our Response:

We appreciate the comments that these commenters provided. We believe that reducing
emissions from nonroad sources is critically important to achieving such large improvements. The
systems approach of this program- setting standards for nonroad diesel fuel sulfur as well as engine
emissions standards- will facilitate great pollutant emission reductions from this sector. With expected
growth in the nonroad sector, the relative emissions contribution from nonroad diesel engines without
today’s final rule is projected to be approximately 44% of the PM, 5 and 47% of the NOx emissions from
all mobile sources in 2030. Today’s action will achieve engine emissions reductions in PM and NOx
emissions levels in excess of 90%, and will reduce sulfur levels in NRLM diesel fuel more than 99% to
15 ppm. We note that we are finalizing this program on the same time frame as we proposed in the
NPRM.

We agree with the commenters that the requirements in this rule will result in substantial benefits
to public health and welfare through significant reductions in NOx and PM, as well as NMHC, CO, SO,
and air toxics. Diesel exhaust is of specific concern because it has been judged to likely pose a lung
cancer hazard for humans as well as a hazard from noncancer respiratory effects. We estimate these
annual emission reductions will prevent 12,000 premature deaths, 15,000 nonfatal heart attacks, and over
5 million lost work days from respiratory symptoms. In addition, emissions from these engines contribute
greatly to a number of serious air pollution problems and would continue to do so in the future absent
further reduction measures. Ozone, NOx, and PM also cause significant public welfare harm such as
damage to crops, eutrophication, regional haze, and soiling of building materials.

We also agree with commenters that emissions from nonroad engines account for substantial
portions of the country’s ambient PM and NOx levels. We estimate that these engines account for about
ten percent of total NOx emissions and about ten percent of total direct PM emissions. These proportions
are even higher in some urban areas, which include many poorer neighborhoods, and can be
disproportionately impacted by diesel emissions. These areas will greatly benefit from the adopted
emissions controls.

1.1.2 Impact on States
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What Commenters Said:

The Colorado Department of Public Health and Environment and the Western States Air
Resources Council commented that harmonization of diesel fuel standards for on and off road will
ultimately eliminate the potential air quality impacts of misfueling and will ease transport and storage
issues in the petroleum industry.

We also received comments from CARB, OTC, Environment Northeast, and the Texas
Commission on Environmental Quality, which stated that the proposed rule is important because of the
necessity for federal action in this area. These commenters further noted that States are pre-empted from
regulating standards from new engines and it is impractical for them to effectively regulate fuels and
locomotives and marine engines at the state level. CARB specifically commented that almost 75 percent
of the nonroad diesel engines in California are federally preempted and beyond CARB's authority to
regulate.

Letters:

Colorado Department of Public Health and Environment, OAR-2003-0012-0687 p. 1
Texas Commission on Environmental Quality, OAR-2003-0012-0716, 717 p. 1
Western States Air Resources Council, OAR-2003-0012-0711 p. 1

New York Public Hearing, A-2001-28, IV-D-05 [ENE p. 251; OTC p. 209]

Los Angeles Public Hearing, A-2001-28, IV-D-07 [CARB p. 12]

Our Response:

As noted in the sections above, we received many comments from states that were very
supportive of the rule.

In regard to the comments from Colorado and WESTAR, we note that the fuel program that we
are finalizing today will lead to harmonization of highway and nonroad fuels in the future. In addition,
the designate and track provisions that we are finalizing will help to alleviate concerns with misfueling
and the transportation and storage of fuels (see section IV of the rule preamble for more information on
the fuel program).

We appreciate the comments acknowledging the importance of today’s action.

1.2 Opposes Rule
What Commenters Said:

Rule is too stringent

Three private citizens commented that they do not support the implementation of the proposed
rule because there is no need for additional government regulations in the nonroad sector. Two of these
commenters specifically noted that emission reductions from nonroad engines are not necessary since
existing engines are already clean enough and are not significant contributors to overall PM and NOx
emissions, summertime ozone levels, acid rain, or water pollution. In addition, they stated, these engines
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are often operated far from areas with larger or more concentrated populations. [See related discussion
under Issues 5.3.3 and 7.1.]

The third commenter noted that newer equipment will have larger engines, but the trend towards
fewer, larger, and more efficient farms, less power equipment will be needed to perform the same tasks.
The commenter also stated that this is evidenced by falling tractor and combine sales in the U.S., which
along with the low number of sources and operations in relatively rural areas, precludes the need for
additional regulations aimed at reducing emissions in the nonroad sector.

Rule is too costly

Three private citizens commented that they do not support the implementation of the proposed
rule because it would be too costly. These commenters believed that the proposed rule would likely
unnecessarily increase the cost of equipment, maintenance, and repair. They further stated that the
proposed standards will cost resource providers millions with no tangible benefit to public health. One
commenter specifically requested that EPA listen to industry concerns in this regard. Another commenter
suggested that in lieu of finalizing the proposed rule, which could prove to be too costly, EPA should
provide tax incentives for heavy equipment manufacturers that would lead to voluntary emission
reductions. [See related discussion under Issues 5.3.3 and 7.1]

Rule is too lenient

Over 80,000 public commenters stated that they support the rule, but are opposed to the timing
and the possibility of only regulating locomotive and marine fuel to 500 ppm. These commenters believe
that the rule should be implemented on a more accelerated time schedule (they do not support providing
lead time for the manufacturing and fuel industries). Further, these commenters believe that all diesel
fuel- including locomotive and marine fuel- should be reduced to a sulfur content of 15 ppm.

Letters:
3 Public Citizens
80,000+ Public Citizens

Our Response:

As described above in section 1.1.1, we continue to believe that the program that we are
finalizing today is necessary, and is technologically and economically feasible in the time frame allowed.
We also believe that the lead time being offered is necessary for the manufacturing and fuel industries to
be able to comply with the rule. The benefits of this action, with overall quantifiable benefits totaling
over $83 billion annually by 2030, will greatly outweigh the costs. For a more in-depth description of the
feasibility of the engine and equipment and fuel standards, please refer to chapters 4 and 5, respectively,
of the Regulatory Impact Analysis (RIA). In addition, chapters 6 and 7 of the RIA describe the costs of
the rulemaking in greater detail.
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2. ENVIRONMENTAL AND AIR QUALITY ISSUES
What We Proposed:

The comments in this section correspond to Sections I and II of the nonroad Tier 4 proposal, and
therefore are targeted at environmental and air quality issues from the proposal. A summary of the
comments received, as well as our response to those comments are located below. Please note that
comments addressing environmental or public health benefits in the context of EPA's benefit-cost
analysis, will be included in Section 7.1 of this Summary and Analysis (which corresponds to Section V.E
of the preamble).

For the full text of comments summarized here, please refer to the public record for this
rulemaking.

2.1 General Public Health Impacts

2.1.1 Reducing Diesel Emissions Is Essential for Protecting the Public Against Health
Risks

What Commenters Said:

We received many comments that noted that the emission reductions that would result from the
implementation of the proposed rule would lead to significant reductions in cases of cancer. The
commenters also cited to a variety of reports and agreed that the science to date supports the conclusion
that there is a correlation between diesel emissions and cancer. NRDC noted that many leading agencies
around the world have concluded that diesel emissions pose some form of cancer risk, including EPA,
and the World Health Organization's cancer research office. This commenter also noted that diesel soot
pollution is particularly significant for Californians since both the South Coast Air Quality Management
District and CARB concluded that diesel pollution is responsible for more than 70 percent of the cancer
risk in California. In addition, STAPPA/ALAPCO have ranked L.A. number 1 and San Francisco
number 3 in total cancer cases expected over the next 70 years. NRDC cited to and attached as
supporting documentation: Solomon, Gina, M.D., "Health Effects of Diesel Exhaust," Clinics in
Occupational and Environmental Medicine, 2003; and cited to the ALA/Environmental Defense report
entitled "Closing the Divide," April 2003, and provided a web site reference for this report.
Environmental Defense noted that in L.A. County, 86 percent of the cancer risk from all air pollutants is
due to diesel mobile sources such as construction equipment. This commenter provided as supporting
documentation, a history of determinations of the carcinogenicity of diesel exhaust and a list of toxic air
contaminants and hazardous air pollutants found in diesel exhaust in Appendices A and B of their letter,
respectively. Another commenter (U.S. PIRG) noted that a 2002 report by Illinois PIRG found that the
average cancer risk from diesel exhaust in Illinois exceeds EPA's health protective threshold for cancer by
more than 425 times and 63 percent of that additional cancer risk comes from the diesel equipment that
will be regulated under the proposed rule. This commenter added that a recent study showed that in
Chicago, diesel equipment produced more than 40 percent of the soot and 25 percent of the smog
pollutants from all vehicles. U.S PIRG also cited to their 2002 analysis of EPA's National Scale Air
Toxics Assessment, which suggests that diesel exhaust comprises a significant portion of the cancer risk
from air toxics nationwide. Some commenters (CATF, NCBL, Dorvich, Environmental Defense) also
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cited components of diesel fuel emissions that are considered to be probable human carcinogens and
noted that reductions in diesel emissions would also reduce the cancer rate. One of these commenters
(Dorvich) noted that after taking into account factors like age, smoking, and occupational exposure, diesel
emissions have been linked to about a 40 percent increase in the risk of cancer. Some commenters
(Environmental Defense, CCA, Miller, Carson, Sierra Club) also cited to the Multiple Air Toxics
Exposure Study (MATES) I, which found that diesel particulate emissions are responsible for 70 percent
of the cancer risk associated with air pollution in California's South Coast region. One of these
commenters (Sierra Club) also provided additional data summarizing the amount of cancer-causing
substances released nationwide, statewide in Wisconsin, and in specific counties within Wisconsin for
both nonroad and onroad mobile sources in terms of percent contribution and pounds released.
NESCAUM noted that the National Toxics Inventory data (1996) indicate that diesels contribute up to 60
percent of the mobile source inventory of formaldehyde and acetaldehyde in the Northeast, which
contributes to the elevated cancer risk in this region. The Building and Construction Trades Department
cited to research conducted by the Construction Occupational Health Program (COHP) at the University
of Massachusetts, which shows that a significant percentage of workers are exposed to diesel pollution
that exceeds threshold values, thus posing a health risk to these individuals. The LHSFNA commented
that health concerns to diesel exhaust spurred the Mine Safety and Health Administration to propose rules
to reduce the risks to miners of serious health hazards that are associated with exposure to high
concentrations of diesel PM. MSHA stated that "The best available evidence indicates that such high
exposures put these miners at excess risk of a variety of adverse health effects, including lung cancer.
Many commenters provided testimony and comments that generally addressed the risk of cancer in the
context of their support for the proposed nonroad diesel rule. See also Issue 1.1.1.

Letters:

NESCAUM, OAR-2003-0012-0659 p. 3-4

Clean Air Task Force, et. al., OAR-2003-0012-0508 p. 1-8

Environmental Defense, OAR-2003-0012-0821 p. 1-6, 21-22

Ilinois Lieutenant Governor Pat Quinn, OAR-2003-0012-0781 p. 1-4

Laborer's Health and Safety Fund of North America, OAR-2003-0012-0638 p. 1-2

Natural Resources Defense Council, et. al., OAR-2003-0012-0661, 0665 p. 7-13

Building and Construction Trades Dept., AFL-CIO, OAR-2003-0012-0674-0676 p. 2-3

STAPPA/ALAPCO, OAR-2003-0012-0507 p. 3-8

South Coast Air Quality Management District, OAR-2003-0012-0623 p. 2

U.S. Public Interest Research Group, OAR-2003-0012-0780 p. 1-2

Wisconsin Department of Natural Resources, OAR-2003-0012-0702, 0703 p. 2

Sierra Club - Chicago (IV-D-742) p. +2-3

New York Public Hearing
A-2001-28, IV-D-05 [ALA p. 109; CATF p. 234; NRDC p. 28;
STAPPA/ALAPCO p. 39; U.S. PIRG p. 186]

Chicago Public Hearing
A-2001-28, IV-D-06 [1 public citizen p. 280; CATF p. 254; NCBLRD p. 70;
Sierra Club p. 122; U.S. PIRG p. 11]

Los Angeles Public Hearing
A-2001-28, IV-D-07 [2 public citizens p. 63, 242; ALA- CA p. 172; ALA-LA
218; CEC p. 203; CCA p. 147; CSE p. 193; ED p. 88; LAF p. 249; NRDC p. 53;
Sierra Club p. 258; U.S. PIRG p. 176]
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NESCAUM, NRDC, STAPPA/ALAPCO cited to and summarized the interim results of a study
just conducted by NESCAUM on nonroad equipment and operator exposure to PM 2.5 and such toxics as
formaldehyde (see Evaluating the Occupational and Environmental Impacts of Nonroad Diesel
Equipment in the Northeast, Interim Report, June 9, 2003). This study showed that in all industrial
locations sampled, diesel activity substantially increased fine particulate matter and toxic exposure for
workers and nearby residents, in some cases by as much as 16 times. Measured concentrations of
acetaldehyde, benzene, and formaldehyde around the tested nonroad equipment operations were as much
as 140 times the federally-established screening threshold for cancer risks. NESCAUM summarized
some of the conclusions included in the report and provided a copy of their report, which included
additional discussion and supporting data.

Letters:

NESCAUM, OAR-2003-0012-0659 p. 3-4

Natural Resources Defense Council, et. al., OAR-2003-0012-0661, 0665 p. 7-13
STAPPA/ALAPCO, OAR-2003-0012-0507 p. 3-8

New York Public Hearing, A-2001-28, IV-D-05 [NESCAUM p. 94]

Los Angeles Public Hearing, A-2001-28, IV-D-07 [U.S. PIRG p. 177]

A number of commenters commented that nonroad diesel engines emit huge quantities of
particulate matter and other pollutants that trigger asthma attacks, bronchitis, emphysema, and other
ailments that can lead to premature death. Some commenters provided specific numbers regarding
adverse health effects that could be avoided through the implementation of this rule. For example, some
commenters (CATF, CCA, NRDC) noted that the proposed rule will cut more than 9,600 premature
deaths and prevent more than 260,000 respiratory symptoms in children, 5,700 children's asthma-related
hospital emergency room visits, 16,000 heart attacks, and almost 1 million lost work days annually.
NRDC cited to and attached as supporting documentation: Solomon, Gina, M.D., "Health Effects of
Diesel Exhaust," Clinics in Occupational and Environmental Medicine, 2003; and cited to the
ALA/Environmental Defense report entitled "Closing the Divide," April 2003, and provided a web site
reference for this report. STAPPA/ALAPCO noted that the proposed rule will prevent annually 8,500
premature deaths, 180,000 asthma attacks, 5,600 cases of adult chronic bronchitis, 18,000 cases of acute
chronic bronchitis in children, nearly 200,000 cases of lower respiratory symptoms in children, 6,000
hospital admissions, and 1.5 million lost work days. The Coalition for Clean Air also cited the USC Keck
School of Medicine study, which found that the health of children growing up in southern California was
directly impaired by NO, and PM emissions and that their lung function was reduced by 10 percent.
Environmental Defense cited a four year study summarized in a 2002 article from the American Journal
of Respiratory and Critical Care Medicine, which shows that children in L.A. suffer significant deficits in
lung-growth function due to exposure to NO,, PM, and elemental carbon. Environment Northeast cited a
Hartford Health survey, which revealed that 15 percent of adults and 8.7 percent of school-age children
have asthma. This commenter also noted that a recent survey of children visiting primary care facilities in
Hartford, CT found that 33 percent of these children have asthma. The Sierra Club noted that there would
be significant benefits from reducing nonroad emissions from construction equipment to city residents
and the construction workers. The National Coalition of Black Lung and Respiratory Disease noted that
particulates exacerbate medical conditions for patients who already have impaired lung function. One
commenter (Dr. Pandya) cited to his article as published in 2002 in Environmental Health Perspectives,
which examines the impact of diesel exhaust on asthma. ALA cited to their report "The American Lung
Association State of the Air 2003" which estimates that nearly 2 million children with asthma live in
counties that violate the NAAQS. Many commenters provided testimony and comments that generally
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addressed these risks to public health. See also Issue 1.1.1.

Letters:

Clean Air Council, OAR-2003-0012-0613 p. 1-2

Clean Air Task Force, et. al., OAR-2003-0012-0508 p. 1-8

Environmental Defense, OAR-2003-0012-0821 p. 1-6

Illinois Lieutenant Governor Pat Quinn, OAR-2003-0012-0781 p. 1-4

Natural Resources Defense Council, et. al., OAR-2003-0012-0661, 0665 p. 7-13

NESCAUM, OAR-2003-0012-0659 p. 2-4

New York City Environmental Justice Alliance, OAR-2003-0012-0583 p. 1

STAPPA/ALAPCO, OAR-2003-0012-0507 p. 2-3

New York Public Hearing
A-2001-28, IV-D-05 [1 public citizen, p. 166; ALA p. 108; ALA-NY p. 62;
CATF p. 234; ED p. 148; E. Harlem AWG p. 270; E NE p. 251; Mt. Sinai
COEM p. 241; NRDC p. 28; NYC EJA p. 231; STAPPA/ALAPCO p. 39; Sierra
Club p. 249; W. Harlem EA p. 259]

Chicago Public Hearing, A-2001-28, IV-D-06 [NCBLRD p. 70]

Los Angeles Public Hearing
A-2001-28, IV-D-07 [1 public citizen, p. 229; ALA- CA p. 172; ALA-LA p. 216;
CCA p. 146; CSE p. 188; ED p. 88; NRDC p. 53]

Environmental Defense and West Harlem Environmental Action commented that EPA's rule is
particularly important from an environmental justice perspective- diesel exhaust has long been a problem
in urban communities of color. West Harlem also noted that New York has some of the highest rates in
the nation of childhood asthma hospitalization. The commenter added that East Harlem has long led the
country with the highest rates, roughly five times the national average and that recent findings indicate
that a staggering one in four children in Central Harlem suffer from asthma, four times the national
average. Communities for a Better Environment noted that the residents of Wilmington, California, 80
percent of whom are Latino, are significantly impacted by diesel pollutants, and often have difficulty
communicating with regulators on the issue of reducing pollution. Environmental Defense noted that
over 80 percent of the communities impacted by air toxics emissions are African-American and Latino
with a significant percentage of those living below the poverty line. The proposed standards would have
a direct positive impact on human health and the cancer risk in these communities.

Letters:
New York Public Hearing, A-2001-28, IV-D-05 [W. Harlem EA p. 259]
Los Angeles Public Hearing
A-2001-28, IV-D-07 [CBE p. 134; Environmental Defense p. 92]

The health benefits of the proposed rule will exceed those of other recent vehicle-related
programs. NRDC provided significant discussion and supporting documentation to support their claim,
including detailed tables that summarize the cases per year of PM-related adverse health effects that will
be avoided and the monetary and non-monetary health and environmental benefits.

Letters:
Natural Resources Defense Council, et. al., OAR-2003-0012-0661, 0665 p. 7-13
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Our Response:

We agree that there are public health benefits from the final Nonroad Diesel rule as described in
Chapter 2 of the RIA. The final rule will reduce harmful emissions and protect sensitive groups such as
outdoor workers, children, asthmatics and those with existing heart and lung disease.

We agree that diesel exhaust is a likely human carcinogen, and our Health Assessment Document
for Diesel Engine Exhaust (Diesel HAD) provides substantial evidence to support this claim.! We also
agree that diesel engines comprise a large portion of the national emissions inventory for some specific air
toxics such as formaldehyde. The Agency recognizes that in some occupations, exposures to diesel
exhaust are of concern.

We have reviewed the documents cited that provide a numerical estimate of cancer risk
attributable to diesel exhaust. The Agency does not believe that at this time the data support a confident
determination of a unit risk for diesel exhaust and therefore the cancer-related mortality or morbidity
associated with diesel exhaust exposure cannot be determined quantitatively. However, the Agency has
determined that the carcinogenic risk from diesel exhaust may be as high as 107 to 10 but a zero risk
cannot be ruled out. The basis for these determinations is provided in Chapters 8 and 9 of the Diesel
HAD.

We concur with the commenter’s statements regarding the composition and biological fate of
diesel exhaust particles.

We have reviewed the interim and final report from NESCAUM and agree that exposures to
hazardous air pollutants in diesel-associated professions and nearby residential areas can be elevated.

We agree that reducing nonroad diesel engine emissions will reduce exposures to air toxics and
criteria pollutants in low-income and minority populations. We agree that the rule will benefit
environmental justice. We agree in general with the importance of receiving comments from
communities who perceive problems related to diesel-related pollution.

We agree in general with comments supporting the rule due to adverse health effects from
exposure to pollutants such as particulate matter associated with nonroad diesel engines. We agree in
general that the rule provides a health-related benefits associated with a range of health outcomes.

2.1.2  Uncertainty in Health Risks Associated with Diesel Engines
What Commenters Said.:

DDC and EMA commented that there is uncertainty in our estimates of the health risks associated

with diesel engines, and that EPA should reevaluate the effects of diesel exhaust since old studies of
diesel exhaust from prior decades are not relevant to Tier 4-type engine products. The commenters also

'[USEPA] U.S. Environmental Protection Agency. Health Assessment Document for Diesel Engine Exhaust.
EPA/600/8-90/057F. Online at http://www.epa.gov/ncea.
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stated that the proposed Advanced Collaborative Emissions Study (ACES) initiative, which EMA is
spearheading, will yield key data in this regard; and that EPA should commit itself and its resources to the
ACES project.

Letters:
Detroit Diesel Corporation, OAR-2003-0012-0783 p. 8
Engine Manufacturers Association, OAR-2003-0012-0656, 0657 p. 93

API and Marathon commented that the specific components of diesel exhaust that significantly
contribute to health risk are currently not adequately defined. The concentrations of emissions associated
with diesel exhaust have been at concentrations greater than those found in ambient air and it is unclear
whether the rat carcinogenicity observed experimentally at high concentrations decreases in a linear
fashion as related to dose, or if there is a practical threshold below which additional health benefits are
unlikely. The uncertainty associated with the dose-response curve confounds the use of existing
carcinogenicity data for quantitative risk/benefit assessment. The commenters cited to two independent
expert review panels that have recognized the non-quantitative aspect of the relationship of diesel exhaust
to increased risk of lung cancer. These are: 1) Health Effects Institute (1999), Diesel Emissions and Lung
Cancer: Epidemiology and Quantitative Risk Assessment (www.healtheffects.org), and 2) Clean Air
Scientific Advisory Committee (CASAC) of EPA's Scientific Advisory Board, Review of the EPA Health
Assessment Document for Diesel Emissions (EPA 600/8-90/057D and EPA600/8-90/057E).

API and Marathon further commented that EPA continues to overstate the certainty that PM alone
is causing mortality and morbidity. In 1998, the NAS recommended a comprehensive long term research
program to evaluate the health effects of PM. While some new data has been provided as a result of this
study, additional data are needed. API also noted that they have previously submitted significant
comment on EPA's PM health risk assessments, continues to express concern that the current database
does not allow for an accurate overall assessment of the human health or environmental effects, and
concludes that EPA has not provided a complete or balanced health effects review and has overestimated
the benefits of reducing ambient levels of PM.

Letters:
American Petroleum Institute, OAR-2003-0012-0804-0808 p. 46-47
Marathon Ashland, OAR-2003-0012-0826, 0827 p. 42-43

Our Response:

As discussed in Chapter 2 of the RIA, the diesel health studies in the Health Assessment
Document for Diesel Engine Exhaust and, published subsequently, are relevant to the types of engines
currently in use in the Nonroad fleet. These engines are very durable and are often in the fleet for over 20
years. Further, the emissions from on-road diesel engines are similar to those from nonroad diesel
engines. These studies and exposure assessments such as the National-Scale Air Toxics Assessment
(NATA) demonstrate a need to reduce current diesel exhaust.

As stated in the Health Assessment Document for Diesel Engine Exhaust, we agree in general of
the need to evaluate the health effects of diesel exhaust from future technology diesel engines. We fully
support the ACES research program and are spending considerable staff time to help implement this
work.
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In response to API and Marathon’s comments, we concur that, at present, there are insufficient
data to derive a dose-response curve for diesel exhaust. As described in the Health Assessment Document
for Diesel Engine Exhaust, and based on Clean Air Science Advisory Committee (CASAC) advice, we do
not present a cancer incidence estimate. Similarly, cancer incidence related exclusively to diesel exhaust
PM is not a part of EPA’s quantitative economic benefits methodology. We refer to the Health
Assessment Document for Diesel Engine Exhaust for a more detailed discussion of the limitations of the
current health studies specific to diesel exhaust and, also, a discussion of a range of carcinogenic risk that
may be associated with diesel exhaust based on numerous epidemiology studies.

Regarding API and Marathon’s comments that we are overstating the current state of knowledge
regarding PM health effects, we do not agree. During the review of the PM NAAQS that was completed
in 1997, EPA concluded that PM, alone or in combination with other pollutants, is associated wtih
adverse effects below those allowed by the then-current standards. EPA has reviewed the substantial
literature on this topic and believes that health and welfare effects do result from levels of PM, ; observed
in ambient air. The Fourth External Review Draft of Air Quality Criteria for Particulate Matter expresses
EPA’s current understanding of PM health effects, as reflected in the 1996 PMCD and in subsequently
published literature. The document is currently under review by CASAC. We have modeled air quality
related to a preliminary control option as illustration. The emission differences between that modeling
and the final rule impacts are discussed in RIA Chapter 3.6.

We agree with the commenter on the importance of further PM-related research, suggested in the
NRC’s reports on PM research.

The Agency recognizes that estimates of PM-related health effects are subject to uncertainty
related to different steps of the analytical (modeling) process. In response to comments from both the
NAS and the SAB’s Health Effects Subcommittee (SAB-HES) regarding economic benefits, as well as
various public commenters, the Agency has initiated the development of an integrated strategy to
characterize uncertainty in its benefits estimates. This approach will consider the entire analytical
framework used in quantifying benefits and will focus in on those elements that contribute most
significantly to uncertainty in those estimates. As soon as elements of this strategy are finalized, we will
apply them in order to characterize uncertainty in our benefits estimates. It is also important to note that,
while the NAS highlighted the need for quantitative characterization of uncertainty associated with
benefits estimates, it also stated that the presence of uncertainty in benefits estimates should not delay
action taken to promote or protect public health.

In addition to developing methods for characterizing uncertainty, we have continued to update
our benefits analysis methodology to reflect advances in the state of knowledge and understanding
regarding specific pollutants. For this rule, we have made the following key updates to the PM modeling
approach (all of which have been recommended by the SAB-HES): (a) use of the Pope, 2002 reanalysis
of the ACS study data as the basis for modeling chronic exposure-related mortality, (b) incorporation of
updated impact functions to reflect updated time-series studies of hospital admissions to correct for errors
in application of the generalized additive model (GAM) functions in S-plus; (¢) inclusion of infant
mortality in the primary analysis, and (d) incorporation of asthma exacerbations into the primary analysis.

2.1.3 Health Benefits of the Rule and Current Air Pollution Problems
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What Commenters Said:

The Mercatus Center commented that EPA overestimated the probable health benefits of the rule
and current air pollution problems. The vast majority of the health benefits EPA claims for the proposed
rule are unlikely to be realized because EPA has greatly overestimated the health damage caused by
current air pollution trends. EPA did not accurately characterize the impact of long-term and short-term
exposure to PM or the overall impact of ozone on public health. EPA has not provided the public with an
accurate assessment of the weight of the evidence on the health effects of current air pollution, since 1)
there are numerous inaccuracies in the studies upon which EPA has relied to conclude that there is a
significant risk to the public; 2) EPA relies only on those studies that support its conclusion and does not
evaluate or discuss studies that would show otherwise; and 3) overestimates the number of people who
are exposed to, or are at risk from, elevated air pollution. Commenter (Mercatus) provides significant
additional discussion and supporting documentation and data to support their position on this issue,
including a critique of the studies upon which EPA has relied (such as the ACS and Six Cities studies)
and suggestions for additional studies that should be taken into consideration. (See additional discussion
under Issue 2.1).

The National Association of Wheat Growers pointed out that there are no areas of the county out
of attainment for NO2. Given that reductions in NOx are a primary goal of the proposed regulation, EPA
is vigorously attacking a problem which does not exist.

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 12-29
National Association of Wheat Growers et al, OAR-2003-0012-0752 p. 2

Our Response:

We disagree with the comments. Through the development of criteria documents for ozone, SO,
and PM and the Health Assessment Document for Diesel Engine Exhaust (Diesel HAD), we have
carefully reviewed the science in public forums with expert and public review. We are relying on those
documents in our interpretations of the science.

For example, in the criteria document for PM, after evaluating all the relevant studies (positive
and negative and neutral), EPA concludes the following:

“A growing body of epidemiology studies confirm associations between short- and long-term
ambient PM, s exposures (inferred from stationary air monitor measures) and adverse health
effects and suggest that PM, ; ( or one or more PM, . components) is a probable contributing
cause of observed PM-associated health effects.” P 8-276, conclusion #2

We believe that we have taken the most appropriate, peer-reviewed approach to characterizing long-term
and short-term effects of air pollution on public health. This document is not meant as a “weight of
evidence” of current air pollution science, but rather a highlight of the key scientific issues as defined in
EPA’s criteria documents. These criteria documents and the Diesel HAD lay out the current science on
the criteria air pollutants and diesel exhaust. These documents have been subject to peer review by the
Clean Air Scientific Advisory Committee (CASAC). Also, several key PM health studies have been
independently reviewed by the Health Effects Institute which affirmed EPA’s conlcusions.
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In the criteria documents, we have evaluated all relevant scientific data from a variety of relevant
disciplines. In these processes, we did take into consideration the studies and issues mentioned in the
comments. As discussed in the criteria documents, we agree that there remain some uncertainties, and
that further research is needed.

In Chapter 2 of the RIA, we present an analysis of measured air quality data (that has been quality
assured, certified, and that is complete). As described in detail in the technical support document, we list
counties with a monitored PM design value (based on 3 years of complete data) that violates the standard.
We then report the associated population. We have also included information about the recently
designated 8-hour nonattainment areas. We agree that not every person in the county or nonattainment
area would experience exactly the concentration at the central monitor. It is possible, based on activity
patterns, that the exposures to PM could be higher or lower. For example, we received public comment
(e.g., NESCAUM) that exposures near Nonroad Diesel equipment and residences near construction sites
where this equipment is operated, can be significantly higher than central site monitors. Furthermore, in
Chapter 2 we summarize NATA modeling that takes into account people’s activity patterns and presents
exposure to diesel PM and other toxics from all sources, including nonroad diesel equipment.

In addition, the methodology used to conduct the economic benefits analysis reflects
recommendations provided by both the NAS and SAB-HES regarding specific elements of the analytical
framework design. Consequently, the Agency believes that the methods used in this analysis reflect the
latest science regarding health effects incidence estimation and valuation for ozone and PM. The
analytical framework used in this benefits analysis is based on the methodology developed by the Agency
to conduct the cost-benefit analysis for the Clean Air Act (the 812 Analysis). The analytical blueprint for
the 812 Analysis has been subjected to a rigorous peer-review by the SAB-HES which focused on key
elements of the framework including the selection of epidemiological studies as the basis for modeling
morbidity and mortality. Based on guidance provided by the SAB-HES and the NAS, the EPA has
updated the benefits analysis methodology used for the NRD Final Rule Making effort to reflect the latest
science regarding PM and ozone health incidence estimation and valuation. Specific modifications
include: (a) use of the Pope 2002 reanalysis of the ACS study data as the basis for the primary mortality
estimate, (b) incorporation of child mortality into the primary estimate, (c) incorporation of asthma
exacerbations into the primary estimate and (d) the use of updated time-series data for morbidity that
reflects corrections for GAM-related errors introduced in previous analyses of several key data sets.
These improvements in the benefits analysis methodology for PM reflect the Agency’s ongoing effort to
maintain the scientific defensibility of benefits estimates generated in support of regulatory analysis.

Finally, in response to the comment from The National Association of Wheat Growers, our new
NOx standards for nonroad engines are primarily intended to mitigate ambient concentrations of ozone,
because ozone formation in the atmosphere is directly linked to the concentration of NOx. Although
exceedence of National Ambient Air Quality Standards for NOx may not be a problem, it continues to be
a significant problem for ozone.
2.2 Issues Related to Specific Public Health or Exposure Studies

2.2.1 Long-term Exposure to PM and Diesel Exhaust and Health Effects

2.2.1.1 EPA Should Consider Specific Studies
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2.2.1.1.1 Veteran’s Study
What Commenters Said:

The Mercatus Center commented that EPA should rely on the Veteran's Study as cited in the RIA,
as a more accurate test of the effects of PM exposure on long-term health The Veterans Study reports a
statistically significant decrease in mortality associated with PM, ;. However, the study population
included men with preexisting high blood pressure, which should have made them more susceptible to the
effects of PM than the comparatively healthy populations of the ACS and Six Cities studies. There may
be some residual confounding that may explain the anti-correlation between PM,  and health.
Nevertheless, this study's statistical analysis of individual health factors is more comprehensive than that
of the ACS or Six Cities studies because it includes other non-pollution health factors such as age,
smoking-status, blood pressure, and body-mass index.

Mercatus further added that EPA should include the Veterans Study in its health effects analysis;
noting that EPA cited to the Veterans Study in the Cost-Benefit section of the RIA (Chapter 9), but did
not discuss this study in the section on health effects of air pollution (Chapter 2).

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 16-18

Our Response:

We do not agree that the Veterans Study provides a better estimate of PM, s-related health
effects.” Unlike previous long-term analyses, this study found some associations between premature
mortality and ozone but found inconsistent results for PM indicators. We note that, while the PM
analyses considering segmented (shorter) time periods gave differing results (including significantly
negative mortality coefficients for some PM metrics), when methods consistent with the past studies were
used (i.e., many- year average PM concentrations), similar results were reported: the authors found that
“(t)he single-mortality-period responses without ecological variables are qualitatively similar to what has
been reported before (SO4 > PM2.5 > PM15).” First, the Veteran’s study assessed male veterans with
elevated blood pressure, who had a higher than average proportion of current and former smokers. The
population is not sufficiently similar to the general U.S. population to allow for direct comparison.

Second, like the ACS study, the Veterans Study was not originally designed to study air
pollution. Rather, it was designed as a means of assessing the efficacy of anti-hypertensive drugs in
reducing morbidity and mortality in a population with pre-existing high blood pressure. Due to this study
design, as noted in the 4™ External Review Draft of the PM Criteria Document, this may cause loss of
follow-up resulting from cohort depletion that is unassociated with the exposure of concern. This effect
can cause a significant loss of statistical power. This concern is reflected in the statement by the study
authors, cited in the PM Criteria Document, that “...the relatively high fraction of mortality within this
cohort may have depleted it of susceptible individuals in the later periods of follow-up.” Rather than

ZLipfert, F. W.; Perry, H. M., Jr.; Miller, J. P.; Baty, J. D.; Wyzga, R. E.; Carmody, S. E. (2000) The
Washington University-EPRI veterans' cohort mortality study: preliminary results. In: Grant, L. D., ed. PM2000:
particulate matter and health. Inhalation Toxicol. 12(suppl. 4): 41-73.
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making this study more sensitive to the effects of PM-2.5, the study may have lost statistical power
through loss of susceptible populations from conditions not associated with pollution.

Thus, a variety of issues associated with the study design, including sample representativeness
and loss to follow up, make this cohort a poor choice for extrapolating to the general public.
Furthermore, the selective nature of the population in the veteran’s cohort and methodological
weaknesses may have resulted in estimates of relative risk that are biased relative to a relative risk for the
general population.

In RIA Chapter 9's economic benefits assessment, consistent with guidance from the SAB-HES,
we have elected to use the Pope 2002 reanalysis of the ACS study as the basis for our primary mortality
estimate. This reanalysis includes expanded coverage for risk factors including many of those cited by
the commenter in recommending the Veteran’s Study (e.g., age, smoking status, and body-mass index).
Consideration of these risk factors in the Pope reanalysis has shown the association of PM, 5 and mortality
to be robust to consideration of these variables. Because the Pope 2002 reanalysis addresses the issue of
risk factors, we believe that use of the Pope reanalysis for the FRM-NRD largely addresses this
commenter’s concern that risk factors were not being sufficiently addressed in assessing mortality. We
also do not agree with the commenter’s assertion that the Veteran’s Study population is necessarily more
sensitive to PM effects. Because the Veteran’s study included individuals with elevated smoking rates,
and hypertension, it is possible (as stated by the study authors), that the relatively high mortality of the
study population may have depleted that population of susceptible individuals for PM, .-related health
effects. This would make it more difficult to establish an association between PM, ; exposure and
mortality. In addition, a compelling argument can be made against the use of the Veteran’s Study for
impact estimation on the grounds that it used a study population, which is not representative of the
general population. The Veteran’s Study population was 1) all male, 2) veterans, and 3) diagnosed
hypertensive. There are also a number of other differences between the composition of the sample and
the general population, including a higher percentage of African Americans (35 percent), and a much
higher percentage of smokers (81 percent former smokers, 57 percent current smokers) than the general
population (12 percent African American, 24 percent current smokers).

Although we did consider the study (and others that were not explicitly mentioned) because we
are relying on the criteria documents, we have added discussion of the Veteran’s Study to Chapter 2 of
the RIA as well as the AHSMOG studies and the Dutch NCLS cohort (Hoek et al., 2003)

2.2.1.1.2 County Study
What Commenters Said:

The Mercatus Center commented that EPA should include the County Study in the RIA, which is
an important analysis of the relationship between PM and mortality. The County Study (see F.W. Lipfert
and S.C. Morris, "Temporal and Spatial Relations between Age Specific Mortality and Ambient Air
Quality in the United States: Regression Results for Counties, 1960-97," Occupational and
Environmental Medicine, vol. 59, no. 3 (2002), pp. 156-174) is a full ecological study, included all U.S.
counties with air pollution monitoring data, and assessed the relationship between pollution levels and
mortality at the county level between 1960 and 1997. This study also assessed the relationship between
pollution and mortality for several time periods, and included both concurrent and delayed health effects
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of pollution exposure. This study has found an association between PM, 5 and increased mortality but
also found that there is a threshold between 20 and 25 ug/m3, below which PM, ; had no effect. This
study showed little or no evidence for cumulative effects from longer term exposure. The Mercatus
Center provided additional discussion on this study and recommended that based on the problems of
uncontrolled confounding, short latencies, and biologically implausible associations in the ACS and Six
Cities studies, combined with the negative results of the Veterans and County studies, EPA should set its
annual PM, , standard at no less than 20 ug/m3.

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 19

Our Response:

We did consider the study (and others that were not explicitly mentioned) because we are relying
on the criteria documents. The Lipfert and Morris (2002) County Study is not specifically discussed in
the RIA. As discussed in the 4™ External Review Draft of the PM Criteria Document, the ecological
nature of the study makes the County study results difficult to interpret. The study included some
covariates which may confound the relationship with air pollution. Two of the ecological variables,
vehicle miles of travel per square mile per year by gasoline and diesel vehicles, respectively, in a county
(also used in Janssen et al., 2002) are likely to have important associations with air pollution, and had
varying associations with mortality in the study. Furthermore, some models employed included the
percentage of air conditioning in a county, a factor that may well be correlated with greater secondary
aerosol formation in warmer temperatures and is likely associated with diminished exposure to air
pollution, resulting in smaller acute health effects per pg/m3 of PM pollution (Janssen et al, 2002). Given
these potentially confounding terms in this study’s model, the Criteria Document does not rely on this
study in its conclusions, and therefore, the RIA does not address it.

Consistent with Science Advisory Board’s Health Effects Subcommittee (SAB-HES) advice, the
Agency is using the Pope 2002 reanalysis of the ACS study as the basis for the primary estimate of
mortality in the final RIA Chapter 9. The authors of the Pope reanalysis note that, for the range of
exposures considered in their reanalysis, the slope of the concentration-response function appears to be
monotonic and nearly linear, although they cannot exclude the potential for a leveling off or steepening at
higher exposure levels.

The EPA Science Advisory Board’s Advisory Council for Clean Air Compliance, which provides
advice and review of EPA’s methods for assessing the benefits and costs of the Clean Air Act under
Section 812 of the Act, has advised that there is currently no scientific basis for assuming any specific
threshold for the PM-related health effects considered in typical benefits analyses (EPA-SAB-Council-
ADV-99-012, 1999). Also, the National Research Council (NRC), in its own review of EPA’s approach
to benefits analyses, has agreed with this advice.

This advice is supported by the recent literature on health effects of PM exposure (Daniels et al.,
2000; Pope, 2000; Pope et al., 2002, Rossi et al., 1999; Schwartz, 2000) which generally finds no
evidence of a non-linear concentration-response relationship and, in particular, no evidence of a distinct
threshold for health effects. A recent draft of the EPA Air Quality Criteria for Particulate Matter (U.S.
EPA, 2002) reports only one study, analyzing data from Phoenix, AZ, that reported even limited evidence
suggestive of a possible threshold for PM, s (Smith et al., 2000).
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Thus, it is appropriate and reasonable to include the estimated benefits associated with all
reductions in PM, ; using non-threshold models, to provide a comprehensive picture of the estimated
public health impacts associated with projected future controls on PM precursor emissions.

Consequently, for the primary analysis, the Agency is not assuming a threshold. However, the
Agency agrees with the NAS and SAB-HES that the issue of a potential threshold in relation to PM, -
related mortality remains an area of uncertainty. The Agency is currently developing a framework for
characterizing uncertainty in the benefits modeling process, which will include consideration for the
shape of the mortality concentration response function. As that work is completed, we will consider
integrating a more complete treatment of uncertainty in these functions into our modeling of PM, ;-related
mortality incidence.

2.2.1.1.3 Other Studies
What Commenters Said:

NRDC cited to and attached as supporting documentation: Solomon, Gina, M.D., "Health Effects
of Diesel Exhaust," Clinics in Occupational and Environmental Medicine, 2003; and cited to the
ALA/Environmental Defense report entitled "Closing the Divide," April 2003, and provides a web site
reference for this report. The Clean Air Coalition also cited the USC Keck School of Medicine study,
which found that the health of children growing up in southern California was directly impaired by NO,
and PM emissions and that their lung function was reduced by 10 percent. Environmental Defense cited a
four year study summarized in a 2002 article from the American Journal of Respiratory and Critical Care
Medicine, which shows that children in L.A. suffer significant deficits in lung-growth function due to
exposure to NO,, PM, and elemental carbon.

Letters:
New York Public Hearing, A-2001-28, IV-D-05 [CATF p. 234; NRDC p. 28]
Los Angeles Public Hearing, A-2001-28, IV-D-07 [NRDC p. 53]

Our Response:

We agree that emissions from Nonroad Diesel engines contribute to serious health effects and that
children are especially vulnerable. Through the development of criteria documents for ozone, SO, and
PM and the Health Assessment Document for Diesel Engine Exhaust (Diesel HAD), we have carefully
reviewed the science in public forums with expert and public review. We are relying on those documents
in our interpretations of the science. The RIA is not meant as a “weight of evidence” of current air
pollution science, but rather a highlight of the key scientific issues as defined in EPA’s criteria
documents.

2.2.1.2 Use of the ACS and Six Cities Studies

2.2.1.2.1 Pollutants Included in Studies

What Commenters Said:
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The Mercatus Center commented that the ACS and Six Cities studies do not accurately portray
the association between PM, ; and mortality. The ACS study assessed health effect using a statistical
model that included PM, ; as the only pollutant. But the HEI reanalysis include SO, levels in the model
as a potential confounder and found that only SO,, not PM, ;, was associated with mortality. This
suggests that confounding factors by other pollutants compromised the accuracy of the ACS study.

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 14

Our Response:

The final rule reduces SO,, as well as PM, 5, NOx, ozone, and air toxics. In 2010, our final
program will reduce SO, emissions by 260,000 tons, which will grow to 375,000 tons reduced in 2030.

We agree with the need to address copollutants when employing epidemiologic models. The HEI
reanalyses generally confirmed the original investigators’ findings of associations between mortality and
long-term exposure to PM, while recognizing that increased mortality may be attributable to more than
one ambient air pollution component. Regarding the validity of the published Harvard Six-Cities and
ACS Studies, the HEI Reanalysis Report concluded that overall, the reanalyses assured the quality of the
original data, replicated the original results, and tested those results against alternative risk models and
analytic approaches without substantively altering the original findings of an association between
indicators of particulate matter air pollution and mortality.

The most recent external review draft of the PM criteria document reaches similar conclusions.

While the Agency recognizes the ongoing need to research the issue of copollutants, including
SO,, and their role in quantifying the relationship between long-term exposure to PM, ; and mortality, we
disagree with the commentor’s interpretation of the HEI reanalysis and their assertion that SO, is
associated with mortality and not PM, ;. Although the HEI reanalysis did find a robust association
between mortality and SO,, such an association was also reported for fine particles and sulfate. In
addition, the study points out that efforts to address spatial autocorrelation for ecologic-scale variables
such as fine particles and sulfate may have over-adjusted estimated effects for these regional pollutants
compared with effect estimates generated for local copollutants including SO,. This could partially
account for the higher effect estimate generated for SO, relative to fine particles and for sulfate. In
addition, SO, is associated with sulfate formation and consequently, SO, concentrations are likely
surrogates for sulfate concentrations, which could explain their statistical association with PM, ;-related
mortality.

In considering this issue of SO, as a copollutant and its impact on the association between
mortality and long-term exposure to PM, ,, it is also important to consider the wider literature. Two
recent studies examining the relationship between gaseous copollutants (including SO,) and PM-related
health effects including mortality (Samet et al., 2000, 2001), conclude that SO, is likely to represent a
surrogate for ambient PM, ; concentrations and may in certain circumstances represent a surrogate for
personal exposure to PM, ;. Furthermore, both studies conclude that SO, is unlikely to be a confounder
for PM, s-related health effects (i.e., it is unlikely to be associated directly with these health effects while
being correlated with PM, ; exposure). Further evidence against SO, as a confounder specifically for
mortality effects involves biological plausibility. While SO, is recognized as effecting airways causing
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difficulty in breathing, especially for asthmatics, there is little evidence of a causal link between SO,
exposure and cardiovascular- or lung cancer-related mortality. This argues against SO, as a confounder
for PM, ;-related mortality effects.

Following recommendations from the NAS and SAB-HES, we have continued to update our
methods for benefits estimation to reflect the latest research and are now using the Pope, 2002 reanalysis
of the ACS study data. This latest reanalysis has a number of advantages over prior studies in evaluating
the role of SO, in the relationship between PM, s exposure and mortality. The Pope 2002 reanalysis
includes 8 additional years of follow up data, including data on fine particulates and gaseous copollutant
exposure. The Pope 2002 reanalysis also considers a variety of additional covariates believed to be
associated with mortality and uses the latest statistical methods (e.g., non-parametric spatial smoothing)
for addressing key issues such as spatial autocorrelation. While the Pope 2002 reanalysis continues to
show a strong correlation between SO, and all cause and cardio-vascular mortality, suggesting that it is
likely a surrogate for particulate fine and more likely sulfate exposure, the study also provides the
strongest evidence yet for an association between long-term exposure to PM, ; and mortality.

2.2.1.2.2 Socioeconomic Factors
What Commenters Said:

The Mercatus Center commented that the ACS and Six Cities study results suggest that the
association of PM, ; with mortality might instead be a dubious association caused by confounding socio-
economic factors. For the ACS study, there was no association between PM, ; and mortality for people
with more than a high school education, women, elderly (from age 60 to 69), current or never-smokers, or
those that were sedentary or very active. In addition, when population change was added into the model
as a potential confounder the PM, ; effect declined by two thirds and became statistically insignificant.
The ACS study included health-related data based on information from 1982, which could be inaccurate
given the potential changes to overall diet, weight and other factors in the past two decades. The Six
Cities study results also suffer from residual confounding with respect to level of exercise and education.

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 14-16

Our Response:

We disagree that the ACS and Six Cities studies conclusions regarding PM, ; are attributable to
strictly socioeconomic factors. In the studies, the estimated fine particle effect on cardiopulmonary
mortality and cancer mortality remained relatively stable even after adjustment for smoking status,
although the estimated effect was larger and more significant for never-smokers versus former or current
smokers. The estimates were relatively robust against inclusion of many additional covariates: education,
marital status, body mass index (BMI), alcohol consumption, occupational exposure, and dietary factors.
However, as the authors note, the data on individual risk factors were collected only at the time of
enrollment and have not been updated, so that changes in these factors since 1982 could introduce
risk-factor exposure mis-classification and a consequent loss of precision in the estimates that might limit
the ability to characterize time dependency of effects. Moreover, it is noteworthy that this study found
education to be an effect modifier, with larger and more statistically significant PM effect estimates for
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persons with less education. This may be due to the fact that less-education is a marker for lower
socio-economic status and, therefore, poorer health status and greater pollution susceptibility. These
results may also be an indicator that the mobility of the less educated provides better estimates of effects
in this study (with no follow up of address changes) than for the more mobile well-educated. In either
case, because this cohort comprises a much higher percentage of well-educated persons than the general
public, the education effect modification seen suggests that the overall PM effect estimates are likely
underestimated by this study cohort versus that which would be found for the general public.

Following recommendations from the SAB-HES, we have updated our benefits characterization
methodology to use the latest reanalysis of the ACS study data (Pope, 2002) as the basis for our primary
morality estimate. This analysis incorporates several enhancements that strengthen conclusions regarding
the association between long term exposure to PM, ; and mortality and increases our ability to examine
the potential for effects modification by a range of possible risk factors including those mentioned by the
commentor (e.g., educational status, age, smoking status). These enhancements include: (a) addition of 8
years of follow-up data with an increase in number of deaths, (b) inclusion of range of dietary covariates
in modeling, (c) improvements in treatment of occupational exposure and (d) refinements in methods
used to address potential spatial autocorrelation in ecologic variables. The results of the Pope 2002
reanalysis, rather than suggesting that socioeconomic factors are confounders, point to several of these
variables as potential effects modifiers. Furthermore, the results of the reanalysis show that, with the
exception of smoking status, the mortality association with PM, ; is not highly sensitive to inclusion of
risk factors considered in the analysis, including education and age. The reanalysis suggests that many of
these risk factors may represent effects modifiers for the PM, ; mortality association (and not
confounders). In the case of educational status, this variable may be linked to socioeconomic status
which can, in turn, be linked to factors which could impact an individual’s risk for mortality and
morbidity effects from PM, ; exposure, such as access to health care. It is likely that, should our benefits
analysis methodology be further refined to model PM, ;-related mortality for populations differentiated on
education and other potential effects modifiers, overall incidence estimates for mortality and morbidity
would increase.

2.2.1.2.3 Latency Periods
What Commenters Said:

The Mercatus Center commented that the development of cardiovascular disease or cancer has a
latency period of 15 to 20 years. However, the measurements for the ACS and Six Cities studies occurred
around the same time the study began in the early 1980s, and for the ACS study, the range of PM levels
was about four times higher during the 1960s than during the 1980s. The Mercatus Center further noted
that this suggests that the health effects of a given increase in PM would be significantly lower than these

studies estimate.

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 15-16

Our Response:

We disagree with the comment. No data on PM,  is available for periods prior to the U.S. EPA
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Inhalable Particle Network used in the ACS study. The commenter cites information regarding total
suspended particulates (TSP) prior to the study period, but this information is not directly applicable to
the PM, ; data used in the ACS study.

The SAB-HES noted in its review of the Agency’s method for conducting PM, .-related
economic benefits analysis, that the issue of latency/lag associated with specific health effects remains a
source of uncertainty in assessing benefits and is an area requiring additional research. As the SAB-HES
points out, a lack of detailed temporal exposure data for individuals included in long-term prospective
cohort studies makes it difficult to characterize latency and lag periods (for purposes of defining cessation
lags following regulatory implementation) for specific PM-related health effects. As additional
information related to latency and lag periods becomes available, we will incorporate those data into our
benefits analysis methodology.

While acknowledging limitations in our understanding of latency/lag periods associated with
specific health endpoints, we do recognize the likelihood that lung cancer-related mortality may have a
longer latency period. In fact, the Agency has cited this as a likely reason for the original ACS study not
detecting a significant association between PM, s exposure and lung cancer mortality. However, the latest
reanalysis of the ACS study (Pope, 2002), which includes additional follow-up data on exposure,
mortality and risk factor covariates for the study population, has detected a significant association
between lung cancer and long-term exposure to PM, ;. This further strengthens the argument for a longer
latency period for long cancer. However, consideration of a longer latency period for lung cancer through
inclusion of the follow-up data in the Pope 2002 analysis, has served to strengthen the relationship
between PM, ; exposure and long cancer, rather than weakening it, as suggested by the commenter.

In the case of cardiovascular-related mortality, the inclusion of additional follow-up data in the
ACS reanalysis resulted in a reduction in the effects estimate, although the association between long term
PM, , exposure and cardiovascular mortality remained significant. In contrast to lung cancer, this trend
does not argue for a longer latency period and its specific implications for a cardiovascular mortality
latency period is unclear. However, it is important to point out that, by including the follow-up data in
the Pope 2002 reanalysis, this study tracks the study population over 20 years from the standpoint of both
exposure and mortality, which weakens the argument that the ACS study focused on mortality associated
primarily with higher PM exposure from earlier periods (i.e., the 1960's).

2.2.1.2.4 Carcinogenic Substances
What Commenters Said.:

The Mt. Sinai Center for Occupation and Environmental Medicine commented that particulate
matter in diesel exhaust contains a wide range of carcinogenic substances, including those substances that
are present in cigarette smoke that are notorious for their carcinogenicity. The commenter further noted
that these substances tend to adhere to the particulates in diesel exhaust and are carried deep into the
recesses of the lung, along with fine carbon base parts; in addition, benzene is present in amounts
comparable to the concentrations of the carcinogenic V agents.

Letters:
New York Public Hearing
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A-2001-28, IV-D-05 [Mt. Sinai Center for Occupational & Environmental
Medicine p. 242]

Our Response:

We agree that diesel exhaust is a likely human lung carcinogen, as described in the Diesel HAD.
In addition, it is possible that the epidemiologically-derived effects estimates for PM, ; exposure capture
some of the constituent-specific cancer mortality incidence resulting from diesel particles contained in
diesel exhaust.

While recognizing the challenges associated with modeling benefits for individual HAPs, the
Agency is continuing to develop methods for HAPs benefits assessment and will consider their
application as they become available.

2.2.1.2.5 PM-Mortality Relationship Over Time
What Commenters Said:

The Mercatus Center commented that a comparison of the ACS results from 1982 to 1989 with
those for 1990 to 1998 suggest that PM, , risks are decreasing with time. The PM-mortality relationship
for 1990-1998 is statistically insignificant.

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 15

Our Response:

The commenters do not cite primary data, but rather an inference that is not possible to confirm or
refute at this point. Regarding the issue of significance, the commenters base their estimate of the
confidence intervals on the size of confidence intervals from other periods. This approach is not a valid
method for estimation of confidence intervals.

It is important to differentiate between trends in PM,  concentrations and the strengths of
association between long-term PM, ; exposures and mortality. Associations between PM, s exposure and
mortality can remain strong, or even strengthen (in the case of lung cancer), even as the general trend in
PM, ; ambient concentrations over the study period has decreased. In this context, mortality risk
associated with a unit change in long-term PM, ; exposure can remain constant, or even increase due to
better data, while overall population-level exposure and hence mortality linked to PM, 5 exposure is
decreasing. Specifically, with the Pope et al. 2002 reanalysis of the ACS data, inclusion of follow-up
data, likely including individuals experiencing somewhat reduced overall PM, 5 exposure (reflecting a
general decrease in PM, ; ambient trends) has resulted in a strengthening in the effect estimate for lung
cancer mortality, while producing a decrease in the effect estimate for cardiovascular mortality (although
the association for cardiovascular mortality still remains significant).

Further, we did not base our conclusions on any single study, and the larger body of time series
PM studies provide evidence for the association between PM and mortality, as discussed in the criteria
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document.

2.2.1.2.6 Harvard Six Cities Study
What Commenters Said:

The Mercatus Center commented that the Harvard Six Cities study only included 6 locations, thus
precluding the possibility of investigating whether other pollutants in the statistical analysis affected the
apparent mortality contribution of PM, ..

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 16

Our Response:

As discussed above, through the development of criteria documents for ozone, SO, and PM and
the Health Assessment Document for Diesel Engine Exhaust (Diesel HAD), we have carefully reviewed
the science in public forums with expert and public review. We are relying on those documents in our
interpretations of the science. The RIA is not meant as a “weight of evidence” of current air pollution
science, but rather a highlight of the key scientific issues as defined in EPA’s criteria documents.

Specifically regarding the commentor’s criticism of the Harvard Six Cities study, we recognize
certain limitations of the original study, including the use of a study population selected from a relatively
small number of urban areas, which may decrease coverage for diverse conditions regarding exposure.
However, the reanalysis of the Six Cities study conducted by the HEI, does examine specific issues
related to PM, 5 mortality that are not addressed as completely by other studies, including the issue of
time-dependent covariates which are supported by follow-up questionnaires administered to the study
population as part of the HEI reanalysis. However, as noted in the PM criteria document and in the HEI
reanalysis report, the Six Cities and ACS studies each have relative strengths and weaknesses, making
different analyses possible with each data set.

Consistent with advice from the SAB-HES, we have selected the Pope et al. 2002 reanalysis of
the ACS study as the basis for the primary mortality estimate in the final economic benefits analysis in
RIA Chapter 9. One strength of the Pope et al. 2002 reanalysis is that it integrates follow-up data
regarding possible copollutants including sulfate, sulfur dioxide, nitrogen dioxide, carbon monoxide, and
ozone. Results of the Pope et al. 2002 reanalysis suggest that, of the copollutants considered, only sulfur
dioxide has a significant association with mortality. The Agency has concluded, based on a variety of
evidence (see Response to Comment #1 above) that SO, is unlikely to represent a confounder and is more
likely a surrogate for sulfate, which would account for its association with mortality in the Pope et al.
2002 reanalysis.

2.2.2  Short-term Exposure Effects related to PM and Diesel Exhaust

2.2.2.1 EPA Should Consider Specific Studies or Endpoints
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What Commenters Said:

One commenter (Dr. Pandya) cited to his article as published in 2002 in Environmental Health
Perspectives, which examines the impact of diesel exhaust on asthma.

Letters:
Los Angeles Public Hearing, A-2001-28, IV-D-06 [1 private citizen p. 229]

The American Lung Association and another commenter (Miller) stated that heart attacks can be
triggered by acute inflammatory episodes that are sometimes due to exposure to air pollution. The private
citizen cited to a paper entitled "Increased Particulate Air Pollution and Triggering of Myocardia
Infarction" published by the American Heart Association in 2002. This paper illustrates that there is a 1.7
increase in risk in the 24-hour period following a 20 microgram spike in PM, .. The commenters also
noted that for each increase of 10 micrograms, there is a 6 percent increase of cardio-pulmonary mortality
and added that there are numerous other articles that have been published that show a similar correlation.

Letters:
New York Public Hearing, A-2001-28, [V-D-05 [ALA p. 109]
Los Angeles Public Hearing, A-2001-28, IV-D-07 [1 private citizen p. 244]

Our Response:

The final rule will reduce harmful emissions and protect sensitive groups such as outdoor
workers, children, asthmatics and those with existing heart and lung disease. We agree in general with
comments supporting the rule due to adverse health effects from exposure to pollutants such as particulate
matter associated with nonroad diesel engines.

We agree in general with the comment and are doing additional evaluation of the health effects of
particulate matter for adverse cardiac events and cardio-pulmonary problems in the EPA Criteria
Document for Particulate Matter.

2.2.2.2 Analysis of Short-term PM Exposure Health Effects
What Commenters Said.:

The Mercatus Center commented that EPA's analysis of short-term PM health effects is
inaccurate, since it fails to address research that is counter to EPA's conclusions. They further stated that
our analysis on short-term PM exposure should address: 1) whether confounding by other pollutants or
from other health-related factors, such as temperature and humidity, have been adequately controlled; 2)
whether PM in general or a specific component is responsible for health effects (recent evidence suggests
that trace metals might be a factor); 3) the degree to which researchers' judgment and taste affect the
outcome of a modeling study; 4) whether there is a threshold below which PM has no health effects; and
5) whether PM reduces life expectancy by only days in already-frail people or by months or years in
healthy people. The Mercatus Center provided additional discussion on these issues, citing to other
studies that could provide additional information, and concluded that EPA has selectively cited and
highlighted only those studies that support its view of the health effects of daily changes in PM, ; levels.
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Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 19-22

Our Response:

We are relying on the conclusions in the criteria document regarding health effects studies. For
example, Conclusion #2 in the epidemiology chapter of the Fourth External Review draft of the PM
criteria document states, “A growing body of epidemiology studies confirm associations between short-
and long-term ambient PM, 5 exposures (inferred from stationary air monitor measures) and adverse
health effects and suggest that PM, ; ( or one or more PM, ; components) is a probable contributing cause
of observed PM-associated health effects.” p. 8-276

The questions of confounding are discussed in detail in Chapter 8 of the Fourth External Review
Draft of the PM criteria document (e.g., see section 8.1.3 (page 8-8) and Section 8.4.8.3 (p. 8-263) ). The
PM criteria document’s conclusion #10 states, “One major methodological issue affecting epidemiology
studies of both short-term and long-term PM exposure effects is that ambient PM of varying size ranges is
typically found in association with other air pollutants, including gaseous criteria pollutants (e.g., O,
NO2, SO,, COO, air toxics, and/or bioaerosols.... Much progress in sorting out relative contributions of
ambient PM components versus other co-pollutants is nevertheless being made, and overall, tends to
substantiate that observed PM effects are at least partly due to ambient PM acting alone or in the presence
of other covarying gaseous pollutants.”

Moreover, Conclusion #5 in the epidemiology chapter of the Fourth External Review draft of the
PM criteria document states, “Long-term PM exposure durations on the order of months to years, as well
as on the order of a few days, are statistically associated with serious human health effects (indexed by
mortality, hospital admissions/medical visits, etc.).” p. 8-277

We also agree with the commenter that more research is needed.

In addition, the economic benefits analysis framework used in Chapter 9 of the RIA for this
analysis has been subjected to rigorous peer review by the SAB-HES. This review addressed specifically
the selection of epidemiological studies for use in developing effects estimates for key health endpoints.
This analytical framework also reflects recommendations provided by the NAS regarding the selection of
epidemiological studies for mortality and morbidity endpoints. Consequently, the EPA believes that this
economic benefits analysis reflects the best available scientific data and understanding regarding PM and
ozone health effects incidence estimation and valuation. Scientists continue to work on improving our
understanding of the health impacts of ozone and PM. As new studies are published, the EPA updates its
benefits methodology accordingly (often including peer-review or the new data and methods). For the
current analysis, EPA has updated its incidence estimation methods to reflect the latest chronic mortality
study (the Pope 2002 reanalysis of the ACS study data). This study includes additional coverage for a
range of individual risk factors not previously considered (e.g., smoking, educational status and age).

2.2.3 Health Effects Related to Ozone Exposures

2.2.3.1 The Relation of Ozone Exposure to Asthma Onset
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What Commenters Said:

The Mercatus Center commented that the assertion in the RIA that ozone could be causing
increased incidence of asthma is based on information that is no longer relevant. EPA cited two studies
that reported an association between ozone and the development of asthma. The CHS: 1) was based on a
relatively small number of individuals; 2) is irrelevant to current ozone levels, since there are currently no
areas that have ozone levels that are as high as the levels that used to occur in southern California; 3)
actually showed no correlation between asthma and activity level for medium or low ozone areas; and 4)
showed that asthma incidence was actually 30 percent lower in the high-ozone communities when
compared with the low-ozone communities. The AHSMOG study results also do not apply to current
ozone levels. Mercatus provided additional discussion on this issue and provided data showing the
differences in ozone between when the study was completed and more current levels.

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 22-24

Our Response:

Studies regarding the association of ozone exposure and the development of asthma (not simply
triggering symptoms in people with existing cases of asthma) are emerging in the peer-reviewed
literature. We received numerous public comments describing asthma being on the rise and a problem in
many areas across the country (see #2.1). Although the science is not definitive regarding the onset of
new asthma and ozone exposures, we think these studies are suggestive of an effect and should be
evaluated further. Additional research is also needed. We agree with the commenter that there was a
relatively small number of new asthma cases in the CHS study, limiting the power of the study to detect
effects of asthma cases at the lower ozone concentrations. The same is true of the AHSMOG study’s
limited statistical power, but effects were detected for higher ozone levels.

If a study of limited statistical power is able to detect an effect of higher ozone levels in a small
study, one cannot rule out effects at lower levels simply because the study doesn’t have the power to
detect them. It is certainly possible that lower ozone concentrations have effects. This is supported by a
nonhuman primate study in which ozone exposure was shown to enhance the sensitization of monkeys to
platinum salts which is known to be a cause of new asthma. There is also a McConnell et al. study that
has reported associations between ozone exposure and new onset asthma.

It has also been demonstrated in human controlled-exposure studies that ozone causes
inflammation of the respiratory tissue when subjects are exposed to levels as low as 0.08 ppm ozone for
prolonged periods of intermittent, moderate exercise. Inflammation of lung tissue is known to increase
the risk of asthma attacks and worsen the severity of attacks. A recent study, Gent et al. (JAMA, Vol.
290, No. 14, October 8, 2003), reported an association between ambient fine particles and ozone
concentrations below the level of the ozone NAAQS (mean levels were 0.059 ppm 1 hr avg. and 0.051
ppm 8 hr avg.) and an increased risk of respiratory symptoms in children under the age of 12 with
physician-diagnosed active asthma residing in southern New England. The conclusion of Gent et al.
(2003) was that asthmatic children using maintenance medication are particularly vulnerable to ozone,
controlling for exposure to fine particles, at levels below EPA standards.

In addition, in our economics analysis, based on recommendations from the SAB-HES, we have
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not included the onset of new asthma cases resulting from ozone exposure in its primary benefits
estimate. Instead, we have modeled asthma exacerbations (i.e., the increase in incidence of asthma
attacks among individuals already diagnosed with asthma) for the primary analysis.

2.2.3.2 Ozone Reductions and UV Light
What Commenters Said.:

The Mercatus Center commented that efforts to achieve EPA's 8-hour ozone standard will reduce
beneficial effect of reducing UV light. Mercatus provided additional discussion on this issue, noting that
achieving the 8-hour standards will be too costly and would reduce the beneficial effect of reducing
exposure to the sun's UV light (since ozone levels provide some protection in this regard), implying that
achievement of this standard should not be used as a justification for the proposed rule.

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 29-32

Our Response:

EPA has already addressed this issue in the final response to the remand of the ozone NAAQS
(68 FR 614, January 6, 2003). The final response to the remand, to consider the beneficial shielding
effects of tropospheric ozone, makes clear that EPA has determined that any potential UV-B radiation-
related effects associated with the O, standard set in 1997 are likely very small from a public health
perspective. Further, the final notice also makes clear that the EPA has judged that the evidence of any
such effects should be weighed no more heavily in a determination of O,'s net effects than the record
evidence on O;'s potential chronic adverse effects. Thus, EPA has concluded that the information on O;'s
net adverse effects is such that it does not warrant any relaxation of the standard set in EPA’s 1997 final
rule.

We further note that Nonroad Diesel controls are very cost-effective and that the net benefits
exceed the costs by approximately three quarters of a trillion dollars over a 30 year period.

2.2.4 Approach for Evaluating Air Quality and Exposure
2.2.4.1 Choice of Monitor in a County and Monitor Placement
What Commenters Said.:

The Mercatus Center commented that EPA should modify its approach for evaluating air quality
and exposure; Mercatus believes that we overestimated the number of people exposed to air pollution
levels that are in excess of current standards. EPA's data are misleading since only a portion of many
nonattainment counties actually exceed the standards. Mercatus provided additional discussion on this
issue and included data on the range of annual-average PM, ; readings for counties with two or more
monitoring locations from 1999 to 2001 and the percent of ozone monitoring locations complying with
the 8-hour and 1-hour ozone standards in selected counties. The commenter noted that many monitoring
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locations in nonattainment areas actually meet the standards, and concluded that we exaggerated the
benefits of air quality improvements by overestimating the number of people at risk.

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 24-29

API and Marathon commented that the proposed rule and supporting documentation point to the
potential "risk" that several metropolitan areas may fail to achieve or maintain the NAAQS if the rule is
not adopted; however, the population statistics are misleading since the non-attainment status is based on
one monitor placed in a metropolitan area, which are often downwind of the urban core and register
readings that are significantly higher than other monitors. The commenters stated that EPA should not
cite population statistics but instead should develop measures and conduct exposure modeling that would
more accurately characterize the potential risk to public health.

Letters:
American Petroleum Institute, OAR-2003-0012-0804-0808 p. 41
Marathon Ashland, OAR-2003-0012-0826, 0827 p. 37

Our Response:

EPA recently designated areas for attainment and non-attainment for the 8-hour ozone NAAQS.
EPA has not yet designated new areas as non-attainment under the PM, ;. In Chapter 2 of the RIA, we
present an analysis of measured air quality data (that has been quality assured, certified, and that is
complete). As described in detail in the technical support document, we list counties with a monitored
design value (based on 3 years of complete data) that violates the standard. We then report the associated
population as a way to represent potential exposures. We also report populations associated with
nonattainment areas. We agree that not every person in the county would experience exactly the
concentration at the central monitor. It is possible, based on activity patterns that the exposures to PM
could be higher or lower. For example, we received public comment (NESCAUM) that exposures near
Nonroad Diesel equipment and residences near construction sites where this equipment is operated, can
be significantly higher than central site monitors. Furthermore, in Chapter 2 we summarize NATA
modeling that takes into account people’s activity patterns and presents exposure to diesel PM and other
toxics from all sources, including nonroad diesel equipment.

2.2.4.2 Use of Metropolitan Statistical Area
What Commenters Said.:

The New York Department of Environmental Protection commented that EPA should use
metropolitan statistical areas (MSA) and CMSA as the basis for assessing attainment and non-attainment.
The proposal utilizes the area wide extent of the county as the basic unit for assessing attainment and non-
attainment, which is inconsistent with the practices of designation or classification of areas. In assessing
attainment, the air quality analysis and model performance statistics should be limited to the examination

of meeting the current 8-hour ozone NAAQS.

Letters:
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New York Department of Environmental Conservation, OAR-2003-0012-0786 p. 10
Our Response:

EPA recently designated areas for attainment and non-attainment for the 8-hour ozone NAAQS.
EPA has not yet designated new areas as non-attainment under the PM, ; and 8-hour ozone NAAQS. We
agree that EPA’s past practices of designation or classification for areas for regional-scale pollutants does
generally use larger geographic areas. However, at the time of the proposal, it was premature to
anticipate how nonattainment boundaries might be configured. In Chapter 2 of the RIA, we present an
analysis of county-level measured air quality data for PM, ;. For the designated areas, we use the
nonattainment boundaries and present associated population as a way to represent potential exposures.

We disagree that our analysis should be limited to the 8-hour ozone NAAQS because there
continue to be areas that are designated as 1-hour nonattainment and maintenance areas. For our air
quality modeling of future years, however, we presented analysis of 8-hour ozone violations, not 1-hour
violations.

2.2.4.3 Accelerated Reductions to Aid Areas in Attaining the NAAQS
What Commenters Said.:

As described in Section 3.1.1.4 below, we received comments that EPA should accelerate
implementation of the standard to help facilitate compliance with the NAAQS.

The New York Department of Environmental Conservation commented that, with respect to
projections, the analysis should focus on emissions benefits in 2015 since there are expected to be
significant reduction in NO, emissions by this time from nonroad engines. New York also believes that
we should also address the potential effect of uncertainties on projected air quality, particularly in those
instances where the projection years are beyond a decade since many jurisdictions have to come into
compliance with the 8-hour ozone NAAQS at least a decade before these projection years.

Letters:
New York Department of Environmental Conservation, OAR-2003-0012-0786 p. 10

API and Marathon commented that the timing of air quality "need" is not matched to the
generation of emissions benefits from the proposal. The assessment of need focuses on the ability of
certain urban areas to attain or maintain the ozone and PM NAAQS in the 2007 to 2014 time frame, but
EPA's inventory projection shows that the emissions benefits from the proposal are relatively small
during this period of time and do not significantly accrue until after the year 2020.

Letters:
American Petroleum Institute, OAR-2003-0012-0804-0808 p. 42
Marathon Ashland, OAR-2003-0012-0826, 0827 p. 38

SCAQMD recommended that EPA should phase-in the proposed standards prior to 2010. This
commenter noted that based on the SCAQMD 2003 Air Quality Management Plan, significant reductions
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of about 330 tons per day of VOC and 220 tons per day of NO, are necessary by 2010 in order to ensure
attainment with the federal ozone standards, and that under the current proposal, the NO, and HC
standard would only affect new nonroad diesel engines starting in 2011, and as a result, no reductions
from these sources will be achieved by 2010. This commenter also recommended that EPA accelerate the
phase-in of these new standard to be consistent with the attainment dates for the federal 1-hour ozone and
PM 10 standards or should consider other interim standards for new engines prior to the attainment dates.
Another commenter (Houston) noted generally that the proposal's delay until 2013 of controls for the
largest equipment impairs their ability to reduce ambient ozone and PM from their own operations. The
Texas Commission on Environmental Quality added that Texas expects to face 2007 attainment deadlines
for the Early Action Compact (EAC) areas and 2010 and 2013 deadlines for other nonattainment areas
under the 8-hour standard. This commenter concluded that the nonroad standard schedule will not help
the 8-hour nonattainment areas in Texas reach attainment.

Letters:

City of Houston - Office of the Mayor, OAR-2003-0012-0630 p. 2

South Coast Air Quality Management District, OAR-2003-0012-0623 p. 1-2, 5
Texas Commission on Environmental Quality, OAR-2003-0012-0716, 0717 p. 2
Los Angeles Public Hearing, A-2001-28, IV-D-07 [SCAQMD p. 117]

Our Response:

In response to the comments from the New York Department of Environmental Quality, we agree
that there will be significant emissions benefits from the program in 2015, and we have presented them in
Chapter 3 of the RIA. However, because the engine requirements apply to new engines, our modeling
must necessarily take into account the amount of time that it may take for the fleet to turn over and the
new engines to be in operation. Thus, we present a stream of emissions benefits as well as costs and
economic benefits. Given our limited resources to conduct sophisticated air quality modeling, we were
forced to select years to represent our program. We selected 1996, 2020 and 2030 and conducted
modeling. These years are consistent with our past modeling for the on-highway heavy duty diesel 2007
program. We agree that there are uncertainties with projecting into the future, and that many areas will be
adopting state and local measures that may allow them to attain the ozone and PM NAAQS. However,
given that the EPA implementation plans for the PM, 5 and 8-hour ozone NAAQS are still developing,
and consistent with our past practices, we modeled air quality for programs currently in place.

Because our regulations apply to new engines, it takes time for the compliant engines to enter the
fleet and emissions benefits to accrue. The assessment of need focuses on the current need for reductions
and our judgement that the need will likely continue into the future. We presented a variety of data to
demonstrate this in Chapter 2 of the RIA. In Section 3.1.1.4 Implementation Timeline summarizes
comments on the engine requirement timing. Some commenters provided general discussion on the
health benefits of an accelerated schedule (e.g., Illinois Lieutenant Governor Pat Quinn, New York DEC,
STAPPA/ALAPCO, CARB, SCAQMD) We also received public comment from manufacturers that they
felt there is significant uncertainty regarding whether the technologies required by this rule can be
developed and implemented within the proposed time frame, and an adequate period of stability is
necessary between different tiers or sets of standards.

Although we agree that it would be desirable to achieve emission reductions sooner,
manufacturers require adequate lead time to apply the pollution reduction strategies to meet our
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requirements. Further, as the 15 ppm sulfur fuel serves as a foundation for our systems approach, the
widespread availability of the fuel is critical to the deployment of PM filters and other such technology.

We also agree that some areas will need to achieve reductions more quickly than our emissions
modeling would suggest. EPA has a successful voluntary retrofit program that promotes emissions
reductions from existing vehicles. Many areas are using innovative approaches to encourage early
reductions. Some areas (e.g., Ohio) have considered using contractual requirements as an incentive for
operators of nonroad equipment to use low sulfur fuel and to operate lower emitting equipment in
roadway projects. We encourage states, local areas, tribes, businesses and trade groups to work with us to
reduce emissions from this important sector.

2.2.4.4 EPA Should Clarify the Air Quality Benefits of the Rule
2.2.4.4.1 Nationwide Annual Modeling Approach
What Commenters Said.:

API and Marathon commented that the inventories calculated by EPA are nationwide and annual,
thus ignoring that ozone is a summertime urban problem. Consequently, the absolute emissions inventory
benefits may be overstated by at least a factor of three if one adjusts from an annual basis to a summer
ozone basis. EPA's projections of the urban impact of its proposal should be reduced even further since
approximately 41 percent of the total 1996 nonroad land-based equipment population is located on farms
which are presumably and predominantly in rural areas.

API specifically cited to Hanna, S.R., J.C. Chang, M.E. Fernau, "Monte Carlo Estimates of
Uncertainties in Predictions by a Photochemical Grid Model (UAM-1V) due to Uncertainties in Input
Variables," Atmospheric Environment 32 (21) (1998), p. 3619-3628, as supporting documentation for the
assertion that there are inherent uncertainties and inaccuracies in ozone modeling.

Letters:
American Petroleum Institute, OAR-2003-0012-0804-0808 p. 42-43
Marathon Ashland, OAR-2003-0012-0826, 0827 p. 39

The New York Department of Environmental Conservation commented that a national approach
should not be used to evaluate emissions impact and corresponding emissions reductions. Ground level
ozone formation can vary on a large scale between different geographic regions due to the topography of
an area and its meteorological patterns. The emissions modeling should have been performed from a
regional perspective which would better represent the emissions impact of nonroad diesel equipment from
a particular region of the country. EPA should use a one-atmosphere model (instead of the two
photochemical models CAMx and REMSAD), since some of the precursors are common for ozone,
PM, ., and regional haze.

Letters:
New York Department of Environmental Conservation, OAR-2003-0012-0786 p. 11

Our Response:
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The commenters reason from a faulty premise. For example, although the inventories presented
in the tables in Chapter 3 are annual, those used in the air quality modeling are processed to be
appropriate inputs for air quality modeling as described in the technical support document (US EPA
2003a'). The mass inventories were prepared at the county level for mobile sources (including nonroad
mobile sources). These county-level inventories contain typical summer season day emissions for NOx,
VOC, CO, SO,, primary PM and ammonia. The summer day mass emission inventories for each scenario
modeled were processed using the SMOKE (Houyoux et al. 2000) model to create the appropriate
emissions inputs for the Comprehensive Air Quality Model with Extensions (CAMX) air quality model.
These emission inventories also take into account the location of nonroad sources, such as farm
equipment being in more rural locations and construction equipment being located in more populous
areas. These inventories, as described in the technical support document for emissions inventories (US
EPA 2003b) account for average statewide temperatures and RVP for four seasons, including summer.

The air quality modeling analyses were conducted using two separate domains, one covering the
eastern US and the other covering the western US. For the eastern U.S. domain, the model was applied
over two episodes that occurred during the summer (for all five modeling runs). Similarly, for the
western U.S. domain, the model was applied over three episodes that occurred in the summer. The
meteorology and how the episodes were selected are described in detail in the technical support document
(US EPA 2003a). As a result, the commenter’s notion that the results need to be adjusted is based on an
incorrect premise. We don’t believe any adjustments are appropriate.

1. US EPA 2003a. Technical Support Document for the Nonroad Land-based Diesel Engines Standards
Air Quality Modeling Analysis. US EPA, OAQPS, Research Triangle Park, NC. April 2003 (Docket
number A-2001-28, Document number II-A-183).

2. Houyoux, M. Vukovich, J., Brandmeyer, J. 2000. Sparce Matrix Operator Kernal Emissions
Modeling System (SMOKE) User Manual, Version 1.1.2 draft, MCNC- North Carolina Supercomputing
Center Environmental Programs, 2000. Updates at Http://www.cmascenter.org/modelclear.html#smoke)

3. US EPA 2003b, Procedures for Developing Base Year and Future Year Mass Emission Inventories for
the Nonroad Diesel Engine Rulemaking. Prepared by E.H. Pechan and Associates, 2003.

In conjunction with this rulemaking, we performed a series of ozone air quality modeling
simulations for the Eastern and Western United States using Comprehensive Air Quality Model with
Extension (CAMx). CAMx simulates the numerous physical and chemical processes involved in the
formation, transport, and destruction of ozone. At present, there are no guidance criteria by which one
can determine if a regional ozone modeling exercise is exhibiting adequate model performance. The base
case simulations were determined to be acceptable based on comparisons to previously completed model
rulemaking analyses (e.g., Ozone Transport Assessment Group (OTAG), the light-duty passenger vehicle
Tier-2 standards, and on highway Heavy-Duty Diesel Engine 2007 standards). The modeling completed
for this rule exhibits less bias and error than any past regional ozone modeling application done by EPA.
Thus, the model is considered appropriate for use in projecting changes in future year ozone
concentrations and the resultant health and economic benefits due to the anticipated emission reductions.

EPA acknowledges there are inherent uncertainties in air quality modeling and making

projections to future years. Nevertheless, EPA believes air quality models are useful tools to assess
relative changes in future air quality. In the North American Research Strategy for Tropospheric Ozone
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(NARSTO) assessment of ozone modeling, the authors conclude, "Grid-based air-quality models provide
a critical tool for tropospheric-ozone analysis and management. In addition to other merits, their ability
to synthesize and assemble multiple, elements of the air pollutant system (or mathematical representations
thereof), and thus allow them to be analyzed collectively, is a particularly attractive and useful feature."
(See NARSTO Ozone Assessment, 2000).

In regards to the comment from New York, we note that we used a 12 kilometer grid resolution
which is generally considered to be regional modeling. We use this regional scale modeling to evaluate
on a national basis the air quality impacts of emissions and corresponding emissions reductions because
we are regulating at the federal level equipment and fuel across the country. In conjunction with this
rulemaking, we performed a series of ozone air quality modeling simulations for the Eastern and Western
United States using Comprehensive Air Quality Model with Extension (CAMx). CAMx simulates the
numerous physical and chemical processes involved in the formation, transport, and destruction of ozone.
CAMx is a photochemical grid model that numerically simulates the effects of emissions, advection,
diffusion, chemistry, and surface removal processes on pollutant concentrations within a
three-dimensional grid. This model is commonly used for purposes of determining
attainment/nonattainment as well as estimating the ozone reductions expected to occur from a reduction in
emitted pollutants.

We agree that ground level ozone formation can vary on a large scale between different
geographic regions due to the topography of an area and its meteorological patterns. Our regional CAMx
modeling does account for regional differences in emissions and meteorology. We also agree that a one-
atmosphere model would be beneficial. EPA has been developing a one-atmosphere model (CMAQ).
However, as that model continues to be developed, we employed REMSAD and CAMx. We did not
undertake new modeling for the final rule.

North American Research Strategy for Tropospheric Ozone. NARSTO: An Assessment of Tropospheric
Ozone Pollution: A North American Perspective. NARSTO Publications, Pasco, WA. 2000.
(http://www.cgenv.com/Narsto/)

2.2.4.4.2 Analysis of PM, ; Modeling and Ultrafine Modeling
What Commenters Said.:

API and Marathon commented that EPA has projected substantial reductions in the populations
exposed to violations of the PM, ; annual air quality standard in 2020 and in 2030 as a consequence of
EPA’s proposal. However, the modeling used to support these projections are subject to significant
uncertainty. The model (REMSAD) underestimates PM, ; mass by 32 percent nationwide, 15 percent in
the eastern U.S., and nearly 50 percent in the western U.S. It is difficult to reconcile this magnitude of
underprediction with subsequent EPA statements that the model performance is encouraging. NARSTO's
recent scientific assessment of chemical transport models used to model PM concludes that "very low"
levels of confidence characterize the simulations of ultra fine PM performed by available chemical
transport models (see NARSTO, Particulate Matter Science for Policy Makers - A NARSTO Assessment,
February 2003, p. S-25).
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Letters:
American Petroleum Institute, OAR-2003-0012-0804-0808 p. 41-42
Marathon Ashland, OAR-2003-0012-0826, 0827 p. 37-38

The New York Department of Environmental Conservation commented that in the analysis of
PM, ., the model performance is based on the IMPROVE data, which primarily represents Class | areas
that are remote and/or rural. The nonroad land-based diesel engine (NLDE) emissions and controls are
mostly oriented to urban areas. EPA should provide an estimate of the acceptable level of confidence for
model performance with respect to urban areas that have no measured data during 1996. In addition, the
nitrate data from IMPROVE is considered suspect, and IMPROVE recommends the use of a constant
value. EPA should provide an explanation of why these data are then used in model performance
assessment.

Letters:
New York Department of Environmental Conservation, OAR-2003-0012-0786 p. 11

Our Response:

We agree that there are uncertainties with making projections and with modeling complex air
chemistry. EPA has projected substantial populations will potentially experience elevated concentrations
of PM without our standards. In addition, our projections using a preliminary control scenario described
in Chapters 2 and 3, indicate that there will be reductions in the populations potentially exposed to
violations of the PM, s annual air quality standard in 2020 and in 2030 as a consequence of the final rule.
The commenters pointed out that the REMSAD model underestimates PM, s mass by 32 percent
nationwide, 15 percent in the eastern U.S., and nearly 50 percent in the western U.S., and that we are
potentially underestimating the need and impact of our rule. EPA conducted a thorough model evaluation
as part of our proposal (see Air Quality Modeling technical support document US EPA 2003a). We note
that the performance for this analysis was an improvement over past regulatory modeling.

The commenters also quote the NARSTO report. The NARSTO report states, “The most
advanced [chemical transport models] CTM for PM can currently predict the formation of sulfate and
nitric acid satisfactorily (e.g., within 50%).” In the executive summary of the NARSTO report, the
authors conclude,”Current chemical transport models are one useful tool for guiding policy as part of the
collective scientific analysis, being most informative regarding the inorganic fraction (sulfate, nitrate,
ammonium) on regional and episodic (days to weeks) scale.” This is precisely the type of modeling we
have undertaken for this rule, focusing on sulfate, nitrate and direct diesel PM emissions. Chapter 8 of
the NARSTO report gives a fuller evaluation of the CMTs: “CMTs can predict concentrations of primary
PM (e.g., [black carbon] BC, crustal material) satisfactorily provided the emissions are well
characterized.” The report mentions that there are larger uncertainties regarding particulate organic
carbon and that CTMs typically perform better for long-term periods (e.g., 1 year) than shorter periods
(e.g., 24 hours or less). (see NARSTO, Particulate Matter Science for Policy Makers - A NARSTO
Assessment, February 2003, executive summary and Chapter 8 summary).

NARSTO's assessment of CTMs for ultra fine particles is accurate; however, it is not relevant as

we did not attempt to model ultra fine particles separately from the fine particles (e.g., sulfates, nitrates,
and black carbon) for which satisfactory models exist, such as REMSAD.
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In response to New York’s comments, we believe that we used the best available data to evaluate
model performance. As discussed in Chapter 2 of the RIA and the air quality modeling technical support
document (US EPA 2003a), speciated PM, , data for 1996 are limited. IMPROVE provides a nationally
consistent, chemically speciated data set to compare with our national modeling. Although the
IMPROVE data do primarily represent Class I areas, they also include an urban area (Washington, DC).
We agree that there are uncertainties with the nitrate data from IMPROVE. There are no other national
data of similar quality and consistency for 1996.

1. US EPA 2003a. Technical Support Document for the Nonroad Land-based Diesel Engines Standards
Air Quality Modeling Analysis. US EPA, OAQPS, Research Triangle Park, NC. April 2003 (Docket
number A-2001-28, Document number I11-A-183).

2.2.4.4.3 Clarification of Design Values and Modeling Assumptions
What Commenters Said.:

The New York Department of Environmental Conservation commented that EPA should clarify
the rationale behind using 1999-2001 design values to obtain future year design values and whether there
were any model simulations performed with emissions from this design value period. The commenter
believes that the entire modeling analysis should be revised to reflect current emissions and
meteorological periods rather than to use those based on 1996. New York also commented that EPA
should clarify what assumptions were made regarding electric generating units (EGU), and other large
stationary sources in developing the emissions inventories for 2020 and 2030.

Letters:
New York Department of Environmental Conservation, OAR-2003-0012-0786 p. 10-11

Our Response:

As discussed in Chapter 2 of the RIA and the air quality modeling technical support document
(US EPA 2003a), 1999-2001 data were the most current 3-year period of complete, quality assured and
certified data for PM,,. In our modeling, EPA projected 1999-2001 design values to the 2020 and 2030
future year base and control scenarios. To provide future year estimates of PM, ; concentrations, relative
reduction factors (RRF) were calculated and applied to the ambient data. The procedures for determining
RRfs are similar to those in EPA’s guidance for demonstrating attainment of air quality goals for PM, ;
and regional haze (see US EPA 2003a page 46 Section F Projected Future PM, ; Design Values for more
details). RRDs (for a given future year) represent the expected change between the 1996 emission and the
future year. While somewhat inconsistent with the design value period, the impact of this inconsistency
is expected to be small. It is not necessary to model meteorological episodes from this period, as we are
assuming that meteorology similar to the 1995/1996 meteorology could occur again in the future.

1. US EPA 2003a. Technical Support Document for the Nonroad Land-based Diesel Engines Standards
Air Quality Modeling Analysis. US EPA, OAQPS, Research Triangle Park, NC. April 2003 (Docket
number A-2001-28, Document number II-A-183).

In our technical support document for emissions inventories, we specified the assumptions for
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EGSs and other large stationary sources in developing emissions inventories for future year air quality
modeling (see Chapter II). We used unit-level outputs from the Integrated Planning Model (IPM).

1. US EPA 2003b, Procedures for Developing Base Year and Future Year Mass Emission Inventories for
the Nonroad Diesel Engine Rulemaking. Prepared by E.H. Pechan and Associates, 2003.

2.2.4.5 NO, Reduction Strategy- The “Weekend Effect”
What Commenters Said.:

The Mercatus Center commented that EPA should consider NO, disbenefit and the “weekend
effect”. Mercatus believes that our NO, reduction strategy is risky since it might not be effective at
reducing ozone. The results of weekend effect research suggest that reducing ozone levels from their
current relatively moderate levels down to the very stringent requirements of the 8-hour standard may be
difficult for many areas. The commenter provided additional discussion on this issue, noting that the
CARB study that EPA uses to support its position that NO, reductions will not be detrimental to ozone
formation and that other factors may be contributing to the weekend effect, was not yet published.

Letters:
Mercatus Center, OAR-2003-0012-0627, 0828 p. 32-35

EMA commented that the air quality model fails to take into account the weekend ozone effect
that results from reduced NO, -emitting activities. Further, EMA requested that EPA correct this prior to
finalization of the Tier 4 rule. As supporting documentation, EMA referred EPA to Fujita, et al.,
"Evolution of the Magnitude and Spatial Extent of the Weekend Ozone Effect in California's South Coast
Air Basin," Vol. 53, Journal of the Air and Waste Management Association, p. 802-816 (July 2003).

Letters:
Engine Manufacturers Association, OAR-2003-0012-0656, 0657 p. 101

Our Response:

We agree with the commenters' observation that reducing ozone to the level of the 8-hour
NAAQS may be difficult for many areas. Air quality modeling analyses conducted in support of the
NonRoad Land-based Diesel Engine (NLDE) rule and other EPA rulemakings have indicated that the
most efficient path to attainment of the NAAQS is a combination of national NOx reductions coupled
with local VOC reductions in heavily urbanized areas. The modeling indicates that in 2020 that future
year 8-hour ozone design values will be reduced by an population-weighted average of 1.6 ppb as a result
of the emissions reductions in the NLDE rule.

The studies to which the commenter refers show that in some cities, decreased motor vehicle
traffic (particularly diesels) results in a higher VOC/NOx ratio which, in airsheds that are VOC-limited,
can result in higher ozone concentrations. As noted in the proposed rulemaking, we did consider both
increases and decreases of pollutants. In fact, the air quality modeling predicts NOx disbenefits in the
areas identified by some studies as “VOC-limited” (e.g., Los Angeles). This may be viewed as a
additional validation of the models. However, these areas represent a small minority of the area in the
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United States. While some empirical studies to date point to a weekend ozone effect related to NOx
reduction, modeling conducted for this rule predicts that this rule will result in net gains in benefits as a
result of reduced ozone and PM, ; related to NOx. In addition, there are substantial PM benefits
associated with reducing NOx emissions.

We believe that our results indicate that it will be much easier for states to develop their State
Implementation Plans (SIPs) which will attain and maintain compliance with the ozone NAAQS. In the
limited number of cases mentioned above, we will work with states conducting more detailed local
modeling of their specific local programs to ensure that they are designed to provide attainment. Notably,
other upcoming federal measures to lower ozone precursors will aid these efforts. We are modeling only
one program, not areas’ overall strategies to achieve clean air. The comprehensive strategies embodied in
the SIPs can balance various reduction strategies to meet the standards. If state modeling or local
programs shows a need, the Agency will work with states to plan further actions to produce attainment
with the NAAQS. For these reasons, we believe that the Nonroad Diesel program, when combined with a
comprehensive program of regional reductions from relevant stationary, mobile, and area sources as well
as local programs, will not result in increases in ozone that the commenter suggests.

We also note that no state responsible for achieving attainment of the ozone NAAQS has
commented that the Nonroad Diesel standards will make achieving attainment harder. Many have
commented to the contrary that it will aid them, that they would prefer to see the NOx reductions occur
sooner, and that aftertreatment-based NOx controls should apply to diesel engines under 75 hp. For
example, enthusiastic support for the final rule is given by the Northeast States for Coordinated Air Use
Management (NESCAUM), by the State and Territorial Air Pollution Program
Administrators/Association of Local Air Pollution Control Officials (STAPPA/ALAPCO) and by
individual states and districts (e.g., California Air Resources Board (CARB), South Coast Air Quality
Management District (SCAQMD), Massachusetts, New York Department of Environmental Conservation
(NY DEC) and Illinois).

Specifically, we received comments from CARB, the Ozone Transport Commission (OTC),
Environment Northeast, and the Texas Commission on Environmental Quality, which stated that the
proposed rule is important because of the necessity for federal action in this area. These commenters
further noted that States are pre-empted from regulating standards from new engines and it is impractical
for them to effectively regulate fuels and locomotives and marine engines at the state level. CARB
specifically commented that almost 75 percent of the nonroad diesel engines in California are federally
preempted and beyond CARB's authority to regulate. They noted that this program is an important part of
states’ overall strategies to achieve clean air.

Finally, we note that the CARB study is widely available and is posted on CARB’s web page.

In regards to EMA’s comments, the studies to which EMA refers, present evidence that in some
cities, decreased motor vehicle traffic on weekends (particularly diesels) results in an increase in early
morning ozone (due to less ozone titration from NO) and a higher ambient VOC/NOx ratio. In airsheds
that are VOC-limited, these emission effects can result in higher ozone concentrations. As noted in the
response to comment immediately above, the EPA air quality modeling conducted to support the rule
does indicate that a small minority of areas, including the Los Angeles area discussed in Fujita (2003),
will experience ozone increases as a result of the NOx emissions reductions. However, when viewed
from a national perspective, the Nonroad Diesel rule will result in net gains in benefits as a result of
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reduced ozone and PM, ; related to NOx. EPA believes that air quality models can and should be used as
primary tool to address the issue of the benefits of NOx control scenarios.

2.3 Nonroad Contribution and NONROAD Emission Model

2.3.1 Nonroad Contribution

2.3.1.1 Nonroad Sources Are a Significant Source of Diesel Emissions
What Commenters Said.:

We received comments from many commenters which stated that nonroad sources will continue
to be a significant source of diesel emissions.

The Sierra Club of Wisconsin commented that state and national data show that the reduction of
emissions from the nonroad sector is crucial. EPA's National Air Toxics Assessment (NATA) released in
2002 shows that nonroad mobile sources contribute a greater percentage than all onroad sources of the
cancer causing pollutants Benzene, 1,3-Butadiene, Diesel Particulates and Formaldehyde. In addition,
Wisconsin data show that nonroad mobile sources accounted for 57 percent of the statewide emissions of
these pollutants from all mobile sources. This amounts to a combined rate of about 28 million pounds per
year of the most deadly cancer causing air pollutants being emitted solely in Wisconsin. Lastly, the
commenter stated, diesel particulates comprise 44 percent of this total and are suspected as a cancer-
causing agent and a cardiovascular, blood, and respiratory poison.

CARB and the Union of Concerned Scientists (UCS) commented that a significant portion of
California's overall emissions are from nonroad sources. CARB noted that California has over 450,000
land-based engines in the diesel nonroad category, and a significant number of diesel powered boats and
that these engines constitute 4 percent of total mobile source hydrocarbon emissions, 21 percent of NO,
and 58 percent of mobile source diesel PM. UCS noted that its recently published report includes data
from EPA and CARB which shows that in every state and metropolitan area across the country, nonroad
diesel engines are major sources of pollution. This report also shows that California and the L.A. metro
area have the greatest amount of pollution from nonroad engines. UCS also noted that in L.A., nonroad
emissions accounted for 118,000 tons of NO, and nearly 7,000 tons of PM in 1999 and that California
and Texas have the highest nonroad emissions in the nation.

NESCAUM commented that heavy duty engine emissions are significant contributors to elevated
ozone levels, fine particulate matter, and are the principal emitters of several key toxic air pollutants of
concern in the Northeast. As a result, NESCAUM stated, the concentration of metals such as iron and
nickel are elevated in samples taken near areas where the use of nonroad equipment is prevalent; together,
nonroad and highway heavy duty engines are responsible for roughly 33 percent of all nitrogen oxide
emissions, 75 percent of motor vehicle-related particulate and 60 percent of aldehyde emissions in the
Northeast. Lastly, NESCAUM noted that some estimates suggest that nonroad emissions alone will emit
60 percent of all mobile source particulates by 2010.

Environment Northeast commented that by 2020, nonroad land-based diesel engines will produce
almost two-thirds of all land-based diesel emissions nationally and in Connecticut, nonroad engines
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currently account for more than half of total mobile source diesel particulate matter and 33 percent of all
mobile nitrogen oxide emissions.

The New York Department of Environmental Conservation commented that nonroad diesel
equipment is responsible for approximately 24 percent of particulate matter emissions and 13 percent of
NO, emissions from mobile sources in New York State; and if left uncontrolled, these contributions
would be expected to double by 2030 without implementation of the proposed rule. Also, the majority of
the particulate emissions are PM 2.5.

The Illinois EPA commented that approximately 17 percent of the NO, emissions in Illinois are
generated by nonroad equipment with agricultural and construction equipment comprising almost two-
thirds of that total. The commenter further stated that nationally, it is estimated that nonroad engines emit
nearly 50 percent of all PM emissions.

SCAQMD commented that in 2010, federal sources, including nonroad engines, aircraft, ships,
and trains will contribute about 34 percent of NO, emission in the South Coast Air Quality basin; and this
amount for nonroad engines accounts for about 14 percent or 108 tons per day of NO, in the basin.

U.S. PIRG commented that over the last two decades, PM emissions from nonroad engines has
increased by 23 percent. The commenter further stated that under current standards, new nonroad diesel
equipment greater than 50 hp can release 15 to 30 times more PM and 15 times more NO, than a new
truck or bus.

City of Houston - Office of the Mayor commented that diesel engines constitute less than 25
percent of the City of Houston's vehicle fleet, but account for 40 percent of the mobile source emissions
and 35 percent of overall emissions. The commenter also noted that the nonroad portion of the fleet in
Houston produces 26 percent of the mobile source emissions and 21 percent of the city's overall
emissions.

The Massachusetts Department of Environmental Protection commented that nonroad emissions
account for 22 percent of the 1999 Massachusetts statewide NO, emissions inventory.

The Oregon Department of Environmental Quality commented that in Oregon, nonroad diesel
engines consume about 25 percent of all diesel fuel used in the state but emit 65 percent of the PM, 47
percent of the NO,, and 91 percent of the SO, pollution from all diesel vehicles.

Letters:
City of Houston - Office of the Mayor, OAR-2003-0012-0630 p. 2
Massachusetts Department of Environmental Protection, OAR-2003-0012-0641 p. 1
Oregon Department of Environmental Quality, OAR-2003-0012-0779 p. 2
New York Public Hearing
A-2001-28, IV-D-05 [E NE 251; NESCAUM p. 91; NY DEC p. 1; U.S. PIRG p.
188]
Los Angeles Public Hearing
A-2001-28, IV-D-07 [IL EPA p. 229; Sierra Club- WI p. 122]
Chicago Public Hearing
A-2001-28, IV-D-06 [CARB p. 12; SCAQMD p. 118; UCS p. 66]
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Our Response:

We agree that Nonroad Diesel emissions are significant sources of emissions and will continue to
be so. We continue to estimates for the contributions from our national modeling to present a consistent
methodology to evaluate impacts of the rule.

2.3.1.2 Nonroad Sources Contribute a Very Small Percentage to Overall Emissions
What Commenters Said.:

The Diesel Technology Forum and the Oregon Wheat Growers League commented that
emissions from nonroad engines contribute a very small percentage to overall emissions.

Diesel Technology Forum also commented that nonroad diesel engines account for less than 1
percent of all PM emissions from all sources, diesel emissions are trending downward and currently
contribute only 7 and 1 percent of all NO, and CO emissions, respectively. Between 1990 and 2000, PM
emissions nationwide have declined by 2.3 percent and emissions from all diesel equipment have declined
by 57 percent. For the nonroad sector, emissions have declined by 13 percent. These data show that
progress is currently being made by the diesel industry in reducing emissions.

Letters:
New York Public Hearing, A-2001-28, IV-D-05 [Diesel Technology Forum p.159]

The Oregon Wheat Growers League commented that in Umatilla County, Oregon, there has been
no statistically significant increase in nonroad diesel vehicles in the past 10 years, and in fact, the number
of nonroad engines has decreased given the demise of the forest industry and the consolidation of wheat
farms. Given these trends, Oregon concluded that nonroad engines are unfairly targeted and labeled as
the cause of deteriorating air quality.

Letters:
Oregon Wheat, OAR-2003-0012-0593 p. 2

Our Response:

We disagree that diesel emissions from nonroad engines are a small source of diesel PM
emissions. A number of state and local agencies commented to the contrary that the emissions from this
category are significant. (See comment 2.3.1.) While it is true that land-based nonroad diesel emissions
are presently decreasing due to existing regulations, EPA’s emissions modeling shows that land-based
nonroad NOx and PM, 5 emissions will begin to increase again between 2015 and 2020 without the new
standards set forth in this rule. Also, a major source of PM in some areas (especially rural areas) is earth
crustal material and re-entrained road dust which tends to be larger than 2.5 microns. When only PM
below 2.5 microns is considered, the contribution of nonroad diesels is significant.

Nonroad diesel emissions and equipment populations can vary widely from county to county.

Nonroad diesel emissions might be unchanged or decreasing in Umatilla County, but they may very well
be increasing in neighboring counties. One of the pollutants that this rule specifically targets, NOx, is a
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precursor to ozone and PM formation. Research has shown that ozone and PM, ; can travel long distances
into neighboring counties, regions, and states. While a given county may not have significant nonroad
diesel emissions within its borders, other counties may have significant amounts of these emissions which
may have an adverse impact on the given county. Also, nonroad diesel equipment, such as construction
equipment, may travel from county to county within a region depending on where they are needed.
Lastly, while this rule specifically targets nonroad diesel engines, EPA has also addressed reducing
emissions from on-highway and stationary sources as well.

2.3.1.3 EPA's Estimate of the Nonroad Contribution to Overall Emissions May Be Inaccurate
What Commenters Said.:

The Colorado Department of Public Health and Environment commented that recent Colorado
study data indicate that nonroad diesel source category emissions comprise roughly 30 percent of total
diesel exhaust emissions. Study data were obtained from fuel purchase records, VMT data, nonroad and
on-road fuel sulfur content analyses, and off-road diesel equipment surveys. Colorado's 30 percent
estimate contrasts to EPA's estimate of 44 percent. Recent and current construction and development
activity in Colorado as well as projected increases for on-road truck traffic may be similar to other states.
Colorado believes that for improved estimates and more accurate tracking of the HAP and criteria
pollutant emissions reductions, EPA should consider the results of the Colorado study.

Letters:
Colorado Department of Public Health and Environment, OAR-2003-0012-0687 p. 1

Our Response:

Colorado’s study gives a more precise estimate of nonroad diesel emissions at the local level and
provides a valuable tool that will help in the effort to reduce diesel emissions there. EPA based its
estimates on an analysis of emissions at the national level. EPA does provide some emissions estimates
for selected cities in the RIA, but these were allocated from the national emission totals. Although EPA
has fine-tuned its emission estimates for the final rule, no new air quality modeling was conducted.

2.3.2 The NONROAD Emission Model
2.3.2.1 Peer Review
What Commenters Said:

EMA commented that there are numerous updates to EPA’s NONROAD2002 model that have
not been subject to a peer review, and that unlike EPA’s MOBILE model, there is no formal review
process for NONROAD. EMA noted that the "substantially revised" version was not made publicly
available until the beginning of July 2003, more than a month after the publication of the NPRM. Which
it believes has resulted in an emissions model that has received little, if any, technical or peer review.
Also, EMA commented, the exclusive consideration given to States by posting the NONROAD 2002
model earlier at a secure web site for States, is inappropriate. EMA noted that all stakeholders, including
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the regulated industry, require a fair and equal opportunity to assess EPA's basis for justifying the Tier 4
rule and provide meaningful input.

API and Marathon commented that even though the model has been presented and discussed at
several public workshops, it has never been subject to formal peer review by an independent panel.
NONROAD2002 is still in draft form and there are significant data gaps, such as the lack of estimates for
hot soak or running loss VOC emissions or nonroad mobile source air toxics. These commenters further
stated that the rule cannot be finalized based on benefits that are subject to such uncertainty.

Letters:

American Petroleum Institute, OAR-2003-0012-0804-0808 p. 45-46
Engine Manufacturers Association, OAR-2003-0012-0656, 0657 p. 93
Marathon Ashland, OAR-2003-0012-0826, 0827 p. 42

Our Response:
Peer Review

EPA has adhered to its peer review policy regarding the NONROAD Model. While the
NONROAD model has not undergone peer review by an independent panel, such as the National
Academy of Sciences (NAS), there has been an ongoing process of peer review for the NONROAD
model. Each type of major input (e.g., emission factors) of the version of the model used to produce
emission estimates in the Nonroad Diesel Engine NPRM has been reviewed by two individual, external,
independent experts, as required by the EPA’s Peer Review Handbook (Science Policy Handbook: Peer
Review, 2nd Edition, December 2000, EPA 100-B-00-001). Due to the complex nature of the model and
the nearly continuous work to improve the model as additional data become available, the peer review
process for the model has been an evolutionary one that has taken several years.

EPA had a forerunner of the NONROAD model that had inputs and a structure similar to that of
NONROAD peer reviewed as part of the Tier 2 and 3 Nonroad Compression Ignition Engine Rule in
1998. Much of NONROAD was based on this predecessor. EPA entered these comments and responses
to them into rule docket A-96-40.

In 1998, EPA had the Nonroad Small Spark-Ignited Engine Emissions Model (NSEEM) peer
reviewed for the Phase 2 Small Spark-Ignition Engine Rule. These comments were entered into the rule
docket (A-96-55). No responses to the comments were included in the rule docket because the comments

did not identify any major issues or shortcomings. The data inputs used in NSEEM were incorporated
into the NONROAD Model.

In April 2000, EPA submitted the technical reports and a memorandum (NR-009a, NR-010b, and
“US EPA NONROAD Model Technical Report Addenda for Tier 2 Rulemaking Version”) discussing the
compression-ignition (CI) and spark-ignition (SI) emission factors used in the NONROAD model for peer
review. EPA made additional changes to the model and documented these changes in the memorandum,
“Changes to the NONROAD Model for the April 2000 Version Used in Support of the 2007 Heavy-Duty
Diesel Engine Rule”. EPA submitted this memorandum for peer review in September 2000. Although
the peer review information was available upon request, the results of these peer reviews were not placed
in the dockets for the Tier 2 and 2007 Heavy-Duty Diesel Rules because these rules applied to on-
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highway emissions for which the NONROAD Model played only a supporting role in estimating the
nonroad portion of the total inventory.

From late 2000 to mid 2003, EPA continued to work toward getting all of the major aspects of
NONROAD peer reviewed. EPA completed peer reviews for the most recent CI and SI engine emission
factors and deterioration rates, growth rates, evaporative and refueling emissions, activity rates, load
factors, median life, CI and SI engine populations, CI and SI engine deterioration rates, allocation factors
(i.e., geographic, seasonal, and week day/weekend day), and several memoranda concerning changes
made to NONROAD inputs for the Recreational/Large SI Engine Rule and the proposed Nonroad Diesel
Engine Rule. EPA has placed a summary and analysis of the Cl-related peer review comments in the
Nonroad Diesel Engine Rule docket. The Sl-related peer reviews were not completed in time to prepare a
summary and analysis to be entered into the docket before promulgation of the final Recreational/Large
SI Rule, but these comments will be made available as soon as possible.

As significant changes to the NONROAD Model occur, EPA will continue to undertake
additional peer reviews, and these will be made available to EPA stakeholders via a docket or some other

public means.

Exclusive Consideration Given to States Is Inappropriate

EPA properly entered the draft NONROAD2002 model, its supporting documentation, and the
input files used to produce emission estimates for the Control of Emissions of Air Pollution from
Nonroad Diesel Engines and Fuel rule proposal into the public docket A-2001-28, as per required by
administrative procedures. In addition, EPA gave the States a preview of the NONROAD2002 model
because of their role as co-regulators with EPA.

NONROAD2002 Is Still in Draft Form and There Are Significant Data Gaps

EPA is confident that NONROAD2002 produces reasonable emission inventory estimates
suitable for consideration in the rulemaking. As part of this rulemaking and previous rulemakings (i.e.,
the Recreational and Large Spark-Ignition Engine, Heavy-Duty On-Highway Diesel and, Tier 2 Rules),
the NONROAD model has been extensively quality assured and many improvements have been made to
the model. Peer reviews also have been completed on all the major aspects of the model. Also, EPA’s
confidence is reflected in the fact that EPA has issued guidance allowing states to use draft
NONROAD2002a for their official State Implementation Plan submittals.

The lack of running loss and hot soak VOC in the model does not adversely impact the nonroad
diesel rule, since these types of emissions are negligible in diesel engines. In regard to air toxics not
being a part of NONROAD2002, EPA calculated these emissions for the rulemaking using air toxic VOC
fractions used in the development of the National Emissions Inventory. Links to the documentation for
the NEI can be found on the EPA’s Office of Air Quality Planning and Standards website at
http://www.epa.gov/ttnchiel/net/neiwhatis.html.

2.3.2.2 Data Sources

2.3.2.2.1 Inconsistent Basis for Costs and Benefits
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The comments in this section can be summed up as-

EPA’s use of the NONROAD model to estimate projected benefits and the use of fuel consumption
projections from EIA to estimate projected costs led to underestimation of the costs of the
proposed rule relative to the emission reductions, as well as monetized benefits of the proposed
rule.

What Commenters Said:

API and Marathon commented that the methodology for determining cost-effectiveness is
problematic since the NONROAD fuel consumption estimates are overstated- EPA employed two
different methodologies for estimating the emissions/fuel consumption impacts of the proposed nonroad
rule and the associated cost impacts. Chapter 3 of the RIA presents the emissions inventory and fuel
consumption impacts of the proposed rule, which are derived from the NONROAD model. In Chapter 7
of the RIA, diesel fuel use data by end-use sector for the year 2000 are based on the EIA report Fuel Oil
and Kerosene Sales 2000. The year 2000 fuel consumption estimate for land-based nonroad diesel
engines as derived using the Chapter 7 methodology is 27.1 percent lower than the fuel consumption
estimate developed in Chapter 3 using the NONROAD model. EPA states that the fuel consumption
estimates in Chapters 3 and 7 differ by approximately 15 percent. However, it is unclear how this
percentage was calculated, since analysis of the data in Chapters 3 and 7 suggests that the discrepancy is
nearly twice as large as that stated by EPA. API also provided a figure that illustrates the difference
between the estimates in Chapters 3 and 7, and asserts that if the NONROAD estimates are overstated,
this implies that EPA's estimates of the cost per ton of pollutant reduced as presented in chapter 8 of the
RIA, are substantially understated.

Letters:
American Petroleum Institute, OAR-2003-0012-0804-0808 p. 39-41
Marathon Ashland, OAR-2003-0012-0826, 0827 p. 35-37

API and Marathon further commented that EPA’s estimates of emissions benefits should include
some element to account for uncertainty. EPA's proposal estimates the benefits of its proposal in calendar
year 2025 for diesel powered agricultural equipment based on the assumption that this sector would grow
at an annual rate of 2.9 percent from 1996 onward. If EPA had based its projections on a forecast of
farm-based economic indicators such as the 1.3 percent annualized rate of change in "Value of
Agricultural Shipments" shown in Table 32 of the EIA, 2003 Annual Energy Outlook, the estimate of the
emissions benefit of its proposal for this class of equipment would have been reduced by approximately
25 percent in 2025. This degree of uncertainty in the emissions benefits should be included in the overall
assessment of the social costs and benefits of the proposed rule.

Letters:
American Petroleum Institute, OAR-2003-0012-0804-0808 p. 43
Marathon Ashland, OAR-2003-0012-0826, 0827 p. 39-40
Our Response:
For background purposes, we presented the fuel consumption estimates used to project SO, and

for sulfate PM emission reductions associated with the proposed rule in Table 3.1-8 of the Draft RIA.
These fuel consumption estimates were also implicit in the other pollutant benefits projected, in that
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nonroad equipment only emit pollutants when they are being operated (i.e., burning fuel). More or less
fuel consumption inherently means more or less emissions, other factors being equal.’

We presented a second set of fuel consumption estimates in Tables 7.1-14 and 7.1-16 of the Draft
RIA. These fuel consumption estimates were derived from the EIA FOKS and EIA AEO 2002 and were
used to estimate per gallon fuel costs. For locomotive and marine diesels, the EIA-based fuel demands
are very similar to those presented in Table 3.1-8 of the DRIA. However, for land-based nonroad
equipment, the EIA-based fuel consumption for 2000 is roughly 20% lower than that from the
NONROAD model (i.e., the NONROAD estimate is 25% higher than the EIA-based estimate).

Secondly, as shown in Table 3.1-8 of the Draft RIA, NONROAD projects that fuel consumption
will grow at roughly 3% per year. In contrast, EIA’s AEO 2002 projects that non-highway diesel fuel
will grow much more slowly. Using the growth rates from AEO 2002, land-based nonroad fuel demand
would only grow by 1.2% annually, or less than half the rate projected by the NONROAD model.

Regarding the first point, we pointed out in the NPRM that the underlying nonroad fuel
consumption behind the emissions projections differed from that used to calculate costs. We did not
believe this inconsistency affected the outcome of our cost effectiveness and cost-benefit comparisons
which were used to evaluate the proposed rule. And, we committed to reconcile this difference for the
final rule. Therefore, as discussed further below, we will use the NONROAD model to estimate costs,
benefits, and emission reductions related to the final rule. In addition, we have performed a sensitivity
analysis to ensure that the final rule is still appropriate given the possibility that the NONROAD model

may be overestimating fuel consumed (and thus, emissions) by nonroad equipment. See RIA Chapter 8
Appendix A.

2.3.2.2.2 Historical and Current Nonroad Fuel Demand

The comments in this section can be summed up as-

The NONROAD model overestimates the current emissions from land-based nonroad equipment
and thus, the emission reductions attributable to the proposed rule. Adjusting NONROAD fuel
consumption (and thus, emissions) to match a level consistent with EIA’s Fuel Oil and Kerosene

Sales Report (FOKS) would produce more accurate estimates of emissions and associated
emissions benefits.

What Commenters Said:

EMA commented that there is a wealth of fuel consumption data that EPA has not considered for
the development of NONROAD or the model's input data. EIA conducts annual surveys to determine
current fuel consumption by economic sector. EIA also completes computer modeling to forecast future
fuel consumption needs. The commenter provided additional discussion on the sources of EIA data (e.g.
EIA-821 as reported in the annual publication Fuel Oil and Kerosene Sales, and the National Energy
Modeling System (NEMS)) as well as discussion, tables, and a graphic that compare diesel consumption

3 While other factors (e.g., emission deterioration rates) might be revised and compensate for any change in fuel consumption, these
factors are independent of those affecting fuel consumption and are addressed elsewhere in this section of the S&A document.
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estimates between the NONROAD model and EIA estimates to show that the latter can provide a more
accurate representation of these estimates through the year 2030. EMA also provided additional
discussion on alternative sources for growth rates in the context of application types such as railway
maintenance and aircraft support, that are included in the NONROAD model but not necessarily
represented in the same manner in the EIA data sources.

Letters:
Engine Manufacturers Association, OAR-2003-0012-0656, 0657 p. 96-99

API and Marathon commented that the NONROAD model consistently overestimates nonroad
diesel fuel consumption relative to the EIA data in every year and also overstates the historical trend in
nonroad diesel fuel use. API also provided a figure that shows a comparison of the slopes of simple
linear trends fitted to the EIA and NONROAD model data. This comparison shows that the NONROAD
model overestimates the rate of growth in nonroad diesel fuel consumption between 1995 and 2001 by
approximately 60 percent. This discrepancy will significantly impact long-term inventory projections
because of the approach used by EPA to extrapolate activity based on historical trends.

Letters:
American Petroleum Institute, OAR-2003-0012-0804-0808 p. 44-45
Marathon Ashland, OAR-2003-0012-0826, 0827 p. 40-41

API and Marathon also commented that EPA applies the 1.9 percent annual growth rate
developed from the NONROAD model to forecast fuel consumption through 2040, but provides no
rationale to support the use of this growth rate as opposed to the significantly lower annualized growth
rate of 0.9 percent as derived from the EIA Annual Energy Outlook 2002. The NONROAD model
growth rate is simply based on a linear extrapolation of historical data from the period 1989 to 1996.
EPA should accept the EIA data, which is more sensitive to assumptions concerning future economic
activity.

Letters:
American Petroleum Institute, OAR-2003-0012-0804-0808 p. 39-41
Marathon Ashland, OAR-2003-0012-0826, 0827 p. 35-37

Our Response:

In summary, fuel consumption estimates based on EPA’s analysis of EIA’s FOKS reports and
EPA’s NONROAD emissions model differ. Available independent surveys of distillate fuel used outside
of the nonroad sector tend to confirm the FOKS results for these sectors (residential, locomotive,
commercial heating, and farm). However, issues exist concerning how FOKS addresses jet fuel being
shifted to the distillate market during distribution. Because of this, and other uncertainties surrounding
FOKS and our use of these survey results in estimating nonroad fuel consumption, we are not sufficiently
confident that the FOKS-based estimates of nonroad fuel consumption is more accurate than the historical
estimates of nonroad fuel consumption in the NONROAD emissions model. Therefore, for this
rulemaking, we will continue to base historical estimates of nonroad fuel consumption on the NONROAD
emissions model.

We have also performed a sensitivity analyses (see Appendix A of Chapter 8 of the Final RIA) in
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which we estimate the costs, emission reductions, and cost effectiveness for the final rule; assuming that
our estimates of nonroad fuel consumption derived using FOKS are correct. This sensitivity analysis also
incorporates future growth rates from EIA’s 2003 Annual Energy Outlook (AEO), as discussed in Section
2.3.2.2.3 below. The results of this sensitivity analysis are summarized in Table 2-1 below.

Table 2-1. Aggregate Cost per Ton Estimates for the Nonroad Final Rule
Nonroad Fuel Consumption Using Two Different Methodologies
30-year Net Present Values at 3 percent Discount Rate ($2002)

Pollutant EPA Draft NONROAD2004 Derived from EIA FOKS/AEO 2003
NOx+NMHC $1,010 $1,490
PM $11,300 $15,900
SOx $710 $910

The lower fuel consumption estimates derived from EIA’s FOKS and AEO 2003 reduces projected
emission reductions associated with the final rule and fuel-related costs by roughly the same degree.
However, engine-related costs remain unchanged. Therefore, the ratio of costs to emission reductions
increases. As can be seen in Table 2-1, the increase is greatest for NOx+NMHC, as these pollutants are
controlled through aftertreatment and the costs to control these emissions are dominated by engine-related
costs. The cost per ton estimate for SOx emissions falls at the other extreme, since these emissions are
dominated by fuel-related costs. In all cases, the cost per ton estimates using the nonroad fuel
consumption estimates derived from EIA FOKS and AEO 2003 fall within acceptable ranges for mobile
source emission control. See, e.g., 68 FR at 28449 (Tables V.D.3 through V.D.5). Thus, even if we used
the nonroad fuel consumption estimates derived from EIA FOKS and AEO information, as the
commenter suggests, the results would not change our decisions regarding the requirements of this final
rule.

Moving to a detailed description of our response to the comments in this area, Figure 2-1 depicts
historical estimates of fuel consumption by land-based nonroad equipment from EPA’s NONROAD
emission model and from our analysis of the estimates of distillate fuel demand from EIA FOKS reports.
It should be noted that FOKS does not directly survey the use of distillate fuel in nonroad equipment.
This estimate must be derived from the estimates of fuel demand from various economic sectors, some of
which clearly do not involve the use of nonroad equipment, some almost entirely represent fuel use in
nonroad equipment and some are a mixture of the two. Judgment must be used to estimate the fractions
of nonroad fuel use among the various sectors. Therefore, we refer here to nonroad fuel consumption
estimated using the information obtained through FOKS as “derived from FOKS” (by EPA) and not as a
“FOKS estimate.” The two sets of fuel consumption are analogous to those presented in Section 7.1 of
the Draft RIA. However, the estimates shown in Figure 2-1 have been updated to reflect the draft
NONROAD2004 model and FOKS 2002.
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As can be seen, the two sets of fuel consumption differ, particularly in their trends over time. The EIA-
based estimates show very little change between 1985 and 2002, while NONROAD shows a steady
increase in fuel demand for this equipment. To better understand the reasons behind this difference, it
will be helpful to review the information used to develop the EPA NONROAD model, as well as the
approach EIA uses to develop its fuel sales estimates.

Nonroad Fuel Demand from Draft NONROAD2002/2004

EPA’s NONROAD model projects emissions (or fuel consumption) using estimates of:

1) equipment population,

2) engine size (horsepower (hp)),

3) equipment activity,

4) average engine load and

5) brake-specific emission factors (and fuel consumption).

When combined multiplicatively for sub-groups of equipment, with appropriate consideration of units,
the result is an estimate of total emissions and fuel consumption for the specified geographic area.

There is considerable interdependence between equipment population and the other factors listed
above, because independent estimates of equipment population at the desired level of disaggregation are
not available. Thus, equipment populations are projected from estimates of equipment sales and
scrappage. Scrappage depends on the median life of the equipment in years, which is derived from
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estimates of median engine lives in terms of hours of use at full load. These full-load engine lives are
then converted to median equipment lives in years using annual equipment activity and average engine
load. Thus, annual equipment activity and average engine load have a strong influence on equipment
population estimates, as well as direct influence on fuel usage estimates and estimated emissions for the
nonroad equipment fleet. Independent verifications of the various inputs to NONROAD will also be
evaluated. (For a complete description of how the NONROAD model was developed and its operation,
the reader is referred to EPA’s documentation of the series of NONROAD models which are contained at
its website (www.epa.gov/otag/nonrdmdl.htm). A brief description of NONROAD’s operation can also
be found in Ch. 3 of the Draft RIA. The description presented below will only provide an overview in
order to focus on those aspects of the model most relevant to the issue of total activity as indicated by fuel
consumption.)

Unlike EPA’s series of MOBILE models, NONROAD projects absolute emissions for a specified
geographic area. MOBILESG.2, for example, projects emission factors in terms of grams of pollutant per
mile, which are then coupled with estimates of “vehicle miles traveled” (VMT) from other sources, such
as the Federal Highway Administration (FHwA) or state and local transportation agencies. In order to
project these fleet-average emission factors, MOBILEG.2 utilizes estimates of the relative number of
vehicles of various model years in the vehicle fleet (i.e., the vehicle registration distribution, again a
function of sales and scrappage) and the typical number of miles that various types of vehicles are driven
per day or year and how this mileage varies with age. However, the use of independent estimates for
vehicle miles traveled and registration distributions (and in many cases, direct surveys of annual vehicle
mileage accumulation rates) eliminates the need to estimate the size of the absolute vehicle population in
any particular local area or in the nation as a whole.

NONROAD, on the other hand, does not utilize any independent estimates of equipment
populations or measures of activity, such as hours of use or fuel consumption. This is primarily due to the
fact that such estimates only exist for subsets of the nonroad equipment population (e.g., agricultural
tractors, some types of construction equipment) or for the fuel consumption by broad sectors of the
economy (e.g., industrial, commercial, construction, etc.). Engine emission standards applicable in a
specific model year often vary by horsepower, so EPA desires to have an emission model which is
sufficiently detailed to reflect these differences. The available estimates of in-use nonroad equipment
population and fuel consumption contain no breakdown by equipment type, engine horsepower or
equipment age.

Thus, in order to produce emission estimates broken down by equipment model year and engine
horsepower that can reflect the level of detail inherent in EPA’s emission standards, EPA estimates in-use
equipment populations (by equipment type and horsepower range) from estimated equipment sales and
scrappage. During a simulation, NONROAD estimates the amount of each pollutant emitted (and fuel
consumed) on a brake-horsepower-hour basis. NONROAD estimates the total amount of emissions
produced or fuel consumed in a state or the nation by multiplying equipment populations by estimates of
annual activity (i.e., hours per year), mean power rating and load factor for each equipment type.
Equipment populations and emissions are broken down for geographic areas below the national level
using economic factors, such as construction expenditures, farm acreage, building square footage, etc. It
will be useful to briefly review how the estimates for each of these factors were derived in order to better
understand their accuracy relative to the EIA FOKS fuel consumption estimates. The list of factors is:

1) Equipment Population

2) Equipment Life
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3) Equipment Life and Scrappage

4) Engine Median Life

5) Engine Load Factors

6) Annual Equipment Activity

7) Selected Median Equipment Lives

8) Scrappage Function

9) Base Year Equipment Population Calculation
10) Engine Horsepower

11) Total Activity

12) Fuel Consumption

Equipment Population: NONROAD projects future or past emissions and fuel consumption on
the basis of simulated changes in equipment populations. Population estimates for the base year are
provided to the model in input files. When the NONROAD model is run, growth rates are applied to
forecast or backcast future or past equipment populations, respectively. These growth rates are based on
trends in populations estimated from sales histories and are discussed in more detail below. For now, the
issue is historical fuel consumption, which is best addressed by focusing on how the base year equipment
population is developed.

Equipment population is developed for a single base year (1998 in Draft NONROAD2002, which
was used for the NPRM, 2000 in Draft NONROAD2004, which is used for the FRM). Base-year
populations are developed by summing up past sales and applying scrappage rates. This step is
performed outside the model, and the resulting base-year populations are supplied as inputs to
NONROAD.

We obtained estimates of annual equipment sales by equipment type and horsepower from Power
Systems Research (PSR). Some manufacturers provide actual sales data to PSR. However, for other
manufacturers, PSR must estimate sales based on other information.

Sales estimates for some equipment types are available for as far back as 1975. Sales trends are
used to backcast sales to 1975, when sales estimates are not available back to this date. Sales are backcast
further to 1948 by assuming constant sales at 1975 levels. As these estimates apply to sales of diesel-
powered equipment, any extrapolation of sales prior to 1975 is done assuming that the diesel fraction of
historic equipment sales is constant at the 1975 level.

Equipment Life: In estimation of base-year populations (and future equipment populations, as
well), equipment life is assumed to be equal to the life of the engine. NONROAD starts with estimates of
engine life at full load (in hours) and adjusts these “full-load lifetimes” to reflect more realistic in-use
operating conditions. Specifically, engine life at full load is divided by the average load factor of the
relevant equipment type to produce an estimate of actual engine life (in hours). Then, the median engine
(and thus, equipment) life in years is determined by dividing actual engine life (in hours) by annual
activity (in hours per year). For example, equipment with an average load of 20% is projected to last five
times as long as the same equipment (and engine) with an average load of 100%. Likewise, equipment
used 100 hours per year will last twice as long (in terms of years) as the same equipment used 200 hours
per year.

Equipment Life and Scrappage: Equipment scrappage rates are based on the projected median
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life of the original engine in terms of years. The NONROAD methodology assumes that nonroad engines
are not rebuilt. However, equipment is also assumed to never fail before the engine is worn out. To the
degree that engines are actually rebuilt in the nonroad equipment fleet, NONROAD would underestimate
the in-use equipment population. In contrast, should the equipment wear out or be damaged before the
engine wore out, NONROAD would overestimate the in-use equipment population.

Engine Median Life: The median life of nonroad engines is based on estimates of the expected
life of highway diesel engines operated continuously at full load. Median engine lives are estimated for
three nonroad engine categories:

1. Engines rated at less than 50 hp: median life of 2,500 hours at full load (estimated life of
a light-duty, highway diesel engine)

2. Engines rated at 50-300 hp: median life of 4,667 hours at full load (assumed to be 2/3 of
the estimated life of a heavy-duty, highway diesel engine)

3. Engines rated at more than 300 hp: median life of 7,000 hours at full load (estimated life

of a heavy-duty, highway diesel engine)

The estimated median life of a nonroad diesel engine does not vary by manufacturer, engine design (e.g.,
turbo-charged, after-cooled, indirect or direct injection, etc.), equipment type, etc.

In Draft NONROAD?2002, we substituted engine lifetimes based on highway engine experience
for those estimated by PSR. A study performed for the California Air Resources Board (CARB)
developed the above estimates of highway engine lifetimes for use in their OFFROAD emissions model,
which they use to estimate in-use emissions from nonroad equipment. The study also made a number of
adjustments to these estimates to reflect differences in the design and operation of highway and nonroad
diesel engines. These adjustments reduced the three lifetimes shown above to 1,250-2,500¢, 4,000 and
6,000 hours, respectively, for the three engine classes. In developing Draft NONROAD2002, we
accepted the CARB estimates of highway engine lifetimes, but rejected the downward adjustments, since
the latter were not based on data and we believed the logic explaining different lifetimes for nonroad and
highway engines to be flawed.

Load Factors: The load factor in the NONROAD model addresses the fact that engines do not
operate 100% of the time at rated speed and rated horsepower. The load factors in the Draft
NONROAD2002 and Draft NONROAD2004 models are based on 7 operation cycles developed by the
Southwest Research Institute (SwRI) for EPA. Three of the cycles, those for agricultural tractors,
backhoe-loaders, and crawler tractors, were developed by having professional operators perform a series
of specified tasks believed to be typical for that type of equipment. One piece of equipment was tested
from each category and each piece of equipment was tested for 8-20 hours of operation. The three cycles
were developed from selected micro-trips (operations to perform specific tasks).

The other four cycles, those for skid-steer loaders, arc welders, wheel loaders, and excavators,
were developed using rental equipment equipped with on-board data loggers. A total of 5 pieces of
equipment were tested for a total of 123 hours of operation. The cycles were developed from the total
universe of measured operational data.

4 1,250 hours for engines less than 16 hp, 2,500 hours for engines between 16 and 50 hp.
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The seven cycles yielded average load factors ranging from 0.21-0.78. Since operating cycles
were not developed for every type of equipment (NONROAD includes about 80 equipment types), we
grouped the seven cycles into three categories (transient cycles with relatively high load factors, transient
cycles with relatively low load factors and steady-state cycles). The load factors of the cycles assigned to
each category were arithmetically averaged.

. High, transient load factor: 0.59 (average of 4 cycles (agricultural tractor, crawler dozer,
rubber-tire loader, excavator) with load factors ranging from 0.48-0.78)

. Low, transient load factor: 0.21 (average of 3 cycles (backhoe/loader, skid-steer loader,
arc welder) with load factors ranging from 0.19-0.23)

. Steady-state load factor: 0.43 (average of all seven transient cycles)

Each type of nonroad equipment was assigned to one of the three load factor categories. The seven types
of equipment tested were assigned to the high or low transient grouping that its cycle was used to
develop. Other equipment were assigned to load factor groups based on engineering judgment.

Annual Activity: Estimates of the annual activity of various types of equipment are obtained
from PSR, who in turn develops them from periodic surveys of nonroad equipment users. The
methodology used by PSR to determine who is surveyed, as well as the way the survey results are
compiled is proprietary. The annual activity estimates vary by equipment type, but not by engine size or
age or model year. The insensitivity of annual activity to both equipment size and age make it important
that the sample of users surveyed by PSR be representative, as activity in the field may vary versus these
parameters. Due to the proprietary nature of the sampling performed by PSR, we cannot assess the
representativeness of the sampling.

Selected Median Lifetimes: Table 2-2 depicts annualized median life estimates for selected
equipment types in NONROAD (in order from shortest lived to longest).
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Table 2-2
Selected Median Equipment Lives in Draft NONROAD2002/2004 (years)
Load Activity Median Equipment Life (years)
Equipment Type Factor (hrs/yr) Engine <50 hp Engine 50-300 hp Engine >300 hp
Fork Lift 0.59 1700 2.5 4.7 7
Off-highway Truck 0.59 1641 N/A 5 7
Refrigeration/AC 0.43 1341 4 8 N/A®
Crawler 0.59 936 4.5 8.5 13
Ag Tractor 0.59 475 9 17 25
Backhoe 0.21 1135 10 20 N/A
Skid-Steer Loader 0.21 818 15 27 N/A
Generator Set 0.43 338 17 32 48
Welder 0.21 643 18.5 35 N/A
Other Material Handler 0.21 421 28 53 79
Combine 0.59 150 N/A 53 79
Pressure Washer 0.43 145 40 75 112

* N/A: Equipment with that engine horsepower are not produced for sale.

As can be seen from the table, the estimated equipment life can be very short for equipment with small

engines, high activities and high load factors (e.g., 2.5 years for fork lifts with engines rated at less than
50 hp) and very long for equipment with large engines, low activities and mid to low load factors (e.g.,

75-112 years for pressure washers fork lifts with 50+ hp engines).

Scrappage Function: The percentage of a model year’s equipment which is scrapped in any
given year is estimated using a normal distribution with a standard deviation equal to half the estimated
median life (in years). According to this equation, the peak annual scrappage rate occurs at the median
life. Also, 50% of the equipment is still in-use just as the median life is reached. Equipment starts being
scrapped a few years prior to this and has been completely scrapped by twice the median life (e.g., two
standard deviations beyond the mean). Weibull distributions are most commonly used to estimate the life
of mechanical parts and equipment.” However, the information necessary to fully utilize the flexibility
afforded by Weibull distributions are not available.

Engine Horsepower: NONROAD breaks down each type of equipment into a number of
horsepower ranges (e.g., 0-6 hp, 7-11, 12-16, 17-25, etc.). These groupings were developed to represent
differences in applicable emission standards. Where possible, they also represent natural breaks in the
distribution of engine sizes used in nonroad equipment. The average engine horsepower for each range of
horsepowers for each type of equipment is based on sales estimates provided to EPA by PSR for 1990-
2000 model years. This average horsepower is then used for all past and future model years.

Total Activity: NONROAD multiplies the estimated in-use equipment population for each
combination of equipment type and engine size by the annual activity, horsepower and load factor for that
combination of equipment type and engine size to estimate the total annual activity for that combination
(in terms of brake-horsepower-hours per year).
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Fuel Consumption: The final step in development of the NONROAD model is to estimate
brake-specific emission and fuel consumption rates (mass or volume per brake horsepower-hour) and
apply this to the level of total activity described above (e.g., the product of population, activity, mean
rated power and load factor). Since fuel consumption is the only focus here, we will not describe the
development of brake specific emission factors.

Brake-specific fuel consumption in NONROAD is estimated to be 0.408 Ib/bhp-hr for engines
rated at 100 hp or less and 0.367 Ib/bhp-hr for engines rated over 100 hp. These figures are based on the
fuel consumption as measured during nonroad engine certification and thus, represent those over the EPA
certification test cycle. Fuel density is estimated to be 7.1 lb/gal, based on various in-use fuel surveys,
such as those conducted by the Alliance of Automotive Manufacturers (and its precursors) and the
National Institute for Petroleum and Energy Research (now conducted by TRW).

One of the interesting technical features of the way NONROAD estimates total activity, and thus,
emissions and fuel consumption, is the way changes to certain factors have little impact on total emissions
or fuel consumption. The reason for this insensitivity is that changes in inputs such as activity and load
factor must be reflected in both the estimation of base-year population inputs (developed outside the
model) and in the estimation of equipment activity, fuel consumption and emissions during model runs.
For example, reducing the annual activity level of a type of equipment has little impact on the total
projected emissions or fuel consumption by that type of equipment. Reducing the annual activity
lengthens equipment life (in years), since equipment life is equal to engine life divided by the product of
annual activity and load factor. Longer equipment life, at the same level of sales, leads to larger in-use
equipment populations, since equipment scrappage has been reduced. Since the two changes occur
roughly to the same proportion, the net effect is very little change in emissions or fuel consumption.
Changing the load factor would have a similar non-effect, since equipment life also changes inversely in
proportion to any change in load factor.

Thus, reducing the load factors in NONROAD would have very little impact on total emissions or
fuel consumption, due to compensating changes in total equipment populations in the base year.
However, should independent estimates of equipment population be developed, then changing load factor
would directly impact NONROAD?’s projected emissions and fuel consumption.

Nonroad Fuel Demand Derived From EIA’s Fuel Oil and Kerosene Survey (FOKS)

EIA conducts an annual survey of fuel distributors to assess the volume of distillate fuels used in
a wide variety of economic sectors. EIA surveys roughly 4,700 fuel distributors, which are selected using
statistical sampling criteria. Each distributor is asked to estimate the volume of distillate fuel that he sold
in various fuel use categories. The specific categories tracked by EIA are:

Highway vehicles Railroad

Marine vessels Farm

Oil Company Electric Utility

Industrial Commercial

Off-highway (Construction) Other off-highway (logging, etc.)
Military

Some of these categories are also broken down further into various types of distillate fuel. For example,
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commercial fuel is broken down into low sulfur diesel, high sulfur diesel, high sulfur fuel oil and
kerosene. Most categories with some use of No. 4 fuel oil break out this fuel separately.

Distributors primarily estimate the use of the fuel which they sell based on the primary business
of the fuel purchaser (e.g., fuel purchased by a construction firm is off-highway fuel, fuel purchased by an
individual home owner is residential fuel, etc.). Given that FOKS categorizes fuel use by economic
sector, it is usually possible to place an individual or a firm clearly into one category or another. While
some distributors likely use actual sales records to respond to the survey, others may provide more
approximate estimates.

The FOKS sampling method is statistically designed to cover the sale of fuel to all but two of the
categories listed above: highway vehicles and electric utilities. Instead, EIA substitutes highway fuel
sales estimates from the Federal Highway Administration. The FHWA estimates are based on fuel tax
receipts, minus requests for highway excise tax refunds from those who purchased highway diesel fuel for
use in non-highway applications. EIA obtains more accurate distillate fuel use estimates for electric
utilities from the Federal Energy Regulatory Commission (FERC) and adjusts their fuel use estimates
accordingly. Finally, EIA also adjusts their fuel use estimates to match the total volume of distillate fuel
supplied from both domestic refiners and importers (per EIA’s Petroleum Supply Annual reports).

Because of these adjustments, EIA publishes two sets of fuel use estimates. The first is labeled
“unadjusted,” but includes estimates of on-highway fuel usage adopted from FHwA. The second set of
volumes are labeled “adjusted” and include improved electric utility usage as adopted from FERC, as well
as adjustments to match the total volume of distillate fuel supplied to the U.S. market. We believe that
the adjusted estimates are the more relevant for our purposes, as the FERC usage estimates are widely
recognized as representing improvements and provide closure between total product supplied and total
sales.

As noted above, EIA categorizes distillate fuel use into eleven sectors. Distillate fuel in three of
these sectors (farm, off-highway (construction) and off-highway (other)) represents fuel used primarily in
what EPA defines as land-based nonroad equipment. Significant quantities of commercial and industrial
fuel are also likely used in land-based nonroad equipment. Very little fuel use in the remaining sectors
likely involves land-based nonroad equipment. Because fuel use in land-based nonroad equipment as
defined by EPA is not directly tracked in FOKS, the FOKS estimates must be processed to produce an
estimate of fuel use in land-based nonroad equipment which is comparable to Dratt NONROAD2004.

The methodology which we use to derive land-based nonroad fuel use from FOKS estimates is
described in Section 7.1.5 of the Final RIA. We applied that methodology here to the 2002 FOKS
results.’ The basic methodology used and the results are summarized in Table 2-3. The last line in Table
2-3 shows the total land-based nonroad fuel consumption as estimated by EPA’s Draft NONROAD2004
emission model described in Chapter 3 of the Final RIA. As is shown, the difference in nonroad fuel
consumption using the two methodologies is 2.4 billion gallons in 2002.

° The analysis in Section 7.1.5 of the Final RIA utilizes estimates from 2001 FOKS. FOKS 2002 was only
released in November, 2003. The RIA analysis had to be completed on an earlier schedule that this analysis of
comments to allow the completion of other analyses which depended on its results.
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Distillate Fuel Demand from EIA FOKS 2002 (million gallons per year)

Sector Total No 2 Land-Based Nonroad *
Distillate Fuel
“EPA Nonroad” Factors (%) Estimated Nonroad Fuel
Residential 5,928 0% -
Commercial 3,065 100% of high sulfur diesel fuel 491
20% of kerosene
Industrial 2,238 100% of high sulfur diesel fuel 1,883
40% of No. 1 distillate fuel
Oil Company 825 50% of no. distillate 413
Farm 3,179 100% of diesel fuel 3,109
Electric Power 634 0% -
Railroad 3,081 0.95% 29
Vessel Bunkering 2,070 0% -
On-Highway 34,309 0.7% 240
Military 331 85% of diesel fuel 258
Off-Highway 2,224 95% 2,116
US Total 57,884 - 8,537
US Total: EPA NONROAD 10,920

* Per EPA methodology described in Section 7.1.5 of the Final RIA.

As mentioned above, FOKS is a survey and the results are subject to uncertainty. While
independent estimates of nonroad fuel use do not exist to verify the nonroad fuel consumption estimates
in Table 2-3, some independent data exist to verify the total distillate fuel consumption estimates for some
of the economic sectors covered by FOKS. These independent data are examined below.

Independent Verification of NONROAD and FOKS Estimates

NONROAD Emission Model

The wide variety of the types of nonroad equipment, their varied uses and the lack of
state registration makes it extremely difficult to obtain representative estimates of in-use equipment
populations and its operation. Regarding sales projections, to date, EPA has utilized only industry-wide
totals from PSR, not broken down by manufacturer. Thus, it is not a simple task to try to confirm or
improve those sales figures which must be estimated by PSR. Sales data for on-road vehicles can
generally be considered to be quite accurate, as they are tracked by a number of external parties and
vehicles are registered in every state. Nonroad equipment sales are not tracked as carefully, and there are
no state or federal registration requirements (other than some limited equipment registration requirements
in California). Thus, there is some degree of uncertainty in exactly how many pieces of equipment of
each type and horsepower are sold each year. As part of the engine certification process, EPA receives
projections from manufacturers of their upcoming year’s production of engines which is directed to the
U.S. market. However, being projections, they do not always match eventual sales. Thus, the uncertainty
in the sales estimates cannot be estimated quantitatively.
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Regarding equipment life, no data are available regarding the actual life of nonroad equipment.
Likewise, there is a similar lack of available data with which to verify the inputs to EPA’s estimation of
equipment life (i.e., the estimated lives of the three categories of highway diesel engines at full load and
rated speed, the extrapolation of these highway diesel engine lives to nonroad engines, the premise that
engine life is a reasonable surrogate for equipment life, and the assumption that equipment life varies
inversely proportional to average engine load). Given the fact that we expect nonroad diesel engines to
be designed to be at least as robust as highway diesel engines, with respect to durability, we have
confidence in our approach of using engine life as a surrogate for equipment life.

Regarding average load factor, due to the methods used to develop and apply the seven cycles, it
is not possible to assess their absolute accuracy with respect to actual average in-use operation. The
agricultural tractor, backhoe loader, and crawler tractor cycles only included pre-determined operation.
While the specific tasks assigned to these equipment are believed to be quite typical, there is no way of
assessing the representativeness of the amount of idle time included, the distance of travel to and from the
area where the tasks were performed, the resistance associated with the task (e.g., hardness of dirt, weight
of the load, depth of the dig, etc.). However, there is no indication that the operation was atypical. In
fact, given the involvement of the engine manufacturers’ technical staff in helping to determine the
microtrip weighting for the cycles and confirming the component activity sets for the duty cycles, we
have some measure of confidence in the accuracy of the composite application duty cycles. The skid-
steer loader, arc welder, wheel loader, and excavator data are based on actual day in the life operation
without regard to incorporating targeted activity, since their operation was under the control of the renter.
However, only a small amount of operation and limited sets of applications, size ranges, etc. were
sampled. Most of the equipment was by design “rental”, which itself only represents a portion of nonroad
equipment use. We were able to obtain owner operator equipment for some of the applications, however
in all instances, the operation was conducted by experienced operators. Unfortunately, due to the
proprietary nature of the PSR process, and the lack of comprehensive and detailed alternative data
sources, we are not able to make an independent assessment of representativeness. As detailed above,
we have provided discussion in niche areas for which we have been able to access alternative data
sources, but broad, sweeping changes based on a fully documented, comprehensive alternate source is not
possible. We have however confirmed the type of operation is consistent with operation from similar
applications in Europe. This is confirmed by the adoption of the nonroad transient duty cycle for nonroad
mobile machines in European Directive 2004/26/EC.

Regarding annual activity, no publically available data are available to confirm the PSR
estimates. Measuring average annual activity would actually be a difficult task to perform. Measuring
the activity of an individual piece of equipment is relatively straightforward. Most equipment have usage
meters, which show the number of hours that the engine has been operating and which could be read
periodically. However, measuring every piece of nonroad equipment in-use would be impractical. Any
sample of equipment would need to be representative of all equipment of that type. This is difficult to
achieve, as it is very difficult to ascertain where all the equipment is located at a given point in time, its
current usage pattern, etc. Unless such sampling was coupled with a similar effort to measure the in-use
equipment population, one would need to ensure that any measurement of activity was consistent with the
current estimate of the total population of equipment, which is projected using median lives and
scrappage, not measured or surveyed. This should be a major consideration given to any effort to
measure either in-use equipment population or annual activity in the future.
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Regarding equipment life, the very limited survey data we are aware of (e.g., Construction
Equipment Magazine's 1999 analysis by MacKay and Company) tends to roughly corroborate many of
the construction equipment median lives used in NONROAD. We are not aware of any other survey data
which directly indicate the median life of other nonroad equipment.

Regarding the shape of the scrappage function, no information is available to verify the validity
of using a normal distribution, nor of the assumption coefficient of variation around the mean.

Regarding in-use equipment population, a few estimates of equipment populations for limited
types of nonroad equipment are available from other sources. For example, the U.S. Department of
Agriculture estimates the population of tractors and several other types of farm equipment. In general,
their population estimates exceed the NONROAD populations by a significant degree. In contrast,
MacKay estimates the population of several types of construction equipment and their population
estimates fall below the NONROAD populations.

One difficulty in making such comparisons is that NONROAD categorizes equipment differently
than USDA or MacKay, or other analysts of economic sectors. NONROAD categorizes equipment
according to the primary way that type of equipment is used. For example, all generators are classified as
commercial, though some may be used on farms, construction sites, etc. All skid-steer loaders are
classified as construction, while this type of equipment is used in nearly every economic sector.

USDA, MacKay and, as we will see later, EIA, categorize equipment, fuel, etc. according to the
type of business that the equipment user is conducting. Thus, farm equipment includes all nonroad
equipment used on farms, whether the primary use of that type of equipment is agriculture or not.
Individual pieces of the same type of equipment might be classified as construction, farm, industrial, etc.
if it is used in all these economic sectors. Thus, one would not necessarily expect that equipment
populations developed using the two different approaches to classification would yield the same result.

If independent estimates of in-use equipment populations were available for every economic
sector, the totals for each equipment type could be summed and compared to the NONROAD estimates.
These comparisons could then be used to evaluate if the estimated lifetime for any particular equipment
types deviated dramatically from the NONROAD estimate based on engine lifetime, load and annual
activity.

Regarding average horsepower of the in-use fleet, no data are available with which to evaluate the
accuracy of this assumption.

Regarding the fuel consumption of in-use nonroad equipment, EPA has performed some limited
in-use testing of nonroad equipment using portable, on-board devices. The purpose of this testing was
primarily to demonstrate the measurement equipment and the testing procedures, though the gathering of
some valid in-use data was also a goal. Of thirteen pieces of nonroad equipment so equipped,
measurements of engine speed, torque, and emissions were recorded over a total of roughly 400 operating
hours. Problems with the instrumentation invalidated roughly half of the data, leaving about 215 hours of
validly measured operation.

The selection of the equipment and the limited amount of operation measured does not allow
estimation of engine or equipment life or annual activity. However, the type of testing performed would
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allow the estimation of load factor and brake-specific emissions and fuel consumption. The available
valid data are too limited to be used as the primary source of these estimates in NONROAD. However,
the data indicate that the load factors in NONROAD for the types of equipment tested are not too low and
could be too high.

Thus, overall, we have limited ability to confirm the NONROAD estimates of fuel consumption
using independent estimates of either the factors involved in making these estimates or of any direct
measure of in-use fuel consumption aside from FOKS, which is the focus of the next section.

EI4A FOKS

Independent estimates of the fuel consumption in some of the 11 economic sectors covered by
FOKS are available. Specifically, independent estimates of distillate fuel used in residential and
commercial heating, industrial use and on farms and by locomotives can be compared to those of FOKS.

Most of these independent estimates of distillate fuel consumption (farm, industrial, commercial
and residential) come from surveys of fuel or energy use conducted by the agencies of the U.S.
government (Department of Agriculture (USDA), the Bureau of the Census, and EIA). In these cases,
users of distillate fuel are surveyed, as opposed to fuel distributors, as in FOKS. Thus, the estimates are
independent from FOKS. In addition, the American Association of Railroads (AAR) tracks annual fuel
use by its members (i.e., railroads).

Table 2-4 shows the results of the various survey results, as well as the comparable FOKS
estimate, along with the year in which the surveys were taken. EIA FOKS estimates shown have been
matched to the year of the corresponding survey or AAR report.

Table 2-4
Distillate Fuel Consumption From Sources other than FOKS and NONROAD
(Billion gallons per year)

Sector Calendar EIA User Source: User Survey
Year FOKS Survey
Farm 1997 3.28 3.26 USDA Census of Agriculture
Construction 1997 2.07 1.97 Census Bureau °
Industrial 1998 2.25 2.27 EIA Manufacturing Energy Consumption Survey, Table N3.1
Commercial 1999 1.527 1.30 EIA Commercial Buildings Energy Consumption Survey,
Table C1
Residential 1997 6.45 7.72 EIA Residential Energy Consumption Survey, Table 2
Railroad 1998 3.18 3.90 AAR
Total 1997/8 18.8 20.4

6 U. S. Census Bureau. 1997 Economic Census, Construction Subject Series, Industry Summary,
EC97C235-15, Table 4.

" Total no. 1 and no. 2 distillate fuel use minus low sulfur diesel fuel use, minus no.1 kerosene use, minus high
sulfur no. 2 diesel fuel use, per FOKS.
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The user survey estimates of fuel consumption in the industrial, commercial, and residential
sectors were taken directly from fuel oil consumption figures reported in the various EIA surveys. The
estimate of locomotive fuel consumption were also taken directly from figures reported by AAR.
However, the estimates for the farm and construction sectors required a number of steps in their
derivation, which are described below.

USDA estimates total combined annual farm expenditures on gasoline and diesel fuel . However,
the most recent estimate of diesel fuel separate from gasoline is for 1997, from the 1997 Census of
Agriculture.® Tn 1997, U.S. farms spent $2.164 billion on diesel fuel. The average price of diesel fuel
was 87.4 cents per gallon.” Thus, total diesel fuel consumption is estimated to be 3.26 billion gallons in
1997.

The Bureau of the Census surveys fuel expenditures in the construction industry. The latest
census available, from 1997, indicates that construction firms spent $7.45 billion on gasoline and diesel
fuel, $2.117 billion of which was for off-highway use. The Federal Highway Administration estimates
that the construction sector consumed 300.5 million gallons of gasoline in 1997."° At an average price of
1.299 per gallon, this translates into a total gasoline expenditure of $3.88 million in 1997."" This leaves a
total expenditure of $1.729 billion on diesel fuel in 1997. Using the average diesel fuel price of 87.4
cents per gallon from above, this translates into a total diesel fuel use of 1.97 billion gallons by the
construction industry in 1997.

Most of the fuel consumption figures shown above for FOKS were taken directly from the
applicable FOKS report (1997, 1998, or 1999). We chose to present the fuel consumption estimates after
adjustment for fuel use by electric utilities and adjustments to match total demand with supply, as
discussed above.

There is some question whether kerosene use as estimated by FOKS should be included or
excluded when comparing to the user survey results. We chose to exclude FOKS kerosene consumption,
as the user surveys tend to focus on fuel oil or diesel fuel use and include an “other” fuel category, which
could include kerosene. We excluded this other fuel category when reporting the user survey results.
Fortunately, kerosene use is only a small fraction of total distillate fuel use in all these categories.

Also, FOKS does not present an estimate for commercial building use, but for the entire
commercial sector. This sector also includes significant fuel use in highway vehicles which are exempt
from excise taxes, as well as diesel fuel which we presume is used in nonroad equipment. We assumed
that the FOKS-based estimate for building use was equal to the FOKS estimate of high sulfur fuel oil use
in the commercial sector. This is consistent with our methodology for deriving nonroad fuel consumption

8 USDA, 1997 Census of Agriculture, Table 14.
® USDA, National Agricultural Statistics Service, Agricultural Statistics 1999, Table 9-

1% Federal Highway Administration, Office of Highway Information Management, Office of Policy
Development, Highway Statistics 1997, FHWA-PL-98-020, Table MF-24.

" Oak Ridge National Laboratory, Center for Transportation Analysis, Energy Division, Transportation
Energy Data Book, Edition 18, ORNL-6941, Table 4.3.
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estimates from FOKS results. In that methodology, we assume that all high sulfur diesel fuel in the
commercial sector is used in nonroad diesel equipment. We also assume that all low sulfur diesel fuel
used in the commercial sector is used in on-highway vehicles which are part of public fleets. These three
fuel types (high sulfur diesel, low sulfur diesel, and No. 2 high sulfur fuel oil) comprise the great majority
of the commercial sector’s fuel use.

Construction Fuel Use: As shown in Table 2-4, EIA FOKS shows 100 million gallons more
fuel usage in the construction sector compared to the Census Bureau. This difference is only 5% of total
fuel use in this sector. Also, as FOKS provides the higher of the two estimates and construction fuel is
predominantly assumed to be nonroad fuel, the Census Bureau estimate provides some indication that
FOKS is not underestimating nonroad fuel use in this sector. Thus, were one to assume that the Census
survey provided the more accurate fuel estimate for construction, this 100 million gallon difference would
increase the total 2.4 billion gallon difference in nonroad fuel consumption resulting from the two
methodologies by roughly 4%.

Commercial Building Fuel Use: As shown in Table 2-4, EIA FOKS shows 220 million gallons
more fuel usage by the commercial building sector compared to the EIA user survey. This difference is
15% of total fuel use in this sector per FOKS. Also, FOKS provides the higher of the two estimates.
High sulfur fuel oil is assumed to be not consumed in nonroad equipment. Thus, the user survey provides
some indication that FOKS may be overestimating commercial building fuel use. For example, it may be
possible that some of the high sulfur fuel oil is being consumed in nonroad equipment. Thus, it is
possible that our methodology of deriving nonroad fuel use from FOKS is underestimating nonroad fuel
use in this sector. This 220 million gallon difference represents about 9% of the total 2.4 billion gallon
difference in nonroad fuel consumption resulting from the two methodologies.

Residential Building Fuel Use: As shown in Table 2-4, FOKS estimates residential fuel
consumption to be 1.3 billion gallons per year lower than EIA’s residential survey. This difference is
roughly 20% of the FOKS fuel use estimate. The difference indicates that FOKS may be underestimating
residential fuel use. Our methodology assumes that this sector includes no diesel fuel use by land-based
nonroad equipment. Thus, if FOKS does tend to underestimate residential fuel use, then FOKS is likely
overestimating fuel use in other sectors. As a whole, these other sectors are more oriented towards land-
based nonroad equipment than residential. However, we cannot accurately estimate which sectors might
be over-estimated, so we cannot estimate to what degree this 1.3 billion gallon difference might be
leading to an overestimate of land-based nonroad fuel use per our FOKS-based methodology. However,
as every other sector outside of locomotive and marine contain significant nonroad fuel usage, the effect
could be significant.

Locomotive Fuel Use: As shown in Table 2-4, FOKS also estimates over 700 million gallons
per year lower distillate fuel usage by locomotives than AAR. This difference is roughly 25% of the
FOKS fuel use estimate. The difference indicates that FOKS may be underestimating locomotive fuel
use. Our methodology assumes that this sector includes essentially no diesel fuel use by land-based
nonroad equipment. Thus, if FOKS does tend to underestimate locomotive fuel use, then FOKS is likely
overestimating fuel use in other sectors. As a whole, these other sectors are more oriented towards land-
based nonroad equipment than locomotive. However, we cannot accurately estimate which sectors might
be over-estimated, so we cannot estimate to what degree this 1.3 billion gallon difference might be
leading to an overestimate of land-based nonroad fuel use per our FOKS-based methodology. However,
as every other sector outside of residential and marine contain significant nonroad fuel usage, the effect
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could be significant.

Industrial and Farm Use: As shown in Table 2-4, the FOKS and independent survey estimates
are essentially identical for these two sectors. Our methodology assumes that farm fuel use is roughly
98% nonroad, while that for the industrial sector is 75-85% nonroad. Thus, the independent users surveys
indicates that FOKS is unlikely to be underestimating fuel use in these nonroad equipment sectors.

Summary of Independent User Survey Comparison: Taken together, the independent user
surveys do not indicate that our methodology for deriving nonroad fuel demand from FOKS is
underestimating nonroad fuel use. The largest difference indicating a possible underestimation is that for
commercial building use, 220 million gallons. However, the difference in the construction sector of 100
million gallons would roughly cut this in half. It is likely that the two billion gallon difference in the
residential and locomotive sectors combined would more than compensate for the remaining 100 million
gallon difference. The nearly identical fuel use estimates by FOKS and the user surveys for the industrial
and farm sectors is strong support for the FOKS estimates.

The differences between the FOKS and user surveys for the residential and locomotive sectors are
relatively large. One possibility is that somehow fuel is entering the distillate markets covered by FOKS
that is not considered when EIA adjusts the FOKS results to total fuel supply. This is investigated in the
next section.

Adjusting to Match Distillate Fuel Supply: As described above, EIA adjusts their FOKS fuel
consumption estimates so that total no. 1 and no. 2 distillate fuel consumption matches total no. 1 and no.
2 distillate fuel supply per their Petroleum Supply Annual. However, jet fuel is excluded from this
reconciliation. The overall difference of 1.6 billion gallons per year shown between FOKS and the user
surveys in Table 2-4 above could indicate that more distillate fuel is being consumed than indicated by
EIA’s Petroleum Supply Annual. For example, some jet fuel could be making its way into the diesel fuel
and fuel oil markets, including the highway diesel fuel market. Unlike other high sulfur distillate fuels,
jet fuel is not dyed at the refinery. Thus, jet fuel can physically be blended into highway diesel fuel
without causing a visible color, indicating the addition of an illegal fuel.

There appear to be two ways that jet fuel could be entering the other distillate markets: 1) via
mixing and contamination during shipment, and 2) as a tax evasion strategy. These two possibilities are
discussed below.

Mixing During Distribution: One way that jet fuel could enter the distillate market is through
contamination via shipment by pipeline. Section 7.1 of the Final RIA presents a detailed description of
how fuels are shipped through pipelines. Mixing occurs at the interface between every adjacent batch of
fuel. This interface grows in volume as the shipments progress down the pipeline. Usually, the interface
is cut into one of the two adjacent batches, usually the one with the least stringent product quality
specifications. However, the interface between gasoline and jet fuel or distillate cannot be blended into
either batch. This interface is called transmix and shipped to a transmix processor to be separated once
again into gasoline and distillate.

Batches of jet fuel can be shipped adjacent to either gasoline or distillate fuel, such as highway

diesel fuel or high sulfur distillate. Jet fuel that mixed with gasoline would end up in the distillate fuel
produced and sold by transmix processors. This distillate rarely meets jet fuel specifications, so it is
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usually sold as highway diesel fuel or high sulfur distillate. Thus, this jet fuel which was produced at a
refinery ends up in the distillate pool. However, it appears that EIA’s Petroleum Supply Annual includes
fuel produced by transmix processors, so this “new” distillate fuel produced from processing jet fuel
would be included in EIA’s total distillate supply and in the adjusted FOKS results.

However, when jet fuel is adjacent to distillate fuel, the interface is usually just cut into the batch
of distillate at the end of the pipeline. Thus, this jet fuel also enters the distillate market. However, since
it was not ever produced by a refinery, it is unlikely that this new distillate would be accounted for in
EIA’s total supply of distillate. It would be covered by the FOKS, since it would be sold by a terminal or
bulk plant. However, its volume would essentially be removed through the adjustment process.

As discussed in Section 7.1 of the Final RIA, estimates of the volume of jet fuel lost during
shipment vary widely, from 1-7%. Assuming that half of this is lost to transmix and half to distillate, this
implies that 0.5-3.5% of all jet fuel could be entering the distillate market unaccounted for by EIA’s
supply estimates. In Table 7.2-7 of the Final RIA, we show jet fuel consumption by PADD in 2001.
Excluding fuel consumed in Alaska and Hawaii, which have no pipelines which carry jet fuel, total jet
fuel consumption was 20.4 billion gallons. Thus, the volume of this fuel which might be entering the
distillate pool unaccounted for is 102-713 million gallons per year. This would explain some, but not all
of the 1.6 billion gallon difference seen between the FOKS and user survey estimates. The possibility
that this source of distillate fuel is not being accounted for in FOKS should be investigated further.

Tax Evasion: The other possibility is that jet fuel is being consciously shifted to the distillate
market during distribution. If this is done prior to the payment of highway fuel excise tax, then this
addition is legal. If the shift from jet fuel to diesel fuel occurs after the excise tax has been paid, the
addition is illegal. Jet fuel typically commands a slightly higher wholesale price than highway diesel fuel
and high sulfur distillate. Therefore, we do not believe that jet fuel is often added to highway diesel fuel
or high sulfur distillate legally. However, some blending might occur during temporary shortages of the
distillate fuels. Since blending in the other direction is highly unlikely due to produce quality constraints,
this possibility should be explored further.

Untaxed jet fuel, however, is much cheaper than taxed highway diesel fuel. Therefore, there is a
tremendous economic incentive to blend jet fuel illegally. The potential extent of such illegal blending is
not known. The Internal Revenue Service clearly tries hard to ensure that taxes are paid on all fuel used
in highway vehicles which are not tax exempt (such as government-owned vehicles and school buses).
However, the difference between fuel use from FOKS and the user surveys of roughly 1.6 billion gallons
per year represents 4-5% of highway diesel fuel consumption. (This percentage is even less considering
that some jet fuel likely gets downgraded to distillate fuel via pipeline contamination, as discussed
above.) While it is conceivable that tax cheating could be occurring at this level, this is hopefully not the
case. However, the degree that this might be occurring should be pursued further.

Effect of Adjustment in FOKS on Derived Nonroad Fuel Consumption: Another way to
evaluate the effect of the adjustment in FOKS to match reported distillate supply is to evaluate the effect
of the adjustment on each sector’s fuel demand. In 2002, the adjustment process in FOKS reduced total
distillate fuel consumption by all sectors except highway vehicles and electric utilities by 1.34 billion
gallons. This is twice the upper end of the range of estimated jet fuel volume downgraded to distillate
during distribution. This could indicate that some jet fuel is being illegally blended into highway diesel
fuel, or could be due to some other unknown factor. If we apply the “nonroad” factors presented in Table
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2-4 above to the adjustments, we find that the adjustment process reduced nonroad fuel consumption as
derived from the FOKS results by 509 million gallons per year. This is 20% of the 2.4 billion gallon
difference in 2002 between the NONROAD and FOKS-derived estimates. Thus, the adjustment process
within FOKS appears to have a signficant impact on estimated fuel consumption within the various
sectors and derived nonroad fuel use. However, most of the adjustment occurs in sectors not believed to
represent nonroad fuel use.

Extension of NONROAD Methodology to Stationary Source Diesel Engines

One additional evaluation of the NONROAD model estimates of fuel consumption can be made.
The methodology used to develop the Draft NONROAD2004 model can be easily applied to stationary
source diesel engines, which EP