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1 Introduction

TheEnvironmental Protection Agency (EPa}released a revised compleg917 National Emissions Inventory

(NEI) The EPA has released one prior complete release of the 2017 NEI (April 2020) and two prior versions of the
2017 NEI containing some, but not all, data categories. This January 2021 update of the full 2017 NEI release
supersedes the initial (complete) Ap2020 release and the previous partial releases from February 2020 and
August 2019. The 2017 NEI was the first inventory that EPA released incrementally prior to this full Thlease.
updated January 2021 release of @17 NEI is available on the wabtthe 2017 NEI Data page€his is the final

public release of the 2017 NEI

1.1 Why are we releasing a January 2021 update for the 2017 NEI?

The point sarce inventory is revised from the April 2020 version of the 2017 NEI to reflect a correction to
aircraft estimates. A full discussion of the aircraft correction is discussed in S8@i8a Wl y dzt NBE H/AHM
O2NNBOGA2Y (2 FANONITFTO SadAylrdaSaédo

In addition, quality assurance efforts by EPA and state agencies continued, resulting in some additional facility
and process level changes for several states. These changes are discussed i13.3¢ektion

The EPA recompiled the point inventory in June 2020 in the Emissions Inventory System (EIS), but until now,
these data have only been available to state, local, and tribal users via the EIS. This January&édl upd

release simply absorbs this June 2020 EIS update into the full 2017 NEI. All data summaries in this document and
on the2017 NEI Data pageflectthis updated point inventory; however, there are no changes to any other

data categories from the initial complete release of the 2017 NEI in April 2020.

CNRY (GKS NBYFAYRSNI 2F GKAA&A R20dzyYSyd aGunmt bddthe¢ A& d
2017 NEL.

1.2 What data are included in the 2017 NEI release update (January 2021)?

The NEI is a national compilation of air emission estimates of criteria air pollutants (CAPS), the precursors of
CAPs, and hazardous air pollutants (HAPs). The hazaaitopollutants that are included in the NEI are based
on Section 112(b) of the Clean Air Act. State, local and (®BIT)air agencies submit emission estimates to
EPA and the Agency adds information from EPA emissions programs, such as the émaissgpprogram,

Toxics Release Inventofy/RI) and data collected during rule development or compliance tesfiiig NEI

includes estimates of emissions from stationary sources (large and small industries, commercial, institutional
and consumer), mobilsources, fires and biogenic emissions. EPA uses the NEI in rule development, non
attainment area designations, and as an input to various reports and assessifi@stdocument discusses all
components of the NEI and where useful, highlights differencésden the 2017 NEI and the mestcent
publicly-availablefull NEI release, Version 2 of the 2014v2 NEI (2014v2TEINEI program develops datasets,
blends data from these multiple sources, and performs data processing steps that further enhance, quality
assure, and augment the compiled data.

The emissions data in the NEI are compiled at different levels of gragutpending on the data category. For

point sources (in general, large facilities), emissions are inventoried at a plegessvithin a facilityThe point

data are collected from S/L/T air agencies and the EPA emissions programs including theAdRl, Riaén

Program, and Maximum Achievable Control Technology (MACT) standards develdponernpoint sources
(typically smaller, yet pervasive sources) and mobile sources (both onroad and nonroad), emissions are given as
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county totals. For marine vedsand railroad ifransit sources, emissions are given at the-sobnty polygon

shapelevel. For wildfires and prescribed burning, the data are compiled aspigific, coordinatespecific
GAAYAEEFNI G2 LRAYGO SOSyia ,mandthéskSnissidd esBryategarelfigtiedi A 2y 2 F
stratified by smoldering and flaming components.

The pollutants included in the NEI are the pollutants associated with the National Ambient Air Quality Standards
(NAAQS), known as CAPs, as well as HAPs assdciatédk 9t ! Q& ! ANJ ¢2EAOa t NRBAINI Y
concentration limits or are precursors for pollutants with such limits from the NAAQS program. These pollutants
include lead (Pb), carbon monoxide (CO), nitrogen oxideg)(NQlatile organic compound¥OCs), sulfur

dioxide (S@), particulate matter 10 microns or less (B8}, particulate matter 2.5 microns or less (M), and
ammonia (NB), which is technically not a CAP, but an important PM precursor. The HAP pollutants include the
187 remaining HAPgllutants (methyl ethyl ketone was removed) from the original 188 listed in Section 112(b)

of the 1990 Clean Air Act Amendmeht§here are many different types of HAPs. For example, some are acid
gases such as hydrochloric acid (HCI); others are heawsiseich as mercury (Hg), nickel and cadmium; and
others are organic compounds such as benzene, formaldehyde, and acetald€ngdahouse gases (GHGS) are
included in the NEI for fires, mobiles sourcasd point sources where reported.

1.3 What s included in this documentation?

This technical support document (TSD) provides a reference for theNBIupdated January 202telease
The primary purpose of this document is to explain the sources of information incindeelinventory. This
includes showing the sources of data and types of sources that ardfarsedch data categoryand then
providing more information about the BRereated components of the datéfter the introductory material
included in this section, Secti@providesan overview of the contents of the inventoapd some highevel
summaries, including comparisons to the 2014v2 NEI. Seztdso provides a summary on the mercury
emissionsSection3 provides an overview of point sourcedectiord providesinformation about nonpoint
sources, inluding descriptions by source category or sector of the EPA emission estimdtembsn Biogenic
emissions, which are released with the nonpoint data category, are also discussed in &estotiond and6
provideinformationfor the nonroad mobileand onroad mobile data categories, respectivéliyes (wild and
prescribed burning) are discussed in Secfion

1.4 Where can | obtain the 2017 NEI data?
The 20T NEI data are available in several different ways listed below. Data are available to the reporting
agencies and EPA staff via the Emission Inventory System (EIS).

1.4.1 Emission Inventory System Gateway

TheEIS Gatewaig available to all EPA staff, EIS data submitters (i.e., the S/L/T air agency staff), Regional

Planning Organization staff that support state, local and tribal agencies, and congraaitking for the EPA on
emissions related work. The EIS reports functions can be used to obtain raw input datasets and create summary
files from these datasets as well as older versions of the NEI such4s2201 and 2008. The 20INEldataset

inthe EISis called H n m T do 19 NI Agi202¢ 6 & G KS LINR 2 NJNbtdahat if yaurumt b 9 L N
facility-, unit- or procesdevel reports in the EIS, you will get the ZINEI emissions, but the facility inventory,

which is dynamic in the EIS, wéflect more current information. For example, if an Agency ID has been

changed since the time we ran the reports for the public websitmé2020, then that new Agency ID will be in

! The original of HAPs awailableon theEPA Technology Transfer NetwarAir Toxics Web Site
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the Facility Inventory or a Facility Configuration report in the Et®diun the report on the public website nor
GKS ClIOAftAGE 9YAAAAZ2YyaA 7pazMatabelidthe BIS.LJ2 NIia NMzy 2y GKS &

1.4.2 NEI main webpage

Next, data from the EIS are exported for public release or2@ie NE| Data webpag&he 20¥ NEI Data page
includes the most remnt publicly-available version of the 20INEI. The 20ANEIwebpage includes the 201
NEI plan and schedules, all publialailable supporting materials by inventory data category (e.g., point
nonpoint,nonroad mobile onroad mobilegevents, and this D

Two types of point data summaries are availablethe2017 NEI Data pagéacility summaries and process

level summariesThe source classification codes (SCC) data files section of the webpage pifeviclesxess

level summariedor all data categdes These detailed CSV files (provided in zip files) contain emissions at the
process level. Due to their sizbey are broken out into EPA regions. Faciléyel by pollutant summaries are

Ffaz2 @At oftSe ¢KSAS / { + impbriedta opadhdren with Micraséft® KcteSs®s o |
County and tribdevel summaries for events are also provided.

The2017 NEI Data pagdso includes a query tool that allows for summaries by EIS Sector (see $ectiba

more traditional Tier 1 summary level (for CAPs only) usdioe EPA Trends RepoSummaries from th2017

NEI Data site include nationastate, and countylevel emissions for CAPs, HAPs and GHGs. You can choose

which states, EIS Sectors, Tiers, and pollutants to include in cuygoerated reports to download Comma

Separated Value (CSV) files to impotd Microsoft® Excel®, Access®, or other spreadsheet or database tools.
Biogenic emissions and tribal data (but not tribal onroad emissions) are also available from this tool. Tribal
adzYYFNAS& INB faz2 LRaidSR dzyRSNihigpade. a! RRAGAZ2Y |t { dzY

The 20T NEI Documentation page includes links to the NEI TSD and supporting materials referenced in this TSD.
This page is a working page, meaning that content is updated as new products are developed.

1.4.3 Modeling files

The modeling filesprovided on theAir Emissions Modeling websj@re provided in formats that can be read by
the Sparse Matrix Operator Kernel Emissi@@MOKE). Thedides are also CSV formats that can be read by
other systems, such as databases. The modeling files provide the pteeeksmissions apportioned to release
points, and the release parameters for the release points. Release parameters include statkstagglexit
diameter, exit temperature, exit velocity and flow rate. The EPA may make changes to the NEI modeling files
prior to use. The 20Amodeling platformisbased on the 200LNEI. Any changes between the NEI and modeling
platform data will be degibed in an accompanying TSD for the 2&nissions Modeling Platform, which would
also be posted at the above website.

The SMOKE flat file for thianuary 2021 updated versiofithe 2017point inventory is called
6File:2017NEI_point_full_20200618&i®> ¢ KA & T A &l®ther datd EategoRedaie Bost@daniie
2017 NEI Flat Files FTP site

1.5 Why is the NEI created?

The NEI is created to prinle the EPA, federal, state, local and tribal decision makers, and the national and

international public the best and most complete estimates of CAP and HAP emissions. While the EPA is not

directly obligated to create the NEI, the Clean Air Act authottre&PA Administrator to implement data

collection efforts needed to properly administer the NAAQS program. Therefore, the Office of Air Quality

Planning and Standards (OAQPS) maintains the NEI program in support of the NAAQS. Furthermore, the Clean
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Air Act requiresSates to submit emissions to the EPA as part of their State Implementation Plans (SIPs) that
describe how they will attain the NAAQS. The NEI is used as a starting point for many SIP inventory development
efforts and forstates to obtain emisens from other states needed for their modeled attainment

demonstrations.

While the NAAQS program is the basis on which the EPA collects CAP emissions from the S/L/T air agencies, it
does not require collection of HAP emissions. For this reason, thed{8Ring requirements are voluntary.
Nevertheless, the HAP emissions are an essential part of the NEI program. These emissions estimates allow EPA
to assess progress in meeting HAP reduction goals described in the Clean Air Act amendments of 1990. These
reductions seek to reduce the negative impacts to people of HAP emissions in the environment, and the NEI
allows the EPA to assess how much emissions have been reduced since 1990.

1.6 How is the NEI created?

TheAir Emissions Reporting RUEERR) is the regulation that requires staite local agencieto submit CAP
emissionsand the Emissions Inventorysiym is the data system used to collect, QA, and cderpiose

submittals as well as EPA augmentation dsast S/L/T air agencies alpoovide voluntary submissicof HAP
emissions. The 2008 NEI was the first inventory compiled using the AERR, rather than its predecessor, the
Consolidated Emissions Reporting Rule (CERR). Th&lE0is thdourth AERPbased inventory, and

improvements in the 20LNEI process reflétessons learned by the S/L/T air agencies and EPA from the prior
NEI efforts. The AERR requires agencies to report all sources of emissions, except fires and biogenic sources.
Reporting of open fire sources, such as wildfires, is encouraged, but notedg8ources are divided into large
INRdzLJa OF fft SR GRFGF OFGSI2NASaédyY aGrFaGA2y I NB az2dz2NOSa
are either onroad (cars and trucks driven on roads) or nonroad (locomotives, aircraft, marireaaffhicles

and nonroad equipment such as lawn and garden equipment).

The AERR has emissions thresholds above V@lith(i S& Ydzad NBLIR2 NI adl GA2yF NB S)
gAUGK GKS NBYFAYRSNI 2F GKS adlFdA2ylNE Syraaaizya NBLR

The ARR changed the way these reporting thresholds work, as compared to the CERR, by changing these
GKNBakK2fRa (2 aLRISYGAlt (2 SYA(lé GKNBakK2f Ra NI G§KSN
AERR, the emissions that are reported are aauaksions, despite that the criteria for which sources to report

is now based on potential emissions. The AERR requires emissions refurfinmnt sourcegvery year, with

additional requirements every third year in the form of lower point source emssihresholds, and 2@lis one

of these thirdyear inventories.

Tablel-1provides the potentiato-S YA GG NB L2 NI AYy3I GKNBakK2f Ra (KIF& A AL KRS
terminology in the rule that represents the lower emissions thresholds required for point sources in the triennial
years. The reporting thresholds are sources with potential to emit of 100 tons/year or more for most criteria
pollutants, with theexceptions of CO (1000 tons/year), and, updated starting with the 2014 inventory, Pb (0.5
tons/year, actual). As shown in the table, special requirements apply to nonattainment area (NAA) sources,

where even lower thresholds apply. The relevant ozone,(O®), and PM10 nonattainment areas that applied

during the year that the S/L/T agencies submitted their data for the 2017 NEI are available on the

Nonattainment Areas for Criteria Pollutants (Green Book) viteb s

Tablel-1: Point source reporting thresholds (potential to emit) for CAPs in the AERR
Triennial reporting thresholds
Pollutant Type B Sources | Thresholds within Nonattainment Areas
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1Thresholds for point source determination shown in tons per year of potential to emit as
defined in 40 CFR part 70, with the exception of lead.

Based on the AERR requirements, S/L/T air agencies submit emissions or model inputs of point, nonpoint,
onroadmobile, nonroad mobile, and fires emissions sources. With the exception of California, reporting
agencies were required to submit model inputs for onroad and nonroad mobile sources instead of emissions.
For the 20Z NEI, all these emissions and inputs wezgquired to be submitted to the EPA per the AERR by
December 31, 2@ (with an extension given through January 15, 20Dnce the initial reporting NEI period

closed, the EPA provided feedback on data quality such as suspected outliers and missiggdatpdying to
previously established emissions ranges and past inventories. In addition, the EPA augmented the S/L/T data
using various sources of data and augmentation procedures. This documentation provides a detailed account of
9t ! Qa | dzI f andiaigmeriafionziéthfds.S

1.7 Who are the target audiences for the 2017 NEI?

The comprehensive nature of the NEI allows for many uses and, therefore, its target audiences include EPA staff
and policy makers, the U.S. public, other federal and S/L/T decisi&ens) and other countrie§.ablel-2

below lists the major current uses of the NEI and the plans for use of theNlBILin those efforts. These uses

include those by the EPA in support of the NAAQS, Air Toxics, and other programs as well as uses by other
federal and regional agencies and for international needs. In addition to this list, the NEI is used to respond to
Congressional inquiries, provide data that supports university research, and allow environmental groups to
understand sources of air pollution.

Tablel-2: Examples of major current uses of the NEI

Audience Purposes
U.S. Public Learn about sources of air emissions
EPAC NAAQS Regulatory Impact Analysidenefits estimates using air quality modeling

NAAQS Implementations, including State Implementation Plans (SIPs)

Monitoring Rules

FinaINAAQS designations

NAAQS Policy Assessments

Integrated Science Assessments

Transport Rule air quality modeling (e.g., Clean Air Interstate Rule-EtaiesAir Pollution Rule)
EPAc Air toxics National Air Toxics Assessment (NATA)

Mercury andAir Toxics Standargimercury risk assessment and Regulatory Impact Assessment
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Audience Purposes

National Monitoring Programs Annual Report

Toxicity Weighted emission trends for the Government Performance and Reporting Act (GPR
Residual Risk and Technology Rewiestarting point for inventory development

EPA; other NEI Reportg analysis of emissions inventory data

Report on the Environment

Air Emissions website for providing graphical access to CAP emissions for state maps and Gg
Earth views ofacility total emissions

Department of Transportation, national transportation sector summaries of CAPs

Black Carbon Report to Congress

Other federal or Modeling in support of Regional Haze SIPs and other air quality issues

regional agencies

International United Nations Environment Programme (UNEBIpobal and North American Assessments
The Organization for Economic-Gperation and Development (OEGEZnvironmental data and
indicators report

UNECE Convention on LeRgnge Transboundadir Pollution (CLRTAPgmission reporting
requirements, air quality modeling, and science assessments

Community Emissions Data System (CEB$nce network for earth system, climate, and
atmospheric modeling

Commission foEnvironmental Cooperation (CE@orth American emissions inventory
improvement and reduction policies

U.S. and Canada Air Quality Reports

Arctic Contaminants Action Program (ACARtional environmental and emission reduction
strategy for the Arcti Region

Other outside

parties Researchers and graduate students

1.8 What are appropriate uses of the 2017 NEI and what are the caveats about the data?

As shown in the preceding section, the NEI provides a readilijable comprehensive inventory lmbth CAP

and HAP emissions to meet a variety of user needs. Although the accuracy of individual emissions estimates will
vary from facilityto-facility or countyto-county, the NEI largely meets the needs of these users in the aggregate.
Some NEI users maysh to evaluate and revise the emission estimates for specific pollutants from specific
source types for either the entire U.S. or for smaller geographical areas to meet their needs. Regulatory uses of
the NEI by the EPA, such as for interstate trans@dvays include a public review and comment period. Large
scale assessment uses, such as the NATA study, also provide review periods and can serve as an effective
screening tool for identifying potential risks.

One of the primary goals of the NEI is toyide the best assessment of current emissions levels using the data,
tools and methods currently available. For significant emissions sectors of key pollutants, the available data,
tools and methods typically evolve over time in response to identifiettidgefcies and the need to understand

the costs and benefits of proposed emissions reductions. As these method improvements have been made,
there have not been consistent efforts to revise previous NEI year estimates to use the same methods as the
current year. Therefore, care must be taken when reviewing different NEI year publications as a time series with
the goal of determining the trend or difference in emissions from year to year. An example of such a method
change in the 2008 NEI v3 and 2011 NEldsge of theMotor Vehicle Emissions Simulator (MOVES) rhfotte

the onroad data category. Previous NEI years had uselfltiele Source Emission FacModel, version 6
(MOBILEGaNd earlier versions of the MOBILE model for this data category. The 2011 NEI (2011v2) also used an
older versiomof MOVES (2014) thabes beenupdated in the current 200NEI (MOVES20t) Thecurrent

version ofMOVE&lso calculates nonroad equipment emissions, adding VOCs and toxics, updating the gasoline
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fuels used for nonroad equipment to be consistent with those used for onroad vehicles. These changes in
MOVES lead to a small increase ammad NQemissions in some locations, introducing additional uncertainty
when comparing 200LNEI to past inventories.

Other significant emissions sectors have also had improvements and, therefore, trends are also impacted by
inconsistent methods. Exam@énclude paved and unpaved road PM emissions, ammonia fertilizer and animal
waste emissions, oil and gas production, residential wood combustion, solvents, industrial and
commercial/institutional fuel combustion and commercial marine vessel emissions.

Users should take caution in using the emissions data for filterable and condensable components of particulate
matter (PM10FIL, PM2.5-IL and PMCON), which is not complete and should not be used at any aggregated
level. These data are provided for usersomish to better understand the components of the primary PM
species, where they are available, in the disaggregated, pragessfic emissions reports. Where not reported

by S/L/IT agencies, the EPA augments these components (see Qe2tibrHowever, not all sources are

covered by this routine, and in mobile source and fire models, only the primary particulate species are
estimated. Thus, useraterested in PM emissions should use the primary species of particulate matter {PM10
PRI and PM2BRI), described in this document simply aslBihd PM.5.
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2 2017 NEI contents overview

2.1 What are EIS sectors?

First used for the 2008 NEI, EIS Sectors continue to be usalliZ647 NEldata categoriesThe sectors were
developed to better group emissions for both CAP and HAP summary purposes. The sectors arenipased si
grouping the emissions by the emissions pro@ssdicated byhe SCC tan EIS sector. In building this list, we

gave consideration not only to the types of emissions sources our data users most frequently ask for, but also to
the need to have aelatively concise list in which all sectors have a significant amount of emissions of at least
one pollutant. The SCEIS Sector crosgalk used for the summaries provided in this document is avaifable
download from theSource Classification Codes (SCCs) webkitehanges were made to the S@@pping or

sectors used for the 20INEI except where SCCs wegtired, or new SCCs were added.

{2YS 2F (GKS &aSOG2NE BYDEJdBERADKSAVRYBRYOFR AHzZBF2dab St &S
means that those emissions processes were not appropriate to include in another EIS sector and their emissions
were too small individually to include as its own EIS sector.

Since the 2008 NEI, the inventory has besported andcompiledin EISusing five majodatacategories: point,
nonpoint, onroad, nonroad and events. The event category is used to compigpeaific data from prescribed
burning and wildfires. While evéncould be other intermittent releases such as chemical spills and structure
fires, prescribed burning and wildfires have been a focus of the NEI creation effort and are the only emission
sources contained in the event data category.

Table2-1 shows the EIS sectors or source category component of the EIS sectoréft thedt column. EIS data
categoriesPoint, Nonpoint, Onroad, Nonroad, and Evetiisit have emissions in these sectors/source
categories are also reflected.

AsTable2-1 illustrates, many EIS sectors include emissions from more than one EIS data category because the
EIS sectors are compiled based on the type of emissions sources rather than the data category. Note that the
emissions summarg S O (i 2 N&Jc bt & RD Nepartédpartly # the point andpartly to thenonpoint data

OF 1S3 2 NA Sac/ I2yYRr SINGCRAGEAEE Sa | NR Y S [+ 5@ A B2 afickrp R thérmrpoink f S
RFEGE OFGS3a2NRd 2SS AyOf dzRSegetat2\A SIYWRDA{ BANAZRE ARYW aEK & . i 2
in the EIS; however, we document biogenics in its own Section (8). NEI users who aggregate emissions by EIS
data category rather than EIS sector should be aware that these changes will give differences frooahisto
adzYYFNASE 2F ay2yLRAYy(Gé YR ay2yNRIFIRé RIFGIF dzyt Saa C
grouping.

Table2-1: EIS sectors/source categories with EIS data category emissions reflected

Component
EIS Sector or EIS Sector: Source Category Name

Point
Onroad
Nonroad
Event

Agriculture- Crops & Livestock Dust
Agriculture- Fertilizer Application

Agriculture- Livestock Waste X
Biogenics Vegetation andsoil

x| X| X| X| Nonpoint
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Component
EIS Sector or EIS Sector: Source Category Name

Onroad

Nonroad

Event

Bulk Gasoline Terminals

X! Point

Commercial Cooking

Dust- Construction Dust

x

Dust- Paved Road Dust

Dust- Unpaved Road Dust

Fires- Agricultural Field Burning

x| X| X| X| X| X| Nonpoint

Fires- Prescribed Burning

X

Fires- Wildfires

Fuel Comb Comm/Institutional- Biomass

Fuel Comb Comm/Institutional- Coal

Fuel Comb Comm/Institutional- Natural Gas

Fuel Comb Comm/Institutional- Qil

Fuel Comb Comm/Institutional- Other

X| X| X| X| X

Fuel Comb Electric GenerationBiomass

Fuel Comb Electric GenerationCoal

Fuel Comb Electric GenerationNatural Gas

Fuel Comb Electric GenerationOil

Fuel Comb ElectricGeneration Other

Fuel Comb Industrial Boilers, ICE8iomass

Fuel Comb Industrial Boilers, ICE€oal

Fuel Comb Industrial Boilers, ICE§atural Gas

Fuel Comb Industrial Boilers, ICE®Il

Fuel Comb Industrial Boilers, ICE©ther

X| X[ X X X X[ X| X[ X| X[ X| X| X| X| X

Fuel Comb Residential Natural Gas

Fuel Comb Residentiat Oil

Fuel Comb Residential Other

Fuel Comb Residentiat Wood

Gas Stations

X| X[ X| X| X| X| X| X| X]| X

Industrial ProcessesCement Manufacturing

Industrial ProcessesChemical Manufacturing

x

Industrial Processed~errous Metals

Industrial ProcesseaMining

Industrial ProcessedNEC

Industrial ProcessedNon-ferrous Metals

Industrial Processeil & Gas Production

Industrial ProcessedPetroleum Refineries

X| X| X| X| X

Industrial ProcessesPulp & Paper

X| X X[ X X[ X X[ X X| X| X

Industrial ProcessesStorage and Transfer

X

Miscellaneous No#ndustrial NEC: Residenti@harcoal Grilling
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Component

EIS Sector or EIS Sector: Source Category Name
Miscellaneous Noindustrial NEC: Portable Gas Cans
Miscellaneous No#ndustrial NEC: Nonpoint Hg
Miscellaneous No#ndustrial NEC (All other)

Mobile ¢ Aircraft

Mobile - Commercial Marine Vessels

Mobile ¢ Locomotives

Mobile - NonRoad Equipmerg Diesel

Mobile - NonRoad Equipmerg Gasoline

Mobile - NonRoad Equipmerg Other

Mobile - Onroadg Diesel Heavy Duty Vehicles
Mobile - Onroadg Diesel Light Dutyehicles

Mobile - Onroadg Gasoline Heavy Duty Vehicles
Mobile - Onroadg Gasoline Light Duty Vehicles
Solvent Consumer & Commercial Solvent Use: Agricultural Pesticide
Solvent Consumer & Commercial Solvent U&sphalt Paving
Solvent Consumer & Commercial Solvent Use: All Other Solvents
Solvent Degreasing

Solvent Dry Cleaning

Solvent Graphic Arts

Solvent Industrial Surface Coating & Solvent Use

Solvent- NonIndustrial Surface Coating

Waste Disposal: Open Burning

Waste Disposal: Nonpoint POTWs

Waste Disposal: Human Cremation

Waste Disposal: Nonpoint Hg

Waste Disposal (all remaining sources) X

Onroad
Nonroad
Event

Point
x| X| X| Nonpoint

x

x

x

x

X| X| X| X

x| X| X| X

X X| X| X

X| X[ X| X[ X| X| X| X[ X| X| X]| X| X

2.2 How is the NEI constructed?

Data in the NEI come from a variety of sources. The emissions are predominantly from S/L/T agencies for both
CAP and HAP emissions. In addition, the EPA quality assures and augments the data provided by states to assist
with data completeness, particulanyith the HAP emissions since the S/L/T HAP reporting is voluntary.

The NEI is built by data category for point, nonpoint, nonroad mobile, onroad mobile and events. Each data
categorycontains emissions from various reporterginltiple datasetsvhichare blended to create the final

b9oL &a 3dr tBaDdata EatégoryEach data category selection includes S/L/T data and numerous other
datasets that are discussed in more detail in each of the following sections in this document. In general, S/L/T
datatake precedence in the selection hierarchy, which means that it supersedes any other data that may exist
for a specific county/tribe/facilitygrocesspollutant. In other words, the selection hierarchy is built such that

the preferred source of data, usugl6/L/T, is chosen when multiple sources of data are available. There are
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exceptions, to this general rule, which arise based on quality assurance checks and feedback from S/L/Ts that we
will discuss in later sections.

The EPA uses augmentation and addiéil EPA datasets to create the most complete inventory for

stakeholders, for use in such applications as NATA, air quality modeling, national rule assessments, international
reporting, and other reports and public inquiries. Augmentation to S/L/T datqdiition to EPA datasets, fill in

gaps for sources and/or pollutants often not reported by S/L/T agencies. The basic types of augmentation are
discussed in the following sections.

2.2.1 Toxics Release Inventory data

The EPA used air emissions data from the720idxics Release InventoflRI) to supplement point source HAP

and NKB emissions provided to EPA by S/L/T agencies. Fat, 20ITRI emissions values that could reasonably

be matched to an EIS faciliyith some cetainty and with limited risk of doubleounting nonpoint emissions

were loaded into the EIS for viewing and comparison if desired, but only those pollutants that were not reported
anywhere at the EIS facility by the S/L/T agency werededin the 20177 NEI.

The TRI is an EPA database containing data on disposal or other releases including air emissions of over 650 toxic
OKSYAOLf&a FNRBY | LIWNRPEAYLI(0St& nwmznnn FlLOAftAGASED hyS
toxic chemical releases the environment. Data are submitted annually by U.S. facilities that meet TRI

reporting criteria. Section 3 provides more information on how TRI data was used to supplement the point
inventory.

2.2.2 Chromium speciation
The 20T reporting cycle included 5 valfbllutant codes for chromium, as shownTable2-2.

Table2-2: Valid chromium pollutant codes

Pollutant Code Description Pollutant Category Name| Speciated?
1333820 Chromium Trioxide Chromium Compounds yes
16065831 Chromium 1li Chromium Compounds yes
18540299 Chromium (VI) Chromium Compounds yes
7440473 Chromium Chromium Compounds no
7738945 Chromic Acid (VI) Chromium Compounds yes

Ly GKS 062@S GFrofSxY Fff LRttdzilyda odzi aOKNRBYAdzYé |
OLRtfdzilyd tTnnanntov A& NBFSNNBR G2 Fa a2t OKNRYA
contain a mixture of chromium with diffent valence states. Since one key inventory use is for risk assessment,

and since the valence states of chromium have very different risks, speciated chromium pollutants are the most
useful pollutants for the NEI. Therefore, the EPA speciates-8#p6fted and TRbased total chromium into

hexavalent chromium and nemexavalent chromium. Hexavalent chromium Gitrromium (V1), is considered

high risk and other valence states are not. Most of the-heravalent chromium is trivalent chromium

(Chromium lltherefore, the EPA characterized all Abexavalent chromium as trivalent chromiuithe 20¥

NEI does not contain any total chromium, only the speciated pollutants shoWabie2-2.

This section describes the procedure we used for speciating chromium emissions from total chromium that was
reported by S/L/T agencies.

We used the EIS augmentation feature to speciate S/L/T agency reported total chromium. For point sources, the
EIS usethe following priority order for applying the factors:
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1) By Process ID

2) By Facility ID

3) By County

4) By State

5) By Emissions Type (for NP only)

6) By SCC

7) By Regulatory Code

8) By NAICS

9) A Default value if none of the others apply

If a particular emissi@source of totachromium is not covered by the speciation factors specified by any of the
first 8 attributes, a default value of 34 percent hexavalent chromium, 66 percent trivalent chromium is applied.

Forthe 200 OKNRB YA dzY F dzZAYSy il A2y>s @yfR/ é§ KSchazZel CROAI A GBS
on S/L/TFreported total chromium valueC 2 NJ ¢ wL Rl GF aSd OKNBYAdzYz GKS a. @
dzZa SR I f 4K2dzZa3K | &Yl fodcurrgndesvers iddzather thandNAICThORNS genét@ss 6 H U
and stores an EPA dataset containing the resultant hexavalent and trivalent chromium species. For all other data
categories (e.g., nonpoint, onroad and nonroad), chromium speciation is performed at the SCC level.

This procedure generated hexavalent@mium Chromium (VI)and trivalent chromium@hromium I, and it

had no impact on S/L/T agency data that were provided as one of the speciated forms of chromium. The sum of
the EPAcomputed species (hexavalent and trivalent chromium) equals the madke tftal chromium (i.e.,

pollutant 7440473) submitted by the S/L/T agencies.

The EPA then used this dataset in the 2BIEI selection by adding it to the data categepecific selection
hierarchy and by excluding the S/L/T agency unspeciated chromiumthfe selection through a pollutant
exception to the hierarchy.

Most of the speciation factors used in the ZO4EI are SCRased and are the same as were used in 28id.

2014 based on data that have long been used by the EPA for NATA and other risk prgaeser, some

valuesare updatedwith every inventory cycldNew data may béeeveloped by OAQPS during rule development

or review of NATA datd he speciation factors asecessed in the EIS through the reference data link
GAugmentationProfile Informationé Achromium speciatiomd LINR F A £ S ¢ Arawltiplicaio$ factoss Tor 2 dzii LJ
a type of emissions sourc€&he profiledata for chromiumare storedin the sameables as theHAP

augmentation factors described in Sectidr2.3 The speciation factors are a specase of HAP augmentation
GKSNBoe (KS a 2adzélwayshexavatent Chdainiuny and tévalent chromiyiny R G KS & A y LJdzil
LJ2 f £ dzd | y (i éomiimd Theré asd-3@nain tébkedNdnd a summary taflee summary table excludes the
metadata and comments regarding the derivation of fhetors and assignment to SC&slearn more of the

derivation of the factor or assignment af LINR t& & doucé, he main tables (not summary table) should be

consulted.

Thethree main tables are:

1 Augmentation Profile Names and Input Pollutagtgeneral information about the profile and source of
the profile names and factors.

1 AugmentationMultiplication Factorg provides the output pollutants and multiplication factors
associated with a given Augmentation Profile and input pollutant.

1 Augmentation Assignmentsprovidesthe assignment of the profile to the data sour(tée list of 9
items dove).
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The summary table is thtugmentation Multiplication Factors and AssignmemrtEomposite table that
provides a view of all the combinations of output pollutants and assignment information associated with a given
profile.

For nonEIS users, thdata from themaintables were downloaded and provided described in Sectidh
(3.1.4S/L/T chromium speciation, 3.1¢6TRI chromium speciation and 3.1.6, HAP augmentation).

2.2.3 HAP augmentation

The EPA supplements missing HAPs in S/L/T agepasted data HAP emissions are calculated by multiplying
appropriate surrogate CAP emissions by an emissions ratio of HAP to CAP emission factors. FOINEE 2@
augmented HAPs for the point and nonpoint data categories. Generally, for point sources, the-IKAP ratios
were computed using uncontrolled emission factors from tliebFIRE databageshich contains primarily

AR42 emissions factors). For nonpoint sources, the ratios were computed from thgy&frekated nonpoint
data, which contain both CAPs and HAPs where applicable.

HAP augmentation is performed @ach emissions source (i.e., specific facility and process for point sources,
county and process level for nonpoint sources) using the same EIS augmentation feature as described in
chromium speciation. However, unlike chromium speciation, there is hauttefagmentation factor so that not
every process that has S/L/T CAP data will end up with augmented HAP data.

HAP augmentation input pollutants are S/Asiibmitted VOC, PM1BRI, PM2%RI, SO2, and PMHEIL. The
resulting output can be a single output pghnt or a full suite of output pollutants. Not every source that has a
CAP undergoes HAP augmentation (i.e., livestock tdfugitive dust PM28PRI). The sum of the HAP
augmentation factors does not need to equal 1 (100%); however, we try to ensuexdmple, that the sum of
HARVOC factors is less than 1 for mass balance. HAP augmentation factors are grouped into profiles that
contain unique output pollutant factors related to a type of source. Assigning these profiles to the individual
sources depeds on the source attributes, commonly the SCC.

There are business rules specific to each data category discussed in the point (S&d@nd nonpoint

(4.1.6 sectiors of the TSDThe ultimate goal is to prevent doubteunting of HAP emissions between S/L/T

data and the EPA HAP augmentation output, and to prevent, where possible, adding HAP emissions to S/L/T
submitted processes that are not desired. NEI developers use theimgtkgon how to apply HAP

augmentation to the resulting NEI selection.

Caveats

HAP augmentation does have limitations; HAP and CAP emission factors from WebFIRE do not necessarily use
the same test methods. In some situations, the VOC emission factesithien the sum of the VOC HAP

emission factors. In those situations, we normalize the HAP ratios so as not to create more VOC HAPs than VOC.
We are also aware that there are many similar SCCs that do not always share the same set of emission
factors/output pollutants. We do not apply ratios based on emission factors from similar SCCs other than for
mercury from combustion SCCs. We would prefer to get HAPs reported from reporting agencies or get the data
from other sources (compliance data from rule), butk data are not always available.

Because much of the A2 factors are 20+ years old, many incremental edits to these factors have been made
over time. We have removed some factors based on results of NATA ee¥Hemexample, we discovered

ethylene dchloride was being augmented for SCCs related to gasoline distribution. This pollutant was associated
with leaded gasoline which is no longer used. Therefore, we removed it from our HAP augmentation between
2011 NEI v2 and 2014. We also received speafitity and process augmentation facteesulting from the
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NATA reviewdMore discussion fothe underlying data used for the 2017 NEI August2019 point version is
discussed in Sectidh1.6.

For point sources, HAPs augmentation data are not used when &rld@ency data exists at any process at the
facility for the same pollutant. That means that if a S/L/T reports a particular HAP at some processes but misses
others, then those other processes will not be augmented with that HAP.

2.2.4 PM augmentation

Particdate matter (PM) emissions species in the NEI are: primarjftélled PM1EPRI in the EIS and NEI) and
primary PMN2.5(PM25PRY), filterable PWD and filterable PN2.5(PM1GFIL and PM2FIL) and condensable PM
(PM-CON). The EPA needed to augment the Sdgfincy PM components for the point and nonpoint

inventories to ensure completeness of the PM components in the final NEI and to ensure that S/L/T agency data
did not contain inconsistencies. An example of an inconsistency is if the S/L/T agency suamittedry PN2.5

value that was greater than a primary R®Vvalue for the same process. Commonly, the augmentation added
condensable PM or PM filterable (PMECL and/or PM2%-IL) where none was provided, or primary 2™

where only primary Pi.5was provied.

In general, emissions for PM species missing from S/L/T agency inventories were calculated by applying factors

to the PM emissions data supplied by the S/L/T agencies. These conversion factors were first used in the 1999
boLQ&a &t a [/ I fibéddr ah NE ddEferdnce paRed lOTNG resulting methodology allows the EPA

to derive missing PM1BIL or PM25-IL emissions from incomplete S/L/T agency submissions based on the SCC
and PM controls that describe the emissions process. In cases where condensable emissions are ndi reporte
conversion factors are applied to S/L/T agency reported PM species or species derived from the PM Calculator
databasesThe PM Calculatd¢ I & dzy RSNH2y S aS@SNIt SRAGA aAyOS mMbdpdT
this Microsoft ® Access ® databas®oi longer madevailablebecause it should not be run for any purpose

other than gagfilling the final NEI selection.

The PM Augmentation Tool is used only for point and nonpoint sources, and the output from the tool is-heavily
screened prior to use ihe NEI. This screening is done to prevent trivial overwriting of S/L/T data from PM
Augmentation Tool calculations, particularly for primary PM submittals by S/L/Ts. More details on the caveats to
using the PM Augmentation Tool are discussed in Sectiaong@imt sources and Section 4 on honpoint sources.

2.2.5 Other EPA datasets

In addition to TRI, chromium speciation, HAP and PM augmentation, the EPA generates other data to produce a
complete inventory¢t KS 9t ! RFGFaSd daunmt ot ! ¢t Hemisions Brane allLINE A R
sources with PM emissions. This dataset is a result of speciation where the NEPRM&5iissions are split into
FADBS tandp aLISOASayY StSYSyidlrft olFfa2 NBFSNNBR (2 | a
sulfate(S04), and the remainder of PMBRI (PMFINE). In addition, a copy of PIAES and PMI@®RI from

mobile source diesel engines, relabled as DHESE25 and DIESHEIM10, respectively, are included in the
2017EPA_PMSpecies dataset.

Examples obther EPA datdor point souces, discussed in SectiBninclude EPA landfills, electric generating
units (EGUsandaircraft.

2.2.6 Data Tagging

S/L/T agency dateegperally is used first when creating the NEI selection. When S/L/T data are used, then the NEI
would not use other data (primarily EPA data from stahahe datasets or HAP, PM or TRI augmentation) that

2-7



also may exist for the same process/pollutant. Thgnost cases the S/L/T agency data are used; however, for
aSOSNIt NBlFLaz2yaszr a2YSiayvySa S ySSR G2 SEOfdzRSTI 2N«
are when S/L/T agency staff alert the EPA to exclude their data (because of a mistakeated value), or

when EPA staff find problems with submitted datmother exampleés when S/L/Emissiongiata are

significantly less than TRhd arepresumedto beincomplete, which can happen for S/L/T that use automated
gapfilling procedures fofacilitiesthat do notvoluntarilyprovide HAP emission§hese automated procedures

gapfill only for processes that have emission factors and miss pesfollutantsthat may have been

reported to TRI using other means besides publigtradssionfactors

In previous NEI years data tagging had also been tasadoid doublecounting emissions by using emissions
from more than one datasdiecausehe two datasets were at different levels of granularity and thus not able
to be integrated to the full process level of detail required by the standard selectioarbigy software. The
primary example of this is the TRI dataset, which provides fasititgl emissions rather than individual process
level emissionsBecause the TRI emissiansistbe stored to a single emission process that is not the same as
that usedby the S/L/T agency, the standard hierarcg®jectionsoftware would use bothThustagging was
dzZaSR (2 ao0f201¢ Ftyeée ¢wL @FfdSa 6KSNBE (GKS {k[k¢ KIR
same facilityFor the 2017 NEI, a series of adial rules were added to the selection hierarchy to avoid such
tagging.Point source datasets are now identified as being either Praesss, Unitlevel, or Faciliyevel
granularity, and the selection softwar®w uses tloseidentifications toavoid doublecounting, avoiding the
need for those types of tags.

2.2.7 Inventory Selection

Once all S/L/T and EPA data are quality assured in the EIS, and all augmentation and data tagging are complete,
then we use the EIS to create a data categgpgcific inentory selection. To do this, each EIS dataset is

assigned a priority ranking prior to running the selection with EIS. The EIS then performs the selection at the
most detailed inventory resolution level for each data category. For point sources, théspsatess and

pollutant level. For nonpoint sources, it is the process (SCC)/shape ID (i.e., ports) and pollutant level. For onroad
and nonroad sources, it is process/pollutant, and for events it is day/location/process and pollutant. At these
resolutions the inventory selection process uses data based on highest priority and excludes data where it has
been tagged. The EPA then quality assures this final blended inventory to ensure expected processes/pollutants
are included or excluded. The EIS uses thieritory selection to also create the SMOKE Flat Files, EIS reports

and data that appear on the NEI website.

2.3 What are the sources of data in the 2017 NEI?

Thissection shows the contributions of S/L/T agency data to total emissionkdqgoint and nonpoihdata
categores Figure2-1 shows theproportion of CAP, select HAPs, and HAP group emissions from various data
sources in the NEI for point data category sourcesefbfor PM2.5, most point emissions come from S/L/T
submitted data. PM augmentation (see Sectib8.4), which is based off incomplete S/LSlibmittals of PM,
acounts for a significant portion of PM point emissions. The data sources shown in the figure are described in
more detail in Sectiof.
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Figure2-1: Relative contributions for various data sources of Point emissions for CAPs and select HAPs
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Figure2-2 shows theproportion of CAP, select HAPs, and HAP group emissions from various data sources in the
NEI for nonpoint data categospurces. Biogenic sources, all EPA data, are not included in this table. setd Ga
include the following pollutants: hydrogen cyanidedhychloric acid, hydrogen fluoride, and chlorine. HAP VOC
emissions consist of dozens of VOC HAP species, thggmegate, should be less than VOC in our QA checks.
HAP metal emissions consist of the following compound groups: Antimony, Arsenic, Ber@idmium,

Chromium, Cobalt, Lead, Manganese, Mercury, Nickel and Selenium. More than 50% of nonpoint pollutant
totals come from some type of EPA souraewever, as discussed in Sectibfy, S/L/Fsubmitted nonpoint
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Figure2-2: Relative contributions for various data sources of Nonpoint emissions for CAPslectdAPS
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We did not compute relative contributions of emissions from nonroad and onroad data categories because of

the nature in how emissions are created for these sourgisa mix of S/L/T and EPA activity data and

processed through the MOVES2014ddusl. California, which uses its own onroad and nonroad mobile models,

was the only state that provided emissions rather than inputs for EPA models (this is in accordance with the
AERR). All other states were required to provide inputs to the EPA modet&doand nonroad mobile data

categories use the MOVES emissions model, and the EPA primarily collected model inputs from S/L agencies for
these categories and ran the models using these inputs to generate the emissions. The S/L agencies that
provided inpus are presented in the nonroad and onroad portions of the document, Sestma Sectior®,

respectively

2.4 What are the top sources of some key pollutants?

Table2-3 provides a summary of CAP and total Hofwissions for all EIS sectors, including the biogenic

emissions from vegetation and soil. Emissions in federal waters and from vegetation and sobledragelit

out and totals both with and without these emissions are included. Emissions in federal waters include offshore
drilling platforms and commercial marine vessel emissions outside the typidahautical mile boundary

defining state waters. Aémissions values are bounded by the caveats and methods described by this
documentation
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Table2-3: EIS sectors and associated 2017 CAP and total HAP emissions (thousands of tons/year)

Black Total
Sector CcO NH3 | NOX |PM2.5 PM10| SO2| VOC |Carborl Lead | HAPS
Agriculture- Crops & Livestock Dust 794 4,034 11
Agriculture- Fertilizer Application 926
Agriculture- Livestock Waste 5.94E03] 2,564 3.57E03 0.04 0.12/5.60E05 228 2.20E03 5.41E08, 25
Bulk Gasoline Terminals 1.07 3.41E03 0.43 0.05 0.059.05E03 132 3.53E04 6.42E04 6.25
Commercial Cooking 46 4.73E03 118 126 7.28E04] 19 4.08 8.80
Dust- Construction Dust 0.12 0.1C 119 1,1457.52E03 0.04 9.52E05 2.26E03 0.0§
Dust- Paved Road Dust 209 885 2.17
Dust- Unpaved Road Dust 574 5,767 0.56
Fires- Agricultural Field Burning 301 63 13 31 43 4.24 38| 3.35 8.17
Fires- Prescribed Fires 8,87( 145 165 805 948 78 2,047 26 416
Fires- Wildfires 19,487 319 231 1,65 1,953 135 4,57¢ 53 978
Fuel Comb Comm/Institutional Biomass 20 0.14 9.0¢ 13 15 0.95 0.73 0.47 3.39E04 0.3§
Fuel Comb Comm/Institutional Coal 1.21] 5.99E03 3.9C 0.45 1.09 13 0.15 0.02 5.04E04 0.42
Fuel Comb Comm/Institutional Natural Gas 119 1.4€ 144 4.47 4.74 146 10.0( 0.30 1.83E03 0.96
Fuel Comb Comnv/Institutional- Oil 14 0.23 36 2.75 2.9 6.27 2.64 0.42 2.64E03 0.23
Fuel Comb Comm/Institutional Other 10 0.05 12 0.58 0.60 1.12 1.1€ 0.04 3.57E04 0.19
Fuel Comb Electric GenerationBiomass 19 0.61 11 1.61 1.87 1.46 0.9C 0.0 1.19E03 1.00
Fuel Comb Electric GenerationCoal 453 5.77 92 74 97| 1,319 17 2.92 8.00E03 7.77
Fuel Comb ElectricGeneration Natural Gas 78 12 145 24 25 7.50 9.5 1.61 5.85E04 3.7¢
Fuel Comb Electric Generatior Oil 7.71 0.62 55 4.32 5.2§ 40 1.58 1.31 8.58E04 0.22
Fuel Comb Electric GenerationOther 30 0.45 24 2.94 3.08 18 3.2C 0.1 5.44E04 1.90
Fuel Comb Industrial Boilers, ICE8Biomass 251 2.29 102 118 137 17 9.44 4.39 5.49E03 5.31
Fuel Comb Industrial Boilers, ICELoal 32 0.6( 88 12 48 212 0.71 0.49 6.17E03 5.17
Fuel Comb Industrial Boilers, ICENatural Gas 293 8.4¢ 558 22, 23 16 63 1.4 3.54E03] 27
Fuel Comb Industrial Boilers, ICEDIl 25 0.2§ 86 6.14 6.94 19 5.51 1.37 8.05E03] 0.52
Fuel Comb Industrial Boilers, ICE©ther 78 0.8¢ 47| 8.17 9.54 35| 7.03 0.62 2.08E03 1.79
Fuel Comb Residential Natural Gas 89 34 208 4.05 4.21) 1.37 12 0.27 1.17E04 0.59
Fuel Comb Residentiat Oil 8.9C 1.5€ 33 3.35 3.84 12 1.0€ 0.39 2.04E03 0.0§
Fuel Comb Residentiat Other 8.78 0.10 31 0.17 0.19 0.72 1.19 0.01] 5.88E07 0.02
Fuel Comb Residential Wood 2,39¢ 17 39 337 339 8.70 333 19 9.66E07| 66|
Gas Stations 0.0 1.39E03 0.0Z6.45E04) 6.45E04] 4.80E05) 443 1.96E05 2.48E04 52
Industrial ProcessesCement Manuf 102 1.7 105 6.67 11 26| 5.30 0.20 2.29E03 1.87
Industrial ProcessesChemical Manuf 140 24 67 17 22, 123 94 0.4Q 4.37E03 25
Industrial ProcessesFerrous Metals 328 0.2(¢ 59 24 33 22| 11 0.49 0.04 1.92
Industrial ProcessesMining 20 0.0€] 20 61 455 0.95 1.45 0.0§ 3.58E03 0.14
Industrial ProcessesNEC 163 22 158 78 131 138 183 1.3§ 0.04 51
Industrial ProcessesNonferrous Metals 148 0.43 14 10 13 53] 11 0.1§ 0.02 4.51
Industrial Processes0il & Gas Production 63]] 0.27 617 12 13 64 2,45f 0.58 1.83E04 109
Industrial ProcessesPetroleum Refineries 58 2.6( 68 17 20 60 52 0.95 3.79E03 9.99
Industrial ProcessesPulp & Paper 90 5.0€ 74 31 40 24 124 0.93 3.80E03 50
Industrial ProcessesStorage and Transfer 6.31 3.67 2.74 13 37 1.08 195 0.21 5.35E03 11
Miscellaneous Noiindustrial NEC 108 5.41] 3.27 15 18 0.15 80 0.6Q 7.20E04 16|
Mobile - Aircraft 470 128 8.35 9.61 16 55 3.14 0.47 16
Mobile - Commercial Marine Vessels 43 0.14 314 7.34 7.72 7.75 17 5.51 9.19E04 1.41
Mobile - Locomotives 116 0.3€ 60( 17| 17| 0.71 28 13 1.05E04| 12
Mobile - Non-Road EquipmentDiesel 397, 1.1€ 834 60 62 1.18 76) 46 7.52E05 37
Mobile - Non-Road EquipmerntGasoline 10,07€ 0.74 192 37 40 1.01] 1,00€ 4.47 4.78E12 325
Mobile - Non-Road EquipmentOther 247 0.0 43 2.12 2.12 0.56 7.85 0.91 1.56
Mobile - On-Road Diesel Hea\®uty Vehicles 455 7.44 1,399 57| 90 3.87 100 29 22
Mobile - On-Road Diesel Light Duty Vehicles 36(] 1.47] 147 5.73 8.33 0.40 39 3.69 7.07
Mobile - On-Road norDiesel Heavy Duty Vehicle| 62]] 1.37 62 1.37 3.71 0.47 30 0.21 8.28
Mobile - On-Roadnon-Diesel Light Duty Vehicles 18,07¢ 90 1,887 50 138 21 1,507 9.37 418
Solvent- Consumer & Commercial Solvent Use 0.07 6.36E03 0.02 0.024.66E03 1,61(| 8.43E04 174
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Black Total
Sector CcO NH3 | NOX |PM2.5 PM10| SO2| VOC |Carborl Lead | HAPS
Solvent- Degreasing 0.03 0.02] 0.02] 0.07 0.08 6.21E05 183 5.01E04 3.32E04| 65|
Solvent- Dry Cleaning 4.35E04] 3.75E04 0.02 0.02 2.10E06 3.7C| 2.51E04 5.5¢
Solvent- Graphic Arts 0.0§ 0.07, 0.11] 0.09 0.09 8.18E03 346/ 5.87E04 2.74E06 24
Solvent- Industrial Surface Coating & Solvent Ug 5.01 0.3¢ 2.42 4.16 4.55 0.35 492 0.0 4.32E03 56
Solvent- Non-Industrial Surface Coating 0.02 337 48
Waste Disposal 1,304 21 81 203 2217 25 172 21 0.0 40
Sub Total (no federal waters) 66,605 4,297 9,938 5,68l 17,03 2,539 17,18f 279 0.66 3,158
FuelComb- Industrial Boilers, ICENatural Gas 49 7.55E03 44 0.41) 0.41) 0.03 1.1€ 0.03 1.18E06| 1.18E06|
Fuel Comb Industrial Boilers, ICEDIl 1.15 2.83E04] 4.9 0.2 0.2 0.4 0.24 0.1 2.52E06 2.52E06
Fuel Comb Industrial Boilers, ICE©Other 4.02E04| 1.51E05 4.81E04|2.39E05 2.39E05|3.30E06/4.31E05| 1.62E06 2.36E09] 2.36E09
Industrial ProcessesOil & Gas Production 1.5( 5.42E04 0.8(]9.13E03|9.29E03 0.02 37| 2.41E05 8.46E08 8.46E08
Industrial ProcessesStorage andransfer 0.63
Mobile - Commercial Marine Vessels 55 0.4€ 531 25 217 175 26 4.89 3.15E03 2.14
Sub Total (federal waters) 107 0.4¢ 581 26 28 175 65 5.05 3.16E03 2.14
Sub Total (all but vegetation and soil) 66,711 4,29¢ 10,419 5,707 17,063 2,715 17,250 284 0.67] 3,160
Biogenics Vegetation and Soil 4,087 22 1,367 25,827 3,02§
Total 70,794 4,32(1 11,78 5,707 17,083 2,715 43,073 284 0.67 6,188

1 Total HAP does not include diesel PM, which is not a HAP listed Gietie Air Act.

2.5 How does this NEI compare to past inventories?

Many similarities exist between the 2DNEI approaches and past NEI approaches, notably that the data are
largely compiled from data submitted by S/L/T agencies for CAPs, and that the HABresvd@ss augmented by

the EPA to differing degrees depending on geographical jurisdiction because they are a voluntary contribution
from the partner agencies. In 201S/L/T participation was somewhat more comprehensive than 4,201

though both were goodThe NEI program continues with the ZO04EI to work towards a complete compilation

2F GKS ylraAz2yQa /!'ta FYyR I!ltad ¢KS 9t! LINRPOPARSR FSS
on critical issues (such as potential outliers, missing $A&sNg Hg data and coke oven data) as has been done

in the past, collected responses from S/L/T agencies to these issues, and improved the inventory for the release
based on S/L/T agency feedback. In addition to these similarities, there are some iniplifferences in how

the 2017 NEI has been created and the resulting emissions, which are described in the following two
subsections

2.5.1 Differences in approaches

With any new inventory cycle, changes to approaches are made to improve the process of ¢reaiimgntory
and the methods for estimating emissions. The key changes for the 2017 cycle are highlighted here.

To improve the process, we learned from the prior three triennial inventories (for 2008, 2011, and 2014)
compiled with the EIS. We made charde pollutant, SCC, and NAICS codes, refined gquality assurance checks
and features that were used to assist in quality assurance and streamlined the Nonpoint Survey (introduced for
the 2014 NEI) to assist with S/L/T and EPA data reconciliation for thpimblata. The update to the nonpoint
survey helped S/L/Ts and EPA avoid double counting and ensure a complete inventory between the different
sources of data.

In addition to process changes, we improved emissions estimation methods for atladetgries. We
summarize the differences in approaches in the following sections.
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2.5.1.1 Point data category

For point sources, the only change was our use ofd#¥&loped HAP emission estimates for the EGUs covered
by theMercury and Air Toxics Standards (MAES)ew, rather than the SLT reported valuesAP augmentation
improvements are described in Secti®ri.6 More information on point source improvements is avaigain
Section3.

2.5.1.2 Nonpoint data category

We made method improvements for many stationary nonpaiettors (Sectiod). The EPA creates and

provides emissions tools to S/L/T agencies for their use, and we use these tools ourselves to fill in emissions
values where not provided by S/L/T/ agencies. New for2b&7 NEI development process, was the introduction

2T &Ly Lidzi-see Sectior.1.30ES A provided default Input Templates to S/L/T inventory developers for
them to modify and return to EPA. We encouraged S/L/Ts to submit inputs rather than direct emission

submittals for many nonpoint categories. We also streamlined the Nonpoint Survey (Skdtidnfirst

introduced for the 2014 NEI development cycle, to simplify the options and improve transparency. By, ddifault

b2y LIR2AY(l { dzZNIBSe NB LIy Ay SoySINBr ea KRk G2 g0k, i& 9t ! 9aid A
covelage in the absence of S/L/T feedback.

PM2.5 emissions from agricultural tilling decreased due to assumption change of reducing the number of tilling
passes for corn and soybeans. Most states saw a significant increase in PM2.5 and VOC from commercial
cooking, a result of using new activity data on the number of restaurants, as opposed to continuing to use a
growth rate from 2002 data that was used for recent NEIs. Large decreases in residential fuel combustion for
SO02 is a result of a decrease in consuorpind more significantly, using a lower default sulfur content for
distillate fuel oil: 500ppm in 2017 vs 3% (30,000ppm) in 2014. Large decreases in PM2.5 and NOX for open
burning, land clearing debris is due to a new assumption that land clearing delimséted to only rural parts of
counties.

We updated the approach for computing nonpoint Industrial and Commercial/Institutional (ICI) fuel combustion,
limiting it statelevel subtraction of point inventory throughput (fuel consumption); we no longermam

nonpoint ICI via point emissions subtraction or coulayel activity data subtraction. To facilitate this, we

provided S/L/Ts with cros®ferences from point inventory facilities to existing U.S. Energy Information
Administration (EIA) ICI sectorsggnments and fuel mapping. We relied on S/L/Ts to provide EPA with these
state-level inputs via 4 different Input Template options.

We updated the activity data for residential wood combustion via a national survey of wood burning in 2018,
leading to moe robust accounting of outdoor recreational burning and improved characterization of central

heaters from both cordwood and pellired hydronic heaters and furnaces. We also obtained local input data

for several statesFor the livestock waste sector, wieLJR 6§ SR G KS FyAYlf O2dzyiGa YSii
dzZASR Ay 9t ! Q& DI D LINE 3 NypasThatbad beBrileftoyf i@ 20d2REsig thisymorg | a d
robust approach results in increases in the dairy cattle and the broiler category animas candtthus

increases NH3 emissions from this sector where those animals are more prevalent in the US. For the Ag fertilizer
sector, methods were essentially the same as in 2014; however, newer model versions for CMAQ &bd FEST

were used. The previous \won of CMAQ used for the 2014 NEI fertilizer emission only from vegetated land.

This has been corrected in CMAQ 5.3 with the STAGE deposition option and results in higiraissidn rates

in agricultural areas before crop germination and in areas witlrse vegetation coverage. Additionally, the

updated FEST v1.4 module corrected an error in the nitrogen budget form an earlier version of the model used

in the 2014 NEI. Also, in the 2017 NEI, annual state and USDA fertilizer data was used to ad{tiseFiiSer
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rates. The adjusted FEETertilizer rates were correspondingly increased to better match USDA and data
submitted by the states.

For road dust, we changed the method used to determinevitieicle miles traveled (VM®©h paved and

unpaved rads in each county. Both the methods for the 2014v2 and 2017 NEI used the 2008 NMIM run as the
starting point for estimating the state ratio of VMT on paved or unpaved roads. However, in 2014v2, the
estimated VMT on paved/unpaved roads were arbitrarilyisgtbuted within Census regions, to smooth out

sharp differences in emissions across state lines. This redistribution is not done for the 2@1dMd&i to

better preserve the integrity of the original state VMT data submitted to the Federal Highwainisttation
(FHWA)AIso, an additional step was added to update the 2008 NMIM paved/unpaved ratios used for local and
rural minor collector road types by using state level 2016 FHWA data on paved vs. unpaved road length for these
road types.

We refined enissions calculation approaches for the oil and gas exploration and production sectors to reflect
new processes, such as CBM dewatering engines, updated default assumptions, such as the quantity of VOC
being captured by control devices at storage tanksl arade use of newly available activity data, including the
most recent and appropriate subpart W basin factors available.

For all nonpoint categories, we updated the activity data to use the newest data available, at the time, to
represent the 2017 inventy year; in most cases, this is yed¥17 activity data. Most emission changes for all
nonpoint sources not otherwise discussed in this section resulted from these activity data ugziatbsy from
EPA or new for 2017, provided directly from S/L/Ts.

TheBiogenic database incorporated a new version of the Biogenic Emissions Landcover Database (BELD5) and
provides updates for all states, including Alaska, Hawaii, Puerto Rico and the U.S. Virgin Islands.

2.5.1.3 Onroad and nonroad data categories

For mobile sourcesonroad methodology used the same model as in 2014 with updated mobile source activity
data such as vehicle miles travelled (VMT). The MOVES model was updated for nonroad estimates. For both, we
relied on model inputs provided by S/L/T agencies and atberces, except for California and Tribes, who

submitted emissions estimates. Sectidiand 6 provide more detail on these improvements.

2.5.1.4 Events data category

We also made several improvements to approaches for fire sources, as fdaberibed in Sectioi. Forthe
agricultural fires sector (in nonpoint category), we updated the VOC emissions factors, as well as the HAPs to
fAYS dzLld 6AGK ¢ KI G Q Jorthe2017 NES, el rési¢edl tite cfop d8stdvie burning YaAce >
speciation profiles in the SPECIATE database, located the original source of this information, and derived new
VOC emission factors and new HAP emission factors from the same measurement study. We also brought in
some newOC data for sugarcane burning based on new stutfiegidition, we omitted the grass/pasture

burning from the agricultural fires sector in and moved it to the Events (as prescribed fires) category for the
2017 NEI. For wildfires and prescribed fires,improved how VOCs were estimated in areas of the country
where dufffuels are prevalertprimarily in Florida, Louisiana and Minnesota.

2.5.2 Differences in emissions between the 2017 and 2014 NEI

This section presents a comparison from the Z2LNEI to the 207 NEIl.Table2-4 compares CARemissions for
the 2017 minus 204v2 NEI for seven highly aggregated emission sectatse?-5 compares emissions for
select HAPs for the 2@Ininus 208v2 NEfor the same seven highly aggregated emission sectors. Emissions
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from the biogenic (natural) sources are excluded, and the wildfire sector is shown separately for CAPs and HAPSs.
While Pb is a CAP for the purposes of the NAAQS, due to toxic attributes and inclusion in previous national air
toxics assessments (NATA)siteviewed here with the HAPs. The HAPs selected for comparison are based on
their national scope of interest as defined BATA. Witra couplenotable exceptions, CAP emissions are lower
overall in 2017 than in 2014 (v2). Some specific sector/pollutacteased in 2017 from 2014. The increases in

fuel combustion CO, benzene, and formaldehyde is primarily from the new residential wood combustion survey
based burn rate and appliance use profiles. The increase in PM10 for industrial processes is moatiyvfrom

(more coal mining) activity data for mining and quarryifige increase in industrial processes NH3, and
miscellaneous lead are from state and local agency submittals.

As discussed in Secti@nthere were comparatively moreildfires in 2017 than 2014, explaining the significant
increases in wildfire emissions for 20¥gar2014 was a generally quiet year for such fires.

Table2-4: Emission differences (tons) for CAPs, 2017 minus 2014v2 NEI

Broad Sector CO NH3 NOX PM10 PM2.5 SO2 VOC

Fuel Combustion 10,967 -18,320 -761,536 -118,986 -91,024 -2,088,695 -15,449
Highway Vehicles | -4,923,45¢ -8,101] -1,384,295 -64,680 -49,023 -2,897 -540,838
Industrial Processes| -221,654 3,081 -118,807 38,644 -16,337  -63,708 -667,938
Miscellaneous -885,422 602,446 -28,607 -1,862,72¢ -267,615 -2,098  -17,979
Nonroad Mobile -1,711,82¢ -373] -499,897  -46,466 -43,251 -30,873 -534,46(Q
Totl Difference, | 7 g3 38¢ 578 733 -2,862,54( -2,055,53( -468,55 -2,198,867 -1,809,53¢
excluding wildfires
Total % Difference,

. e -14% 17% -23% -12% -10% -48% -13%
excluding wildfires
Wildfires 9,000,04¢ 147,066 111,394 907,232 768,965 63,904 2,111,711
Table2-5: Emission differences (tons) for select HAPs, 2017 minus 2014v2 NEI
Ethylene Hexavalent
Broad Sector Acrolein | Benzene| Oxide | Formaldehyde| Chromium | Lead
Fuel Combustion -83 516 0 5,799 6| -51
Highway Vehicles -705| -16,409 -12,102 0
Industrial Processes 446 -1,864 -25 5,762 1] -21
Miscellaneous 514 -2,624 -17 -4,980 1 0
Nonroad Mobile -294 -9,550 -6,701 -1 10
Total Difference,
excluding wildfires -122 | -29930 -42 -12,222 6| -64
Total % Difference,
excluding wildfires 0% -16% -28% -4% -15% | -9%
Wildfires 23,583 24,024 149,000

2.6 How well are tribal data and regions represented in the 2017 NEI?

Thirteentribes submitted data to the EIS for 2D&s shown iTable2-6.Ly (KA & GFof ST | &/ !t
indicates that both criteria and hazardous air pollutantgeveubmitted by the tribedGH@ indicates

greenhouse gases were submitteddAP indicates that only criteria pollutants were submitted. Facilities on tribal
land were augmented using TRI, HAPs and PM in the same manner as facilities under the statd and loc
jurisdictions, as explained in Sectidr, therefore, Tribal Nations iiable2-6 with just a CAP flag will also have
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some HAP emissions in most cad&ightadditional tribal agencies, shown Trable2-7, which did not submit

any data, are represented in the point data category of the7Z2QEI due to the emissions added by the EPA. The

emissions for these facilities are from the EPA gagdilisets for airports, EGUand TRI data. Furthermore,

many nonpoint datasets included in the NEI are presumed to include tribal activity. Most notably, the oil and gas

nonpoint emissions have been confirmed to include actioitytribal lands because thenderlying database
contained data reported by tribes. See Sectoh7for more information.

Table2-6: Tribal partcipation in the 2017 NEI

Tribal Agency Point Nonpoint | Onroad | Nonroad
Assiniboine and Sioux Tribes of the Fort Peck Indian
Reservation CAP, HAP
Coeur @alene Tribe CAP, HAH CAP, HAP| CAP, HAR CAP, HAP
Kootenai Tribe of Idaho CAP, HAP| CAP, HAR CAP, HAP
Morongo Band of Cahuilla Mission Indians of the Moron
Reservation, California CAP
Nez Perce Tribe CAP, HAH CAP, HAP| CAP, HAR CAP, HAP
Northern Cheyenne Tribe CAP CAP CAP CAP
Sac and Fox Nation of Missouri in Kansas and Nebraske
Reservation
CAP,
HAP,
Salt River Pima Maricopa Indian Community (SRPMIC) | GHG CAP
ShoshoneBannock Tribes of the Fort Hall Reservation of
Idaho CAP, HAH CAP, HAP| CAP, HAH CAP, HAP
CAP,
HAR
Southern Ute Indian Tribe GHG CAP, HAP
United Keetoowah Band of Cherokee Indians in Oklahor
Ute Mountain Tribe of the Ute Mountain Reservation CAP, HAF
CAR
HAP,
Yakama Nation Reservation GHG
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Table2-7: Facilities onlribal bnds with 20¥ NEI emissions from EPA only

Tribal Agency EPA data used

Assiniboine and Sioux Tribes of the Fort Peck Indian Reservation, Mon| Airports

Fond du Lac Band of Lake Superior Chippewa Airports

Gila River Indian Community TRI

Navajo Nation EGUs

Omaha Tribe of Nebraska Airports
Southern Ute Indian Tribe Airports

Tohono G0dham Nation Reservation TRI

Ute Indian Tribe of the Uintah & Ouray Reservation, Utah EGUs

2.7 What does the 2017 NEI tell us about mercury?

The NEI documentation includes this Hg section because of the importance of this pollutant and because the
sectors used to categorize Hg are different than the sectors presented for the other pollutants. The Hg sectors
primarily focus on regulatory categes and categories of interest to the international community; emissions

are summarized by these categories at the end of this sectiorafde2-10.

Mercury emission estimates in the 2017 NEI sum to 32.8 tons, with 32.2 tons from stationary sources and 0.6

tons from mobile sources (including commercial marine vessels and locomotives). Due to large decreases of
emissions from sources within the reguldteategories, particularly the cofifed electric generating units

609D! 0> Yzail 2F (GKS Syraaizya INB FTNRY &az2da2NOSa 23KSN
variety of different source types including fluorescent light breakage, ld&)dfpecialty chemical manufacturing,

mineral products and other fuel combustion besides boilers and prelveaters. Of the regulatory categories

trended, the three with highest emissions in the 2017 NEI are: electric arc furnaces (4.7 tonsyecbalGU

with units larger than 25 megawatts (MW) (4.4 tons) and boilers and process heaters (2.6 tons). Unlike previous
NEIs, coalired EGUs no longer comprise the largest portion of the mercury emissions in NEI.

Mercury emissions from the coal fired EGlthvunits larger than 25 MW are from the database developed for

the Residual Risk Assessment for the Cavad OitFired EGU Source Category in Support of the 2019 Risk and
Technology Review Proposed Rule, which is also referred to as the Mercury angiésrStandards (MATS).

ref26 @ az2ald 2F GKS dzyAdaQ Syraaairzy SaidAaAyYlIiSa 6SNB TNE
but in some casesmission factors from WebFIRE or the Electric Power Research Institute were used, along with
KSId AyLldzi FNRBY /!ab5d 9t! f2FRSR (KSasS SadAayYlisSa Ay
used in the NEI selection hierarchy ahead of the S/L/T data.

A summary of all data sources used to create the 2017 Hg inventory are sh&iguia2-3.
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Figure2-3: Data sources of Hg emissions (tons) in the 2017 NEI, by data category
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filling datasets in which EPA obtained or estimated mercury emissions (via calling the state, carrying it forward
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submitted particulate matter emissions and &sion factor ratios (Hgp-PM) to compute Hg at the process
level. The EPA EGU MATS dataset contains data from the MATS rule development described above.

In addition toFigure2-3, Table2-8 lists the emissions by data source with the above data sets further broken
out. More information on these dasets isavailable in Sectio8.1.2for point, Sectior.1.1for nonpoint,
Section5 for nonroad mobile, and Sectidgfor onroad mobile sources.

Table2-8: 2017 NEI Hg emissions (tons) for each dataset type and group

Brief description Hg

Data Category Data Set emissions

(tons)
S/ILIT State, local, tribal agenesubmitted 14
2017EPA_TRI Toxics Releadaventory 5.2
EPA EGU MATS Mercury and Air Toxics Ru 4.1
EPA HAP Aug Computed based on S/L/T CA 0.2
Point 2017EPA_gapfills Missing data 0.04
2017EPA_EGU Non-MATS electric generating uni 0.01
2017EPA_SPPD _PCY Plywood and composite wogaroducts rule 0.009
2017ERTAC_Rall Locomotives using the ERTAC methodol 0.007
2017EPA_LF landfills 0.004
2017EPA_NONPOIN] All nonpoint categories except mobile sourg 7.3
Nonpoint S/ILIT State, local, tribal agenesubmitted 0.7
EPA HAP Aug Computed based on S/L/T CA 0.4
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Brief description Hg

Data Category Data Set emissions

(tons)
Laboratory emisionscarried forward from 03

2017EPA_CarryFwd 2014 '
2017ERTAC_Rail Locomotives using the ERTAC methodol 0.2
2017EPA_CMV Commercial Marine Vesse 0.001
Nonroad 2017EPA_MOVES _ . MOVES mode 0.02
2017EPA_Ca_MOVE]| California adjusted by MOVES model for H 0.005
2017EPA_MOVES MOVES mode 0.3
Onroad 2017EPA_Ca_MOVE| California adjusted by MOVES model for H 0.01

The datasets are described in more detail starting in SecB8a@msl 4, and we highlight some key datasets here.

For point sources, we gdijlled Hg that was not reported by S/L/Ts in the same way as other &iBlsiding

use ofthe TRI(see Sect®l.5) = 9t ! 1!t 1 dzZ3YSydl GdA2y 2NJ2wi3lahd ! dzZ3¢ A
other EPA data developed for gap filling. Electric arc furnaces (EAF)apdiitedusing HAP aug and TRI only.

The HAP augmentation used facility specific augmentation factors developed so that the resultant emissions
would be the samas was used in 2014. This approach was used to provide a more automated approach than

to submit the same emissions year after year, that would (via the use of CAPs) account for changes in activity.
The 2014 estimates were developed by applying a 34% tieduo 2011 NEI emissions (process level). The

2011 NEI emissions were based on data developed for the National Emission Standards for Hazardous Air
Pollutants (NESHAP) for Area Sources: Electric Arc Furnace Steelmaking Facilities (subpart YYYYoglu€he 34%
was the average reduction from a limited 3 facility test program in 2016 (the range wéd%ajtbased on

personal communication with Donna Lee Jones, EPA lead for the NESHAP. The sum of HAP aug mercury for EAF
is about 0.07 tons. We used the saamproach as in 2014 for using TRI data associated EAFs in that we

excluded S/L/T estimates at ndAF processes if they were significantly lower than the TRI Hg value. The sum

of TRI Hg for EAFs is about 1 ton. The largest contribution to total Es$ta@iis S/L/T data which sum to

about 3.6 tons.

For municipal waste combustors (MWCs), geg filleda few facilities by requesting the Hg from specific states
that report some pollutants for these facilities but exclude mercury (see se8ti)n

The nonpoint norcombustionrelated and cremation categories used the same or very similar approaches as

were developed for the 2014 NEI, though activity data was updated. For laboratory activities, however, the
mercury emissions continue to be carried@rd from the 2008 NEI with no activity updates. The

methodologies are described in Sectibi2. EPA estimates for these categories are included in the

GHAMT Ot Ilptbthébtchl £ 2y 3 gAGK 20KSNJ 9t ! inyigued-Tandyable2Bl G S 3 2 N
Some of these categories have a point contribution, though the specific categories do not exactly line up

between the nonpoint and point data categories. They are summarized below:

1 switches and relays emissions from the shredding and crushing of cars containing Hg components at
auto crushing yards, SCC = 2650000002: Waste Disposal, Treatment, and Recovery; Scrap and Waste
Materials; Scrap and Waste Materials; Shredding (1.26 tons nonpoint; 0.006 tioris po

T tFYyRTFAEE do2NJAYy3I FIF OS¢ SYrAaarzya | aaz20AF0SR gA
material added to the landfill, SCC= 2620030001: Waste Disposal, Treatment, and Recovery; Landfills;
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Municipal; Dumping/Crushing/Spreading of New Bfals (working face) (0.435 tons nonpoint, total

point landfill Hg is 0.08 tons)

thermometers and thermostatg the portion that emit mercury prior to disposal at landfills or

incinerators, SCC=2650000000aste Disposal, Treatment, and Recovery; Scrdp/daste Materials;

Scrap and Waste Materials; Total: All Processes (0.12 tons nonpoint)

dental amalgant emissions at dentist offices and from evaporation in teeth, SCC=2850001000:
Miscellaneous Area Sources; Health Services; Dental Alloy Productiontl Ovecass (0.46 tons

nonpoint, 0.69 Ibs point)

general laboratory activities, SCC = 2851001000: Miscellaneous Area Sources; Laboratories; Bench Scale
Reagents; Total (0.32 tons nonpoint, 4 Ibs point)

fluorescent lamp breakage, SCC= 28610000€cellaneous Area Sources; Fluorescent Lamp

Breakage; Nomecycling Related Emissions; Total (0.91 tons nonpoint)

fluorescent lamp recycling, SCC= 2861000010: Miscellaneous Area Sources; Fluorescent Lamp Breakage;
Recycling Related Emissions; Total (leas 1 Ib nonpoint, point sum of breakage and recycling = 80

Ibs)

animal cremation, SCC= Miscellaneous Area Sources; Other Combustion; Cremation; Animals (2 Ibs
nonpoint, 48 Ibs point)

human crematiorg emissions primarily due to mercury in dental amalg&8C=2810060100:

Miscellaneous Area Sources; Other Combustion; Cremation; Humans (1.77 tons nonpoint, 0.18 tons

point)

Since mercury is a HAP, it is reported voluntarily by S/L/T agencies. For the point data category of the 2017 NEI,
S/LIT agencies reportkemissions in 46 states. Two tribal agencies reported point sourcEabte2-9 provides
the tons of emissions from EPA, the SLT, and the resuktircgipt of emissions for the point data category.

Table2-9: Point inventory emissions by reporting agency

From From Percent
Agency EPA Agency |from
State | Type Agency (tons) |(tons) |Agency
AK |State |Alaska Department of Environmental Conservation 4.87E02| 0.00E+0 0.00
AL |State |Alabama Department of Environmental Management 2.05E01] 1.15E+0{ 84.9¢
AL |Local |Jefferson County (AL) Department of Health 6.97E02| 2.31E01] 76.8C
AR |State |Arkansa®Department of Environmental Quality 1.12E01| 5.23E01] 82.3§
AZ |State |Arizona Department of Environmental Quality 7.45E02| 2.43E01] 76.54
AZ |Local Maricopa County Air Quality Department 4.93E02| 0.00E+0 0.00
CA |State California Air Resources Board 3.20E01] 7.15E01] 69.08
CO |State Colorado Department of Public Health and Environment | 1.48E01| 2.23E01] 60.0%
Connecticut Department of Energy and Environmental
CT |State Protection 2.15E03| 9.84E02] 97.8€
DC |State DCDistrict Department of th&nvironment 3.10E03| 0.00E+0 0.00
Delaware Department of Natural Resources and
DE |State Environmental Control 1.25E03] 1.51E01] 99.18
FL |State Florida Department of Environmental Protection 1.63E01| 4.39E01] 72.9C
GA |State |Georgia Department dflatural Resources 1.85E01| 0.00E+0 0.00
GU |Territory|Guam County 1.39E04| 0.00E+0O 0.00
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From From Percent
Agency EPA Agency |[from

State | Type Agency (tons) |(tons) |Agency
HI State Hawaii Department of Health Clean Air Branch 1.20E02| 9.69E03 44.6§
1A State lowa Department of Natural Resources 8.58E02| 2.56E01] 74.9C
ID State  |ldaho Department of Environmental Quality 6.55E01] 3.04E03 0.46
IL State lllinois Environmental Protection Agency 1.97E01| 5.68E01] 74.2€
IN State Indiana Department of Environmental Management 1.16E+0( 2.05E01] 15.0%
KS |State Kansa®epartment of Health and Environment 6.58E02| 7.16E02] 52.08
KY |Local Louisville Metro Air Pollution Control District 1.80E02 1.09E01] 85.8€
KY |State Kentucky Division for Air Quality 1.87E01| 1.06E01] 36.13
LA |State Louisiana Department dnvironmental Quality 4.04E01] 1.33E01] 24.71
MA |State Massachusetts Department of Environmental Protection | 1.94E02| 5.00E04 2.51
MD |State |Maryland Department of the Environment 8.83E02| 0.00E+0 0.00
ME |State Maine Department oEnvironmental Protection 1.18E04| 4.81E02] 99.7%
Mi State Michigan Department of Environmental Quality 1.47E01 1.53E01] 50.8§
MN |State |Minnesota Pollution Control Agency 7.31E02| 5.18E01] 87.63
MO |State Missouri Department of Natural Resources 2.61E01] 5.23E01] 66.71
MS |State Mississippi Dept of Environmental Quality 5.64E02| 2.11E01] 78.9C
MT |State Montana Department of Environmental Quality 1.08E01| 2.00E04 0.18

Forsyth County Office of Environmental Assistance and
NC |Local Protection 1.57E05| 2.49E03  99.37

Western North Carolina Regional Air Quality Agency
NC |Local |(Buncombe Co.) 3.13E03| 2.59E03 45.2€
NC |State North Carolina Department of Environmental Quality 7.34E02| 5.39E01] 88.0C
ND |State North DakotaDepartment of Health 4.62E01| 0.00E+0 0.00
NE |Local Lincoln/Lancaster County Health Department 4.43E03 9.61E05 2.12
NE |State Nebraska Environmental Quality 1.12E01| 1.31E01] 53.8€
NH |State New Hampshire Department of Environmental Services | 2.82E03 2.32E02| 89.14
NJ |State New Jersey Department of Environment Protection 6.80E03| 5.98E02 89.8(
NM |Local |City of Albuquerque 8.57E03| 0.00E+0 0.00
NM |State New Mexico Environment Department Air Quality Bureau | 2.75E02| 2.00E03 6.79

Clark County Department of Air Quality and Environmentg
NV |Local Management 2.28E02 0.00E+0 0.00
NV |Local |Washoe County Health District 1.93E05| 0.00E+0 0.00
NV |State Nevada Division of Environmental Protection 8.65E01 3.44E04 0.04
NY |State NewYork State Department of Environmental Conservatiq 2.28E03 1.98E01| 98.86
OH |State |Ohio Environmental Protection Agency 7.09E01] 1.01E+0{ 58.65
OK |State |Oklahoma Department of Environmental Quality 9.77E02| 1.54E01] 61.18
OR |[State |OregonDepartment of Environmental Quality 7.59E03 7.14E02] 90.4(
PA |Local |Allegheny County Health Department 47903 4.70E03 49.54
PA |State Pennsylvania Department of Environmental Protection 2.73E01] 1.09E+0{ 79.92
PA |State Philadelphia AiManagement Services 8.57E04| 4.00E04, 31.81
PR |Territory |Puerto Rico 4.47E02| 0.00E+0 0.00
RI State Rhode Island Department of Environmental Management| 1.13E04] 2.69E02| 99.58
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From From Percent
Agency EPA Agency |[from
State | Type Agency (tons) |(tons) |Agency
South Carolina Department of Health and Environmental
SC |State |Control 2.68E02] 7.67E01] 96.63
South Dakota Department of Environment and Natural
SD |State Resources 2.33E02| 0.00E+0 0.00
TN |State |Tennessee Department of Environmental Conservation | 1.56E01| 5.78E02] 27.0C
TN |Local |Chattanooga Air PollutioGontrol Bureau (CHCAPCB) 1.19E02| 0.00E+0 0.00
TN |Local Knox County Department of Air Quality Management 1.02E01| 1.00E02 8.94
Memphis and Shelby County Health DepartmeRollution
TN Local Control 1.41E01] 4.54E03 3.13
TN |Local Metro PublicHealth of Nashville/Davidson County 8.36E05| 0.00E+0 0.00
TX |State |Texas Commission on Environmental Quality 6.28E01 1.75E+0{ 73.63
UT |State Utah Division of Air Quality 6.28E02| 6.31E01] 90.95
VA |State Virginia Department oEnvironmental Quality 1.21E01 3.09E01] 71.91
VT |State Vermont Department of Environmental Conservation 4.26E04| 1.20E04] 21.97
WA |[State |Washington State Department of Ecology 1.28E01| 8.97E03 6.55
WA [Local |Olympic Region Clean Air Agency 0.00E+0( 5.15E03| 100.0C
WA [Local |Southwest Clean Air Agency 3.59E02| 2.94E03 7.56
WI |State |Wisconsin Department of Natural Resources 1.06E01| 1.02E01] 48.97
WV |State |West Virginia Division of Air Quality 1.88E01| 1.00E01] 34.77
WY |State |Wyoming Department of Environmental Quality 1.85E01| 2.01E01] 52.0Z
Tribe |/ 2S5 dzNJ RQ! £t SyS ¢NAROS 1.84E05| 1.71E03| 98.94
Tribe Navajo Nation 7.72E02| 0.00E+0 0.00
Tribe Nez Perce Tribe 3.83E05| 0.00E+0 0.00
Tribe Salt River Pima Maricopadian Community (SRPMIC) EPN 8.60E07| 2.31E04| 99.63
Tribe Southern Ute Indian Tribe 2.11E06| 0.00E+0 0.00
Tribe Tohono GOdham Nation Reservation 4.50E06| 0.00E+0 0.00
Tribe Ute Indian Tribe of the Uintah & Ouray Reservation, Utah| 1.85E03 0.00E+0 0.00
Tribe Yakama Nation Reservation 1.02E07| 0.00E+0 0.00

Eleven states (ID, IL, MD, MN, NC, NY, OR, RI,TX, VA, WV), 4 local agencies (Chattanooga, TN, Knox County, TN
Nashville/Davidson County, TN and Memphis, TN) and 5 tribal agencies reported Hg to the nonpoint data
category. The tribal agenciase Coeur d'Aene Tribe; Kootenai Tribe of Idaho; Shosh&mannock Tribes of the

Fort Hall Reservation of Idaho; Nez Perce Tribe; and Southern Ute Indian Tribe.

Table2-10and Figure2-4 show the 2014 NEI mercury emissions for the key categories of interest in comparison
to other triennial inventory years and the baseline HAP inventory of 1990. The 2005 data are friolATiSe

2005 modeling platformTwo commaseparated values included in the zip fil®17nei_supdata _mercury.zip

provide the category assignments at the facifitycess level for point sources, and the cou8§C level for

nonpoint, onroad and nonroad sources. Individual point source processes were matched to categories based on
the processlevel or unitlevel category assignments used in the previous triennial NEI (2014 NEI) as a starting
point, and then supplemented with manual assignments considering SCC, NAICS, facility category codes,
emission factor information (e.g., fuel conndted) and facility names. For tikemmercial/Industrial Sold Waste
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Incineration(CISWI) category, a set of facilities were provided by the CISWI project ledd §eime of these
had been categorized as Portland cement but wereagegorized to CISWI.

Table2-10: Trends in NEI mercury emissian$990, 2005, 2008 v3, 2011v2 and 2014v2 NEI and 2017 NEI
1990 | 2005
(tpy) | (tpy) | 2008 [2011f 2014| 2017

Baseling MATS| (tpy) |[(tpy)| (tpy) | (tpy)
11/2005|3/2011{2008v3

SourceCategory Notes

This category includes only units
25 MW. (smaller units are includq
in boiler and process heater
58.8 | 52.2 | 29.4 [26.8| 22.9| 4.4 |category) Coal units and integrat
gasified coal combustion units.
(excludes Hg estimated for startu
gas/oil)

Utility Coal Boilers
(Electricity Generation
Units¢ EGUSs,
combusting coal)

Hospital/Medical/
Infectious Waste 51 0.2 0.1 | 0.1 0.02|0.003
Incineration

Municipal Waste
Combustors
Industrial, includes electricity generating un
Co_mmercial/lnstitutiona 14.4 6.4 42 |36l 32| 25 where less than 25 MW.

Boilers and Process

Heaters

Mercury Cell ChleAlkali
Plants

57.2 2.3 1.3 | 10| 06| 04

10 3.1 1.3 |05| 01| 0.1

Assumed a 34% reduction from
2011 levels for those units that
were gap filled due téack of S/L/T|
or TRI data.
Possibly an underestimate due tq
missing sources and overlap in

Electric Arc Furnaces 7.5 7.0 48 | 54| 50| 4.7

Commerual/lnd_ustngl N_ot 11 | 002 loo1l 001l 0.06 categorization of c_ement k!lns_an

Sold Waste Incineratiorjavailabld hazardous waste incineration in
facilities that can burn multiple
fuels

Hazardous Waste
Incineration

Portland Cement Non
Hazardos Waste

6.6 3.2 1.3 {0.7] 0.8 | 1.0

5.0 7.5 42 (29| 3.2 | 1.7

includes fugitive emissions at
mines such as TRI emissions at
fugitive release points that were
not reported by S/L/T

Gold Mining 4.4 2.5 17 {08] 06| 0.9

Sewage Sludge
Incineration
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1990 | 2005
(tpy) | (tpy) | 2008 [2011] 2014|2017
SourceCategory Baselind MATS! (tpy) |(toy)| (toy) | (toy) Notes
11/2005(3/2011{2008v3
Sum of all of onroad, nonroad,
Not Ioco_motives and commercial _
Mobile Sources . 1.2 1.8 [ 1.3| 1.0 | 0.6 |marine vessels. Decrease mainl
available ) o .
due to rail emissions resulting fro
emission factor changes.
Nonpointincreased by a ton due
increases in open burning of
household waste and human
cremation. Point increased by a
. ton due to various industries
Other Categories 29.5 18 10.7 | 13 | 14.0| 16.0 including ferrous and nonferrous
metals production (primary and
secondary), chemical
manufacturing and mineral
products such as gypsum.
Total (all categories) 246 105 61 56 | 52 | 33
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Figure2-4: Trends in NEI Mercury emissions (tons)
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The top emitting 2014 Mercury categories are: electric arc furnaces (rafGl)s (rank 2); industrial,
commercial and institutional boilers and process heaters (rank 3); and Portland cement (excluding hazardous
waste kilns) (rank 4).

Asshown inTable2-10, 2017 Hg emissions are 19 tons lower than in the 2014. This difference is primarily due to
lower Hg emissions from EGUs covered by MATS; two other categories with large decreases are industrial,
commercial/institutional boiles and process heaters and Portland cement facilities. For EGUSs, the decrease is a
combination of fuel switching to natural gas, the installation of Hg controls to comply with state rules and
voluntary reductions, early compliance with MATS, and thbawefits of Hg reductions from control devices
installed for the reduction of S@nd PM because of state and federal actions, such as New Source Review
enforcement actions. For industrial and commercial/institutional boilers, there appears to be fewershasieg

coal. The decrease in the Portland cement category appears to be due to decreases at existing facilities. Some
Portland cement facilities have had large decreases in emissions, particularly in CA, FL, MI, TN, IN and PA.

2.8 References for 2017 inventory contents overview

1. Strait, R.; MacKenzie, D.; and Huntley, R., 2B8BAugmentation Procedures for the 1999 Point and
Area Source NE12th International Emission Inventory Confereqae 9 YA & A A 2 Y cApghyth§ v (i 2 N
bSé ¢SOKy2ft 23ASagMMayf,RG03.5AS32> ! LINAf HD
2. U.S. Environmental Protection Agency, 28sidual Risk Assessment for the Caadl OitFired EGU
Source Category in Support of the 2019 Risk and Technology Review Propos@iffiRelef Air Quality
Planning and Standards, Docket No. EHRFOAR201807940070, December 2018.
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https://www3.epa.gov/ttn/chief/conference/ei12/point/strait.pdf
https://www3.epa.gov/ttn/chief/conference/ei12/point/strait.pdf
https://www.regulations.gov/document?D=EPA-HQ-OAR-2018-0794-0070
https://www.regulations.gov/document?D=EPA-HQ-OAR-2018-0794-0070

3. Email fromNabanita Modak, EPA, to Janice Godfrey, EPA (cc: Madeleine Strum, EPA and Eric Goehl, EPA)
GAGK FUGFOKSR aLINBI RaKSSUG aclOAfAde Cw{yboL L5{
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3 Point sources

This section provides a description of sources that are in the point data category. Point sources are included in
the inventory as individual facilities, usually at specific latitude/longitude coordinates, rather than as county or
tribal aggregates. Thedacilities include large energy and industrial sites, such as electric generating utilities
(EGUSs), mines and quarries, cement plants, refineries, large gas compressor stations, and facilities that
manufacture pulp and paper, automobiles, machinery, chaisjdertilizers, pharmaceuticals, glass, food

products, and other products. Additionally, smaller points sources are included voluntarily by S/L/T agencies,
and can include small facilities such as crematoria, dry cleaners, and even gas stations. @less@mces

may appear in one state but not another due to the voluntary nature of providing smaller sources. There are
also some portable sources in the point source data category, such as hot mix asphalt facilities, which relocate
frequently as a roadonstruction projecprogress The point source data category also includes emissions from
the landing and takeff portions of aircraft operations, the ground support equipment at airports, and
locomotive emissions within railyards. Within a point souiamglity, emissions are estimated and reported for
individual emission units and processes. Those emissions are associated with any number of stack and fugitive
release points that each have parameters needed for atmospheric modeling exercises.

The approah used to build the 207lNational Emissions Inventory (NEI) for all point sources is discussed in
Section3.1through Sectior8.8. Some changes to aircraft for the ZOMEI are also discussed in Seca?) and
revisions to rail yard estimates for ZD&re included in Sectio8.3.

3.1 Point source approach: 2017

The general approach to building the NEI point source inventory is to use state/local/tribal {S/bfiixted
emissions, locations, and release point parameters wherever possible. Missing emissions valuedibed gap
with EPA data where available. Qitaassurance reviews of the emission values, locations, and release point
modeling parameters are done by the EPA on the most significant emission sources and where data does not
pass quality assurance checks.

3.1.1 QA review of S/L/T data

State/local/tribal ayency submittals for the 20INEI point sources were accepted through January 15).20k
then compared facilityevel pollutant sums appearing in either the ZO4EI S/L/ASubmitted values or the
2014v2 NEI. The comparison includedfaltilities and pollutants, including any missing from the 28dbmittals
(i.e., present in 204 but not 20T7) as well as any that were new in the Z&ubmittals and all that were
common to both yearsThecomparison tablalsoshowedthe 2017 emission vaues from the 20T Toxics
Release Inventory (TRI). We added columns that showed the percent differences betweentis201
agencysubmitted facility totals anthe 2014 NEIv2 and 2017 TdRtasets. To create a more focused review and
comparison tablewe limited these results to include only cases where the728/L/T agencgubmitted facility
total was more than 50 percent different from the 20fhacility total and with an absolute mass value of the
difference greater than a pollutargpecific thresha amount. When a facilitypollutant combination was new

in 2017 or appeared only in the 2AINEI v2, we included those values only when they exceeded the absolute

2 These thresholds are available on @14\l Supplemental Data FTP sés file
GHAaMNYLRAYGYLRt tdzil yGYGKNBaK2t RagljlrpFflaImPEf AEE£
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https://gaftp.epa.gov/Air/nei/2014/doc/2014v1_supportingdata/point/

mass values greater than the pollutaspecific thresholds because the percent differemaese undefined. We
provided the resulting table 08,860records to S/L/T agencies for review.

State/local/tribal edits to address any emissions values were accepted in the Emissions Inventory System (EIS)
until July 1, 209. The S/L/T agencies did ndtange most of the highlighted values. Where the comparisons

were exceptionally suspect, the EPA contacted the agencies by phone or by email if no edits had been made to
obtain confirmation of the reported values. For a small number of cases, neitherroatibn nor edits were

obtained, and the value was tagged to be excluded from selection for the NEI. In some but not all of these
instances, a value from TRI or the CAMD data sets was available as a replacement.

Similar to previous NEI years, we gualitguaed the latitudelongitude coordinates at both the site level and the
release point level. In previous NEI cycles, we had reviewed, verified, and locked (in EIS) approximately 5,500
site-level coordinates of the most significant emitting facilities. ther2017 NEI coordinate review, we

compared all other site coordinate pairs to the county boundaries for the FIPS county codes reported for those
facilities. We then identified all facilities that met both of the following criteria: (1) more than 50 tdak t

criteria pollutant emissions or more than 20 pounds total hazardous air pollutants (HAPS) for 2017, (2) the
coordinates caused the location of the facility to be more than a half mile outside of its indicated county. For
these facilities, we reviewette location using Google Earth, edited the location as needed in EIS, and locked
the location in EIS.

In addition, we compared the release point coordinates of all release points with any 2017 emissions to their

site level coordinates, whether protectest not. In cases where we found a difference of more than 0.003

degrees in either latitude plus longitude, we reviewed the release point coordinates in Google Earth and either
O2Yy FANNYSR GKFG GKS NBfSlIaS LRAYGSINBISERBER GBESOoRBLF!I
coordinates, which will allow the modeling files to inherit the site coordinates. Site coordinates were edited and
locked as needed as part of this release point coordinate review. A new critical QA check was also implemented
in EIS, beginning with the 2018 NEI point source submittals, that does not allow the reporting of facility and
release point coordinates that differ by more than a facifipecific amount for either latitude or longitude. The
tolerance amount was set at@3 for most facilities, but that tolerance was increased for facilities where the
above review had confirmed that the individual release point coordinates were valid. Some smaller footprint
facilities that had to be reviewed due to apparent violatiorsoahad the tolerance set lower as part of the

above review. As of the release of the 2017 final NEI dated April 2020, approximately 9,900 facilities had verified
and locked site coordinates, and all release points used for 2017 emissions were withidilihedpecific

tolerance of their site coordinates.

3.1.1.1 January 2021 update to the 2017 point NEI

After the initial April 2020 release of the 2017 NEI, quality assurance efforts by EPA and by state agencies
continued. In some cases, states submitted corrextiand additions to their 2017 emissions values. As a result,
some additional changes were picked up when we regenerated a point inventory to capture the aircraft
corrections (in the June 2020 EIS release). The EPA is now making both sets of updalbés iavhila January
2021 release. See Secti®r2.3for discussion on the aircraft changes.

The nonraircraft updates are summarized by state and facilities in #iets below. More detailed comparisons
are also available by request and state, local, and tribal agency staff can create such comparisons using the EIS at
the facility and process levels.

3 We emailed the Emission Inventory System data submitters the table and instrsictioMarch 13, 2019.
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In addition to the airportsTable3-1 summarizes the April criteria pollutant and precursor emissions (except
Lead) for facilities with emissions changes @aablle3-2 shows the emissions values for these facilities in the
June release. Together these tables show that just a select set of states have a few facilities with criteria
pollutant emissions changes: Florida (3 facilities), Georgi#o@g (1), Louisiana (1), and Ohio (1).

Table3-1: 2017 NEI emissions values from April 2020 release for criteria pollutants (airports excluded) and

precursors (other than Lead) that changed in the January 282ase

EIS . - CO |NOX |[PM10 [PM2.5|VOC
State |County Facility IDFacmty Name Facility Type (Tom)|(Ton)|(Ton) |(Ton) |(Ton)
GAINESVILLE Electricity Generation via
FL - |Alachua 1536811 |oe 5 1ONAL UTILITI|Combustion 15 15
. FLORIDA POWER {Electricity Generation via
FL Martin 751511 LIGHT (PMR) Combustion 1,105
FL Nassau |753711 [WESTROCK CP, LIPulp and Paper Plant 627
GA |Bibb 14418411BROSNAN Rail Yard 158 4 4 10
GA |Cobb 18338611AUSTELL Rail Yard 53 3
GA |DeKalb [18307011NORTHDORAVILLE|Rail Yard 26
GA |Floyd 18307111KRANNERT Rail Yard 13
GA |Fulton 14419011 INMAN Rail Yard 119 3 3 8
GA |Fulton 14419211INDUSTRY Rail Yard 26
GA |Fulton 14478611HOWELLS Rail Yard 3| 20 1 1 1
GA |Fulton 14479011 TILFORD Rail Yard 45| 290 8 7 19
. GRAIN PROCESSII Ethanol Biorefineries/Soy
1A Muscatine |7741111 CORPORATION  |Biodiesel 427
LA |ibervile (5504811 ;‘l"‘amn't”w StGabriel| - omical Plant 72
Republic Steel .
OH |Stark 8521511 (1576050694) Steel Mill 318 172 144 133 40

Table3-2: 2017 NEI emissions values that changed in the January 2021 rédeasiéeria pollutants and

precursors (other than Lead)

EIS . . CO |NOX |PM10 |PM2.5/VOC
State |County Facility IDFacmty Name Facility Type (Tom)|(Ton)|(Ton) |(Ton) |(Ton)
GAINESVILLE Electricity Generation via
FL - |Alachua 1536811 |oe G ioNAL UTILITI{Combustion 4 4
. FLORIDA POWER {Electricity Generation via
FL Martin 751511 LIGHT (PMR) Combustion 1,421
FL Nassau |753711 [WESTROCK CP, LLPulp and Paper Plant 642
GA |Bibb 14418411BROSNAN Rail Yard 98 2 2 6
GA |Cobb 18338611 AUSTELL Rail Yard 33 2
GA |DeKalb |18307011NORTH DORAVILL|Rail Yard 16
GA |Floyd 18307111 KRANNERT Rail Yard 5
GA |Fulton 14419011 INMAN Rail Yard 73 2 2 5
GA |Fulton 14419211 INDUSTRY Rail Yard 16
GA |Fulton 14478611HOWELLS Rail Yard 23| 145 4 4 9
GA |Fulton 14479011 TILFORD Rail Yard 25/ 101 2 2 6
. GRAIN PROCESSII EthanolBiorefineries/Soy
1A Muscatine 7741111 CORPORATION _ |Biodiesel 600
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EIS CO |NOX |PM10 [PM2.5|VOC

State |County FacilityIDFacmty Name Facility Type (Tom)|(Ton)|(Ton) |(Ton) |(Ton)
LA |ibenville [5504811 :)Iaa”;'t”w Steabriel| o mical plant 65
Republic Steel

OH |Stark 8521511 Steel Mill 257| 148 258 238 32

(1576050694)

In addition, the HAP differences are summarizetlable3-3 and Table3-4, but because there are so many

pollutants that cannot easily fit in this document, these summaries are provided with aggregated HAP emissions
Ay &a2YS OrasSao [SIR IyR 9GKeétSyS hEARS IINB aLXAd 2d
Metald ¢ YR dal !t +h/ ¢ SY A Gabldd-3stmmaiizdithe AGiE2020 BAP 6ISiSios OIS & ©
facilities with emissions changes afdble3-4 shows the emissions values for these facilities in this January

2021 releaseTogether these tables show that just a select set of states have a few facilities with HAP emissions
changesFlorida (3 facilities), Georgia (8), lowa (1), Louisiana (1), Minnesota (1), Ohio (1), Texas (1), and West
Virginia (2).

Table3-3: 2017 NEI emissions values in April 2020 release for HAPs that changedamtiary 2021 release

EIS Acid- |[HAR |HAR  |Ethyleng
Sate |County Facility ID Facility Name Facility Type Gase{Metal [VOC |Oxide |Lead
y (Lbs) |(Lbs) |(Lbs) |(Lbs) |(Lbs)
DUVAL ASPHALT .
FL |Duval 3867611 PRODUCTS Hot Mix Asphalt Plant 6
. FLORIDA POWER |Electricity Generation via
FL |Martin 751511 LIGHT (PMR) Combustion 55,559
FL |Nassau 753711 |WESTROCK CP, L|Pulp and Paper Plant 21,110
GA |Bibb 14418411BROSNAN Rail Yard 33 9,073
GA |Cobb 18338611AUSTELL Rail Yard 9] 3,024
GA |DeKalb 18307011NORTH DORAVILYRail Yard 3| 1,507
GA |Floyd 18307111KRANNERT Rail Yard 1 754
GA |Fulton 14419011 INMAN Rail Yard 24| 6,804
GA |Fulton 14419211INDUSTRY Rail Yard 3| 1,507
GA |Fulton 14478611HOWELLS Rail Yard 4, 1,136
GA |Fulton 14479011 TILFORD Rail Yard 60| 16,612
. ADM CLINTON Ethanol Biorefineries/Soy
IA |Clinton 12808011CORN PROCESSIIBiodiesel 28 43,960
LA [Iberville  |5504811 :,‘I"‘amn't”w St Gabrief oy o mical plant 10334 1,606
MinnesotaPower Electricity Generation via
MN |ltasca 6173211 |Inc- Boswell Energy y 107
Combustion
Citr
Republic Steel .
OH |Stark 8521511 (1576050694) Steel Mill 789
BOEING SAN Aircraft, Aerospace, or Relatg
TX |Bexar 4882011 ANTONIO Parts Plant 1,638
UNION CARBIDE
WV |Kanawha |5782311 |CORPSO Chemical Plant 1440 1440
CHARLESTON FA
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EIS - - Acid- |HAR |HAR Ethylene
Sate|County Facility ID Facility Name Facility Type Gase|Metal VOC |Oxide |Lead
(Lbs) |(Lbs) |(Lbs) |(Lbs) |(Lbs)
UNION CARBIDE
WV |Kanawha (6884411 |CORPORATION |Chemical Plant 4,748 4,748
INSTITUTE
Table3-4: 2017 NEI emissions values tlchianged in the January 2021 for HAPs
EIS - ~ Acid- |HAR |HAR Ethylene
Sate |County Facility ID Facility Name Facility Type Gase{Metal [VOC |Oxide |Lead
(Lbs) |(Lbs) |(Lbs) |(Lbs) |(Lbs)
FL |Duval 3867611 gg(\;gbéizHALT Hot Mix Asphalt Plant 1
. FLORIDA POWER |Electricity Generation via
FL. |Martin 751511 |\ ol Combus;’on 35,038
FL |Nassau 753711 |WESTROCK CP, L|Pulp and Paper Plant 50,33(
GA |Bibb 14418411BROSNAN Rail Yard 17 5354
GA |Cobb 18338611AUSTELL Rail Yard 5| 1785
GA |DeKalb 18307011NORTH DORAVILLRail Yard 2 890
GA |Floyd 18307111KRANNERT Rail Yard 0 269
GA |Fulton 14419011INMAN Rail Yard 13| 4,01€
GA |Fulton 14419211INDUSTRY Rail Yard 2 890
GA [Fulton 14478611HOWELLS Rail Yard 30| 8,304
GA [Fulton 14479011 TILFORD Rail Yard 18] 5,515
. ADM CLINTON Ethanol Biorefineries/Soy
IA |Clinton 12808011CORN PROCESSIIBiodiesel 132 82,615
LA |Ibervile  |5504811 ;‘l"‘amn't”w St Gabriel e mical Plant 7,808 161
Minnesota Power Electricity Generation via
MN |ltasca 6173211 |Inc- Boswell Energy : 731
Ctr Combustion
OH |stark  |8521511 ﬁ%‘;‘é@;coiéiﬁ' Steel Mil 1,621
BOEING SAN Aircraft, Aerospace, or Relat¢
TX [Bexar  |4882011 | = il P 146
UNION CARBIDE
WV |Kanawha |5782311 |CORPSO Chemical Plant 202 202
CHARLESTON FA
UNION CARBIDE
WV |Kanawha |6884411 |[CORPORATION |Chemical Plant 1,740 1,74(Q
INSTITUTE

3.1.2 Sources of EPA data and selection hierarchy

Tabk 3-5 lists the datasets that we used to compile the ZWEI point inventory and the hierarchy used to
choose which data value to use for the NEI when multiple data sets are available for themsiga®ns source
(see Section 2.2 for more detail on the EIS selection process).

The EPA developed all datasets other than those containing S/L/T agency data and the dataset containing
emissions from offshore oil and gas platforindederal waters in te Gulf of MexicoThe primary purpose of
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inconsistencies in S/L/T ageA®ported pollutant submissions for particulate matter (PM) (Sec8dn3 and to

speciate S/L/T agency reported total chromium into hexavalent and trivalent forms (S&ctidn

¢ KS KASNI NOKe 2NJ d2NRSNE LINPGARSR Ay (KS {(lo6fSa oSt
multiple datasets provide emissions for the same pollutant and emissions process. The dataset with the lowest
ordernumberon the list is preferentlly used over other datasets. The table includes the rationale for why each
dataset was assigned its position in the hierarchy. In addition to the order of the datasets, the selection also
considers whether individual data values have been tagged (sg#®$2.2.6). Any data that were tagged by the

EPA in any of the datasets were not used. State/local/tribal agency data were tagged only if they were deemed

to be likely outliers and were not addressed during the S/L/T agency data re¥iewsearlier NEyears, he

2017 point source selection also exclusigioxing furans and radionuclides. The EPA has not evaluated the
completeness or accuracy of the S/L/T agency dioxin and furan valuesdimnuclides andloes not have plans

to supplement these repted emissions with other data sourcescompile a complet@ndaccurateestimate

for these pollutantsas part of the NEThe2017 NEI point sourdeventory does include greenhouse gas
emissionsFacility total values for four GHGs (CO2, CH4, N20, and SF6) were copit oy Greenhouse

Gas Inventory Report websigsd matched to EIS facilities

Tabk 3-5: Data sets and selection hierarchy used20d7 NEIAugust releas@oint source data category
Dataset name Description and Rationale for the Order of the Selected Datasets | Order
Speciated PM2.5 data. A result of offline emissions speciation where t
resulting PM28PRI selection emissions are split into the 5 PM species:
2017EPA_PMSpeciejelemental (black) carbon (EC), organic carbon (OC), nitrate (NO3), sull 1
(S04), and the reainder of PM25PRI (PMFINE). Diesel engine PR3
and PM10 are also copied as DIEBHELpollutants.
Facilityf S@St SYAaaizya F2NJ F2dzNJ & LIS

2017EPA_GHG : 2
- Gas Reporting Program
Emission unitevel emissions for 29 HAPs from the Mercury and Air To
2017EPA_EGUmats (MATS) RTR modeling file for electric generating utilities (EGUSs) 3
S/LIT agency submitted datarough June 2020These data are selected
Responsible Agency Diahead of lowehierarchy datasets except where individual values in the 4

Set S/LIT agency emissions were suspected outliers that were not addresg
during the draft review and therefore tagged by the EPA.

Hexavalent and trivalent chromium speciated from S/L/T agency repor
chromium. EIS augmentation function creates the dataset by applying
2017EPA_Cr_Aug |multiplication factors by SCC, facility, process or North American Indug 5
Classification System (NAICS) code térsdgency total chromium. See
Section3.1.4

PM components added to gap fill missing S/L/T agency data or make
corrections where S/L/T agency have inconsistent emissions across P
components. Uses ratios of emission factors from the PM Augmentatiq
2017EPA_PMug |Tool for covered source classification codes (SEGsECCs without 6
emission factors in the tool, checks/corrects discrepancies or missing |
species using basic relationships such as ensuring that primary PM is
greater than or equal to filterable PM (see Sectih. 3.
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Dataset name

Description and Rationale for the Order of the Selected Datasets

Order

2017EPA_EGU

CAP and HAP emission unit level emissions from either the annual sur
CAMD hourly CEM data for SO2 &fdx or from emission factorsed in
previous NEI year inventories from-APR and other sources multiplied by
2017 CAMD heat input data.

2017EPA_TRI

TRI data for the year 2017 (see SecBch5. These data are selected for
facility only when the S/L/T agency data do not include emissiores for
given pollutant at any process for that facility.

2017EPA_TRlcr

TRI data reported as total chromium for the year 2017 speciated into tf
chromium Il and chromium VI valence amounts, usually by use of aN
based speciation profile, bytossibly by use of a faciligpecific profile.

2017EPA_Airports

CAP and HAP emissions for aircraft operations including commercial,
general aviation, air taxis and military aircraft, auxiliary power units ang
ground support equipment computed by the EPA for approximately 20
airports. Methods include the use of t SRS NI £ | @GA L G A 2
o0 C! Auinfiod Environmental Design Tool (AE&TJ includes data
updated in June 202(ee Sectios.2).

10

2017EPA_BOEM

2017 Gulfwide Emission Inventd@AP emissions from Offshore oil
platforms located in Federal Waters in the Gulf of Mexico developed by
U.S Department of the Interior, Bureau of Ocean and Energy Manager
(BOEM), Regulation, and Enforcement in the National Inventory Input
Format and converted to the CERS format by the EPA. The state code
RFGF FNRY GKS RIGF aSit Aa as5até

11

2017EPA_LF

[ FYRFTAEET SYAadarazya RSGOSt2LISR 0@
GHG reporting rule program.

12

2017EPA_SPPD_PC\

Subset of the Plywood and Composite Wood Products Manufacture (P
Risk and Technology Review (RTR) data used for gap filling HAPs at f
and updating facility configurations. Facilities were initially selected if ¢
formaldehyde or benzene we greater than 0.1 tpy. The PCWP rule
information can be found on thElywood and Composite Wood Product
Manufacture NSHAP webpage

13

2017EPA_HAPAug

HAP data computed from S/L/T agency criteria pollutant data using
HAP/CAP EF ratios based on the EPA Factor Information Retrieval Sy
(WebFIRE) database as described in Sedtib& These data are selected
below the TRI data because the TRI data are expected to be better.

14

2017EPA_HAPAug
PMaug

This dataset was created in the same fashion as the 2017EPA_HAPAL
dataset above and issupplement to it. This dataset contains HAPs
calculated by applying a ratio to PMEIL emissions, for those instances
where the S/L/T dataset did not contain any PMAIQ emissions, but the
PM augmentation routine was able to calculate a PNFLD value fsrm
some PM species that was reported by the S/L/T.

15

2017ERTAC_Rail

2017 estimates compiled by the Eastern Regional Technical Advisory
Committee (ERTAC) for most rail yards in the US. The ERTAC effort w
comprised of a collaborative sfate/local agencies, rail companies, and
Federal Rail Administration. Yard emissions are associated with the

operation of switcher engines at each yard.

16
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https://www.boem.gov/environment/environmental-studies/ocs-emissions-inventory-2017
https://www.epa.gov/stationary-sources-air-pollution/plywood-and-composite-wood-products-manufacture-national-emission
https://www.epa.gov/stationary-sources-air-pollution/plywood-and-composite-wood-products-manufacture-national-emission

Dataset name Description and Rationale for the Order of the Selected Datasets | Order
2014 emissions values for 212 facilities and 12 pollutantseurted in
2017 S/LIT datasets but appear to still be operating and were above C
2017EPA_gapfills |reporting thresholds in 2014. This data set also includes 2017 mercury, 17
emissions for 6 municipal waste combustor facilities that were provideg
(outside of EIS) by Marylamehd Massachusetts.

2016 TRI ethylene oxide emission estimates for 6 facilities that are still
operating but were not reported by S/L/T or are missing from the 2017

18

2017EPA_2016TRI

3.1.3 Particulate matter augmentation

Particulate mattelemissions componentsn the NEI are: primary PM10 (called PMARI in the EIS and NEI)

and primary PM2.5 (PM2BR), filterable PM10 (PM48IL) and filterable PM2.5 (PMZ3L) and condensable

PM (PMCON, which is all within the PM2.5 portion on PM, P&25PRI = PM2FIL + PMCON). The EPA

needed to augment the S/L/T agency PM components to ensure completeness of the PM components in the

final NEI and to ensure that S/L/T agency data did not contain inconsistencies. An example of an inconsistency is
if the S/L/T agency submitted a primary PM2.5 value that was greater than a primary PM10 value for the same
process. Commonly, the augmentation added condensable PM or PM filterable {AMad/or PM25%-1L)

where no value was provided, or primary PM2.5 wéhenly primary PM10 was provided. Additional information

on the procedure is provided in the 2008 NEI PM augmentation documentatiof] [ref

In general, emissions for PM species missing from S/L/T agency inventories were calculated by applying factors
to the PM emissions data supplied by the S/L/T agencies. These conversion factors were first used in the 1999
boLQ&a ata [/ It Odz NERcOEeretcd papeJr@fOrNa résdtiRg metfiodblogy allows the EPA

to derive missing PM1BIL or PM2%-IL emissions from incomplete S/L/T agesgbmissions based on the SCC

and PM controls that describe the emissions process. In cases where condensable emissions are not reported,
conversion factors developed are applied to S/L/T agency reported PM species or species derived from the PM
Calculato databases.

3.1.4 Chromium speciation

An overview of chromium speciation, as it impacts both the point and nonpoint data category, is discussed in
Section 2.2.2.

The EIS generates and stores an EPA dataset containing the resultant hexavalent and trivatgotichro
species. The EPA then used this dataset ir20fe7 NEI selection by adding it to the selection hierarchy shown in
Tabk 3-5, excluding the S/L/T agency total chromium from the selection through a pollutant exception to the
hierarchy. This EIS feature does not speciate chromium from any of the EPA datasets tec&ls data
contains only speciated chromium.

Forthe20fb 9L X GKS 9t ! yIA0NWEPR Cii KufMost Bfithé $pécitibn féctors used in the
2017 NEI are SCkased and are the same as were used for the 2@081and 204 NEIsThere are some
facility-specific factorsesulting from review of previous year (e.g., 2014 and 20W/&Yional Air Toxics
AssessmentNATA data Facilityspecific factors were also provided for sevdadlilities by the state of Indiana
Thefactorsx { [ ¢ Yo I & SRPY OK NER Y Nazdpridals Dat haveAodgybeeh dskdéby the EPA for
NATAand other risk projectsare available on th€017 Supplemental data FTP site

28 dzaS GKS GSNY aO02YLRyYySyiGaéd KSNB NIGKSNI GKIy aallSOASas
air quality modeling (e.qg., organic carbon, elemental carbon, sulfate, nitrate, and other PM).
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https://www.epa.gov/national-air-toxics-assessment
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/

3.1.5 Use of the 20T Toxics Release Inventory

The EPA used air emissions data from the7ZIRI to supplement point source HAP and ammonia emissions
providedi 2 GKS 9t! o0& {k[k¢ F3ASYyOASad ¢KS 788 a duf¢ciwh 3 Alydzd]
Tabk 3-5 selection hierarchy shown above. For Zpall TRI emissions values that could reasonably be matched

to an EIS facility were loaded into the EIS for viewing and comparison if desired, but only those pollutants that
were not reported anywhere at the EIS facility by the S/L/T agency werelatiiuthe 2077 NEI.The October

2018 version of these data were used, however, where emissions changes between this version and the April
2019 version of the 2017 TRI data exceeded 2%Atrd 2019 version was used.

The basis of the 20EPA_ TRRI G 4SS0 A & @TKSs Releasd Ihven®& (TRInRAwograie TRI is an

EPA database containing data on disposal or other releases including air emissions of over 6b@nagals

FNRY | LIINREAYI GSt& uwumZnnn FLOAtAGASAD hyS 2F ¢wLQ&
chemical releases to the environment. Data are submitted annually by U.S. facilities that meet TRI reporting
criteria.

The approach used fahe 2017 NEI wadike that used for the 204 NEI. The TRI emissions were included in the

EIS (and the NEI) as facHibgal stack and facilityotal fugitive emissions processes, which matches the

aggregation detail of the TRI databaker the 2017 NHRoint inventory PT), a change was made in how we

avoid duble-counting of TRI and other data sour¢esimarily the S/L/T data). Rather than tagging each

individual TRI facilithased value for wherever the S/L/T had reported that pollutant at any préespwithin

GKS alryYS FIrOAtAGeT ¢S SyKIFIyOSR (GKS 9L{ aStSOliAzy az
more preferred dataset (the S/L/T destets) had the pollutant at that facility. (see section 2.2l6)addition to
using this news ¥ | @A-faAStRE NHzf S¢ Ay GKS &aStSOlAz2y az2¥iasol NS S
into the selection software, which prevents pollutants defined as belonging to the same overlapping family of
pollutants from being selected for use if a ig preference dataset has already provided a pollutant value for

that family. This procedure had also been accomplished using tagging in previous NEI years.

The following steps describe in more detail the development of th&/B@A_TRI dataset.

1. Update the TRI_ID to EIS_ID facHigvel crosswalk
For the 20X NEI, the same crosswalk list of TRI IDs that was used for tHeNEllwas used as a starting
point. Alimited review of the 20X TRI facilities was conducted to identify new facilities with significant
emissions that had not been previously matched to an EIS facility. A total of approximately 50 additional
TRI facilities were added to the crosswalk for 201

2. Map TRI pollutant codeto valid EIS pollutant codes and sum where necessary
Table3-6 provides the pollutant mapping from TRI pollutants to EIS pollutants. Many of theRI50 T
pollutants do not have any EIS counterpart, and so are not showahte3-6. In addition, several EIS
pollutants may be reported to TRI as eitledrtwo TRI pollutants. For example, both Pb and Pb
compounds may be reported to TRI, and similarly for several other metal and metal compound TRI
pollutants. Table3-6 shows where such pairs of TRI pollutants both correspond to the same EIS
pollutant. In such cases, we summed the two TRI pollutants together as part of the step of assigning the
TRI emissions to valid EIS pollutant codes. For thé REl a total of B7 TRI pollutant codes were
mapped to B5unique EIS pollutant codes. Similar to the 2@hil 2014NE§, we did not use TRI
SYAaadA2ya NBLER2NISR F2NJ ¢wlL LRffdzif KGdSY/ @NERIAY R :
5A0Kt 2NRPO6SYT SyS OYAESRARD2YFNA B & YRNES R A AP2ESWEH OF
represent the same scope asthe EI8 f f dzi I yiayYy aDfeO2f SIiKkEEBI&£9dAKX?
GmEROKE 2NROSY I-DBESZEe HyWIRGI SHS nNBALISOGABSted 2SS YIA
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emissions separately during the summation step and maintained that separation througtotiage of
the TRI emissions in the EIS.

Table3-6: Mapping of TRI pollutant codes to EIS pollutant codes

EIS Pollutant
TRI CAS | TRI Pollutant Name Code EIS Pollutant Name
79345 1,1,2,2TETRACHLOROETHANE 79345 1,1,2,2TETRACHLOROETHANE
79005 1,1,2TRICHLOROETHANE 79005 1,1,2TRICHLOROETHANE
57147 1,1-DIMETHYL HYDRAZINE 57147 1,1-DIMETHYL HYDRAZINE
120821 1,2,4TRICHLOROBENZENE 120821 1,2,4TRICHLOROBENZENE
96128 1,2-DIBROMEB-CHLOROPROPANE 96128 1,2-DIBROMEB-CHLOROPROPANE
57147 1,1-DIMETHYL HYDRAZINE 57147 1,1-Dimethyl Hydrazine
106887 1,22BUTYLENE OXIDE 106887 1,2-EPOXYBUTANE
75558 PROPYLENEIMINE 75558 1,2-PROPYLENIMINE
106990 1,3BUTADIENE 106990 1,3BUTADIENE
542756 1,3DICHLOROPROPYLENE 542756 1,3DICHLOROPROPENE
1120714 | PROPANE SULTONE 1120714 1,3PROPANESULTONE
106467 1,4DICHLOROBENZENE 106467 1,4-DICHLOROBENZENE
25321226 | DICHLOROBENZENE (MIXED ISOMERS) NA: pollutant not used
95954 2,4,5TRICHLOROPHENOL 95954 2,4, 5TRICHLOROPHENOL
88062 2,4,6 TRICHLOROPHENOL 88062 2,4,6 TRICHLOROPHENOL
94757 2,4DICHLOROPHENOXY ACETIC ACID 94757 2,4DICHLOROPHENOXY ACETIC ACID
51285 2,4DINITROPHENOL 51285 2,4DINITROPHENOL
121142 2,4DINITROTOLUENE 121142 2,4DINITROTOLUENE
53963 2-ACETYLAMINOFLUORENE 53963 2-ACETYLAMINOFLUORENE
79469 2-NITROPROPANE 79469 2-NITROPROPANE
91941 3,3-DICHLOROBENZIDINE 91941 3,3- DICHLOROBENZIDINE
119904 3,3-DIMETHOXYBENZIDINE 119904 3,3- DIMETHOXYBENZIDINE
119937 0 Z-DIMETHYLBENZIDINE 119937 0 Z-RIMETHYLBENZIDINE
101144 n >-METHYLENEBISIEILOROANILINE) 101144 n 2>-METHYLENEBIS{BILORANILINE)
101779 n >-METHYLENEDIANILINE 101779 n >-METHYLENEDIANILINE
534521 4,6-DINITRED-CRESOL 534521 4,6-DINITRED-CRESOL
92671 4-AMINOBIPHENYL 92671 4-AMINOBIPHENYL
60117 4-DIMETHYLAMINOAZOBENZENE 60117 4-DIMETHYLAMINOAZOBENZENE
100027 4-NITROPHENOL 100027 4-NITROPHENOL
75070 ACETALDEHYDE 75070 ACETALDEHYDE
60355 ACETAMIDE 60355 ACETAMIDE
75058 ACETONITRILE 75058 ACETONITRILE
98862 ACETOPHENONE 98862 ACETOPHENONE
107028 ACROLEIN 107028 ACROLEIN
79061 ACRYLAMIDE 79061 ACRYLAMIDE
79107 ACRYLIC ACID 79107 ACRYLIC ACID
107131 ACRYLONITRILE 107131 ACRYLONITRILE
107051 ALLYL CHLORIDE 107051 ALLYL CHLORIDE
7664417 | AMMONIA NH3 AMMONIA
62533 ANILINE 62533 ANILINE
7440360 |[ANTIMONY 7440360 ANTIMONY
NO10 ANTIMONY COMPOUNDS 7440360 ANTIMONY
7440382 | ARSENIC 7440382 ARSENIC
NO20 ARSENIC COMPOUNDS 7440382 ARSENIC
1332214 | ASBESTOS (FRIABLE) 1332214 ASBESTOS
71432 BENZENE 71432 BENZENE
92875 BENZIDINE 92875 BENZIDINE
98077 BENZOIC TRICHLORIDE 98077 BENZOTRICHLORIDE
100447 BENZYL CHLORIDE 100447 BENZYCHLORIDE
7440417 |BERYLLIUM 7440417 BERYLLIUM
NO50 BERYLLIUM COMPOUNDS 7440417 BERYLLIUM
92524 BIPHENYL 92524 BIPHENYL
117817 DI(2ETHYLHEXYL) PHTHALATE 117817 BIS(2ETHYLHEXYL)PHTHALATE
542881 BIS(CHLOROMETHYL) ETHER 542881 BIS(CHLOROMETHYL)ETHER
75252 BROMOFORM 75252 BROMOFORM
7440439 | CADMIUM 7440439 CADMIUM
NO78 CADMIUM COMPOUNDS 7440439 CADMIUM
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EIS Pollutant

TRI CAS | TRI Pollutant Name Code EIS Pollutant Name
156627 CALCIUM CYANAMIDE 156627 CALCIUM CYANAMIDE
133062 CAPTAN 133062 CAPTAN
63252 CARBARYL 63252 CARBARYL
75150 CARBON DISULFIDE 75150 CARBON DISULFIDE
56235 CARBON TETRACHLORIDE 56235 CARBON TETRACHLORIDE
463581 CARBONYL SULFIDE 463581 CARBONYL SULFIDE
120809 CATECHOL 120809 CATECHOL
57749 CHLORDANE 57749 CHLORDANE
7782505 | CHLORINE 7782505 CHLORINE
79118 CHLOROACETIC ACID 79118 CHLOROACETIC ACID
108907 CHLOROBENZENE 108907 CHLOROBENZENE
510156 CHLOROBENZILATE 510156 Chlorobenzilate
67663 CHLOROFORM 67663 CHLOROFORM
107302 CHLOROMETHYL METHYL ETHER 107302 CHLOROMETHYL METHYL ETHER
126998 CHLOROPRENE 126998 CHLOROPRENE
7440473 | CHROMIUM 7440473 CHROMIUM

CHROMIUM COMPOUNDS (EXCEPT CHRO
NO90 ORE MINED IN THE TRANSVAAL REGION) 7440473 CHROMIUM
7440484 | COBALT 7440484 COBALT
NO096 COBALT COMPOUNDS 7440484 COBALT
1319773 | CRESQMIXED ISOMERS) 1319773 CRESOL/CRESYLIC ACID (MIXED ISOMER|
108394 M-CRESOL 108394 M-CRESOL
95487 O-CRESOL 95487 O-CRESOL
106445 P-CRESOL 106445 P-CRESOL
98828 CUMENE 98828 CUMENE
N106 CYANIDE COMPOUNDS 57125 CYANIDE
74908 HYDROGEN CYANIDE 57125 CYANIDE
132649 DIBENZOFURAN 132649 DIBENZOFURAN
84742 DIBUTYL PHTHALATE 84742 DIBUTYL PHTHALATE
111444 BIS(2CHLOROETHYL) ETHER 111444 DICHLOROETHYL ETHER
62737 DICHLORVOS 62737 DICHLORVOS
111422 DIETHANOLAMINE 111422 DIETHANOLAMINE
64675 DIETHYL SULFATE 64675 DIETHYL SULFATE
131113 DIMETHYL PHTHALATE 131113 DIMETHYL PHTHALATE
77781 DIMETHYL SULFATE 77781 DIMETHYL SULFATE
79447 DIMETHYLCARBAMYL CHLORIDE 79447 DIMETHYLCARBAMOYL CHLORIDE
N120 DIISOCYANATES NA- pollutant not used
26471625 | TOLUENE DIISOCYANATE (MIXED ISOMERS NA- pollutant not used
584849 TOLUENRE,4-DIISOCYANATE 584849 2,4TOLUENBIISOCYANATE
N150 DIOXIN AND DIOXINKE COMPOUNDS NA- pollutant not used
106898 EPICHLOROHYDRIN 106898 EPICHLOROHYDRIN
140885 ETHYL ACRYLATE 140885 ETHYL ACRYLATE
51796 URETHANE 51796 ETHYL CARBAMATE
75003 CHLOROETHANE 75003 ETHYL CHLORIDE
100414 ETHYLBENZENE 100414 ETHYL BENZENE
106934 1,2-DIBROMOETHANE 106934 ETHYLENBEBROMIDE
107062 1,2-DICHLOROETHANE 107062 ETHYLENE DICHLORIDE
107211 ETHYLENE GLYCOL 107211 ETHYLENE GLYCOL
151564 ETHYLENEIMINE 151564 ETHYLENEIMINE
75218 ETHYLENE OXIDE 75218 ETHYLENE OXIDE
96457 ETHYLENE THIOUREA 96457 ETHYLENE THIOUREA
75343 ETHYLIDENE DICHLORIDE 75343 ETHYLIDENE DICHLORIDE
50000 FORMALDEHYDE 50000 FORMALDEHYDE
N230 CERTAIN GLYCOL ETHERS 171 N/A Pollutant not used
76448 HEPTACHLOR 76448 HEPTACHLOR
118741 HEXACHLOROBENZENE 118741 HEXACHLOROBENZENE
87683 HEXACHLORICB-BUTADIENE 87683 HEXACHLOROBUTADIENE
77474 HEXACHLOROCYCLOPENTADIENE 77474 HEXACHLOROCYCLOPENTADIENE
67721 HEXACHLOROETHANE 67721 HEXACHLOROETHANE
110543 N-HEXANE 110543 HEXANE
302012 HYDRAZINE 302012 HYDRAZINE
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EIS Pollutant

TRI CAS | TRI Pollutant Name Code EIS Pollutant Name
7647010 b, Swh/] h wL/ot /, L5 omap 7647010 HYDROCHLORIC ACID

'9wh{h[{€¢ hb[ 0
7664393 | HYDROGEN FLUORIDE 7664393 HYDROGEN FLUORIDE
123319 HYDROQUINONE 123319 HYDROQUINONE
7439921 |LEAD 7439921 LEAD
N420 LEAD COMPOUNDS 7439921 LEAD
58899 LINDANE 58899 1,2,3,4,5,6HEXACHLOROCYCLOHEXANE
108316 MALEIC ANHYDRIDE 108316 MALEIC ANHYDRIDE
7439965 | MANGANESE 7439965 MANGANESE
N450 MANGANESE COMPOUNDS 7439965 MANGANESE
7439976 |MERCURY 7439976 MERCURY
N458 MERCURY COMPOUNDS 7439976 MERCURY
67561 METHANOL 67561 METHANOL
72435 METHOXYCHLOR 72435 METHOXYCHLOR
74839 BROMOMETHANE 74839 METHYL BROMIDE
74873 CHLOROMETHANE 74873 METHYL CHLORIDE
71556 1,1, -TRICHLOROETHANE 71556 METHYL CHLOROFORM
74884 METHYL IODIDE 74884 METHYIODIDE
108101 METHYL ISOBUTYL KETONE 108101 METHYL ISOBUTYL KETONE
624839 METHYL ISOCYANATE 624839 METHYL ISOCYANATE
80626 METHYL METHACRYLATE 80626 METHYL METHACRYLATE
1634044 |METHYL TEMBUTYL ETHER 1634044 METHYL TEBUTYL ETHER
75092 DICHLOROMETHANE 75092 METHYLENE CHLORIDE
60344 METHYL HYDRAZINE 60344 METHYLHYDRAZINE
121697 N,N-DIMETHYLANILINE 121697 N,N-DIMETHYLANILINE
68122 N,NDIMETHYLFORMAMIDE 68122 N,N-DIMETHYLFORMAMIDE
91203 NAPHTHALENE 91203 NAPHTHALENE
7440020 | NICKEL 7440020 NICKEL
N495 NICKEL COMPOUNDS 7440020 NICKEL
98953 NITROBENZENE 98953 NITROBENZENE
684935 N-NITROS®-METHYLUREA 684935 N-NITROSEN-METHYLUREA
90040 O-ANISIDINE 90040 O-ANISIDINE
95534 O-TOLUIDINE 95534 O-TOLUIDINE
123911 1,4-DIOXANE 123911 P-DIOXANE
56382 PARATHION 56382 PARATHION
82688 QUINTOZENE 82688 PENTACHLORONITROBENZENE
87865 PENTACHLOROPHENOL 87865 PENTACHLOROPHENOL
108952 PHENOL 108952 PHENOL
75445 PHOSGENE 75445 PHOSGENE
7803512 | PHOSPHINE 7803512 PHOSPHINE
7723140 | PHOSPHORUS (YELLOW OR WHITE) 7723140 PHOSPHORUS
85449 PHTHALIC ANHYDRIDE 85449 PHTHALIC ANHYDRIDE
1336363 | POLYCHLORINATED BIPHENYLS 1336363 POLYCHLORINATED BIPHENYLS
120127 ANTHRACENE 120127 ANTHRACENE
191242 BENZO(G,H,|)PERYLENE 191242 BENZOI[G,H,|,]JPERYLENE
85018 PHENANTHRENE 85018 PHENANTHRENE
N590 POLYCYCLIC AROMATIC COMPOUNDS 130498292 PAHTOTAL
106503 P-PHENYLENEDIAMINE 106503 P-PHENYLENEDIAMINE
123386 PROPIONALDEHYDE 123386 PROPIONALDEHYDE
114261 PROPOXUR 114261 PROPOXUR
78875 1,2-DICHLOROPROPANE 78875 PROPYLENE DICHLORIDE
75569 PROPYLENE OXIDE 75569 PROPYLENE OXIDE
91225 QUINOLINE 91225 QUINOLINE
106514 QUINONE 106514 QUINONE
7782492 | SELENIUM 7782492 SELENIUM
N725 SELENIUM COMPOUNDS 7782492 SELENIUM
100425 STYRENE 100425 STYRENE
96093 STYRENE OXIDE 96093 STYRENE OXIDE
127184 TETRACHLOROETHYLENE 127184 TETRACHLOROETHYLENE
7550450 | TITANIUM TETRACHLORIDE 7550450 TITANIUM TETRACHLORIDE
108883 TOLUENE 108883 TOLUENE
95807 2,4DIAMINOTOLUENE 95807 TOLUENE,4-DIAMINE
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EIS Pollutant
TRI CAS | TRI Pollutant Name Code EIS Pollutant Name
8001352 | TOXAPHENE 8001352 TOXAPHENE
79016 TRICHLOROETHYLENE 79016 TRICHLOROETHYLENE
121448 TRIETHYLAMINE 121448 TRIETHYLAMINE
1582098 | TRIFLURALIN 1582098 TRIFLURALIN
108054 VINYIACETATE 108054 VINYL ACETATE
75014 VINYL CHLORIDE 75014 VINYL CHLORIDE
75354 VINYLIDENE CHLORIDE 75354 VINYLIDENE CHLORIDE
108383 M-XYLENE 108383 M-XYLENE
95476 O-XYLENE 95476 O-XYLENE
106423 P-XYLENE 106423 P-XYLENE
1330207 | XYLENE (MIXEROMERS) 1330207 XYLENES (MIXED ISOMERS)

An electronic databasef the TRI/NEI Pollutant Crosswakowing NEI and TRI pollutant mappicgs

be downloaded from théState/Local/Tribal%/L/T), National Emission Inventory (NEI), Toxic Release
Inventory (TRI) Mappirggortion of theProduct Design Team websiteshould be noted that while
HCN isn the NEBNd the electronic mapping shows NEI HCN to TRIWE€Mpught inboth TRI HCN
and TRI CN emissionsNEICN We did thisto avoid double counting of S/L/T @hth TRI HCN since
some S/L/T include HGMhissions a€N.

Split TRI totathromium emissions into hexavalent and trivalent emissions

¢KS ¢wL fft2ga FrOAftAGASAE (2 NBLR2NI SAGKSNI &/ KNE
or trivalent chromium species that are needed for the NEI &eetion3.1.3). Because the only

OKF NI OGSNART FGA2Yy F@FAtFotS F2NJ GKS ¢wL FFOAEAGAS
a NAIC®ased set of fractions to split the FReported total chromium emissions into the hexavalent

and trivalent chromium species. A tableStandard Industrial Classification (Sb@3ed chromium split

fractions was available from earlier year NEI usage of TRI databases, which had been compiled by SIC
rather than NAICS. The earlier $i3ed fractions were used wherever they could bassgned to a

closely matching NAICS description.

Unfortunately, not all SKBased fractions could be assigned this way, so we computed Nbyaked split
fractions for any NAICS codes in the 20RI data that did not already have an-81MAICS assighed

split fraction. These factors were used for the remainingrBRbrted chromium. To calculate the NAICS
based factors, we summed by NAICS the total amounts of chromium 11l and chromium VI for the entire
U.S. in the 2014 draft NEI data. TheseZREI S/L/T missions were either reported directly by the

S/LIT agencies as chromium Il and chromium VI, or they had been split from S/L/T-sapnrtgd

total chromium by the EPA using the procedures describ&kation3.1.4 Those procedures largely

rely on either SC8ased or Regulatory codesed split factors. The derived NAICS split factors,
therefore, represent a weighted average of the SCC and Regutndebased split factors, weighted
according to the mass of each chromium valence in the/2{&l for that NAICS.

After all TRI facilities with chromium had been assigned a NBd&S split factor, the factors were

applied separately to both the TRtack and fugitive total chromium emissions. This resulted in

ALISOAI GSR OKNRYAdzY SYA&daAzya FT2NJ SFOK FrFrOAfAGeQ:
EIS as part of the 20EPA_TRI dataset.

Similar to S/L/Thromium speciation data, th€RI chromium speciation data includes some faeility
specific values resulting fro@011 and/or 201NATAreviewsor provided by S/L/Tor use in the 2017
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https://www.epa.gov/sites/production/files/2018-01/tri-nei-crosswalk.xlsx
https://www.epa.gov/e-enterprise/product-design-team

NEIThe TRthromium speciation daté ¢ wL @ 6 | &iGnR §pErkithdi 2¥is availableare available
on the2017 Supplemental data FTP site

4. Review high TRI emissions values for and exclude any data suspected to be outliers
A review andcomparison of the largest TRI emissions values was conducted for sevehnigikegk
pollutants. The following pollutants were specifically reviewed, although a few extremely large values
for some of the other TRI pollutants were also noticed and trédtethe same manner: Hg, Pb,
chromium, manganese, nickel, arsenic, 1,3 butadiene, benzene, toluene, ethyl benzehene
methanol, acrolein, carbon tetrachloride, tetrachloroethylene, methylene chloride, acrylonitrile, 1,4
dichlorobenzene, ethylene e, hydrochloric acid, hydrogen fluoride, chlorine,-t)iiene
diisocyanate, hexamethylene diisocyanate, and naphthalene. The review included looking at the largest
10 emitting facilities for each of the pollutants in the ZOIRI dataset itself to ideifiy large differences
between facilities and unexpected industry types. Comparisons were then made to tAdRDANd the
2017 draft NEI emissions values from S/L/T agencies for any suspect facilities identified by that review
(as described above in Sexti3.1.1).

5. Write the 2017 TRI emissions to EIS Process IDs with stack and fugitive release points
The total facility stack and total facility fugitive emissions values from the above steps were written to a
set of EIS process IDs created to reflect those facility total type emissions. In most cases, the EIS process
IDs for a given facility already ebeid in EIS as a result edrlierNEI

6. Revise SCCs on the EIS Processes used for the TRI emissions
The 2002 and 2005 NEIs had assigalktthe TRI emissions to a default process code SCC of 39999999,
which caused a large amount of HAP emissionstob&s8mfR G2 | YA At SFRAYy3I aYAa
The 2008 NEI approach reduced this problem somewhat because it apportioned all TRI emissions to the
multiple processes and SCCs that were used by the S/L/T agencies to report their emissions, but this
apportioning created other distortions. The 2011 NEI reverted back to loading the TRI emissions as the
single process stack and fugitive values as reported by facilities to the TRI, but we revised the SCCs on
those single processes to something other than the def2@®99999 wherever possible. The purpose of
this is to allow the TRI emissions to map to a more appropriate EIS sector. For HeEQWwe retained
the 2011 approach, process IDs, and SCCs.

On occasion, TRICCs are updated where the process is knowsedban the type of facilitpr SCCs from
processes for which CAPs were reported. However, there has not been a systematic appfdbichatib
SCCs and for large industrial facilities, it would not be possible due to the variety of different process
operations that can occur at such facilities.

3.1.6 HAP augmentation based on emission factor ratios

The 20YEPA_HARugmentation dataset was used for gap filling missing HAPs in the S/L/T agpoagd

data. We calculated HAP emissions by multiplying the appropriate surrogate CAP emissions (provided by S/L/T
agencies) by an emissions ratio of HAP to CAP &HmiRt sources, these EF ratios were largely the same as
were used in the 2008 NEI v3, though additional quality assurance resulted in some changes. The ratios were
computed using the EFs froiebFIRENd ae based solely on the SCC code. The computation of these point
HAP to CAP ratios is described in detail inah@8 NE| documentatigrSection 3.1.5.
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https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/TRI_based_chromium_speciation.zip
https://cfpub.epa.gov/webfire/
https://www.epa.gov/air-emissions-inventories/2008-nei-technical-support-document

For wllutants other than Hg, we computed ratios for only the SCCs in WebFIRE that met specific criteria: 1) the
CAP and HAP WebFIRE EFs were both based on uncontrolled emissions and, 2) the units of the EF had to be the
same or be able to be converted to tharse units. In addition, for Hg, we added ratios for point SCCs that were

not in WebFIRE for both PMHIL (the CAP surrogate for Hg) and Hg by using Hg or-PlM1&ctors for similar

SCCs and computing the resulting ratio. That process is describedi(gadting data files provided) in the

2008 NEI documentatiofSection 3.1.5.2), since these additional Hg augmentation factors were used in the

2008 NEI vas well.

A HAP augmentation feature was built into the EIS for the 2011 cycle, and the HAP EF ratios are available to the
9L{ dza SNAR (KNP dz3 K Alugkéntatndp bffeNdoymatens Fhk saine téblegyoVide doth the
HAP augmentation factors and chromium speciation faciois were discussed in Secti@r2.2

Since the initial set of HAP augmentation factors, factors and/ore8€iGnments were added including factity
specific HAP augmentation factoresulting from NATA reviewalso new for the 2017 NEI are facHgéigecific
coke oven to SO2 ratios used to compute coke oven emissions for specifi@&waiith operating coke ovens
that were missing coke oven emissiolge have been also exploringing testbased emission factor ratios in
place of WebFIRBased ratios where data are sufficient to do Bsers interestedn the few testbased factors
that do not have access to K& download the full set of HAR@mentation factordrom the 2017
Supplemental date=TP sitéoHAPaugmentation.zg) and peruse the metadata information (data source and
factor comments) to extract them.

A key facet of our approach is that the resulting HAP augmentation dataset does duplicate HAPs from the S/L/T
agency data or other EPA datasets. The extra step of data tagging of the HAP augmentation dataset was taken to
ensure the NEI would not use thetddrom the HAP augmentation dataset for facilities where the HAP was
reported by an S/L/T agency at any process at the facility or where the HAP was included in the EPA TRI dataset.
For example, if a facility reported formaldehyde at process A only, lemtMebFIRE emission factor database

yields formaldehyde emissions for processes A, B, and C, then we would not use any records from the HAP
augmentation dataset containing formaldehyde from any processes at the facility. If that facility had no
formaldehya, but the TRI dataset had formaldehyde for any processes at that facility, then the NEI would still

not use formaldehyde from the HAP augmentation dataset for any of the processes (it would use the TRI data).

If the EPA EGU dataset contained formaldehypdehat facility, we would use the HAP augmentation set but

not for any process at the same unit as EPA EGU dataset. If the EPA EGU dataset contained formaldehyde at
process A or any other process within the same unit as process A, then the HAP augmelatatset would be

used for processes B and C, but not process A.

This approach was taken to be conservative in our attempt to prevent double counted emissions, which is
necessary because we know that some states aggregate their HAP emissions antb degignor different

processes than their CAP emissions. These types of differences are expected since CAPs are required to be
adzo YAGGSR G GKS LINPOS&aa fS@Sts odzii 1'!1'ta | NBneByidANSB
pollutant ovetapping business rules (Section 3.3.tb/prevent double countingf pollutantsbelonging to

pollutant groups that may overlap with other pollutants in that group.

hyS 2F GKS OKFIy3aSa 6S YIRS FNRY poihtBodriedAdzaugmentations A &
values where the HAP augmentation value exceeded the maximum emissions reported by any S/L/T agency for
the same SCC/pollutant combination, or if no S/L/T agency reported any values for the same SCC/pollutant.
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https://www.epa.gov/air-emissions-inventories/2008-nei-technical-support-document
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/HAPaugmentation.zip
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/HAPaugmentation.zip

3.1.7 Crossdataset tagging rules fiooverlapping pollutants

Several HAPs can be reported as individual chemicalseonicals that reflect a grouphich can overlap with

individual chemical®.g., 6Xylene and Xylenes (mixed isomets)previous NEI cycles, we tagged out data to

prevent couble counting of pollutants across datasets that overlap one anoffmrthe 2017 NEI, a software

solution that occurs during the blending procesas developed so that overlapping pollutants would be

excluded from the selectiomhe business rulesere documented as part of the017 NEI plafseeAppendix J.
Onechangetot®@S &t NP LI2aSRé¢ Nz Sa GKFG ¢S AYLndSiNusdlyleseR F 2 NJ
isomers to be reported with Xylenes (mixed isomers) within the same dat&bketcrosslata business rules

used are the same as documented the plan.

Oneissue that came up with these rulesgardsthe hexavalent chromium and trivalent chromiumtire
2017EPA_R Aug datasefThisdataset, whiclcontainsS/L/Tspeciated chromiunfi.e., hexavalent and trivalent
chromum), isseparate from theS/L/Tdatasets butontainsdata that could be largely characterized as S/L/T
data. While we intended to allow S/L£® report either unspeciated chromium or hexavalent chromium along
with chromic acid Vthromium trioxide at the same process, the software did not allow the hexavalent
chromium in the 2017EPA_CR_Aug dataset to be us#dSAlL/T chromic acid VI. This occurred only in 2 states,
NC and KYor KY, the speated chromium was less than 0.1dhd no corrections were made. In N@gre was
about 500 Ibs hex chromium that would have been droppedvecorrected it The correcton was foNC b
incorporate thespeciated chromium fro@017EPA_CR_Aiuo their dataset (instead of unspeciated
chromium) so thaboth pollutants would beused in the 2017 NEI selectiohl records where EPA speciated
chromium data were used include amissions comment to that effect.

3.1.8 Additional quality assurance and findings

Prior to the release of the data, we created national summaries of key pollutants and sectors. The list below
provides findings and associated follay steps:

I We created a preathinary summary ofnercury frompoint source emissions, even in the absence of the
other sectors that feed the final mercury summainat will be included irSection 2 of the
documentationonce the NEI is complete. Such a summary has been included ishogastentation for
other inventories This summary revealed a possible underestimation of mercury from the Commercial
and Industrial Solid Waste Incineration (CISWI) se&orce not all sources are reported to NEI as point
sources, the NEI may not inderall CISWI sources. In addition, the Hg estimates of these sources are
highly uncertain, could be underestimated, and the EPA is currently working to get improved mercury
and other emissions estimates for these sources.

1 We summarized hydraziremissions and found significantly larger hydrazine estimate in Arkansas
than had been present in past inventorieJ his makes Hydrazine emissions overall in the NEI increase
since 2014 We contacted the air office of the Arkansas Department of Enwiental Quality, and the
inventory staff there confirmed the accuracy of these emissions.

1 We summarized ethylene oxide emissions and found that several facilities did not report ethylene oxide
to both the state air agency and to the TRI program in 2017tHmge facilities were still operating in
2017. To gaffill those missing emissions, we used the 2016 TRI data.

1 We summarized hexavalent chromium emissions and found a significant increase in emissions since
2014. We identified some missing emissionssfmurces in NC and worked with NC to include those
chromium emissions. We did not find any errors in hexavalent chromium in the 2017 data, which shows
an increase in these emissions as compared to the 2014 NEI. This could bexduaréocomplete
inventory or to an actual increase.
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https://www.epa.gov/air-emissions-inventories/2017-national-emissions-inventory-nei-plan
https://www.epa.gov/sites/production/files/2018-08/documents/appendix_5_cross_dataset_tagging_proposed_rules_v6.pdf

3.2 Airports: aircraft-related emissions

The EPA estimated emissions related to aircraft activity for all known U.S. airports, including seaplane ports and
heliports, in the 50 states, Puerto Rico, and U.S. Virgin Islatidéthe approximately 20,000 individual airports

are geographically located by latitude/longitude and stored in the NEI as point sources. As part of the

development process, S/L/T agencies had the opportunity to provide both activity data as well emissi@ns to t
boL® 2KSy | OGA@AaGe RIGF 6SNBE LINPYARSRI GKS 9t! dzaSR

3.2.1 Sector Description

The aircraft sector includes all aircraft types used for public, private, and military purposes. This includes four
types of aicraft: (1) commercial, (2) air taxis (AT), (3) general aviation (GA), and (4) military. A critical detail
about the aircraft is whether each aircraft is turbirg pistondriven, which allows the emissions estimation
model to assign the fuel used, jet fuar aviation gas, respectively. The fraction of turbiaed pistondriven

aircraft is either collected or assumed for all aircraft types.

Commercial aircraft include those used for transporting passengers, freight, or both. Commercial aircraft tend to
be larger aircraft powered with jet engines. Air taxis carry passengers, freight, or both, but usually are smaller
aircraft and operate on a more limited basis than the commercial aircraft. General aviation includes most other
aircraft used for recreationdlying and personal transportation. Finally, military aircraft are associated with
military purposes, and they sometimes have activity at-ndlitary airports.

The national AT and GA fleets include both getd pistorpowered aircraft. Most of the AT ar@A fleets are
made up of larger pistopowered aircraft, though smaller business jets can also be found in these categories.
Military aircraft cover a wide range of aircraft types such as training aircraft, fighter jets, helicopters,-and jet
and pistonpowered planes of varying sizes.

The NEI also includes emission estimates for aircraft auxiliary power units (APUs) and aircraft ground support
equipment (GSE) typically found at airports, such as aircraft refueling vehicles, baggage handling vehicles and
equipment, aircraft towing vehicles, and passenger buses. These APUs and GSE are located at the airport
facilities as point sources along with the aircraft exhaust emissions.

3.2.2 Sources aircraft emissions estimates

Aircraft exhaust, GSE, and APU emissiorfs®¥sk 1 S& | NB | aa20AF 0SSR 6AGK | ANONI
LTO data were available from both S/L/T agencies and FAA databases. For airports where the available LTO
included detailed aircrafspecific make and model information (e.g., Boeing-#47n &ASNAS&a0xX ¢S dza
Aviation Environmental Design Tool (AED®stimate emissiondNote that this is the first NEI to use this

Y2RStf® wnny FYR Hnmm dzZASR GKS C!! Qa LINB@Az2dza Y2RSf X
Therefore,comparisons of aircraft emissions output may be a function of model revisions, rather than an actual
trend in emissionskor airports where FAA databases do not include such detail, the EPA used assumptions
regarding the percent of LTOs that were associatél piston-driven (using aviation gas) versus turbitéven

(using jet fuel) aircraft. Then, the EPA estimated emissions based on the percent of each aircraft type, LTOs, and
EFsTheemissions factorsised, as well as the complete methodology for estimgtaircraft exhaust from LTOs

is in the aircraft documentation availabley G KS R2O0dzYSy i aHamT! ANBRHAIGYYI AY
Supplementatiata FTRite. Only Texaand California submitted aircraft emissions.

In addition to airport facility point, the EPA also estimatedlight Pb (from aviation gas) emissions that are
Fff20FGSR (2 O2dzyiAsSa Ay (GUKS y2yLRAY(l AYy@OSYyli2NEB® 58S
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https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/point/
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/point/

(2017Aircraft_InfghtLead_19aug2019.pdfincluding a summary of statevel inflight lead estimates
GHAMT! ANODNI FOG Ly Tt A 3K Gante foihdod thalblid SupmediéntzIataiivsied O & @ ¢

3.2.3 January 2021 correction to aircraft estimates

2017 NEI emissiorier aircraft were released as part of the 2017 NEI in April 2020. As mentioned in the previous
section, EPA estimated aircraft emissions for the first time in the 2017 NEIltnsingw FAA AEDT model from

the FAA. While emissions were higher than the 2014 NEI that had used a different model (EDMS), these
differences seemed to be explained by our use of the different model.

After the 2017 NEI emissions were released, stakeholdbswere reviewing the data identified that emissions

from AEDT emissions seemed to be unusually high. After additional review, it was apparent that emissions from

1 95¢ gSNB R2dzf SR RdzS Iy FRRAGAZ2Y I f & UTNEkOdreehowd SAy 3 A
emissions are calculated in the model and require two runway points. The original (April release) approach had
two tracks (one for each runway point) rather than one track to connect two runway points.

To correct for this errom AEDT estiated emissionsve halved the EPA emissions estimates for all Auxiliary

Power Unit, Ground Support Equipment, and any other process with an aircraftenginetypecode other than the
ASYSNAO adppdpdpr ¢ d ¢KS O2NNBOGSR S Virdleade dfyha 20K7INGEIS 6 SSy
Airport emissionsubmitted by Texas and California cover some larger airports and were not changed in the

June release.

A county summary of the emissions differences for airport emissions between the April and June releases i
available from theAir Emissions Modeling FTP dit¢/ G KS aunamT FANLIZNI A mMyadzyHAH
file.

3.3 Rail yard-related emissions

The 2017 NEI includeestimates compild by the Eastern Regional Technical Advisory Committee (ERTAC) for
most rail yards in the US. The ERTAC effort was comprised of a collaborative of state/local agéincies,
companies, and the Federal Rail Administration. ¥anissions are associated with the operation of switcher
engines at each yar@he project is documented in a repdr2017Rail_main_21aug2019.@gdfn the 2017
Supplemental dat& TP siteS/L/Ts submitted point rail yard emissions were given priority over the ERTAC
estimates when present.

3.4 EGUs

The EPA developed a single combined dataset of emission estimates for EGUs to be used to fill gaps for
pollutants and emission units notperted by S/L/T agencies. For the ZEPA EGU dataset, the emissions were
estimated at the unit level, because that is the level at which the CAMD heat input activity data and the MATS
based emissions factors and the CAMD CEM data are available. TiE?R0EGU dataset was developed from
three separate estimation sources. The three sources wWer€2010MATS rule developmem¢sting program

EFs for 15 HAPs; annual sums of SO2 and NOx emissions based on the hourly CEM emissions reported to the
9t ! Qa ddtabasdy and heahput based EFs that were built from AR EFs and fuel heat and sulfur

contents as part of the 2008 NEI development effort. We used the 2014 annual throughputs in BTUs from the
CAMD database with the two EF sets to derive annual emisiio2617. A small number of the AB2-based
estimates were discarded because the fuels or control configurations were found to be different than what they
were during the 2008 development effort that provided the hagbut based EFs that were available.
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https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/point/
https://gaftp.epa.gov/Air/emismod/2017/2017emissions/
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/point/
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/point/

As shown above ifiabk 3-5, the selection hierarchy was set such that S/&ibmitted data was used ahead of

the values in the 202EPA_EGUataset. In the 2011 NEI, the EPA EGU estimated emissions that were derived
from the MATS testing programere used ahead of the S/L/T values, unless the S/L/T submittal indicated that

the value was from either a CEM or a recent stack test. For thé 481 we used the S/Lffeported values

wherever they were reported (unless they were tagged out as an outlier), including where abids#d®bvalue

existed in the 20IEPA EGU dataset. In addition, we made the MATS emission factors available to S/L/T agencies
far in advance of the data being submitted so that facilities and/or S/L/T agencies could choose to use that
information to compute emissions if it was most applicable.

We assumed that all heat input came from the primary fuel, and the EFs used refletyatiat primary fuel.

This introduces a small amount of uncertainty as many EGU units use a small amount of alternative fuels. The
resultant unitlevel estimates had to be loaded into EIS at the proteasl to meet the EIS requirement that

emissions cannly be associated with the most detailed level. To do this for the EGU sectors, we needed to

bridge the unit level (i.e., the boiler or gas turbine unit as a whole) to the process level (i.e., the individual fuels
burned within the units). So, the EPA issions were assigned to a single process for the primary fuel that was

used by the responsible S/L/T agency for reporting the largest portion of their emissions. The EPA emissions
GSNBE (KSy aidF33ISR 2dzié & KSNB SN Ut&nGat ahykpfoeess withih g O K |
same emission unit. This approach prevented double counting of a portion of ther8figited emissions in

OFrasSa 6KSNB GKS {k[k¢ 3ISyOeé YlIe& KIFIZ®S NBLEZ2NISR I dzy
small oilprocess, for example.

The matching of the 20EPA_EGU dataset to the responsible agency facility, unit and process IDs was done
largely by using the ORIS plant and CAMD boiler IDs as found in the CAMD heat inputiatdaisstyandinking
these to the ame two IDs as had been stored in EIS. We also compared the facility names and counties for
agreement between the S/L#ffieported values and those in CAMD, andneeisedthe matches wherever
discrepancies were noted. As a final confirmation that the careetissions unit and a reasonable process ID in
EIS had been matched to the EPA data, the magnitudes of thar8INOx emissions for all preliminary
matches were compared between the S/L/T ageraported datasets and the EPA dataset. We identified and
resolved several discrepancies from this emissions comparison.

Alternative facility and unit IDs needed for matching with other databases

The 20T NEI data contains two sets of alternate unit identifiers related to the ORIS plant and CAMD boiler IDs

(as fond in the CAMD heat input activity dataset) for export to the Sparse Matrix Operator Kernel Emissions
0{ahY9O Y2RSftAy3a FAESd ¢KS FANBRG aSd Aa adi2NBR Ay 9
alternate unit IDs are stored as a concatenatb® §( KS hwL{ tflyd L5 FyR /! a5 o:
between the two IDs. These IDs are exported to the SMOKE file in the fields named ORIS_FACILITY_CODE and
ORIS_BOILER_ID. These two fields are used by the SMOKE processing software to replace M€l annua

emissions values with the appropriate hourly CEM values at model run time. The second set of alternate unit IDs
FNB aG2NBR Ay 9L{ 6AGK I t{/ 2F a9t! Ltaé FyR I NB SE
SMOKE processing software ufi@s field to determine if the unit is one that will have future year projections
provided by the integrated planning model (IPM). The storage format of these alternate EPAIPM unit IDs, in both
EIS and in the exported SMOKE file, replicates the IDs ad iiotime National Electric Energy Data

System(NEEDS) database used as input to the IPM model. The NEEDS IDs are a concatenation of the ORIS plant
L5 YR G4KS /! a5 02AftSNI L5 gAOK SAGKSNI I ay. ¢gé¢ 2NJI |
GDSYISZNIPE ¢KS hwL{ tflyd L5a IyR /! a5 oAVDBN)dataseta | a
and in the NEEDS database are almost always the same, but there are occasional differences for the same unit.
The EPACAMD alternate unit IDs availableen?®17 NEI are believed to be a complete set of all those that can
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safely be used for the purpose of substituting hourly CEM values without doohlging during SMOKE

processing. The EPAIPM alternate unit IDs in th@ AHI are not a complete listing all the NEEDS/IPM units,
although most of the larger emitters do have an EPAIPM alternate unit ID. The NEEDS database includes a much
larger set of smaller, NneG@EM units.

3.5 Landfills

CKS LIRAY(H a2dz2NOS SYAaarzya Ay 28 HAPs, sstsHoddimbled-7yTRiFsett R
of pollutants was included in the 1999 NEI, and we continue to use the same set of pollutants each year for a
consistent time series. To estimate emissions, we used the methane emissions reported by landfill operators in
compliance with SubpatiH of theGreenhouse Gas Reporting Program (GHERP) I a & dzZNNB I 1 S¢ |
indicator. We converted the methane as reportedvig CO2 equivalent to Mg as actual methane esdiithy

dividing by 23 (the Global Warming Potential of methane believed to be used in the version of W@ 2GRP

facility inventory) to get M methane emitted, and then multiplied by 1.1023 to get tons methane emfttiéde

created emission factors for@Cand the 28 HAPs on a per ton of methane emitted basis using the default
concentrations (ppmv) in AB2 Section2.4 (final section dated Jan 1998), Table2.Zhe concentrations for

toluene and benzene were taken from Table-2.4f AR42, for the cas®f "no or unknown" cedisposal history.

Per Equation 4 of that A®2 section, Mp=Qp x MWp x constant (at any given temperature). Writing this

Sldzk iA2y G6AOSET F2NJ GKS YIaa 2F | ye pbgMdndrglisy & ot ¢ |

Mp/McCH: = (Qp X MWp x K) / @H4x MWCH4xX K) = (Qp/@HJ X (MWp/MWCH)
inunits of poundd.J2 t f dzii | ydiundd€H4 LIS NJ

A rearrangement of Equation 3 of that AR section provides Qp/€H4= 1.82 x Cp/1000000, where the 1.82 is

based upon a default methane concentration of 55 % (550,000 ppm). Plugging this expression foHApt@
the first expression yields:

Mp/ MCH4= (1.82 x Cp/1000000) x (MWp/ M¥M4 x 2000, units of pounds p/to@H4
Mp/ MCH4= (1.82 x Cp/1000000) x (MWp/16) x 2000 = Cp x MWp / 4395.6

Table3-7: Landfill gas emissiomdtors for 29 EIS pollutants

Pollutant MW x Ibs/Ton
code Pollutant description MW ppmv ppmv CH

CO Carbon monoxide 28.01 141 3949.41| 0.89849
108883 toluene 92.13 39.3| 3620.709| 0.82371
1330207 | Xylenes 106.16 12.1 1284.536| 0.29223
75092 Dichloromethane (methylene chloride) 84.94 14.3 1214.642| 0.27633
7783064 | Hydrogen sulfide 34.08 35.5 1209.84| 0.27524
127184 Perchloroethylene (tetrachloroethylene) | 165.83 3.73 618.5459| 0.14072
110543 Hexane 86.18 6.57| 566.2026| 0.12881
100414 Ethylbenzene 106.16 4.61| 489.3976| 0.11134
75014 Vinyl chloride 62.5 7.34 458.75| 0.10437

SFormoreinformag y 2y [/ hwu SljdA @It Syd yR 3ft2060lft gt NREWAILIRSY @AI
2 | NYAYy3 t.20SydAlt aé
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https://www.epa.gov/ghgreporting/resources-subpart-ghg-reporting
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials

Pollutant MW x lbs/Ton
code Pollutant description MW ppmv ppmv CH

79016 Trichloroethylene (trichloroethene) 131.4 2.82 370.548| 0.08430
107131 Acrylonitrile 53.06 6.33| 335.8698| 0.07641
75343 1,1-Dichloroethane (ethylidene dichloride) 98.97 2.35| 232.5795| 0.05291
108101 Methyl isobutyl ketone 100.16 1.87| 187.2992| 0.04261
79345 1,1,2,2Tetrachloroethane 167.85 1.11 186.3135| 0.04239
71432 benzene 78.11 1.91| 149.1901| 0.03394
75003 Chloroethane (ethyl chloride) 64.52 1.25 80.65| 0.01835
71556 1,1,XTrichloroethane (methyl chloroform)| 133.41 0.48 64.0368| 0.01457
74873 Chloromethane 50.49 1.21 61.0929| 0.01390
75150 Carbon disulfide 76.13 0.58 44.1554| 0.01005
107062 1,2-Dichloroethane (ethylene dichloride) | 98.96 0.41 40.5736| 0.00923
106467 Dichlorobenzene 147 0.21 30.87| 0.00702
463581 Carbonykulfide 60.07 0.49 29.4343| 0.00670
108907 Chlorobenzene 112.56 0.25 28.14| 0.00640
78875 1,2-Dichloropropane (propylene dichloridg 112.99 0.18 20.3382| 0.00463
75354 1,1-Dichloroethene (vinylidene chloride) 96.94 0.2 19.388| 0.00441
67663 Chloroform 119.39 0.03 3.5817| 0.00081
56235 Carbon tetrachloride 153.84 0.004 0.61536| 0.00014
106934 Ethylene dibromide 187.88 0.001 0.18788| 0.00004
7439976 | Mercury (total) 200.61| 0.000292| 0.05857812 0.00001

3.6 2017EPA_gapfills

This EPA datasetised to fill in miscellaneous emissions which were not reported by S/L/T agencies Tor 201
and for which no EPA dataset has 2@inissions, but which are believed to exist in 20hese unreported

facilities and pollutants were identified as part of the QA review steps performed on the S/L/T dageftam
3.1.1).A total of95 unique facilitiesacross 4 different Stateend 88 different pollutants are represented in this
dataset Most of the additions were for Indiana (73 facilities), which did not submit emissions for all of their
operating facilities for 2017. 2016 NEI emissions were copied into the gapfills dataset for those facilities. Nine
facilities in Pinal County, AZ weakso added using 2016 NEI emissidt®x emissions only were added for

eleven coal mines in Wyoming which have significant emissions from trucks and other mobile equipment which
GSNB y20 AyOfdzZRSR Ay ‘zandwhish@rd notéXpecfeid bezadedudEnScovRredin: & S i
9t 1 Q& Y2y NRI R SMWDEQsan22017 &dlify totdls forghase facilities mobile emissions to be
added to the 2017 NEI Pastly, mercury emissions for two municipal waste combustors in Margdadtbur
municipalwaste combustors in Massachaits were added.

3.7 BOEM

The U.S. Department of the Interior, Bureau of Ocean and Energy Management (BOEM) estimates emissions of
CAPs in the Gulf of Mexico from offshore oil platforms in Federal waters, and these data hayzeaeunsly
incorporated into the NEMore information on tle 2017 Outer Continental Shelf (OG8jshore datas

available on the BOEM3C EEmissions Inventory 2017site.
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https://www.boem.gov/environment/environmental-studies/ocs-emissions-inventory-2017

3.8 PM species

For the 2017 NE®Tinventory, hefive species (EC, OC, SO4, NO3, and other) of HNRahd diesel PM (which
are estimated for diesel mobile engines such as locomotives and diedetl ground support equipne) were
not included.These species will be generatedfull NEI release in the Spring of 2020, similagadier NEI years
by using the PM speciation ratios as found on AtieEmissions Modelg website

3.9 References for point sources
1. Dorn, J, 2012Memorandum: 2011 NEI Versiorr PM Augmentation approaciMemorandum to Roy
Huntley, US EPA.
2. Strait et al. (2003)Strait, R.; MacKenzie, D.; and Huntley, R., 2B8BAugmentation Procedures for the
1999 Point and Area Source NEZ" International Emission Inventory Conferencé 9 YA & a8 A 2 Y
Inventoriesc! LILX @Ay 3 bS¢g ¢SOKy2feNayB52003 {ly 5AS8S3a23> ! LN
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https://www.epa.gov/air-emissions-modeling
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file:///C:/Users/SDOMBROW/OneDrive%20-%20Environmental%20Protection%20Agency%20(EPA)/2014/2014%20v2%20TSD%2004172018/PM%20Augmentation%20Procedures%20for%20the%201999%20Point%20and%20Area%20Source%20NEI

4 Nonpoint sources

This section includes all sources that aréhimnonpoint data categoryincluding biogenicsThese sources are
reported/generated at the county level, though some sources such as rail lines and shipping lanes and ports are
more-finely resolved to the county/shape identifier (ID) (polygon) levelti®iary sources that are inventoried

at facilities and stacks (coordinates) are discussed iptaeiousPoint Sectior8. This section discusses all
a2dz2NDOSa Ay (GKS b2yLRAY(Hl AYy@Syia2zNEBE® {2YS ay2yNRI Ré Y
vessels residand are discussed heie the nonpoint data categoryot in the Nonroad Equipment Sectién

4.1 Nonpoint source approaches

Nonpoint source data are provided btate, local, and tribal (S/L/T) agencies, and for certain sectors and/or
pollutants, theyare supplemented with datdrom the EPA. This section describes the various sources of data
and the selection priority for each of the datasets to use for building the National Emissions Inventory (NEI)
when multiple data sources are available for the same emissions source. S&2fpwavides more information
on the data selection process.

4.1.1 Sources of data overview and selection hierarchies

Table4-1 describesthe datasetscomprising most of th@onpoint inventory, and the hierarchy for combining

these datasets in construction of the NEbmmercial marine vessels sectspecificdata are provided in the

stand £ 2y S RI {1 &S { While thevbul® df thege datasétstrier stationary sourcesf emissions

some of these datasets contain mobile sourseghat emissions from ports, shipping lanes and rail yards could

be included as nonpoint sourceehefollowing table includes the rationale for why each dataset was assigned

its position in the hierarchy. We excluded certain pollutants from stationary sources in the 2017 NEI:
IANBSYyK2dzaS 3IFasSa FyR LRtfdzilyda AKASKEOUTHER RS Ensngfd 3N
evaluated the completeness or accuracy of the S/L/T agency dioxin and furan valuadioouclides andloes

not have plans to supplement these reported emissions with other data sources to compile a complete estimate

for dioxin and furans nor radionuclides as part of the NEI.

Table4-1: Data sources and seléah hierarchy used for most nonpoint sources
Dataset name Description and Rationale for the Order of the Selected Datasets Order
Speciated PM2.5 data. A result of offline emissions speciation where the
resulting PM28PRIselection emissions are split into the 5 PM species:
2017FEPAPMSoecies | elemental (black) carbon (EC), organic carbon (OC), nitrate (NO3), sulfat| 1
(S04), and the remainder of PMPRI (PMFINE). Diesel engine P& and
PM10 are also copied as DIE®EA pollutants.

"’Dioxins/furans include all pollutants witlofiutant category name oDioxins/Furans as 2,3,78CDD TEQsr
Dioxins/Furans as 2,3,78CDD TEQWH@005, both of which were valid pollutant groups for reporting 2014 emissions.
wlk RA2y dzOf ARS& KI @S GKS LRt t dzii bpgdific c0hpoudds andBodeg areisthedllutanNg R A
code tables in EIS.
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Dataset name

Description and Rationale for the Order of the Selected Datasets

Order

2017/PMaug SLT_NP

PM components added to gap fill missing S/L/T agency data or make
corrections where S/L/T agency have inconsistent emissions across PM
components. Uses ratios of emission factors from the PM Augmentation ]
for covered sourcelassification codes (SCCs). For SCCs without emissio
factors in the tool, checks/corrects discrepancies or missing PM species
basic relationships such as ensuring that primary PM is greater than or e(
to filterable PM (see Sectichl.9.

Responsible Agency
Data Set

S/LIT agency submitted dat&hese data are selected ahead of other
datasets. The only other situation where S/L/T agency emissions atesedt
is wherecertain records are tagged in the Emissions Inventory Sydtés (
(at the specific source/pollutant level). This occurs: 1) for hierarchy purpo
to allow EPA nonpoint emissions to be used ahead of S/L/T agency data
where states asked forA data to be used in place of their data and 2)
where S/L/T agency data were suspected outliers.

2017EPA_HARY

HAP data computed from S/L/T agency criteria pollutant data using ratiog
HAP to CAP emission factofte emission factorssedto create the ratios
are the same emission factors as are used in credtiag=PA estimate@.e.,
in the EPA nonpoint emission toal3his dataset is below the S/L/T agency
data so that the S/L/T agency HAP data are used first. HAP augmentatio
discussd in Sectiort.1.6

2017EPA_HAPAug
PMaug

This dataset was created in the same fashion as the 2017EPA_HAPAug
dataset above and is a supplement to it. Tdasaset contains HAPs calculat
by applying a ratio to PM1BIL emissions, for those instances where the
S/LIT dataset did not contain any PMEQL emissions, but the PM
augmentation routine was able to calculate a PMAIQ value from some PM
species thatvas reported by the S/L/T.

2017EPA_Cr_Aug

Hexavalent and trivalent chromium speciated from S/L/T agency reported
chromium. EIS augmentation function creates the dataset by applying
multiplication factors by SCC, facility, process or North Americarstrydu
Classification System (NAICS) code to S/L/T agency total chromium. Seg
Section2.2.2

2017ERTAC_Rail

Blend of SL-Submitted and collaboratively generated diesel line and diese|
yard locomotive datd NEFSNNBR (G2 & GNIAfE A
estimates.See Sectiod.22

2017EPA_NONPOIN

All nonpoint EPA estimates are included in this dataset except those liste
elsewhere in this table. Thifatasetincludes sources with and without point
source subtraction and outputs from mast the EPA toolsincluding the

Gol 32y 6KSSt ¢ g Asibmittedl hFut TeIRESA(FREIR ]
4.1.7). This dataset also includes biogenic emissions. Examples of source
this data®t includeagriculturalfertilizer application most livestockvaste
industrial and commercial/institutional fuel combustioresidential wood
combustion, solvent utilization, oil and gas exploration and production, of
burning,agriculturalfield burning, road and construction dust, and portable
fuel containers.

2017EPA_Airports

2017 aircraft irflight emissions (Leaohly)

2017EPA_CarryFwd

2014v2 NEI data from 2014 EPA nonpoint estimates that were not updatg

for 2017:mercury from laboratories; bench scale reagents

10

4-2




The EPAdevelopa f RIF Gl aSi&a tA480SR | 020S{SEGOINA2YVTEI GKS OKw.
S/LIT agency data. We used various methods and databases to compile the EPA generated datasets, which are
FAdZNIHKSNJ RSAONAROSR Ay &dzwaSljdsSSyid adzmaSoOiAzyad ¢KS LN
pollutants or sources not provided by S/L/T agencies, to resolve inconsistencies in S/L/Fragenead

pollutant submissions for PM (Secti@r?.4 and to speciate S/L/Agency reported total chromium into

hexavalent and trivalent forms (Secti@r2.2) ® ¢ KS KA S NI NDOK & Takldddl detndsRvBidtitlataL INE & A
are preferentially used when multiple datasets could provide emissions for the same pollutant and emissions
process. The dataset with the lowest order on the list is preferentiesiyd over other datasets.

In addition to the order of the datasets, the hierarchy was also influenced by the EIS feature of data tagging
(Section2.2.6. Any datahat were tagged by EPA in any of the datasets were not used. S/L/T agency data were
tagged for two reasons: 1) S/L/Ts requested that their data not be used, and 2) EPA found unexpected pollutants
for a sourceDue to improvements in the new nonpoint sugvgnext section), there was very little need to tag

EPA nonpoint data for 201F.S/L/T agencies report zero emissions, then backfilling with other datasets will not
occur.There are two ways that S/L/T agencies can prevent inappropriately backfillesiensisrom being

included in the NEI: 1) S/L/T agencies can submit zeros for any pollutant they do not want filled in (the EPA data
will otherwise fill in for all pollutants that are on the nonpoint expected pollutant IBtS/L/T agencies can

completeil KS y2yLR2AY(d &dNBSé& | yR &aLISOATE ab2Xé G2 LINBGSy
not submit dataor 3) the EPA can add tags to backfill datasets that prevent the tagged pollutants from being
included in the NEI. The first optionnmost straightforward and takes care of any possible augmentation from

the numerous other datasets in the selection hierarchige second option was developed as a quick tool for
{k[kea G2 SaaSyidalrftfte LINBGSyl (KBegpasfSR G2 aidlb 3 2dzi¢

4.1.2 RevisedNonpoint Survey

The nonpoint survey, first developed for the 2014v1 NEI, then refined for the 2014v2 NEI,esadistd
further for the 2017 NEI. Thaeurpose of thenonpoint survey is to increase the accuracy and transparency in
how thenonpoint inventory is built using EPA and S/L/T agency data. The nonpoint inventory iratludes
nonpointsource categories thdPA generates estimates for.

Because each agency has their own universe of sources and inventory development approachegeeach
reports nonpoint estimates a little differently. The nonpoint survey galeiormation specifically for each SLT
regarding which source categories are covered by point, honpoint, or both, and about where point source
reconciliation needs to be a@ to nonpoint activity

tKS ySg y2yLRAY(l &dzNIDS &Estitdted 0yzid 2O S MG (KISt KR2YSA 4Kk A
not submit emissions for any nonpoint sector. Note, acceptable S/L/T activity inputs (next section) provided to

EPAwerabsorbedA y G2 9t! (22fa&a FyR GKSNBT2NB 6SOIYS a4a9t! ¢ &
some EPA data from backfilling, there were options to edit the default responses for each SCC or accept EPA
estimatesfor entire sectors. The optional reasonsdoSt SOG ab2¢ o0l yR GKAA 41 & | LILX

generates estimates) are: 1) | do not have this Source, 2) This source is included in my Point Source

contributions, 3) My agency uses different SCCs, and 4) My inventory is complete; it doeschtat bee

addzLJLX SYSYGSR® ! yR I RR ASipplément OnlyZdr MidsiBgyPolliitants at$nf Bporied ¢ , S a

/| 2dzy 0AS& 2NJ ¢NAOSE g1 a LINPOARSR (2 |fft2g 2yf& YAaaa
emissions were submitted for atdst one pollutant. More information on theew nonpoint survey is available

in Section 5.4.6 of the 2017 NEI Plan
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4.1.3 New for the 2017 NEWagon Wheel andnput Templates

A central database, called thgVagon Wheed, was developed to house all inputs and calculate emissions for

most nonpoint surce categories. In past inventories, EPA shared different tools to S/L/Ts, many with the same
inputs; this process was very inefficient and prone to human error as many tools shared similar inputs and

different versions of theetoolswere oftenused by Kk [ Kk ¢ & @& GKS GFAYylFIf ¢ GOSNRBAZ2YS
for the NEI. The Wagon Wheel links each activity input tables to the appropriate sector/module such that
refreshing one dataset ensures the next tdekation captures it for all appropriate semts. The full list of

nonpoint source categories/tools included in the Wagon Wheel is provid&édiion 5.4.2 of the 2017 NEI plan

EPA strongly encouraged S/L/Ts to provide only inputs to the Wagon Wheel because, often late inntiogyinve
development cycle, EPA finds a need for a tool update (e.g., error, or new, improved information, and so if
S/LITs submitted emissions (rather than inputs) using an old version of the tool, then their submitted data could
be out of date or incorrect.

EPA provided blank input templates for all Wagon Wheel source categories. These blank templates included all
default activity data, and as these default activity data were updated, the input templates and the wagon wheel
were updated to incorporate it. &/Ts then provided their completed input templates back to EPA where their
updated data, after rudimentary quality assurance, were used to supersede the default data in the template and
ultimately the Wagon Wheel. In this process, all S&ubmitted inputt OG A A G& RI GF 6SOFYS «a
activity data also included information on controls and emission factors where provided.

With one key exception, S/L/Ts couwgt out of submitting input templatsas EPA methods did not need S/L/T
inputs to computereasonable nonpoint estimates. EPA used SAubimitted point emissions as default for
nonpoint reconciliation for solvents, stage 2 gasoline distributaord publicly owned treatment works
(POTWSs)and, little to no overlap with the point inventory woute expected for most other nonpoint source
categories in the Wagon Wheédfioweverfor Industrial and Commercial/Institutional (ICI) nonpoint fuel
combustion, we relied on S/L/ubmitted throughput (fuel consumption) data, ideally from their Point
inventories.As discussed in Sectidrl3.3.6 EPAprovidedfour different options for submitting throughput for
the ICI tool Only three state reporting agencies and tvasritories did not submit ICI emissions, an input
template, or a nonpoint survey indicating there were no nonpoint ICI emissions.

A complete list of all S/Lubmittedwagon wheel inputictivity data is provided ifiable4-2. The input
templates that are needed for point inventory reconciliation are shaded.

Table4-2: S/L/T Input Templates submitted for the 2017 NEI

c
je]
17
>
: g
g o)) Q
c Q £ o | O o
2|2 7 S g 8|2 S| 3
|2 & 3 38| ¢ o | %3
2 [ g O = | ® £ T
S| E 2 3 T = = 3| 5
g |5 $ g z|8|8|0% S|lc|&|S8
Blel,l2(a| 25| S|IE|E|® | B | |22 || 8
@© o) ; c = c = [@)] o [} [} o o S I T =
5| 5 o | Q| = Sl | |8 |8|lec| || € @
5151628 5|55 588 8/S|5/3/8|E|¢
IEY + (@] ] — = [%))] — e
S/LAgency olladaloldblclolS|lolelelae|S|oll]lO0|lx|0
Alabama X
Alaska X X
Arizona X X X| X | X]| X | X
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S/LAgency

Central Database

Ag Tilling

Commercial Cooking

Landfills

Grilling

Road Dust

Residential Heating

Residential Wood Combustion

Mining & Quarrying

Compost

Asphalt Paving

Cremation

IAnimal Population

Construction Dust

Arkansas

Connecticut

X

X | X [ICI fuel combustion

X | X [POTWs

X | X |Solvents

x| [Stage 1 Gas Distribution

>

Delaware

District of
Columbia

X

X

Florida

Georgia

Hawaii

X|[X|X| X

Idaho

lllinois

Indiana

lowa

Kansas

Jefferson Co, KY

XX ([ XX

Kentucky

Louisiana

Maine

Maryland

Massachusetts

Michigan

XX | XX |[X

Mississippi

Missouri

X

Montana

Nebraska

X

New Hampshire

Clark Co, NV

X

Nevada

New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

XXX XX XXX X[ X

South Dakota

Knox Co, TN

X
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Nashville, TN X
Tennessee X X
Texas
Utah X
Vermont X X X X | X X | X | X X
Virginia X
Washington X X
West Virginia X
Wisconsin X | X | X | X X | X
Wyoming
Puerto Rico
U.S, Virgin Islands

4.1.4 New for the 2017 NEI: Credataset tagging

The 2017 nonpoint inventory was compiled in a much different manner than the 2014 NEI beyond the
implementation of the Wagon Wheel ardsociated S/LfSubmitted input templates. For 2017, we also

developed and appliethe followingElSautomated data exclusion rules: Nonpoint Survey Rule, Pollutant

Grouping Rule, and the Option Group/Option Set Rule. When applied, these rules greatljzedrthe need to

GG 3¢ 2dzi RFEGE GKFG ¢62ddZ R 20KSN¥AaAS 0S ySSRSR G2 LN
groups, SCCs and from different sources.

4.1.4.1 Nonpoint Survey Rule

For the first time, for the2017 NEI, the nonpoint survey responses dieeetly applied to the nonpoint

selection in the EIS. All S/L/Ts that completed the nonpoint surveys (green status button on the home screen for
GKS y2yLRAY(l adaNBSe0>s KIR GKSANI NBalLkRyasSa RANBOGT @
G 0SI2NEBELEIT Y2y LRAY G adiNIKSe oaNB aiLSTy2adkenny waSNED ShdlSIKkiéA S R
submitted & &, Saéd . & RSTrLdz G | 2y LRSupplémeatdzNdatd with NS & LJ;
EPA estimates. This simply means that if S/bf& dvas not submitted, and EPA data exists (for that
process/pollutant), then EPA data will be in the NEI with a caveat to the 2 rules discussed in the next two

sections. S/L/Ts were strongly encouraged to leave the SCCs as default (yes) if they wdtmguiampoint
AyLlzias 06SOldzaS {k[k¢ AylLlzia 6SNB F60a2NDBSR Ayidz2 9t!

4.1.4.2 Pollutant Grouping Reg

In previous NEI cycles, we tagged out data@revent double counting of pollutants across datasets that overlap
one another.Forthe 2017 NEI, a software solution that occurs during the blending process was developed so
that overlapping pollutants would be excluded from the selectBusiness rules were developed to select data
with overlapping pollutants acrostatasets to allowdifferent datasets included in a selection to be blended
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together in a way that avoids double counting due to overlapping pollutants. Because there are several HAPs
that belong to pollutant groups or represent a pollutant group themselves, these rulesaded to prevent

both a group and individual pollutant in that group from being used for the same process or facility. The
implementation of these ruless automated in the EIS.hese rules are applied at the process level (location and
SCC) for nonpoirgources angbrevents lowerhierarchy dataset pollutantpollutant groups from possible
doubleO2dzy i&® C2NJ SEIFYLX ST AF 'y {k[k¢ NBLERZ2NI&- a-8&ft Sy
generated individual (or mixed) isomers will not make it irite NEI. Rules for the following pollutant groups

were applied: xylenes, cresols, polychlorinated biphenyls (PCBs), glycol ethers, chromium, nickel, and PAHs. A
complete discussion of the cross dataset tagging proposed rules, applied to the nonpoint peaiertion are
available inAppendix “of the 2017 NEIPlah.yS OKIl y3S (G2 GKSaS at NPLI2aSRe N
the 2017 NEI is that we allow individual xylene isomers to be reported with Xylenes (mixed isomers) within the
same dataset.

N>

4.1.4.3 Option Group/Option Set Rule

We applied the EIS Option Group/Opticet BO0GOS) feature for the first time in the 2017 nonpoint NEI. In the

Source Classification Code table, we can define SCCs that have a hierarchical nature. That is, there may be a
GIASYSNIfté¢ ANRdzZLIE & ¢Sttt | a Y2 NElatonsi8ps ard defdedpy thed & A (0 K
GhLIXGA2Y DNRdzZL) k hLiA2y {Si¢ ohDh{0O FTAStRa Ay GKS {/
selection, there is the potential fatouble countingf data sources (emissions) across these data sources. For
exaY L S GKS 9t! YIF& NBLR2NI SyYrAaarzya G2 F a3SySNIfé
OGOS evaluation, both sets of data would be included in the NEI sel&dt®ourrent OGOS rules employed in

the Selection assumes that if a SLT subddts, they are summitting data for the entire group and no additional
RFEGE asSda | NB -Furt (0éS IdsasS R{ /(/24 adN IOQAY GKS &l YS 2LJiAz2y
selectiontobackF A f € Fye {// & 6AlKAY AfpkSix GOpNos Graupdigtichpet 8 SG & w S
Enhancement EIS Requirementsédf 2y G KS wHAamT bl A 2 yindntatdrviveldsiieXoray & Ly @
comprehensive discussion on the OGOS business rules being implemented in EIS for the 2017 nonpoint NEI. A
RN} FG tAad 2F hDh{ [FaaAr3ayyYSyda ¥F2N Apbehdixf20ya2 Ay G RI @
Nonpoint Proposed OptionGroePptionSe¢ g2 NJ 6221 2y GKS wnamt bl idA2yFf 9
Documentation website.

4.1.5 Nonpoint PM augmentation

Section2.2.4provides an overview of PM augmentation in the 2017 NEI and explains that we used a PM
Augmentation tool The tool creates two output tables for each datdegpory: Additions and Overwrites. We
postprocessed these output tables prior to loading the data in the EIS. In this section, we describe the post
processing issues that are specific to the nonpoint inventdfg.postprocessed these data to prevent

inadwertently overriding S/L/T agency primary PM10 and PM2.5 data (i.e., EIS pollutantsPR\1a6d PM2:5

PRI). The PM Augmentation Tool computes the condensableJ®N) and filterable PM components (PVAIQ

and PM25FIL) and reeomputes primary PM10 and PMR2when the sum of the components differed by more

than the slimtolerancé & 4 dzY SR o6& GKS (22t ® 2S RSOARSR (2 NBY2@S
PM2.5 whenever the summed PM from the components was within 0.01 tons of@ided primary PMQ

or PM2.5 totals. This tolerance was higher than the one used by the tool, but we wanted the NEI to reflect that
the data source for the primary PM10 and PM2.5 was from the S/L/T agency and not the EPA augmentation
dataset. We used summed components frima tool to overwrite the S/L/T agency data in the NEI selection

when this difference exceeded 0.01 tons and S/L/T agencies reported both primary PM10 and PM2.5; however,
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this was averyrare occurrence. Nationally, these overwrites resulted in ory7&ton replacement ofprimary
PM2.5.

4.1.6 Nonpoint HAP augmentation

For nonpoint sources, we derived HAP augmentation ratios from the emission factors used to develop the EPA
nonpoint source estimatesh& EPA nonpoint HAP emission estimates are computed im&#pdint database

& G 2 gefg.apreviously discussed wagon wheel, oil and gas tool), or-slané databases such as that used for
agricultural burning and livestock wastgecause we used the same emission factors for these augmentation
ratios, the ratos of HAP to CAPs for augmented S/L/T agency data are the same as the HAP to CAP ratios for the
EPAonly data.For accessbyned L { dza SNE X GIKS I dkAY SFyAlidrSthacee sif SAR I
Supplemental data FTP sifrovides the emission ratios that the EPA used for augmenting point and nonpoint
data categories. The nonpoint HAP augmentation factors wptatedas compared to what was used for the

2014 NElI, particularly for the oil and gas sectbine EPA staff responsible for the nonpoint sectors use their
discretion for how to augment HAP emissions and work with the S/L/T agencies to reflect as complete and
acarate set of pollutants as possible for the many source types. In general, if a S/L/T agency submitted a partial
list of the HAPs that would be augmented for a given category, then we allowed the missing HAPs to be gap
filled with the HAP augmentation datdhese missing HAPs are determined by comparing the Expected

Pollutant List for Nonpoint SCCs with those that S/L/T agencies submitted. However, this approach has a risk of
potentially violating VOC mass balance, whereby the sum of the VOC HAPs exeeéd€ttotal. Thus, special

cases occur when such problems are identifladhe limited cases where this occurred, we applied the

business rules defined in Section 3.3.2 inZbé7 NEI| Plato tag out S/L/T data causing this violation; in this
case,S/L/TFsubmitted HAPYOCs were replaced withAP augmentation (generally based on SAubmitted
VOC)based HAR/OC estimates.

4.1.7 EPA nonpoint da

For the 20X NEI, the EPA developed emission estimates for many nonpoint sectors in collaboration with a
consortium of inventory developers from various state agencies regional planning organizations called the
NOnpoint Method Advisory (NOMAD) Committdde broad NOMAD committee meetgproximatelymonthly

to discuss the overall progress on the various sectors for which tools and/or estimates are being developed or
refined. More detailed NOMAD subcommittees were established for key nonpoint sourcedatigectors

including, but not limitedo, oil and gas exploration and production, residential wood combustion, agricultural

NH3 sourceicluding agricultural fertilizer and livestock, solvertsdindustrial and commercial/institutional

fuel combustim. These subgroups collaborate on methodologies, emission factors, and SCCs, allowing the EPA
G2 LINBLI NB (KS d&RSmetuxiolbgiesafdYoh idpdt fedplate SoemiatZol3/LiT Sigencies
dZAAy3 GKS 3INRdzZLIQ&E FAYI f s wérdNEnedii Bepabatioh foSthe2014NEE O2 Y Y A
continued with the 2017 NEI development cycle. The primary focus of the 2017 NEI cycle was on Wagon Wheel
and the associated input template development. This shift towards seeking more S/L/T input aetiaity

rather than emission submittals makes for a more transparent quality assurance process as we now have readily
available tracking of the inputs as well as resulting outputs (emissions). We can ensure that the methodology
used to estimate the final erssions for all Wagon Wheel sectors is consistent.

During the 20T NEI inventory development cycle, S/L/T agencies, using the nonpoint survey (fetinn
couldaccept the NOMAD/EPA estimatessigpplementfulfill their nonpoint emissions reporting requirements.

¢KS 9t! SyO02daN}¥ 3SR {k[k¢ F3ISyOASa GKIFd RAR y2d dzasS
GRSTI dzf ¢ YSiK2 Raufdatadir&ty TablgadR and Tirdle¥-4 deéscribe the sectors for which

EPA developed emission estimatelsey separately list emissions sectors entirely comprised of data in the
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nonpoint (i.e., not point source) data categomable4-3), such as residentialeating, from sectors that may
overlap with the point sourced &ble4-4). For sectors that ovap, some emissions will be submitted as point
sources ad other emissions in the same state or county are submitted as nonpoint, for example, fuel
combustion at commercial or institutional facilities. The EPA attempted to include ak&irfated nonpoint
emissions that overlap if it was determined that theeggory was missing from the S/L/T agency data. All EPA
methodologies ar@liscussed in the remaining nonpoint sectors that follow; however, some tables (primarily
emission factors) wertoo large to include in this TSBnd we direct the reader to the apppoiate name
provided in zip files posted on ti#17 NEISupplemental Nonpoint data FTP sfier these casesThe SCCs
associated with the EPA nonpoint data categodas befound on the EPA SCC Search web$he. sections
following these tables include information on key pollutants submitted by S/L/T agencies for each nonpoint
source category or EIS sect

Table4-3: EPAestimated emissions sources expected to be exclusively nonpoint

EPAestimated emissions TSD
source EIS Sector(s) Section| Name of supporting documentation
Agriculture-
Agricultural Fertilizer Fertilizer
Application Application 4.4| 2017 _Fertilizer_Application_Supplemental_Data.
Fires-
Agricultural Field
Agricultural Field Burning| Burning 4.12 | AgBurning_Emission_Factors. HAPs_2017NEI.x
Solventg
Consumer &
Agricultural Pesticide Commercial Agricultural Pesticides NEMO 2017 FINA2._4
Application Solvent Use 4.23 | update.docx
Agriculture-
Crops & Agricultural Tilling NEMO 2017 FINAR 4
Agricultural Tilling Livestock Dust 4.3 | update.docx
Agriculture-
Animal Husbandry Livestock Waste 4.5 | Agricultural Livestock NEMO 2017 FINAL.docx
Solventc
Consumer &
Commercial
Asphalt Paving Solvent Use 4.24 | Asphalt NEMO 2017 FINAE2 4ipdate.docx
Aviation Gasoline Aviation Gasoline Distribution Stage 1 NEMO 20
Distribution Stage 1 Gas Stations 4.7 | DRAFT_v2 -4 update.docx
Aviation Gasoline Aviation Gasoline Distribution Stage 2 NEMO 20
Distribution Stage 2 Gas Stations 4.7 | DRAFT -2 update.docx
Commercial
Commercial Cooking Cooking 4.8 | Commercial Cooking NEMO FINAR update.docx
Miscellaneous
Nortindustrial
Composting NEC 4.26 | Composting NEMO 2017 FINAL2 dpdate.docx
Dust from Dust-
Commercial/lnstitutional | Construction Construction DustNonresidential NEMO 2017
Construction Dust 4.9 | FINAL_4 update.docx
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EPAestimated emissions TSD
source EIS Sector(s) Section| Name of supporting documentation
Agriculture-
Dust from Livestock Crops &
Hooves/Feet Livestock Dust 4.3 | Dust from Hooves NEMO_FINAJ2 dpdate.docx
Dust-
Dust from Residential Construction Residential Construction Dust NEMO 2017 FINA
Construction Dust 4.9 | 2 update.docx
Dust-
Dust from Road Construction Road Construction Dust NEMO 2017 FINAL_4
Construction Dust 4.9 | update.docx
Human and Animal
Cremation Waste Disposal 4.18 | Cremation NEMO 2017 FINALE2 dpdate.docx
Locomotivesnon-Rail Mobile - 2017Rail_main_21aug2019.pdf (from ../point
Yard Locomotives 4.22 | directory)
Industrial
Processes
Mining & Mining & quarrying NEMO 2017 FINAI2 4
Mining and Quarrying Quarrying 4.16 | update.docx
Nonpoint Mercury from:
Dental Amalgam
Production, Fluorescent
Lamp Breakage,
Fluorescent Lamp
Recycling, Switches and | Miscellaneous
RelaysThermometers Non-Industrial
and Thermostats NEC 4.2 | Other Mercury NEMO 2017 FINAL6 dpdate.docx
Open Burning, Land Open Burning Land Clearing Debris NEMO 2017,
ClearingDebris Waste Disposal 4.27 | DRAFT 2.docx
Open BurningYard Open Burning Yard Waste NEMO 2017 FINAZL_4
WasteDebris Waste Disposal 4.27 | update.docx
Open Burning, Residentig Open Burning RHW NEMO 2017 FINA2. 4
Household Waste Waste Disposal 4.27 | update.docx
Dust- Paved
Road Dust, Dust
Paved and Unpaved Roa - Unpaved Road| 4.10,
Dust Dust 411 Road Dust NEMO FINAL revised 4 9 2020.doc
Miscellaneous
NornIndustrid
Portable Fuel Containers| NEC 4.20 Portable Fuel Container Inventory 2017 _vl1.docx
Miscellaneous
Residential Charcoal Non-Industrial Residential Barbecue Grilling NEMO FINAL_4
Grilling NEC 4.19 | update.docx
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EPAestimated emissions TSD
source EIS Sector(s) Section| Name of supporting documentation
Fuel Comb
Residentiat
Natural Gas, Fue
Comb-
Residentiat Oil,
Fuel Comb
Residential Heating, nen | Residentiat Residential Heating NEMO 2017 FINA2_4
wood Other 4.14 | update.docx
Fuel Comb
Residential Wood Residentiat
Combustion Wood 4.15 | Residential Wood Combustion_ DRAFT.DOCX
Working Face Landfills | Waste Disposal 4.2 | Landfills NEMO 2017 FINALE2 dpdate.docx

Table4-4:

Emission sources with potential nonpoint and point contribution

EPAestimated
emissions source

EIS Sector(s)

TSD
Section

Name of supporting documentation

Industrial and
Commercial/lnstitutiond
| Fuel Combustion

Fuel Comb Industrial
Boilers, ICEsAIl
Fuels, Fuel Comb
Commercial/lnstitutio
nal- All Fuels

4.13

ICI NEMO FINAL-2dupdated.docx

Nonpoint Gasoline
Distribution

Bulk Gasoline
Terminals
GasStations
Industrial Processeas
Storage and Transfel

4.7

Stage | Gasoline Distribution NEMO FINALS-7
2019 42 updated.docx

Oil and Gas Production
and Extraction

Industrial Processes
Oil & Gas Production

4.17

OIL_GAS_TOOL_2017_NEI|_PRODUCTION_V
OIL_GAS_TOOL_2017_NE|_EXPLORATION_\

2017 NEI Oil and Gas Tool Subpart W
Analysis_3 14 2019.zip,

2017 Oil and Gas Memos.zip,

2017 Nonpoint Oidnd Gas Emission Estimation
Tool Revisions V14 11 2019.docx,
EPA_2015b_NSPS OOOOa TSD August 2015.§
Oil_and_Gas_Tool_Documentation_v1.2 2017.
Sept. discussion notes withe EPA and ERG.doc

POTWs

Waste Disposal

4.28

POTWs NEMO FINAE2 &ipdated.docx
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EPAestimated
emissions source

TSD
EIS Sector(s) Section
Solvent- Consumer &
Commercial Solvent
Use,

Solvent Degreasing,
Solvent Dry Cleaning
Solvent Graphic Arts
Solvent- Industrial
Surface Coating &

Name of supporting documentation

Solvent Use,

Solvent- Non-

Industrial Surface Solvent NEMO 2017 FINALES-2019 42
Solvent Utilization Coating 4.25updated.docx

4.2 Nonpoint non-combustion-related mercury sources

This category includes the followingercury emission categoriesandfills (working facegwitches and Relays,
Fluorescent Lamp Breakage, Dental Amalgam, General Laboratory Activities, Thermostats, Thermometers,
Flworescent Lamp Recycling, and Batteridsman and animal cremation estimates include CAPs as well as
mercury and are discussed later in Secdob8

4.2.1 Descriptionof sources

Thesesources include a mix of EfgAnerated and SESubmitted emissions for the SCCs listedable4-5. EPA
updatedsome ofthe activity data to year 204in the 207 NEI. Additional descriptions of the individual tyjds
activities are provided in the sourgpecific suksections below.

Table4-5: SCCs and emissions (Ibs) comprising tmgoint non-combustionHg sourcein the 2017 NEI

Description SCC Sector SCMescription 2014v2 2017
Landfills; Municipal;
Landfill workin . Dumping/Crushing/Spreadin
912620030001 Waste Disposd - P'ngrrushingispreading 763 871
face of New Materials (working
face)
Scrap waste: Scrap and Wastk®laterials;
Th tat ) S d Waste Materials;
ermostals 1 650000000 Waste Disposd 0 op and Yvaste Materiais 241 234
and Total: All Processes
Thermometers
Shredding: Scrap and Waste Materials;
Switches and | 2650000002 Waste Disposg Scrap and Waste Materials; 3,372 2,519
Relays Shredding
Dental Amalaan Miscellaneous | Miscellaneous Area Sources;
. g 2850001000 NorrIndustrial | Health Services; Dental Alloy 923 916
Production ,
NEC Production; Overall Process
Miscellaneous | Miscellaneous Area Sources;
Fluorescent .
2861000004 Nor+Industrial | Fluorescent Lamp Breakage; 1,676 1,815
Lamp Breakage NEC
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Description SCC |Sector SCDescription 2014v2 2017
Nonrecycling Related
Emissions; Total
_ Miscellaneous Area Sources;
Fluorescent Miscellaneous Fluorescent Lamp Breakage;
.| 2861000010 Non-Industrial . . ’ 0.6 0.08
Lamp Recycling NEC RecyclindRelated Emissions;
Total
General Miscellaneous | Miscellaneous Area Sources;
Laboratory 2851001000 NorrIndustrial |Laboratories; Bench Scale 635 633
Activities NEC Reagents; Total
TOTAL 7,611 6,988
b2yS 2F (KSaS OFGdS3a2NARSa INBE RAAGAYOG NBIdzZ G2 NEB

the mercury summarprovided inTable2-8.

4.2.2 Sources of data

The history of these ERSStimatesdates to the 2011 NEI. The 2011 NEI nonpoint Hg estimates were developed

in collaboration with arcastern Regional Technical Advig&RTAC) workgroup set up for focus on these

nonpoint emissions sources. For the 2014v2 NEI, the activity data for all source categories except General
Laboratory Activities (2851001000) were updated to year 2014, and these were further updated foyealect

2017 activity for the 2017 NEThese estimates wetben merged with S/L/T agency data as part the NEI

selection hierarchy defined in Sectidrl.1 TheEPA encouraged S/L/T agencies thatyfi#l i
ortools2 A YLINR @S dzLl2y 7AnktBoddogies Arfl Subrditffuiitier improved data. The S/L/T data
replaced the EPA estimates in the counties where S/L/T agencies provided alaid-6 lists the agencieand

dza S 9t ! Qa

SCCthat were submittedor these nonpoint mercury sources; the S/L/T emissions from these agéICiEs
replace EPA estimates in Z0MEI.

Table4-6: Agencies reporting emissions to roambustion mercury source categories
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Agency — Nao|lne oo ||| oL
Coeur dAlene Tribe X X X X X X
IllinoisEnvironmental Protection Agency X X X X
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4.2.3 EPAdeveloped emissions

Landfills (working face)

The EPA estimated mercury emissions for landfill working face emissions. While the amount of mercury in
products placed in landfills has tended to decrease in recent years, there is still a significant amount of mercury
in place at landfills across the auity. There are three main pathways for mercury emissions at landfills: (1)
emissions from landfill gas (LFG) systems, including flare and vented systems; (2) emissions from the working
face of landfills where new waste is placed; and (3) emissions freraltised, covered portions of landfills [ref

1]. Emissions from LFG systems are considered point sources and are aiobadiyd in the NEI as submissions
from S/L/Tagencies or from the point source dataset that gap fills these laedfilssions (20dEPA_LF).

Lindberg et al. (2005) [ref] found that emissions from the closechvered portions of landfills are negligible

and are similar to background soil emission rates. Therefore, this methodology focuses on emissions from the
working face of landfills.

The calculations for estimating the emissions from landfills involveefitanating the amount of waste each

landfill receives in a year. The total amount of waste in place for each landfill in a county is available from the US
9t 1 Q& [lIYRFAft aSiKIyS hdzZiNBF OK t NPINFY 6 alantdfid RI G
is divided by the number of years a landfill is operational to estimate the amount of waste a landfill receives

each year. The amount of waste that a landfill receives each year is multiplied by an average emissions factor to
calculate the totamercury emissions from landfills for each county.

Switches and Relays

Switches and relays make up the largest potential source of mercury from products that intentionally contain
mercury. Mercury is an excellent electrical conductor and is liquid at room temperature, making it useful in a
variety of products, including swhes used to indicate motion or tilt, as the mercury will flow when the switch
is in a certain position, completing the circuit.

While mercury switches in cars were phased out as of the 2002 model year, there are still millions of cars on the
road that conain them. Theswitches and relays in these can® potential emissions sources when the cars are
recycled at the end of their useful lives, which involves crushing and shredding of the car. The shredded material
is then sent to an arc furnace to recythe steel. To avoid double counting point source emissions from arc
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furnaces, this source category only includes an estimate of nonpoint emissions from crushing/shredding
operations.

The calculations for estimating mercury emissions from switches angsralgolve first estimating the number

of switches unrecovered by the state by taking the difference betweendta estimated number of switches
available and the total switches recovered in each state. The number of unrecovered svstitiezs

apportioned to each county based on the number of car recycling facilities from the US Census County Business
Patterns data for NAICS 42393We total amount of switches unrecovered by county is multiplied by the
emissions factor for mercury to estimate mercamyissions from switches and relays.

Fluorescent Lamp Breakage/Recycling

Fluorescent lights are a potentially significant source of mercury emissions. Although each lamp contains only a
small amount of mercury, which has been decreasing in recent yeargdieased demand for fluorescent

lamps could lead to increases in mercury emissions. Increased demand for fluorescent lamps, particularly
compact fluorescents, is driven partly by the phase out of many types of incandescent bulbs from the Energy
Independace and Security Act of 2007 (PL 114D § 321).

In addition to emissions of mercury from the breakage of fluorescent light bulbs (SCC 286100000®9 athere
small amount of emissions from recycling fluorescent bulbs E860000010)

The calculations for estimating the emissions from fluorescent lamp breakage and recycling involve first
estimating the average life, in hours, of various fluorescent lamp types. Data from a Freedonia Group Industry
Study on the U.S. lamp markistused toestimate the total number of lamps thatre discarded or recycled. The
number of bulbs recycled is calculated using a recycling rate percentage. This number is then subtracted from all
bulbs discarded or recycled to determine the number of bulbs discartlee activity datare allocated to the
county-level based on the share of the population present in each county. An emissions factor is calculated using
the amount of mercury available in each fluorescent bulb type. The total amount of fluorescentécyioted

or discarded is multiplied by the emissions factor for mercury to estimate mercury emissions from fluorescent
lamp breakage and recycling.

Dental Amalgam

Dental amalgam is used to fill cavities in teeth, and it is composed of approximately 45Uryfrexf 2];

however, he use of dental amalgam is declinithge to the increased popularity of composite fillings for teeth

[ref 3]. Nevertheless, there is still a small amount of mercury emissions from dental amalgam in restored teeth.
There are two potential sources of mercury emissions from dental amalgam: emissions frpreplaeation of
amalgam in dental offices, and emissions directly from restored teeth.

The calculations for estimating the emissions from dental amaigatnde estimatingemissions fronboth

dental fillings and dental office preparation. The number ltiffjs by age group (for dental fillings) and the total
mercury sold in dental amalgam (for dental office preparation) are allocated to the ctendl/based on the

share of the population present in each county. The dental filling data by age greopltiplied by the

percent of mercury present in dental fillings to determine the amount of mercury from dental fillings. The total
amount of mercury from dental fillings and from dental office preparation are multiplied by emissionssfactor
for mercury andsummed together to estimate the total mercury emissions from dental amalgam.

General Laboratory Activities
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Documentation for previous versions of the NEI have cited personal communications with USGS staff for
estimates of the amount of mercury used in geadaboratory activities. In discussions with Robert Virta of the
USGS (2013), EPA learned that the USGS stopped conducting its survey of the end uses of mercury in the
economy in 2002ref 4]. Howeverthe Interstate Mercury Education and Reduction Clearinghouse (IMERC)
tracks theuse of mercuryadded chemical products that are sold as a consistent mixture of cherjrebis.

Since this trend indicates that the use of mercadded chemical products has remained relatively consistent
since 2002the estimate of mercury emissions frorereral laboratory activities in the 2008 NEI is pulled
forward for the 2017 NEI.

Thermostats/Thermometers

Mercury has been used in thermostats to switch on or off a heater or air conditioner based on the temperature
of a room. Most of the historic producin of mercury thermostats came from three corporations: Honeywell,
White-Rogers, and General Electric. In 1998 these corporations formed the Thermostat Recycling Corporation
(TRC), a voluntary program that attempts to collect and recycle mercury therra@sgdhey come out of service
[ref 6].

Mercury thermometers have all but been phased out in the United States, with the USEPA and National Institute
of Standards ash Technology (NIST) working to phase out mercury thermometers in industrial and laboratory
settings. NIST issued notice in 2011 that it would no longer calibrate meregtsiss thermometers for

traceability purposes. EPA issued a rule in 2012 that pesvigxibility to use alternatives to mercury

thermometers when complying with certain regulations pertaining to petroleum refining, power generation, and
PCB waste disposal. Furthermore, thirteen states have laws that limit the manufacture, sale, asimifontibn

of mercurycontaining fever thermometergef 7]. Nevertheless, given the historical prevalence of mercury
thermometers, it is likely that a significamtn@unt of mercury remains in thermometers in homes in the United
States

The calculations for estimating the emissions from thermostats and thermometers involve first estimating the
total number of thermostats disposed and the amount of mercury in thermomsedwailable for release. The
number of thermostats disposed and the amount of mercury in thermometers available for release are allocated
to the countylevelbased on the share of the population present in each couRe totalnumberof

thermostats dispsed and the amount of mercury in thermometers available for release are multiplied by the
emissions factor for mercury and summed together to estimate mercury emissions from thermostats and
thermometers.

4.2.3.1 Activity data

Landfills (working face)

TheUS.ERAA [ YRTAfE aSiKFIyS hdziNBIFI OK t NPAINIY oO6[ahto Yl
States with information on the total amount of waste in place, as well as the opening and closing years of the
landfill and the county where the landfill is lted [ref8]. The average number of tons of waste each landfill

receives is estimated by dividing the total waste in place by the number of years the landfill has been operating.
Only landfills that wer@pen in 2014 are included in the analysis.

To determine the number of years each landfill has been active, the year the landfill opened is subtracted from
2017. Only landfills that are open in 2017 are included in the analysis.

60 ¢mpxd (1)
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Where:

OR = Total number of years of operation for each landfill
Q Year landfill opened

The average number of tons of waste each landfill receives is estimated by dividing the total waste in place by
the number of years the landfill has been oatng.

w0
W @
0V
Where:
Wi = Average tons of waste that landfilteceives per year
WR = Total waste in place in landfijlin tons
OR = Total number of years of operation for landfill

Some counties have multiple landfills,smissions within the county are summed in these instances.

& & (3)
Where:
W = Average tons of waste fromlandfills in countyc
W, = Average tons of waste that landfilteceives per year

Switches and Relays

The End of Life Vehicle Solutions Corporation (ELVS) provides information on the estimated number of switches
available for recovery in each state and the amount of switches actaabtyvered in 201fref 9, ref10]. There

were 1.8 million mercurycontaining automobile switches available nationwide in 280d 217,634 switches

collected for recycling, for a collection rate Iif. ®6. Therefore, there were approximatelyé million

unrecycled automotive switches in 2Dih the UnitedStates. The state level number of switches unrecovered is
calculated by taking the difference between the total estimated number of switches available and the total
switches recovered in each state.

YETY YE O TWQQTY (1)
Where:
Uns = Total switches unrecovered by state
TotS = Total switches available in stase
Re& = Total switches recovered by stade

Fluorescent Lamp Breakage/Recycling

Data from a Freedonia Group Industry Study on the U.S. lamp maeketused to estimate thaapproximately
1.485billion mercury containing lamps, includingmpact fluorescentsqFL} linear,and high impact discharge
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(HID) lamps, were discarded or recycled in2p&f 11]. Bulb sales for 2002, 2007, 2012 and projections for
2017 were obtained from Freedonia; sales for all other years were calculated by extrapolating data. Average
rated life (hours) of lamp typesused to calculate lifetimes (years), assuming that CFLs are on for 4 hours per
day and all other fluorescents and HIDs are on for 8 hpersiay [refl2, ref 13]. Table4-7 includesthe lifetime
data assumed for each bulb type. The lifetidega are used to estimate the year in which bulbs that are
discarded or recycled in 2017 would have been purchased.

Table4-7: Lifetime in hours and years for each bulb type

Bulb Type| Life (hrs) | Life (yr) | Purchase Year] Number of bulbs (million)
CFL 9,000 6 2011 722
Linear 25,000 9 2008 583
HID 17,000 6 2011 180
Total - - -- 1,485

*If bulbs are discarded or recycled in 2017

YEOOS 00 (FLI)

Where:
TotB = Total number of bulbdiscarded and recycled, in million units (Sesble4-7)
PB = Total number of bulltypeb purchased

According to a 2010 study by Silveira and Chang, the recyctnfpranercury containing lamps in the U.S. is
23%Jref 14]. Takingnto account recycling, this suggests that there wapproximatelyl,143 millionmercury-
containing lamps discarded at landfills and approximasdlymillion mercurycontaining lamps recycled in
2017.

For fluorescent bulbs recycled:

YQwEYE O BYY (FL2)
Where:
Re® = Total number of bulbs recycled, million units
TotB = Total number of bulbs discarded and recyclednitiion units
RR = Recycling rate for mercury containing lamps in the US
For fluorescent bulbs discarded:
0Qi O8E 60 8YQWH (FL3)
Where:
RecB = Total number of bulbs recycled, in million units
ToB = Total number of bulbs discarded and recycled, in million units
RR = Recycling rate for mercury containing lamps in the US
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Dental Amalgam

I O0O2NRAY3A (2 | b 92 2015)&15 the Snodntoffrieruily ankKiéh&iliamalgam was
estimated to be 15.97 tons (31,940 Ibs.) in 2013.

The amount of mercury emissions from restored teesthstimated using data from the National Institutes of

| S GKQA blidA2ylf LyadAddziS 2F 5Sydtrt FyR /I NI YyA2FLEC
of filled teeth per personfrom theCDC National Health and Nutrition Examination Survey (NHANE®BE

different age bracket2-5 years, 611 years, 1215 years, 169 years20-34 years, 359 years, 564 years 65

74 years, and 75 and up [r&6]. The filling data for the age groupsl@ years, 125 years, and 189 years are

averaged together as are the filling data for the age groupg4gears and 75 and up to match the U.S. Census

age caggory, 519 and 65 and uplable4-8 lists the average number of filled teeth per person by age group.

Table4-8: Average number of filled teeth per person and percentage of fillings containing mercury by age group

Age Group _Average Number of Percen_ta}ge of Fillingy

Filled Teeth Per Persor| Containing Mercury
0c4 0.47 15.8%
5¢19 1.756 31.6%
20¢34 4.61 40.8%
35¢49 7.78 50%
50¢64 9.20 62.5%
65+ 8.69 75.0%

According to the American Dental Association (ADA 1998) more than 75% of restorations before the 1970s used
amalgam, which declined to 50% by 1984f 17]. Using these numbers, it is assumed that 40.8% of the filled

teeth for 20:34 age group contain amalgam, 50% of filled teeth in thd@%age group, 62.5% of filled teeth in

the 5064 age grop, and 75% of filled teeth for people over 65. The BAAQMD memorandum is used to estimate
that 31.6% of filled teeth in the-19 age group contain amalgam. The Food and Drug Administration has
discouraged the use of dental amalgam in children undeef6lL8]. While EPA does not have data on the

percent of fillings containing dental amalgam for thd @ge group, it is assumed that the percentage of fillings
containingmercury in this age group is approximately half that of the overall under 20 age group.

Thermostats/Thermometers

A 2002 EPA report estimated tha32million thermostats came out of service in 198&f 19]. A 2013 report

from a consortium of environmental groups, which assumed that the estimate from the 2002 EPA report
remained viable, estimated that the TRC collects at most 8% of the retiegthbstats each yedref 20]. A

literature search revealed no new data that could be used to estimate the number of thermostats coming out of
service. Therefore, urgg this estimate, there are approximately 2.3 million thermostats that are not recycled
each year.

0Qi 1" WQa& Yip 18y (T1)

Where:

DispTs= Total thermostats disposed
RemTs= Total thermostats removed from service
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5FdF FTNRBY IMERQfactshedt uggests that there were 546 Ibs. of mercury used in thermometers in
2013[ref 21]. Using past NEWMOA IMERC thermometer data we forecasted the ¥@iuesrcury in 2014
2017. Sedable4-9 for the amount of mercury used in thermometers each year from 2PQB7.

Table4-9: Total mercury in thermometers sold and mercury available from thermometers, annually

Year Total Mercury in Mercury Available from
Thermometers Sold (Ibs.) Thermometers each year (Ibs.
2013 546 519
2014 532 1,024
2015 523 1,496
2016 514 1,936
2017 506 2,345

The US EPA assumes that the average lifespan of a glass thermometer is 5 years, and that 5% of glass
thermometers are broken each yepef 19]. Therefore, using the pounds of mercury available in thermometers
each year (shown iable4-9 above) here would be an estimated 2,345 pounds of mercury remaining in
thermometers in 2017 (accounting for the breakage rate each year). The following equation calculates the total
amount of mercury remaining in thermometers for each year during the lifespttredhermometer. To

calculate the value at the 5 year lifespan mark, the following equation (equation T2) needs to be used to
calculate the value for years 2 through 5, with each year building upon the previous year (i.e., the calculation
needs to be condtted for all years to find the final year 5 data). Sedle4-9 for the final values of mercury
available from thermometers in 2017, aSectiord.2.3.5for detailed calculations on how to arrive at the final
number.

0QYa 0OQYad wub 0OQYaYEaQ (T2)
Where:
HgTm = Amount of mercury remaingin thermometers in yean, in pounds
HgTm.a = Amount of mercury remaining in thermometers in the year prior to ygadn pounds
HgTmSolgd= Amount of mercury in thermometers in year 1, in pounds
n =Year

King et al. (200gyef 22] estimate that during the period 200006 there were 350 Ibs. of mercury from
thermometers collected in recycling programs

Subtracting the amount of mercury reaed due to thermometers being collected in recycling programs from
the total amount of mercury remaining in thermometers in 2017 estimates the total amount of mercury in
thermometer available for release, in tons. Therefore, there were 1,995 Ibs. ((n8Y &b mercury available for
release in 2017.

0€¢
0QYYAOQYa OQYYda —vp —. (T3)
¢ Tt an o8B
Where:
HgTRI = Amount of mercury in thermometers available for release, in tons
HgTm = Amount of mercury remaining in thermometers in year 5, lifespan of a thermometer, in

pounds
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HgTRm=Amount of mercury removed in thermometer collections, in pounds

4.2.3.2 Allocationprocedure

Landfills (working face)

The EPA LMOP database provides data at the county, teeetfore, no allocation procedure ieeded for this
source

Switches and Relays

The number of unrecovered switches is apportioned to each county based on the number of car recycling
facilities. The number of car recycling facilities is estimated using estaigig data for recyclable matexi

YSNOKI Yyl ¢gK2tSaltSNAR ob! L/ { nH&mnyBusifebsPaiteriasKCRE) o{ & /
23].

The number of car recycling facilities by coumgyni the US Census County Business Patterns data is first
summed to the state level.

"0 O (SR2
Where:
K = Total car recycling facilities in stade
F = Total car recycling facilities in courtgy

The share of state car recycling facilities by county is calculated by taking the total number of car recycling
facilities in a given county by the total number of car recycling facilities in the state.

v O !
Oi 0w % (SRS,
Where:
Frack = Total fracton of state car recycling facilities in coumty
F = Total car recycling facilities in courtty
Fs = Total car recycling facilities in stege

The share of unrecovered switches by county is calculated using the state number of unrecovered switches and
the total share of state car recycling facilities by county, calculated above.

Y& Y YE Y 0L DO (SR4
Where:
uns = Total switches unmovered in countg
uns = Total switches unrecovered in state
Frack = Total share of state car recycling facilities in county
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Fluorescent Lamp Breakage/Recycling

The nationalevel mercury emissions from fluorescent lamp breakage are allocateacto @unty based on
population.

50
e B T (FL4)
i)
Where:
Fra®, = Fraction of total US population in courty
P = Population in countg
Pus = Population in the US

The fraction of total US population in a county is multiplied by the national data for fluorescent bulbs recycled or
discarded to calculate the number of fluorescent bulbs recycled or discarded at the deuaty

For fluorescent bulbs discarded:

0@ Ol KOOI ©o (FL5)
Where:
DiscB = Total number of bulbs discarded in couietyin million units
Fra®: = Fraction of total US population in courty
DiscB = Total number of bulbs discarded in the US, in million units

Forfluorescent bulbs recycled:

YQo6 0l GOX Qw6 (FL6)
Where:
RecB = Total number of bulbs recycled in courttyin million units
FracR = Fraction of total US population in courty
RecB = Total number of bulbs recycled in the USiiflion units

Dental Amalgam

The amount of mercury from dental office preparations, based on the amount of mercury in dental amalgam
FNRY b92ah! Qa [red Hynare afotated té tkeSQuiity level based on population.

50 \
o %_ (DAL
Where:
Frad: = Fraction of total US population in courty
P = Total population in countg
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Pus =  Total population for the United States

The countylevel population fraction is multiplied by the amount of mercury sold for dental amalgam to
calculate the total mercury from dental office preparations by county.

'0'Q0 "Oi G G0 (DA2
Where:
HgQ = Total mercury from dental office preparations in counfyn pounds
FracR = Fraction of total US population in courty
HgDA =  Total mercury sold for dental amalgam in the US, in pounds

The emissions frorfilled teeth are allocated to each county by multiplying the county population by the

proportion of the national population in each age group, the average number of filled teeth per person, and the
fraction of fillings containing mercuryf§ble4-10; fraction = percentage/100). The age groups liste@idhle

4-10, hereafter referred taas filling groups, are different than official US census bureau age groups; therefore
national fractions of each US census bureau age group were calculated, summed, and multiplied by county level
population to estimate the county level population for ediling group.Table4-10shows how the US Census

age groups correspond to each filling group.

Table4-10: US Census age groups and filling groups
US Census| Corresponding
Age Group | Filling Age Group
Under 5 0c4
5¢9
10¢14 5¢19
15¢19
20¢24
25¢29 20¢34
30¢34
35¢39
40c44 35¢49
45¢49
50¢54
55¢59 50¢64
60¢64
65¢69
70¢74
75¢79 65+
80¢84
85 and up

First, the share of total population each US Census age group represents to the entire US population is
calculated.

0 (DA3



Where:

Frad = Fraction of the total US population in Census Bureau age group
Pa = Total population in Census Bureau age graup
Pus = Total population for the United States

The fraction of the population for each US Census age group is then summed to mattdimthgribups.

Ol GO 0l 6D (DA4,

Where:

Fracky, = Fraction of the total US population in filling groigp
FracR, = Fraction of the total US population in census bureau age gapwihere age group falls
within filling groupfg

The fraction of population for each filling group is multiplied by the codenyl population data to get the total
population for each filling group.

0 5 "Oi ®®OC (DA5
Where:
Po.c = Total population in filling groufg in countyc
Fracky, = Fraction of the total US population in filling groigp
P = Total population in countg

The filling group countjevel population is multiplied by the average number of fillings per person in each filling
group to determine the total number of fitigs in each filling group in each county.

Oy 0 O (DA6
Where:
Fg.c = Total fillings in filling groufy in countyc
Pig.c = Total population in filling groufy in countyc
Ry = Average number of fillings per person in filling grégp

The total fillings in each filling group is then multiplied by the fraction of fillings that contain mercury in each
filling group to determine the total number of fillings by filling group in ecatinty.

0QG O0Fp O ®OOQO (DAT
Where:
Hgkg.c = Total fillings containing mercury in filling grofgpin countyc
Fo.c = Total fillings in filling groufy in countyc
FracHglg = Fraction of fillings containing mercury in filling grdgp
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Thermostats/Thermometers

The nationalevel mercury emissions from thermostats and thermometers are allocated to the county level
based on population.

v 7 1‘6
o T %_ (T1)
Where:
Frad = Fraction of total US population in courty
P. = Total population in countg
Pus = Total population for the United States

The fraction of the US population in the county is multiplied by the national data for thermostats and
thermometers to calculat¢he number of thermostats disposed and the amount of mercury in thermometers
available for release at the countgvel.

For thermostats:

0Qi n YOI GODQI n i (T2)

Where:
DispTs = Total thermostats disposed of in county
FracR = Fraction of total US population in courty
DispTs = Total thermostats disposed of in the US

For thermometers:

'0QYa O 0oQYaYa (T3)

Where:
Hgim = Amount of mercury in thermometers available for release in coentyg pounds
Fra® = Fraction of total US population in courty
HgTmRI = Amount of mercury in thermometers available for release in the US, in tons

4.2.3.3 Emission factar

Landfills (working fee)

The emissions factor for mercury from landfills was developed using an average of mercury emissions factors for
the working face of landfills from two differestudiesiref 1, ref24].
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Lindberg et al. (2009)ef 1] measured mercury emissions from the working face of four landfills in Florida and
determined an average emissions factor of 2.5 mg/ton of waste, or 5.5% th40ton of waste placed in a

landfill annually. Babineau et al.q®6)[ref 24] determined that the average mercury content of municipal solid
waste (MSW) in Minnesota is 0.00175 Ibs.Aémt is assumed that 0.1% of mercury froat®W in landfills is
volatized to the air, so the emissions factor from Babineau gtefl24] is estimated to be 1.75 x £0bs./ton of
waste. These emissions tars, presented ifTable4-11, are averaged together to yield an average emissions
factor of 3.63 x 181Ibs./ton of waste.

Table4-11: Emissions Factors farercury fromlandfillsworking face

Pollutant Pollutant | Emissions Emission_s Emissions Factor
Code Factor Factor Units Reference

Mercury | 7439976 | 5.51E06 Ibs./ton 1

Mercury | 7439976 1.75E06 Ibs./ton 24

Mercury | 7439976 | 3.63E06 Ibs./ton Average of above

Switches and Relays

The response to comments for the 2007 EPA Significant New Use Rule on Mercury Switches (72 Fed. Reg.
56903),suggests that the weighted average amount of mercury in switches is 1.2 grams (0.00RéflBS]) A

report by Griffith et al. (2001yef 26] shows that 60% of mercury in switches is released at the shredding
operation, while 40% is sent to arc furnaces for smelting. Therefore, the emissions factor for switches is 60% of
the emissions factor reported in the 2007 EPA Significant New Use Rule on Mercury Switches response to
comment document, 0.00156 Ibs. per switch.

Fluorescent Lamp Breakage/Recycling

The average amount of mercury in a CFL has been studied extensivelihenatimount of mercury in each CFL
commonly reported as 1.24.0 mg (2.63 mg averag€able4-12). Linear fluorescent bulbs contain more
mercury than CFLs, with a rangie8.3 to 12 mg per bulb (10.15 averagable4-13). Data from the USGS
suggests that there is an average of 17 mg of mercury per HIOre&Ry].

Table4-12: Mercury used in CFLs (mg/bulb) as determined by three different studies

Average Amount of
Study Mercu?y per CFL (mg) Source
Li and Jin (2011) 1.27 [ref 28]
Arendt and Katers [ref 29]
(2013) 4.00
Singhvi et al. (2011) 2.63 [ref 30]
Average 2.63 -

" “The average Hg content of MSW in Minnesota listed in the reference document as 0.87 parts per million (ppm). A
conversion factor of 0.002 is used to convert from ppm to Ibs.4@asulting in an average Hg content of 0.00175 Ibs./ton.
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*Adjusted from 4.5 mg to 4 mg due to increased market penetration of Energy Star
CFLs with a lower Hg content.

Table4-13: Mercury used in linear fluorescent bulbs (mg/bulb) as determined by two different studies

Average Amount of Mercury
Study per Linear Fluorescent Bulb Source
(mg)
Aucott et al. (2004) 12.0 [ref 31]
NEMA (2005) 8.3 [ref 32
Average 10.2 --

Cain et. al (2007yef 33] provides the most comprehensive materials flamalysis of mercury intentionally used
in products. Their analysis estimates that 10% of all mercury used in fluorescent light bulbs is eventually
released to the atmosphere after production and before disposal, with the majority being released during
transport to the disposal facility.

The emissions factor for CFL, linear, and HID bulbs are calculated by multiplying the average amount of mercury
per bulb discussed above by 10%.

0Q O0Q ™mn (FL4)
Where:
Ek,p = Emissions factor by bulbfor pollutantp, in mg/bulb
Hg = Average mercury content per bull) in mg

The emissions factors for all three bulb types can be fourichiie4-14.

Table4-14: Mercury emissions factors for CFLs, linear fluorescents and HIDs

Bulb type Pollutant Pollutant Code Emissions Factor EmISSLIJ?]?; Facto
CFL Mercury 7439976 0.263 mg/bulb
Linear Mercury 7439976 1.015 mg/bulb
HID Mercury 7439976 1.7 mg/bulb

A weighted average of all three emissions factorgdble4-14is calculated to estimate total emissions from all

fluorescent lamp breakage. The first step estimates the fraction each bulb represents of the total amount of
bulbs discarded and recycled.

R I (FL5)
Ol ww’Ye qu—b 5
Where:
FracTotB = Fractionof bulb typeb discarded and recycled
PB = Total number of bulb typé discarded and recycled, in million bulbs
TotB = Total number of bulbs discarded and recycled in the U&ijllion bulbs
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A weighted emissions factor for fluorescent lamp breakage is then calculated by multiplying the fraction the
bulb type represents of the total number of bulbs by the bulb tgpecific emissions factor.

. a a3i
00y 0@ O wwiYé og® pTt a0 (FL6)
Where:
Efrp = Weighted emissions factor for pollutaptfor fluorescent bulb breakagér, in lbs./bulb
Ef,p = Emissions factor for bulb tygeand pollutantp, in mg/bulb (sed able4-14)
FracTotB = Fraction of thenumber of bulb typeb discarded and recycled

For mercurycontaining bulb recycling, the US EPA has estimaeeimissions factor of 0.00088 mg/bulb (1.9 x
10° Ibs./bulb)[ref 34].

Dental Amalgam

US EPA (1997) estimates that 2% of mercury used in dental offeedttied to the air[ref 34].

Richardson et al. (201{ref 35] estimate enissions from filled teeth of approximately 0.3 pg/day of mercury per
filled tooth, or 2.4 x 101bs. per year per filled tooth. The emissions factors used for estimating mercury
emissions from dental amalgam are showT able4-15.

Table4-15: Mercury emissions factors for dental amalgam

. Pollutant Emissions Emissions
Activity Pollutant Code Factor Factor Units Source
Released from dentall o o\ | 7439976 0.02 Lbs./Lb. 34
offices
Filled teeth Mercury 7439976 2.4x10’ Lbfsii{;%om 35

Thermostats/Thermometers

The 2002 EPA report estimates that there are 3 grams of mercury per therniesgta®]. Cain et al. (2007)ef
333SaGAYFGS GKFG mop: 2F YSNDAzZNE tshisemifted B yhé atBdforeRB A OS a .
disposed of at a landfill or incinerator. Therefottee amount of mercury emitted is 0.045 grams per thermostat,
or 9.92x 16 Ibs. per thermostafref 28].

Leopold (2002)ref 19] estimates that 5% of thermometers are broken each year. EPA assumes that the
remaining 95% of thermometersahare not broken are still in use and therefore do not contribute to

emissions. Cain et al. (20qvef 33] estimate that 10% of mercury from thermometers is emitted to the air
before disposal in a landfill Therefore the emissions factor is estimated to be 10 Ibs. of mercury emissions per
ton of mercury in thermometers.

The emissions factors used for estimating mercury emissions from thermostats and thermometers are shown in
Table4-16.

Table4-16: Mercury emissions factors for thermostats and thermometers

Tvpe Pollutant Pollutant Emissions Emissions Source
yp Code Factor Factor Units
Thermostats Mercury 7439976 9.92 x 16 Lbs./Thermostai 28, 33
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Tvpe Pollutant Pollutant Emissions Emissions Source
yp Code Factor Factor Units
Thermometers Mercury 7439976 10 Lbs./Ton 19,33

4.2.3.4 Controls

There are no controls assumed for these sources.

4.2.3.5 Emissions

Landfills (working face)

The total mercury emissions from landfills, in pounds, is estimated by multiplying the average tons of waste that
each landfill receives per year by the average emissions faci@bile4-11. The emissions are reported at the
county level for the county that the landfill is located in.

Op w 10O 1)
Where:
Bo.c = Annual emissions of pollutaptin countyc, in Ibs.
W = Average tons of wastfrom all landfills in county
ER = Average emissions factor for pollutgmtin Ibs./ton

Switches and Relays

The total countylevel mercury emissions from switches and relays, in pounds, is estimated by multiplying the
total switchesunrecovered for each county by the emissions factor.

Opr YEYO'® (SR5
Where:
Bpe = Annual emissions of pollutaptin countyc from switches and relays, in Ibs.
ung = Total switches unrecovered by courtty
Ekp = Emissions factor for pollutamtfor switches and relays, in Ibs./switch

Fluorescent Lamp Breakage/Recycling

The total countylevel mercury emissions for fluorescent lamp breakage and recyclipguimds, is estimated
by multiplying the total fluorescent lamps broken or recycled for each county by the emissions factor.

For fluorescent lamp breakage:

0O rn  0Q6 Gptmde QOO0 (FL4)
Where:
Brpc = Annual emissions of pollutaptfrom fluorescent bulb breakagér, by countyc, in Ibs.
DiscB = Total number of bulbs discarded for coumfyin million units
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El,p, = Weighted emissions factor for pollutaptfor fluorescent bulb breakagéry, in Ibs/bulb

For fluorescent lamp recycling:

Opr  YQoobpmmae Q00DQ (FL5)
Where:
Epec = Annual emissions of pollutaptfrom fluorescent lamp recycling, by countyc, in Ibs.
RecB = Total number of bulbs recycled for courgyin million bulbs
ERF, = Weighted emissions factor for pollutaptfor fluorescent bulb recycling, in lbs./bulb

Dental Amalgam

The total countylevel mercury emissions for dental amalgam from fillings, mnpis, is estimated by multiplying
the total number of fillings containing mercury for each county by the emissions factor.

Ok i 00q  0°Q (DA7
Where:
Epc = Annual emissions of pollutaptfrom dental fillingsf, by countyc, in Ibs.
Hgksc = Total fillings containing mercury in filling grofgoin countyc
Efp = Emissions factor for pollutamtfrom dental fillingsf, in Ibs./tooth filled

The total countylevel mercuryemissions for dental office preparation, in pounds, is estimated by multiplying
the total pounds mercury from dental office preparations for each county by the emissions factor.

Orp 'OQ0 0OQ (DAS8)
Where:
Eopc = Annual emissions of pollutaptfrom dental office preparations, by countyc, in Ibs.
HgQ =  Total mercury from dental office preparations by countypy pounds
ERp = Emissions factor for pollutamtfor dental office preparations, by Ibs./Ib.

The emissions frordental fillings and dental office preparations are summed to get the total mercury emissions
from dental amalgam.

O #rn Onr  Onn (DA9)
Where:
Bdap.c = Annual emissions of pollutaptfrom total dental amalganda, by countyc, in Ibs.
Epc = Annual emissions of pollutaptfrom dental fillingsf, by countyc, in Ibs.
Eoppe = Annual emissions of pollutaptfrom dental office preparationsq, by countyc, in Ibs.
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Thermostats/Thermometers

The total countylevel mercury emissions félnermostats, in pounds, is estimated by multiplying the total
number of thermostats disposed in each county by the emissions factor.

Ofr O NG (T1)
Where:
Esp.c = Annual emissions of pollutaptfor thermostats in county, in Ibs.
DispTs = Total thermostats disposed in county
Efsp = Emissions factor for pollutamtfor thermostatsits, in Ibs./thermostat

The total countylevel mercury emissions for thermometers, in pounds, is estimateadyiplying the total
amount of mercury remaining in thermometers over their lifespan for each county by the emissions factor.

Opp 0QYa 0@ (T2)

Where:
Epc = Annual emissions of pollutaptfor thermometers in countyg, in Ibs.
HgTm = Amount of mercury remaining in thermometers over their lifespan in cooniwyIbs.
Ekp = Emissions factor for pollutamtfor thermometers, in Ibs./ton

The emissions from thermostats and thermometers aummed to get the total mercury emissions.

Ofg Onrrn Orn (T3)
Where:
Etp.c = Annual emissions of pollutaptfor thermostats and thermometers in countyin Ibs.
Esp.c = Annual emissions of pollutaptfor thermostats in county, in Ibs.
Emp.c = Annual emissions of pollutaptfor thermometers in countyg, in Ibs.

4.2.3.6 Bxample calculations

Landfills (working face)

Table4-17 lists sample calculatiorte determine the mercury emissions from landfills in New Hanover County,
North Carolina. The landfill used in this calculation is the New Hanover County Secure Landfill in New Hanover
County, NC. New Hanover County, NC only has one landfill, so equaion|f including this one value.
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Table4-17. Sample calculations for mercury emissions from landfills in New Hanover County, NC
Values for New Hanover County, North
Carolina

Equation Result

38 years that
New Hanover
County
Secure
Landfill will
be open

127,501
average tons
. of waste per
Thptmq e e year for the
CWQmi i New Hanover
County
Secure
Landfill

111,191
average tons
N/A; there is only ne landfill in Hanover| of waste per
County, NC year for the
New Hanover
County, NC

0.46 pounds
of mercury
for New
Hanover
County, NC

1 60 ¢mpxd CTPX WX W

R

c:| E-
C

o @i

4 0p & ©0Q polRTpEEiomo P =

Switches and Relays

Table4-18lists sample calculations to estimate the mercury emissions from switches and relays in Hartford
County, Connecticut.

Table4-18: Sample calculations for mercury emissions from switches and relays for Hartford County, CT

Eq. Equation Values for Hartfprd County, Result
# Connecticut

21,382
1 VE Y YE O WO HTY cmmy "TRWL O Qd ® w| unrecovered

QPO @RI 'Qwé U QI | switches in

Connecticut

85 car recycling

2 O O 0 6@ 0 "QACBOEREI'Q ¢ 0| facilities in

Connecticut

. __| 0.2118 share of

p YW w QATCHDR DI "@E i G| state car recycling
P UQM 0 QAC@O Qi | facilities in Hartford

County, CT

4-32



Eq. Equation Values for Hartfprd County, Result
# Connecticut
~ Ly e~ T o s ey 4,528 unrecovered
4 YUY YE YO dho | S %”’Q 84;0 ?g;'&”wmé%m switches in
P Hartford County, C’
7.06 pounds of
o dgi | mereury from
5 Orr  YEYO'® h ¢ Yo @R mrinp b switches and relays
U0 "D | i Hartford County,
CT

Fluorescent Lamp Breakage/Recycling

Table4-19lists sample calculations to estimate the mercury emissions from fluorescent lamp breakage in
Hartford County, Connecticut.

Table4-19: Sample calculations for mercury emissions from fluorescent lamp breakage for Hartford Cdunty, C

Eq. Equation Values for Hartfprd County, Result
# Connecticut
1,485 million bulbs
1 YEOB 06 & 6600 18R & 6 & B & ¢ | discarded and
recycled in the US
in 2014
~ . N . ¥ | 341 million bulbs
e b o Qda d Wi 0@ Q@i w| .
2 YQwoYE O OY'Y P LJJ . L v ., w . wmaso MeCYCled in the US
Wo 0 wd o Qww u adEQ in 2014
~ N T . ~ | 1,143 million bulbs
. . b o Qo d @R wa Qi w| .
3 OQi wore 0 6YQwo pT LP o i o w. = .. |discarded inthe US
Wowi o1 @ Qd d " WEEO WO O in 2014
D wolo PipQé HEDT o "@edl aaF 0-272% of total US
4 Ol W wu— ~———————————————— population is in
v o phpulg v P Qe FOTIRY™Y Hartford County, C’
3.109 million
o - . w~s s 7ex1ss x4 flUuOrescent bulbs
5 O Qi Wwd0l WWDQI wo Tﬁtncxphoeraomséaasooldiscardedin
Hartford County, C’
0.928 million
N . o~ vex s v .| fluorescent bulbs
6 YQwoOi dwiWQwo TNCX QT QA 0WQENEW recycled in Hartford
County, CT
0.263 mg Hg/CFL
8 "Qi® @ "OQ p b bulb
7 0@ 10OQ ™Tn 0 Q¢ @R & "0 @op T P 1.02 mg Hgl/linear
O0P o " WOQop Tt P bulb
1.7 mg Hg/HID bulk
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Eq. Equation Values for Hartfprd County, Result
# Connecticut
L X C GO OBERS & O 48.6% of total for
0 O 6 06 GBEER 6 & CFL
i ey DD oo VW@ Q0 AEFOEGIO & ¢ 39.2% of total for
8 Of @oYe 88 4 V08 BB 6 Q8 alBEENR o ( Linear
OO@E) Ya QO‘ O‘Smmio‘ @1112.19% of total for
pht Yo Qb d@Eadél 0 O HID
1.61 x 1€ Ibs.
. e ™ee— T@P Hg/bulb weighted
9 0Ci B OWQ 0‘8‘*"” Ye O oBlc— oc@ab ¥ — emissions factor for
c¢c& pmmt— mercury for
p®P & pm — fluorescent lamp
breakage
ofp WP o6 & Qi 5.0 Ibs. of mercury
' Lo p® p from fluorescent
10 O rrn 000w OO, L lamp breakage in
p T O(T(STO‘Q7 Hartford County, C’
Wo W
1.8 x 1¢ Ibs. of
WCPT @6 & ©ipBT mercury from
11 O YQ®6 09 o dgoq | fluorescent lamp
p Tt YA recycling in
Hartford County, C’

Dental Amalgam

Table4-20lists sample calculations to determine the mercury emissions from dental amalgam in Hartford
County, Connecticut. The example will show the process forth@ &ge group, with the total sunf emissions
in the final step.

Table4-20: Sample calculations for mercury emissions from dental amalgam for Hartford Coiinty, C

Eq.

4 Result

Equation Values for Hartford County, Connecticut

0.272% of total US
population is in
Hartford County, C’
86.88 Ibs. total
mercury from
dental office
preparations in
Hartford County, C’

P o o PpQE REODT o "EE QDY
o clpom e Q¢ MBWY'Y

\ v v ’76
1 "Oi wwur

0"Q00

e

2 00 Ol &6 T8 X ¢ Po T NABO
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Equation

Values for Hartford County, Connecticut

Result

. clomit opQé fpd DO Q0L £

vo < < R Y P
L cvclnvptp)xquQs ME@Y"Y
¢ X xXApu i 'Qé Fpaiip 10 QN

PTOR U5 Che pibox 1 O DBy
¢ fpolpeirQé Mpaidp w QY

w 4 —— —
PO R piox HOE DY

6.23% of total US
population for 59
age group

6.38% of total US
population for 10
14 age group
6.49% of total US
population for 14
19 age group

g obP ey YP @8 wh

19.1006% of total
US population for
5-19 age group

5 pAd TP 5
Ywoop Qe MECDI 0 "@Eci 6D

171,025 people in

the 519 age group
in Hartford County,
CT

PXMcHQEpaQ
P GREIOMT O "WE SO W
P& L @QY AMNEFRH QI € 6 1

300,433 fillings in
the 519 age group
in Hartford County,
CT

0'0q

o o Qa4 e Qi
p W QAE 6 No @b

94,936 total fillings
containing mercury
in the 519 age
group in Hartford
County, CT

00q 0°Q

o {0 0"QQH GUCEEONT Ol ©
P QO £68 pT 8

0.023 pounds of
mercury emissions
from fillings in the
5-19 age group
(0.722 pounds of
mercury in all age
groups) in Hartford
County, CT

0Q0 0@

-l

‘ Q

Y@ i Bi T8t ¢

Q
&

1.74 pounds of
mercury emissions
from dental office
preparations in
Hartford County, C’

10

T CHEOE DYTEOE QI

2.46 pounds of
mercury from
dental amalgam in
Hartford County, C’

Thermostats/Thermometers
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Table4-21 lists sample calculations to determine the mercury emissions from thermostats and thermometers in
Hartford County, Connecticut.

Table4-21: Sample calculations for mercury emissions from thermostats and thermometers for Hartford

County, CT
E#?' Equation Values for Hartford County, Connecticut Result
2,300,000
thermostats

1 [oi frwaaryip yp SV TMTERD AL 0GOS CROIR Gopoceq of in the

w¢ b United States in
2017
W pW TP wu P 2,345 pounds of
o “» cdu pdd Biwuv P voa @ | Mmercury avgilable
2 OQYa" “CBQ'YCX G cq,pﬁTcd(TSiu)ub uctrcTSi for release in _
wL P OQYda , N b b & thermometers in
Lf) Td"pv wprEmU Up(‘n TE year 2017
W uvdpwoo Biwv P v T A
0.99 tons of total
3 | ORYYEOOE oo diovadi L2 | thermometers
oYY« h 8 ¢ o @i available for
release
B W oo PAPQ ¢ ROECED | o "Wéél Ga | 0-272% of total US
4 Ol G we— oo o N OF OBy population is in
v O Cimom oy Q& FOE Hartford County, C]

6,256 thermostats
51 00 fYOI HOBQI N T8 X ¢ bclo mimmdRi & € i 6 &| disposed in
Hartford County, C’
0.0027 tons of
mercury from
thermometers
available for
release in Hartford
County, CT

0.62 pounds of

Pt LEMI G £ i O Cadic mercury emissions
0Qi "G 8 from thermostats
pt ——— in Hartford County,
CT

0.027 pounds of

o i mercury emissions

8 Ofp  'OQYa 0@ T8 T COXE & ip A— . from thermometers
be¢ in Hartford County,

CT

6 | 'OQYd O H®OIQY Y T8 X ¢ P € £ i

\‘

o
¢
¢
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E#?' Equation Values for Hartford County, Connecticut Result
0.647 pounds of
mercury emissions

. N~ NN N from thermostats

9 Ore Onr Onf & @ BTG X B andthermometers
in Hartford County,
CT

4.2.3.7 Changes from the 2014 methodology

There are no methodology changes from the 2014 NEI development. However, activity information has been
updated to year 2017 for statkevel data on the number of recyclers, number oftshes recovered, and the
amount of mercury recovered, as well as the number of switches available for recovery.

4.2.3.8 Puerto Rico and U.S. Virgin Islands

For landfills, Puerto Rico and the U.S. Virgin Islands use the same methodology as the rest of thedye$, How

for all other sources, becaugesufficient data exists to calculate emissions for the counties in Puerto Rico and

the US Virgin Islands, emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto
Rico and 1208 Monroe County for the US Virgin Islands. The total emissions in pounds for these two Florida
counties are divided by their respective populations creating a pound petacapiission factorf-or each

Puerto Rico and US Virgin Island county, the pound gggitacemission factor is multiplied by the county

LJ2 Lddzt F A2y OFNRY (KS al YS &SI NJ $aathdiaktigity dath.dnShede zaNds Qa |
0KS GKNRAAKLIzG o6F OGA@AGe RIFEGFEO dzyAld yR GKS SYA&aaaz
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4.3 Agriculture — Crops and Livestock Dust
This sector includes fugitive dust estites from both agricultural tilling and dust kicked up by livestock animal

hooves and feefThese sources are significant contributors of atmospheric dust, both fine and coarse particulate
matter (PM2.5 and PM10, respectively).
4.3.1 Sector description

Agriculural Tilling

Fugitive dust emissions from agricultural tilling (SCC=2801000003) include the airborne soil particulate emissions
produced during the preparation of agricultural lands for plantifggitive dust emissions froagricultural

tilling were estinated forPM10-PRIPMLO-FIL, PM25°RI, and PM2BIL. Since there is mondensable PM (PM
CON)emissions for this categor?M10-PRI emissions are equalRd1L0-FIL emissions and PMPEIRI emissions

are equal to PM2%-IL Particulate emissions fromgricultural tillingwere computedby multiplying a crop

specific emissiogfactor by an activity factoras described below

Dust kicked up by animals

The SCCs that belong to this sector are providdtiiie4-22. The level 1 and level 2 SCC description for these
{//7a Aa dGaAraoSttlyS2dza ! NHIA g SadadEhissiohsiard Bskintd for dzZNJ £t
beef and daincattle, swine and dust emissions from poultry feetere also examined-ugitive dust emissions

from hooves/feetwere estimated foprimary and filterable PMPM10PRI, PM1&IL, PM29°RI, and PM25BiIL.

Since thereareno condensable PMAM-CON emissions for thd category, PM1®RI emissions are equal to

PM1GFIL emissions and PMERI emissions are equal to PM2E.

Table4-22: EPAgenerated Dust from animal hooves and feet SCCs with level 3 and 4 descriptions

SCC SCC Level 3 | SCC Level 4
2805001000 | Beef cattle Dust Kickeeup by Hooves
2805001010 | Dairy Cattle | Dust Kickeeup by Hooves
2805001020 | Broilers DustKickedup by Feet
2805001030 | Layers Dust Kickeeup by Feet
2805001040 | Swine Dust Kickeeup by Hooves
2805001050 | Turkeys Dust Kickeeup by Feet

4.3.2 Sourceof data

Several S/L/T agenciesibmitted datafor agricultural tilling and/or other agriculture prodtion -cropssources
and for dust from hooves/feefThese agencies and S&Ubmitted are listed iMable4-23.

Table4-23: Agencies reporting emissions to the dust from crapd animal feet/hooves.

SCC SCC Leveland 4 | S/L/Ts reportingemissions
Agriculture- . . .
2801000000 Crops: otal Maricopa County Air Quality Department
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SCC

SCC Leveland 4

S/L/Ts reportingemissions

California Air Resources Board

Clark County Department of Air Quality and Environmental
Management

Coeur @lene Tribe

Delaware Department of Natural Resources and Environmental
Control

Idaho Department of Environmental Quality

lllinois Environmental Protection Agency

280100003 é?é'g:_'t‘;ﬁﬁ;}g Kootenai Tribe of Idaho
' Maricopa County Air Quality Department
Maryland Department of the Environment
Memphis and Shelby County Health DepartmeRollution Control
Metro Public Health of Nashville/Davidson County
New Hampshire Department of Environmental Services
Nez Perce Tribe
ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho
Utah Division of i Quality
Coeur dalene Tribe
Delaware Department of Natural Resources and Environmental
Control
. Idaho Department of Environmental Quality
280100006 é?(;g::'ltlﬂfr;/esting Kootenai Tribe of Idaho
' Maricopa County Air Quality Department
NezPerce Tribe
ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho
Washington State Department of Ecology
28010000@ é?(glp?:;lt#rr;sport Maricopa County Air Quality Department
Coeur @lene Trile
Idaho Department of Environmental Quality
Country Grain Kootenai Tribe of Idaho
2801600000 Elevators; Total | Maricopa County Air Quality Department
Nez Perce Tribe
ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho
. _ /| 2S5SdzNJ RQ! £t SYyS ¢NAROS
Livestock; Beef g )
S Idaho Department of Environmental Quality
cattle - finishing R
operations on Kootenql Tribe of Idaho _
2805001000 ¢ .| Memphis and Shelby County Health Departmenollution Control
eedlots (drylots); ) . .
Dust Kickedip by Metro Public Health of Nashville/Davidson County
Hooves Nez Perce Toe _ .
ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho
280500100 Livestock; Dairy
Cattle; Dust /| 2SdzNJ RQ! £t SyS ¢NAROGS
Kickedup by Idaho Department of Environmental Quality
Hooves Kootenai Tribe of Idaho
2805001@0 Livestock; Broilers Nez Perce Tribe

Dust Kickeeup by

Feet

ShoshoneBannock Tribes dhe Fort Hall Reservation of Idaho
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SCC SCC Leveléhd 4 | S/L/Ts reportingemissions
280500130 Livestock; Layers;
Dust Kickeeup by
Feet

2805001@0 Livestock; Swine;
Dust Kickeeup by
Hooves
280500130 Livestock;
Turkeys; Dust
Kickedup by Feet

4.3.3 EPAdeveloped methodology

Aqg Tilling overview

The calculations for estimating emissions from agricultural tilling involves distritatttglevel tilling data by
tilling type (conservation, ndll, and conventionaljo the county leel andcalculating a ratio of conservation,
no-till, and conventional tilling for each counfihat ratiois usedo estimate the type of tillage for eaatrop
type for each tilling typén each county. The type of tillage is used to devel@mpuntylevelemissiors factor for
each crop type and tilling typ&hich is used to calculate counligvel PM1GFIL, PM1PRI, PM2%-IL, and
PM25PRI emissions

Dust kicked up by feet and hooves overview

The catulations for estimating emissions from anirhalbves and feet are performed for each animal type using
emission factors for each animal unit (e.g., pigs under 55 pounds, pigs 55 pounds to market, sows, boars),
multiplied by state animal counts and allocated to counties using available data discussedallowing

sections.

4.3.3.1 Emission factor equation

Agricultural Tilling

Thecountylevel emission factorfor agricultural tilling (in Ibs per acraye specific to the crop type and tilling
method (e.g., conventional tillage corn, ftitl soybean, etc.and werecalculated using the following equation
[ref 1, ref2):

OQirn ® Q{8 n )
Where:
ERk:xc = Emissions factor for pollutam, crop tilling typet, and crop typexin countyc, in Ibs./acre
c = Constant 4.8 Ibs./ackpass
k = Dimensionless particle size multiplier (PMEL and PM1PRI .21; PM25FIL and PM2PRI
=0.042)
S = Percent silt content of surface soil (%) in countgefined as the mass fraction of particles
AYFEESNI GKFY pn >Y RAFYSGSNI F2dzyR Ay adzaNFI O
o] = Number of passes or tillings in a year by crop tilling type,

The U.S. Department of Agriculture and the National Cooperative Soil Survey define silt content of surface soil as
the percentage of particles (mass basis) of diameter smaller than 50 micrometers (um) found in the surface
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soil 3 The soil sample data udeo estimate countyevel, average silt content values are from the National
Cooperative Soil Survey Microsoft Access Soil Characterizaiabasdref 3]. This database contains the most
commonly requested data from the National Cooperative Soil Survey Laboratories including data from the
Kellogg Soil Survey Laboratory and cooperating uniessi

EPA applied specific selection criteria to the database to ensure that all samples are comparable and relevant to
this analysis. The selection criteria included selecting only samples taken inside the United States with a
preparation code of S andtebrizon top of zero centimeters or a master horizon of A or O. A preparation code of

S signifies that the sample is the-diied whole soil passing through dr&h sieve and a horizon top of zero or
master horizon of A or O ensures that the sampleketeat the surface.

In some cases, the sample metadata did not indicate a county, but included latitude and longitude coordinates.
In these cases, the state and county information are determined based on the latitude and longitude
coordinates and added to the sample entrtlie database.

The average silt content for a county is calculated by summing the total silt content of all the samples in the
county and dividing by the number of samples in the county. For counties without samples, the average silt
content is calculatetdy summing the total silt content of soil samples in neighboring counties and dividing by
the number of samples in the neighboring counties. If neighboring counties also lacked sample data, then the
county is assigned the average silt value of soil sasnpithin the state.

Table4-24 shows the number of passes or tillings in a year for each crop for conservation ttieand
conventional uségref 4]. Thesevalues are used gs in equation 1 to estimate the countigvel emissions
factors. Mulch till and ridge till tillage systems are classified as conservation use, whilb pdocént residue
and 15 to 30 percent residue tillage systems are classified as conventional use.

Table4-24: Number of passes or tillings per year

Crop Conservation Use No-Till Conventional Usg
Barley 3 3 5
Beans 3 3 3
Canola 3 3 3
Corn 1 0 2
Cotton 5 5 8
Cover 1 1 1
Fallow 1 1 1
Fall-seeded/Winter Whe 3 3 5
Forage 3 3 3
Hay 3 3 3
Oats 3 3 5
Peanuts 3 3 3
Peas 3 3 3
Permanent Pasture 0 0 1
Potatoes 3 3 3
Rice 5 5 5
Rye 3 3 5
Sorghum 1 1 6
Soybeans 1 0 2
Spring Wheat 1 1 4
Sugarbeets 3 3 3

$p203S GKFG (GKA& RSTFAYAGAZ2Y A& RAFFSNByYyl GKIFy GKS ! o{d 9y
(mass basis) of diameter smaller than 75 micrometers.
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Crop Conservation Use No-Till Conventional Useg
Sugarcane 3 3 3
Sunflowers 3 3 3
Tobacco 3 3 3

Dust Kicked up by Hooves

Dust emissioffiactors were obtained from a variety of different literatuaeticles [ref5 through ref24] for each
livestock type. From the literature, calculations were done to obtain the emission factor for each pollutant in the
desired form No referencegor PMxs emission factorsvere found in the extensive literature searfdr Beef

Cattle. To complete PMfor this tool, theDairy Cattle PMyto PMesratio of 4.81118266481148 from this tool

was used and is based on ratidémately derived from AR2 [refl]. The general methodology for computing
emission factors is provided below:

Determine if study calculated emission factors (EF) for pollutants
If the study did calculate EFs, then convert (if necessary) to ton/year/1000 head

EF (ton/year/1000 head) = Emission raf®n/year) / Animal Units

{OASYUGATFAO . Lara

FT2NJ 9adA

1.
2.
3. If the study did not calculate EF, calculate EF if possible
4. To calculate the EF, the following equation* is used:
*Adapted from Equation 4 from theb w/ Qa
Feeding Operations: Interim Report (2002)
5.

Make sure the emission rate (typically given) ihimcorrect units (ton/year)

6. Calculate the animal units using the following equafiam the Wisconsin Department of Natural

Resources

AU = Equivalent Factor * Number of Animals

Wherethe equivalent factor is obtained froffable4-25and the number of animals is obtained from

the study.

Note: In some cases, the weight of the animals is also necessabjain the equivalent factor.
7. Convert the AU to number of animals, assuming 1 AU =500 kg
8. Calculate the emission factor in tons/year/head

Multiply calculated emission factor by 1000 to get the tons/year/1000 head

Table4-25: Animal units equivalent factors

Animal type | Specification AU Equivalent Factor
Cattle Dairy/Beef Calves (under 400Ibs) 0.20
Dairy Cattle | Milking & Dry Cows 1.40
Dairy Cattle | Heifers (8061200 lbs) 1.10
Dairy Cattle | Heifers (40@Q; 800 Ibs) 0.60
Beef Cattle | Steers or Cows (400 Ibs to market) 1.00
Beef Cattle | Bulls 1.40
Cattle Veal Calves 0.50
Swine Pigs (up to 55 Ibs) 0.10
Swine Pigs (55 Ibs to market) 0.40
Swine Sows 0.40
Swine Boars 0.50
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Animal type | Specification AU Equivalent Factor
Chicken Layers; nonHliquid manure system 0.01

Chicken Broilers/pulletsg non-liquid manure system| 0.005

Chicken Bird¢ liquid manure system 0.033

Turkeys Turkey 0.018

4.33.2 Activity data

Agricultural Tilling

The basis of agricultural tilling emission estimatdhe number of acres of crops tilled in each county by crop
type and tillage type. Tsedatawere estimated based on datiiom the USDA012 Census of Agricultujref

25]. The USDA Census of Agriculture reports acres harvested for a given crop at the county level but does not
provide tilling data for each crop tgpat the county level. To calculate acres harvested per tilling type for each
crop, the breakdown of tilling types (conservation;tilh and conventional) at the countigvel was applied to

the acresharvested for each crop type at the county level.

TheUSDA Census of Agriculture redacts some col@vigl data to avoid disclosing data for individual farms.
Missing countylevel data for acres harvested by crop type and tilling type were calculated using the difference
between the state and national levedported data and the sum of the counlgvel data by state.

When county level tilling data are unavailable, the total state level tilling data by tilling type, conservation, no
till, and conventional are distributed to the county level for each crop.ditierence between the countievel
data for acres harvested by crop tilling type and the slateel data for acres harvested by crop tilling are
equally distributed to the counties without data.

. ®wp By (1)
Wp @ —
0 n
Where:
an: = Countylevel land tilled by crop tilling typé, for counties missing tilling date, in acres
ast = Landtilled by crop tilling typein states, in acres
a.: = Sum of countytevel land tilled by crop tilling type, in acres
Gnt = Number of counties missing counligvel land tilled data by crop tilling type

USDA provides data on the number of acres tilled by tillage type (conservatidifi, and conventional) in each
county [ref26], but not by tillage type and crop type in each county. To estimate tillage by crop type in each
county, a ratio is determined based on the number of acres in each county tilled by each tillage type taathe tot
acres tilled by all tillage types. This calculation uses either the data directly reported by USDA or the data gap
filled by equation 1.

. Qp €10 § (2)
h Bwp € 100 5
Where:
Fet = Ratio of crop tilling typé to total all crop tilling typesn countyc
act = Land tilled by crop tilling typéin countyc, in acres
amt = Land tilled by crop tilling typéfor counties missing datam, in acres
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Theratio is then used t@stimatethe countylevel acres harvested by crop tyfrem the 2012 Census of
Agricultureto the tilling type (conservation, nbll, and conventional) at the countgvel.

Wi 1 h DR 3)
Where:
Aex = Land tilled by crop tilling typeand crop typexin countyc, in acres
let = Ratio of crop tilling typé to total all crop tilling typesn countyc
Acx = Acres harvested of crop typan countyc, in acres

Tilling data for permanent pasture followed a different methodology. Conventional tillingedaet@vailable for

the state ofUtah [ref27]. For Utah, aatio of the conventional tilling acres to the total acres of permanent
pastureis developed (0.0023) and applied to the total acreage data for permanent pasture fraz@i2e
Census of Agricultute determine the number of conventional tilled permaneragture acres by county in
other states. It is assumed that the remainder of the permanent pasture acres is not tilled, so the remaining
distribution of permanent pasture acrés thendistributed to no till acres and conservation tilling aceesleft
aszero.

A summary of nationdevel acres tilled in 2012 for each tilling type are presentetiainled-26 [ref 3].

Table4-26: Acres(millions)tilled by tillage type, in 2012

Tillage system| National acres tilled

No-Till 658.07
Conservation 162.19
Conventional 273.16
Total 1,093.42

Dust kicked up by hooves and feet

The activity data for this source category is based on livestock counts (average annual number of standing head)
FYR LI2LJz | GA2Y AYF2NXIGA2Y o0& adlaS |yR O2[d#e§e dza SR
This data set is derived from multiple data sets from the United States Department of Agriculture (USDA),
particularly the National Agricultur8tatistics Service (NASS) survey and cgnsi9]. The USDA NASS survey
dataset, which represents latest available, 2017 national livestock daisised to obtai the livestock counts

for as many counties as possible across the United States. For a full description of the GHG livestock population
SAGAYIFGAZ2Y YS(iK2R2f 2383 NBFSNI (2 (GKS F1020S NBFSNByC

Generally, counéis not specifically included in the NASS survey data set (e.g., due to business confidentially
reasons) were gafilled based on the difference in the reported state total animal counts and the sum of all
county-level reported animal countsom the NASSusvey dataset Statelevel dataon animal counts for all the
non-reported NASS survey counties from the GHG population dateesetdistributed toindividualcounties

based on the proportion of animal counts in those counties from the 2012 BXS88s(the 2012 census data is
generally more complete in terms of county coverage).

0 Ofp 1 fn 4)
Where:
Pac2017 = Estimated2017population of animal typ@&in countyc
Pas.2017 = NASS survey reportétD17state-level population of animal typain states
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lacz2012 = Ratio of animal countyto state-level animal counts from the 2012 NASS census for
animal typeain countyc

4.3.3.3 Example calculations

Agricultural Tilling

Particulate matter emissions froagricultural tilling are computed by multiplying craand countyspecific
emissions factors by crepnd countyspecific data on tilling activity. The emissions are then summed across all
tilling types and crop types.

o oG o POEE ®)

: he  WF — =

R AR Ao

Where:
B = Annual total agricultural tilling county level emissions of pollutairt countycfrom all crop

tilling types, in tons

ER.xc = Emissions factor for pollutam, crop tilling typet, and crop typecin countyc, in Ibs./acre
aixc = Landtilled by crop tilling typge and crop typein countyc, in acres

Table4-27 provides a sample calculatidor PM1GFIL emissions for conservation tilling from corn in Clay
County, Alabama. For total PMEIL emissions, the calculations below would need to be repeated for all crop
types for all three tilling types, and then summed in equation 5 for total eomssi

Table4-27: Sample calculations for PMHIL emissions from conservation tilling from corn in Clay County, AL
Eq. # Equation Values for Clay County, AL Result

®y By cpT OO O Wit dOI Qi 1,069.23 acres for

: T e e conservation tilling
O pa Qi i i 6 o0 QQI in Clay County, AL

5 B 0.718 ratio of

Wp €10 § Pt @Rpad wi Qi conservation tilling
By € 1w j Pt Y@oad w1 Qi to all tilling for Clay
County, AL
63.9 acres corn
harvested using
conservation tilling
in Clay County, AL

7.59 pounds per
acre for

Tp ¢ ®a® pn di | conservation tilling
from corn in Clay
County, AL

0.24 tons PM14FIL
s 0l o ¢ emissions from
Q@O OI Q+——— . | conservation tilling
e n for corn in Clay
County, AL*

1 D j

3 QOfp i O Tlﬁ‘(pl]Jl]J(D.)(I)l Qi

Dust kicked up by hooves and feet
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A general method to calculate the emissions per county for a given pollutant can be calculated by multiplying
the emission factor for the given livestoclpgyby the animal activity in each county. However, some
manipulation is necessary to obtain the desired result.

To calculate the dust emissions due to hooves, the first step is to divide the emission factor (ton per year per
1000 head) by 1000. The resolj emission factor is then multiplied by the number of animals (head) in the
region to get the emission (tons per year).

If the emission factor of PM2.5 emitted by beef cattle is approximately 10 ton per year per 1000 head and the
farm is known to have IDbeef cattle, then the emission of this pollutant by the farm can be calculated using
the following procedure:

1. Convert the emission factor from tons per year per 1000 head to tons per year per head

10 tons per year per 1000 head / 1008 10/1000 tonger year per head
= .01 tons per year per head

2. Calculate the emissian(tons/year)

Emissios = Emission Factor*Number of head
Emissios= 0.01 tons per year per head*100 head = 1 ton per year

4.3.3.4 Controls

There are no controls assumed for ag tilling aogt kicked up by hooves and feet

4335 Changes from 2014 methodology

Thereare no significant changes in methodology from that in the 2014 dtElgricultural tilling. For dust kicked
up by animals, activity data has been updated to year 2017, and new S@@srfal types have been created.

4.3.3.6 Puerto Rico and Virgin Islands emissions calculafigrisulturalTilling

Since insufficient data exssto calculate emissions for the counties in Puerto Rico and the US Virgin Islands,
emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto Rico and 12087,
Monroe County for the US Virgin Islands. The total emissions irfaotisese two Florida counties are divided

by their respective populations creating a tons per capita emissions factor. For each Puerto Rico and US Virgin
Island county, the tons per capita emissions factor is multiplied by the county population (feosathe year as

GKS Ay@Syiaz2NeEQa OGAGAGE RIGFEOL gKAOK ASNBSR | a GKS
FYR GKS SYAdaAzya RSY2YAYLFG2NI dzyAd FNB a9l /1 éd
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4.4 Agriculture — Fertilizer Application

4.4.1 Sector description

Fertilizer in this category refers to any nitrogbased compound, or mixture containing such a compound, that

is applied to land to improve plant fithess. The SCCs that compose this sector in the 2017 NEI are provided in
Table4-28® ¢KS {// fS@St mMXZ H YR o R 3giCNieRivdudiyi Clops; ¢ a A & (
Fertilizer Applicationa T 2 NJ 0 2 Gektimdted eraissions drd for SC8D1700099 and discussed further

below.

Table4-28: SCCs in the Agultural Fertilizer Applicatiosector

SCC SCC Level 4 Description | EPA | S/ILIT
2801700000| Total Fertilizers X
2801700099| Miscellaneous Fertilizers X X

4.4.2 Sources of data

The agricultural fertilizer application sector includes data from the S/L/T agencies and the defaghiePated
agricultural fertilizer emissions. The agencies listefahle4-29 submitted emissions for this sector; agencies

not listed used EPA estimates for the entire sector. It should be noted that Delaware was the only state to also
submit NO2 emissions (to the same counties as NH3 was reported) for this sector.
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Table4-29: Agencies that submitted fertilizer application Neinissions in the 2017 NEI

Region| Agency S/LIT
3 | Delaware Department of Natural Resources and Environmental Contr State

5 | lllinoisEnvironmental Protection Agency State

9 | California Air Resources Board State

9 | Maricopa County Air Quality Department Local

10 | Coeur d'Alene Tribe Tribe

10 | Kootenai Tribe of Idaho Tribe

10 | Nez Perce Tribe Tribe

10 | ShoshoneBannock Tribes of thEort Hall Reservation of Idaho Tribe

4.4.3 EPAdeveloped emissions

4.43.1 2017 methodology

Direct flux measurements of ammonia (Nldver agricultural fields and natural vegetation over the past few
decades have demonstrated that vegetation and soil can eitherdmiece or a sink of atmospheric NHhe
direction and magnitude of the exchange depends on the concentration gradient between the canopy and the
atmosphere. The bidirectional approach taken here accounts, in the most comprehensive way possible, for
estimaed NH; emissions from this complex process. The; Bitdissions estimated here are for fertilizer that has
been applied to the soil. Emissions from the application processes are estimated in the manure management
portion of livestock emissions. The approdctcalculating emissions from this sector in 2017 is consistent with
the methodology used for the 2014 NEI. The bidirectional version of CMAQ (v513)dnef theFertilizer
Emissions Scenario Tool for CMAQ RE®1.3) [reR] were used to estimate ammonia (MHemissions from
agricultural soils. These estimates were theaded into EIS for use in the 2017 NEI. The approach to estimate
2017 fertilizer emissions consists of these steps:

1 Run FESCT to produce nitrate (N§ Ammonium (NH4+, including Urea), and organic (manure) nitrogen
(N) fertilizer usage estimates
1 Use USDA Economic Research Services crop specific fertilizer use data and state submitted data to
adjust the FESU fertilizer totals to match the USDA and State submitted.
1 /alv Y2RSt 6AGK 0 ABxkhbdgerd geresate §aseous animiris@Ndrission
estimates.
9 Calculate countyevel emission factors as the ratio of bidirectional CMAQ fidkilizer emissions to
FESTC total N fertilizer application.
¢ 1aairdy GKS blo Syraarzya (2 2801B0099)./ Y aGXaAaOStfly

'y AGSNI GAGBS OFtOdA FliAz2y gAff 0SS FLILXASR (2 SadAaylri
fertilizer application by crop type for 2017 using FESTodeled data. After receipt and addressing of

comments to the extent podisle, we then adjusted the 2017 fertilizer application estimates using state

submitted data, currently only lowa, and USDA Economic Research Service state and crop specific survey data.
The USDA and state submitted annual fertilizer data was used to dsttheratio of UDSA/state fertilizer use

to FEST annual total fertilizer estimates for each state and crop with USDA or state data. This ratio is then
applied to the FESCT fertilizer application rates for each state and crop with data. A maximum annual

fertilization rate was set in the FEETsimulation and annual adjusted totals were limited to this rate to prevent
unrealistically higher fertilization rates. The we ran the CMAQ v5.3 model with the Surface Tiled Aerosol and

4-50



Gaseous Exchange (STAGE) siéipa option with bidirectional exchange to estimate fertilizer and biogenig NH
emissions for 2017. We use this approach for three reasons: (1)Z-ESimates fertilizer applications based on
crop nutrient needs which is typically lower than real widertilization rates; (2) FESTfertilizer timing and
application methods are assumed to be correct; andl{8 CMAQ model option allows us to incorporate state
submitted and USDA reported data into the final fertilization emission estimates.

FESTC & the software program that processes land use and agricultural activity data to develop inputs for the
CMAQ model when run with bidirectional exchange. FE$dads land use data from the Biogenic Emissions
Landuse Dataset (BELD), meteorological varidies the Weather Research and Forecasting model3feand
nitrogen deposition data from a previous or historical average CMAQ simulationCFE&h uses the BS! Q a
Environmental Policy Integrated Climate (EPIC) modeling systed] foe§imulate the agricultural practices and
soil biogeochemistry and provides informatigegarding fertilizer timing, composition, application method and
amount. Figure4-1 below provides a comprehensive flowchart if the complete EPIC/FBEST wC G 0 A RA €
modeding system.

Figure4-1: 4. ARAé Y2RSftAy3a aeaidsSy dzaSR (G2 O02YLlzi$s
The Fertilizer Emission Scenario Tool for CMAQ
(FEST-C)
e i e i e e e | Crops BELD4
I <~ (NLCD/MODIS, | —
I I Trees, Crops)
| | Environmental |
| | Policy Integrated : l
| Climate (EPIC) Meteorology
| “ Java-based I WRF
| Fertilizer Tool I
| = Interface I
i N
| | Spatial Allocator 1 IDe - CMAQ
position
I s State :<— Bi-directional |
| Submitted & — »  NH, Flux
| USDA Data | Fertilizer N modeling
L __ .
The system works for: l— Non-Fertilizer
* Any domains covering the CONUS, NEI Emission
southern Canada and northern Mexico. Agri. Ecosystem Inventories
» Four WREF projections (longitude/latitude, Assessment
Lambert conformal conic, Universal polar | (vield, soil erosion, water
stereographic, and Mercator). SRstyiquy)

The following activity parameters were input into the EPIC model:

9 Grid cell meteorological variables from WRF
1 Initial soil profiles/soil selection
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1 Presence of 21 major crops: irrigated and rain fed hay, alfalfa, grass, barley, beans, grain corn,
silage corn, cotton, oats, peanuts, potatoes, rice, rye, grain sorghiagesbrghum, soybeans,
spring wheat, winter wheat, canola, and other crops (e.g. lettuce, tomatoes, etc.)

1 Fertilizer sales to establish the type/composition of nutrients applied

1 Management scenarios for the 10 USDA production regiBigsi{e4-2) [ref 5]. These include
irrigation, tile drainage, intervals between forage harvest, fertilizer application method (injected
versus surface applied), and equipment commonly used in these production regions.

Figure4-2: USDA farm production regions used inG$imulations

L

Southérh
Plains

We used the WRF meteorological model to provide grid cell meteorological parameters for 2016 using a national
12-km rectangular grid covering the continental U.S. The meteorological paramefEablied-30 below were
used as EPIC model inputs.

Table4-30: Environmental variables needed for an E§if@ulation

EPIC input variable Variable Source
Daily Total Radiation (MJ?m WRF
Daily Maximum Zn Temperature (C) WRF
Daily minimum 2m temperature (C) WRF
Daily Total Precipitation (mm) WRF
Daily Average Relative Humidity (unitless) | WRF
DailyAverage 1ém Wind Speed (n%$ WRF
Daily Total Wet Deposition Oxidized N (g/ha| CMAQ
Daily Total Wet Deposition Reduced N (g/hg CMAQ
Daily Total Dry Deposition Oxidized N (g/ha) CMAQ
Daily Total Dry Deposition Reduced N (g/ha] CMAQ
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EPIC input variable Variable Source
Daily TotaWet Deposition Organic N (g/ha) | CMAQ

Initial soil nutrient and pH conditions in EPIC are based on the 1992 USDA Soil Conservation Service-8CSC) Soils
survey. The EPIC model then is run for 25 years using current fertilization and agricultural cregipinguies to
estimate soil nutrient content and pH for the 2017 EPIC/WRF/CMAQ simulation.

The presence of crops in each model grid cell was determined through the use of USDA Census of Agriculture
data (2006) and USGS National Land Cover(@8thl). These two data sources were used to compute the
fraction of agricultural land in a model grid cell and the mix of crops grown on that land.

Fertilizer sales data and thergonth period in which they were sold were extracted from the 2014 Assoniatio

of American Plant Food Control Officials (AAPFCO). AAPFCO data are used to identify the composition (e.g. urea,
nitrate, organic) of the fertilizer used, and the amount applied is estimated using the modeled crop demand.

These data are useful in makingeasonable assignment of what kind of fertilizer is being applied to which

crops.

Management activity data refers to data used to estimate representative crop management schemes. We used
the USDA Agricultural Resource Management Survey (ARMS) to prasidgement activity data. These data
cover 10 USDA production regions and provide management schemes for irrigated and rain fed hay, alfalfa,
grass, barley, beans, grain corn, silage corn, cotton, oats, peanuts, potatoes, rice, rye, grain sorghum, silage
sarghum, soybeans, spring wheat, winter wheat, canola, and other crops (e.g. lettuce, tomatoes, etc.).

¢KS @FNARIofSa akKzgy 2019 tFerdizel AbRicatioNIS@pldnsrital_DRagi.zigTASE S 6 2 Y
2017 NEI Supplemental Data FTP)die purposes of assessing crop data:

9 Fertilizer application timing 1 Area planted
i Plant/harvest dates 1 Crop yields
9 Fertilizer application rates by crop and

county

4.4.3.2 Emisiorfactors

The emission factors were derived from the 2017 CMAQ-EES&iTputs. Total fertilizer emission factors for each
month and county were computed by taking the ratio of total fertilizersMrissiongshort tons) to total
nitrogen fertilizer applicatin (short tons).

12 km by 12 km gridded Nidmissions were mapped to a county shape file polygon. The cell was assigned to a
county if the grid centroid fell within the county boundary. An example calculation adjustment ofFEST
fertilizer rates using sta or USDA data is provided here:

0Qi 0 ¢ & 6 6 "___oQi o ; HOQI o (1)

Where:

Fertdjustedcrop = The FEST 12km gridell adjusted fertilization rate,
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Ferkwmitesi = The USDA or State submitted state mean annual application data for the specified

crop, in kg ha,
FERHEsT, = The initial FEST 12km grid cell fertilization rate for the state being considered,
Nerop = The number of grid cells with fertilization use for the specified crop in the state,
Fertnax,crop = The maximum fertilization rate estimated from EPIC for the crop.

Countylevel fertilizer emissions (NH3) for 2017 are derived from the diagnosiigsean output from a 2017

CMAQ FEST model simulation (for details see Bash et al. 2013). With this modeling system, it would be difficult
to perform a sample calculation; this is not something that could be demonstrated in a spreadsheet. These
emissionsare computed via the full chemical transport model, as illustratefigures-3.

Figure4-3: Simplified FEST system flow of operations in estimating hissions
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Fertilizer Modeled
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application method NH;
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4.4.3.3 Comparison to 2014 methodology

The 2017ertilizer estimates are based on the CMAQ FESTa 6 A RA NB Ol A 2 y I f Figuré4BihaNp | OK
couples meteorological inputs, CMAQ and the EPIC modeling sttstengh the FEST interface. This

approach used for deriving ammonia emissions for the 2017 NEI is substantially the same as the approach used
for the 2014 NEI fertilizer estimatesection 4.4however, newer model versions for CMAQ and FESVEre

used. These estimates used FESTL.4 simulations with CMAQ 5.3 beta using the land use specific deposition
option, Surface Tiled Aerosol and Gaseous Exgh§STAGE), and bidirectional:kchange. The previous

version of CMAQ used for the 2014 NEI fertilizer emission only from vegetated land. This has been corrected in
CMAQ 5.3 with the STAGE deposition option and results in highggribkion rates ingricultural areas before

crop germination and in areas with sparse vegetation coverage. AdditionallyG~#IS4 corrected an error in

the nitrogen budget form an earlier version of the model used in the 2014 NEI. This results in approximately 38%
lower fertilization estimates than used in the 2014 NEI, $able4-31, and thus lower emission estimates in

much of the U Figure4-6. This emission reduction was largely offset when annual state and USDA fertilizer
data was used at adjust FEGTates. The adjusted FESTertilizer rates were increased by approximately 20%

with the exceptions of wheat (50% increase) and cotton (60% increase) to better match USDA and data
submitted by the states. Crops without state or USDA fertilizer data were adjusted by the mean adjustment
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factor from all the crops with state or USDA siitbed data, approximately a 20% increase. Large increase in
fertilizer rates for cotton and wheat resulted in a large increase ipétissions from fertilizer due to the
typically alkali soils and warm climate where these crops are grown. Emission méps 2014 NEI, these 2017
NEI estimates, and a difference map are provided belowignre4-4, Figure4-5, andFigure4-6, respectively.

Figure4-4:b 9 L
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Table4-31: Contiguous US fertilizer totals and emissions for the 2017 NEI and 2014 NEI

2017 FINAL 2017 DRAFT | 2014 V2 2014 V1
EPIG-ERTILIZER APPLICATION 13,604,640 11,451,713 18,851,866 | 20,314,303
(TONS N)
CMAQ EMISSIONS (TONS N) | 986,509 592,218 883,526 948,616
MEAN ANNUAL EMISSIONS 7.3% total, 4.8% total, 4.7% total, | 4.7% total,
FACTOR* 12.5% of 8.9% of 9.8% of 9.1% of

urea/NH, urea/NH, urea/NH, urea/NH,
FERTILIZER USE** (TONS N) | Not Available | Not Available | 13,295,000 | 12,814,000

* Defined as the annual emissions divided by the annual fertilizer application
** USDA Economic Research Seniegtilizer Use and Price

Additional Information regarding the 2014 methodology and the development of the 2017 methodology can be
foundin the Air Emissions Inventory Training 3ite H amn b 9L GNIAYyAy3az aSIkNOK F¥2N

444

1. Community Multiscale Air Qualitt MAQ v5.Bmodel.

Fertilizer Emission Scenario Tool for CMABRIT) system.

Weather Research Fecast (WRF) model

Environmental Policy Integrated ClimaieRI§ model.

Cooter, E.J., Bash, J.O., Benson V., Rbh; Linking agricultural crop management and-@irality
models for regional to nationaicale nitrogen deposition assessmerBiogeosciences, 9, 402835,
2012.
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4.5 Agriculture — Livestock Waste

4.5.1 Sector escription

The emissions from this category are primarily from domesticated animals intentionally reared for the

production of food, fiber, or other goods or for the use of their labor. The livestock included in tlie EPA
estimated emissions include begdttle, dairy cattle, goats, horses, poultry, sheep, turkeys and swine. A few

S/LIT agencies reported data from a few other categories in this sector such as domestic and wild animal waste,
though these emissions are small compared to the livestock lebede. The domestic and wild animal waste
emissions are not included for every state and not estimated by the EPA. The pollutants that EPA reports using
its methods for this sector are NH3 and VOC (VOC is always just 8% of NH3), and stiAeY @t var by

animal type as described below.

4.5.2 Sources of data

Table4-32 shows the nonpoint SCCs covered by the EPA estimates and by the S/L/T agenciesritizdsub

RFGF® ¢KS {// t€tS@Stf WX o YR n RSAZONALIIA2ya INB Ifa
{ 2dzNDOS&a¢ F2NI L&t {// ao
Table4-32: Nonpoint SCCs with 2017 NEI emissions in the LideStaste sector
SCC Description EPA| S/LIT
Agriculture Production Livestock; Beef cattlefinishing operations on
2805001100 feedlots (drylots); Confinement X
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SCC Description EPA| S/LIT
Agriculture Production Livestock; Beef cattlefinishing operations on

2805001200 feedlots (drylots); Manure handling and storage X
Agriculture Production Livestock; Beef cattlefinishing operations on

2805001300 feedlots (drylots); Land application of manure X
Agriculture Production Livestock; Beef cattlproduction composite; Not

2805002000 Elsewhere Classified X X
Agriculture Production Livestock; Beef cattlefinishing operations on

2805003100 pasture/range; Confinement X
Agriculture Production Livestock; Poultry productionlayers with drymanure

2805007100 management systems; Confinement X X
Agriculture Production Livestock; Poultry productionlayers with dry manure

2805007300 management systems; Land application of manure X
Agriculture Production Livestock; Poultrproduction- layers with wet

2805008100 manure management systems; Confinement X
Agriculture Production Livestock; Poultry productionlayers with wet

2805008200 manure management systems; Manure handling and storage X
AgricultureProduction- Livestock; Poultry productionlayers with wet

2805008300 manure management systems; Land application of manure X

2805009100 Agriculture Production Livestock; Poultry productiorbroilers; Confinement | X X
AgricultureProduction- Livestock; Poultry productionbroilers; Manure

2805009200 handling and storage X
Agriculture Production Livestock; Poultry productionbroilers; Land

2805009300 application of manure X

2805010100 Agriculture Production LivestockPoultry production turkeys; Confinement | X X
Agriculture Production Livestock; Poultry productionturkeys; Manure

2805010200 handling and storage X
Agriculture Production Livestock; Poultry productionturkeys; Land

2805010300 application of manure X
Agriculture Production Livestock; Dairy cattle composite; Not Elsewhere

2805018000 Classified X X

2805019100 Agriculture Production Livestock; Dairy cattleflush dairy; Confinement X
AgricultureProduction- Livestock; Dairy cattleflush dairy; Manure handling

2805019200/ and storage X
Agriculture Production Livestock; Dairy cattleflush dairy; Land application ¢

2805019300 manure X
Agriculture Production Livestock; Cattle an@alves Waste Emissions; Beef

2805020002 Cows X

2805021100 Agriculture Production Livestock; Dairy cattlescrape dairy; Confinement X
Agriculture Production Livestock; Dairy cattlescrape dairy; Manure handlin

2805021200 and storage X
Agriculture Production Livestock; Dairy cattlescrape dairy; Land applicatior

2805021300 of manure X

2805022100 Agriculture Production Livestock; Dairy cattledeep pit dairy; Confinement X
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SCC Description EPA| S/LIT
Agriculture Production Livestock; Dairy cattledeep pit dairy; Manure

2805022200 handling and storage X
Agriculture Production Livestock; Dairy cattledeep pit dairy; Land

2805022300 application of manure X
Agriculture Production Livestock; Dairy cattledrylot/pasture dairy;

2805023100 Confinement X
Agriculture Production Livestock; Dairy cattledrylot/pasture dairy; Manure

2805023200 handling and storage X
Agriculture Production Livestock; Dairy cattledrylot/pasture dairy; Land

2805023300 application of manure X
Agriculture Production Livestock; Swine production composite; Not

2805025000 Elsewhere Classified (see alse(8039,-047,-053) X X
Agriculture Production Livestock; Poultry Waste Emissions; Btgewhere

2805030000 Classified (see also 2%-007,-008,-009) X

2805030007 Agriculture Production Livestock; Poultry Waste Emissions; Ducks X

2805030008| Agriculture Production Livestock; Poultry Waste Emissions; Geese X
Agriculture Production Livestock; Horses and Ponies Waste Emissions; N

2805035000 Elsewhere Classified X X
Agriculture Production Livestock; Swine producticroperations with lagoons

2805039100 (unspecified animal age); Confinement X
Agriculture Production Livestock; Swine producticroperations with lagoons

2805039200 (unspecified animal age); Manure handling and storage X

Agriculture Production Livestock; Swine producticroperations with lagoons
2805039300 (unspecified animahge); Land application of manure
2805040000 Agriculture Production Livestock; Sheep and Lambs Waste Emissions; To| X
Agriculture Production Livestock; Goats Waste Emissions; Not Elsewhere
2805045000 Classified X X
Agriculture Production Livestock; Swine producticrdeep-pit house
2805047100| operations (unspecified animal age); Confinement X
Agriculture Production Livestock; Swine producticrdeep-pit house
2805047300 operations (unspecified animal age); Land applicatf manure
Agriculture Production Livestock; Swine producticroutdoor operations
2805053100 (unspecified animal age); Confinement

2806010000 Domestic Animals Waste Emissions; Cats; Total

2806015000 Domestic Animals Wastemissions; Dogs; Total

2807025000 Wild Animals Waste Emissions; Elk; Total

2807030000 Wild Animals Waste Emissions; Deer; Total

X

X

x

XX XXX

Table4-33LINS aSyGa (0KS GKNBS GLYRAZAUONRFE t N2POS&aasSa¢ LIRAY
California and Delaware. Point source emissions from this sector are negligible, particulblit, foompared

G2 GKS y2yLRAYG SYAadaaArzya o6Ylye 2NRSNAR 2F YI3IyAddzRS
t NPOSaaSaT C22R FyR ! ANROdz GdzNB¢ F2NI Lttt {// ad DSyYyS
emissions accounting pross. Some other states have reported some PM, PM species, and some HAPs using

point source SCCs, however, most of those emission totals are small (we do not report PM or components for

this sector in our methods), and will be ignored in all subsequent slisons here, and will not be included in
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the totals in other parts of this document for this sector. No point source subtraction is deemed necessary for
this sector.

Table4-33: Point SCCs with 2014 Nfatissions in the Livestock Waste segoeported only by States

SCC SCC Level Three SCC Level Four CA | DE
Enteric, Confinement, Manure Handling X

30202120 | Broilers Storage, Land Application

30202001 | Beef Cattle Feedlots | Feedlots: General X

The agencies listed ifable4-34 submitted emissions for this sector; agencies not listed used EPA estimates for
the entire sector. Some agencies submitted emissions for the entire sector (100%), while others submitted only
a portion of the sector (totals less than 100%). In cases whéu# submittal was not made, EPA data was used

to backfill according to the information provided in the nonpoint survey for this sector.

Table4-34: Agencies that submitted Ag Livestock Waste emission®i@@h7 NEI

Region | Agency S/LT
1 Massachusetts Department of Environmental Protection State
3 Delaware Department of Natural Resources and Environmental Col State
5 lllinois Environmental Protection Agency State
8 Utah Division of AiQuality State
9 California Air Resources Board State
9 Maricopa Air Quality Department (county in AZ) State
10 Coeur d'Alene Tribe Tribe
10 Idaho Department of Environmental Quality State
10 Kootenai Tribe of Idaho Tribe
10 Nez Perce Tribe Tribe
10 ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho Tribe

4.5.3 EPAdeveloped emissions

Animal waste from livestock results in emissions of both NH3 (ammonia) and, Volatile Organic Compounds
(VOCs), as introduced in the 2014 NEI for this sectots\itted by livestock can be defined as any compound

of carbon (excluding carbanonoxide, carbon dioxide, carbonic acid, metallic carbides or carbonates, and
ammonium carbonate) that may participate in atmospheric photochemical reactions and is etnjttagkstock.
Livestock are domesticated farm animals raised in an agricultural setting for home use or profit. Following the
modeldevelopment work of Carnegie Mellon University (CMU) 14, the following livestock were

evaluated: dairy cattle, beef cattle, swine, and poultry (layers and broilers) as part of the model. These animals
make up over 90% of NH3 emissions from this sector. For the 2017 NEI, EPArable@dH3 (and VOC)

emissions for goats, sheep, turkeys, and horses. For these animals, emissions were estimated using a nationwide
emission factor multiplied by the appropriate animal count as described below.

The general approach to calculating NH3 esioiss due to livestock is to multiply the emission factor (in kg per
year per animal) by the number of animals in the county. VOC emissions were estimated by multiplying a
national VOC/NH3 emissions ratio (VOC = 8% of NH3 emissions) by the county NidB&miss

In the 2017 NEI, the EPA methodology for ammonia emissions that results from the use of the CMU model,
includes all processes from the housing/grazing, storage and application of manure from beef cattle, dairy cattle,
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swine, broiler chicken, andlajd OKA O1 Sy LINBRdzOGA2Y S FyR (KSaslel NB | &
4-32. It is assumed the EFs used also take into account, on averatpe, mihnagement practices that are used
in waste treatment for each of those animals.

4.5.3.1 Overview of calculations

The general approach to calculating Ndthissions due to livestock is to multiply the emission factor (in kg per
year per animal) by the number of animals in the county. The d&atel NH emissions factors are generated

using the CMU Ammonia Modgef 18, ref 102 for dairy cattle, beef cattle, poultry layers, poultry broilers, and
swine. EFs for the other animalsmes from a naitonwide average, which is coupled with the number of animals
in the county. VOC emissions were estimated by multiplying a national VOZON®8) emissions ratio by the
county-level NH emissions. HAP emissions were estimated by multiglttie countylevel VOC emissions by
HAP/VOC ratios.

4.53.2 Activity data

The activity data for this source category is based on livestock counts (average annual number of standing head)
FYR LRLMzZ FGA2Y AYF2NXIGA2Y 0@ & lideihSuselGASRGHE? ldeghiody dza S R
[ref 99]. This data set is derived from multiple data sets from the United States Department of Agriculture

(USDA), particularly the Nahal Agricultural Statistics Service (NASS) survey and censii8(iefhe USDA

NASS survey dataset, which represents latest available, 2017 national livestock data, is used to obtain the
livestock counts for as many counties as possible acroddnited Stats. This is a new and more robust

method that has been introduced into the 2017 NEI for this category for estimating population counts. There are
several improvements in this animal counting procedure, including better accounting of the dairy and beef cattl
O2dzyilda o6& NBfteAy3d 2y (KS 9t ! @atle EfcfidF&Senstbn MofeY(ZEMK S NA
GKFG Aa dzaSR Ay RS@St 2 lidkesfosk p&ouldtich dataBeT fr kaila; kthé offibidl BPAA Y @Sy
GHG inventory is developed by EPA/OAP. The CEFM uses a cattle transition matrix to simulate the population of
cattle from birth to slaughter, using starting point USDA populations, calving ratéghtvggin, and death rates

over the course of the year to produce an annual average standing population. A description of the CEFM is
provided in many of the references cited in this document.

To give an idea of changes from 2014v2NEI to 2017 NEI cowstd ba these improved procedures a summary
Table4-35isshown below for the major animals that the CMU model estimates emissions for. These data do
not include statenputs to population counts, but most of the count data for the entire US is based on EPA
information, so it gives an accurate depiction of the changes in animal population counts going from the 2014
NEI to the 2017 NEI.

Table4-35: Nationatevel animal population data trend from 2014 NEI to draft 2017 NEI

Livestock 2017 Draft | % Increase in
Category 2014 NEIv2 NEI 2017 Draft NEI
Beef 79,367,367 81,559,685 3%
Dairy 9,035,195 18,893,022 109%
Swine 67,766,007 72,151,500 6%
Poultry- Layers 362,319,588 497,677,000 37%
Poultry- Broilers | 1,506,271,264 1,621,052,369 8%

The change in beef, swine and poulbyoilers shown in the above summary table is due mainly to normal
operational and production growth in those livestock categories; however, note that the 2014 NEIv2 populations
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originated primarily from 2012 NASS dada,it has a §r growth term since the last population dataset used.

The significant change in the dairy and poulayers categories are due to the inclusion of new-sategories

within those livestock groups that were not previously included in thB42QEI populations. For the dairy cattle
category, heifers and calves are now included in population totals in addition to mature dairy cows. For poultry
layers, pullets (young hens) are now included in the population total for this category. Theseredditig

account for some of the discrepancy noticed in the 2014 NEIv2 NH3 estimates where EPA estimates were low
(around half for dairy cattle) compared to state estimates for these two livestock categories

Generally, counties not specifically included in the NASS survey data set (e.g., due to business confidentially
reasons) were gafilled based on the difference in the reported state total animal counts and the sum of all
county-level reported animal coust Statelevel data on animal counts from the GHG inventory were distributed
to counties based on the proportion of animal counts in those counties from the 2012 NASS census.

0 fif 0 fif L R (1)
Where:
Pac2017 = Estimated population of animal tyein countyc
Pas 2017 = NASS survey reported stalievel population of animal typain states
lac2012 = Ratio of animal countyto state-level animal counts from the 2012 NASS census for

animal typeain countyc

4.53.3 Allocation procedure

The USDA survey reports the livestock counts at the county level for many counties, so no allocation is
necessary. The procedure for glting missing countyevel data using statéevel data is described the
previoussection.

4.5.3.4 Emission factor development

CMU developed a model to estimatét emissions from livestock [rdf8, ref 102]. This model produces daily
resolved, climate level emissions factors for a particular distribution of management practices for each county
and animal type (for @iry cows, beef cattle, swine, poultry layers, and poultry broilers only), as expressed as
emissions/animal. These county level emissions factors are then combined together to create a state level
emissions factor for each animal type. For the 2014 NEhe&¢ state level emissions factors were back

calculated from the CMU model using statewide emissions divided by statewide animal totals. Thus, the CMU
model provides a state specific emission factor for each animal typedididsions/head). For the ne@MU

model animals that EPA estimates emissions for, we are reliant on use of population counts that come from the
same source as described above combined with one national EF for each animal type (horses, goats, turkeys,
and sheep) [rel04].

To develop emissions factors for the 2017 NEI for the @séd animals, the CMU model was modified to use
hourly meteorological data and two runs were performed using 201428id meteorological data. The ratio of

the 2017 to 2014 CMU model values were then applied to the 2014 back calculatedest@temissions factors

to develop emissions factors for the 2017 NEI. As discussed in the 2014 NEI TSD, VOC emissions watte estimat
as 8% of NH3 across the board. The 8% was simply derived from where states had reported both NH3 and VOC
in the previous inventory: there were 106 counties which provided emissions for both pollutants, and the
average ratio was 0.08 tons of VOC for gvien of NH. This ratio is multiplied by all county level N#hissions

in NEI 2017 to estimate VOC emissions for each county. This ratio does not vary by state or animal type.
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HAP emissions were estimated by multiplying coespgcific VOC emissions lpesiation factors that are
animalspecific as shown ifiable4-360 St 2 g ! £ f 2F GKS 1!t +h/ FTNIOUA2Yya
database [refl0]]. As perthe availability in SPECIATE, there are total of 6 VOC HAPs estimated for beef cattle, 5
VOC HAPs for dairy cattle, 4 VOC HAPs for swine, and 14 (same) VOC HAPs for layers and broilers (poultry).

Table4-36: VOC sepciation fractions used to estimate HAP Emissions for Livegaske

SCC Animal Type HAP Fraction of VO( ProsfiIIDeENClIJ':\n-ILJEer
2805002000 | Beef Cattle 1,4-Dichlorobenzene 0.0013
2805002000 | Beef Cattle Methyl isobutyl Ketone 0.0008
2805002000 | Beef Cattle Toluene 0.0110

95240
2805002000 | Beef Cattle Chlorobenzene 0.0001
2805002000 | Beef Cattle Phenol 0.0006
2805002000 | Beef Cattle Benzene 0.0001
2805007100 | Poultry---Layers | Methyl isobutyl ketone 0.0169
2805007100 | Poultry---Layers | Toluene 0.0018
2805007100 | Poultry---Layers | Phenol 0.0024
2805007100 | Poultry---Layers | N-hexane 0.0111
2805007100 | Poultry---Layers | Chloroform 0.0025
2805007100 | Poultry--Layers fﬁ:;éﬁf;ﬁiéfdd 0.0048
2805007100 | Poultry---Layers | Acetamide 0.0075 95223
2805007100 | Poultry---Layers | Methanol 0.0608
2805007100 | Poultry--Layers | Benzene 0.0052
2805007100 | Poultry---Layers | Ethyl Chloride 0.0031
2805007100 | Poultry---Layers | Acetonitrile 0.0088
2805007100 | Poultry--Layers | Dichloromethane 0.0002
2805007100 | Poultry---Layers | Carbon Disulfide 0.0034
2805007100 | Poultry--Layers | 2-Methyl Napthalene 0.0006
2805009100 | Poultry-Broilers | Methyl isobutyl ketone 0.0169
2805009100 | Poultry-Broilers | Toluene 0.0018
2805009100 | Poultry-Broilers | Phenol 0.0024 95223
2805009100 | Poultry-Broilers | N-hexane 0.0111
2805009100 | Poultry-Broilers | Chloroform 0.0025
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SCC Animal Type HAP Fraction of VOC ProsfiIIDeENCLI?nLir
2805009100 | Poultry-Broilers %?f;;’if;ﬂ‘;fdd 0.0048
2805009100 | Poultry-Broilers | Acetamide 0.0075
2805009100 | Poultry-Broilers | Methanol 0.0608
2805009100 | Poultry-Broilers | Benzene 0.0052
2805009100 | Poultry-Broilers | Ethyl Chloride 0.0031
2805009100 | Poultry-Broilers | Acetonitrile 0.0088
2805009100 | Poultry-Broilers | Dichloromethane 0.0002
2805009100 | Poultry-Broilers | Carbon Disulfide 0.0034
2805009100 | Poultry-Broilers | 2-Methyl Napthalene 0.0006
2805018000 | Dairy Cattle Toluene 0.0018
2805018000 | Dairy Cattle ?r;‘ffgg ifrf,ye"é)md 0.0276
2805018000 | Dairy Cattle Xylenes (mixed isomers) 0.0046 8897
2805018000 | Dairy Cattle Methanol 0.3542
2805018000 | Dairy Cattle Acetaldehyde 0.0141
2805025000 | Swine Toluene 0.0047
2805025000 | Swine Phenol (Carbolic Acid) 0.0179
2805025000 | Swine Benzene 0.0035 oo2a
2805025000 | Swine Acetaldehyde 0.0155

For the noARCMU animals (goats, sheep, horses, and turkeys), arsipealific HAP speciation profiles were not
available in the literature, so th®llowing assignments were made:

1 Sheep and Goats:
1 Turkeyssame:
9 Horses:

Same HAP fractions as Dairy Cattle
HAP fractions as Chick&moilers
Same HAP fractions as Beef Cattle

Meteorological Data Used in Adjusting FEM Emission Factors

The source codprovided for FEM model contained weather data for 2014. It did not use standard identifiers
(WBAN ID) and was limited to a small number of observations with an unknown source. The FEM weather data
used a single monthly value for wind, temperature, and jpigation. FEM interpolated this data to hourly using
different techniques. For temperature, a standard deviation was used to raise and lower the mean temperature
in the month. For wind speed, the average monthly value was used for all hours. For ptiecipiteonthly

amounts were divided into days (an hours) based upon a parameter defining the frequency of rain in a month.
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The source code was modified to accommodate a true hourly processing of the met data. For the years 2014
and 2017, ISD (Integrated $age Database) files from NOAA were processed into a ybadsty data file.
Individual weather station files were retrieved frakDAAfor all stations in the US.

This is an automated process wherebyear and certain inclusion criteria are set (country codes, missing value
limits, etc.) and a direct indexed file is created of all passing stations. In the case of FEM, all stations in the US
were included with a maximum of 4000 missing hours for tempeeaand wind speed and a maximum of 40
consecutive hours without temperature or wind speed. The system automatically fills in missing values using
linear interpolation between missing hours.

To determine the weather characteristics for the year, the cguwantroid is matched to the nearest weather
station in the yearlyhourly file. Emissions factors are calculated using every hour of the year for the county
location and the model farm types located within the county.

Animal Practice Docuentation

2y LN

The aninal practiceR 2 OdzY Sy i GA 2y adzyYlFI NAT Sa GKS Ay TF2NNI GA
i SRS ¢ Gy

G!' YY2YAL SYAdarzya FNRBY  AQSAS@DN WMIRIKS § 3 AL
[ref 102). This work was funded by EPA grant number RD834549(8f

Ammonia emissions from livestock depend on two major factdre management practices employed by the
producers (i.e. what housing, storage and application methods are used) and the ensirahiconditions of
location where the farm is situated (i.e. temperatures, wind speeds, precipitation). All of these factors have
significant impacts on the conditions of the manure and waste (e.g. water content, total ammoniacal nitrogen
concentration) ad as a result can enhance or reduce the emissions of ammonia from these sources.

The CMU model requires fartyipe inputs which describe the type of animal housing, manure storage and
application methods used for a particular location. Each location is@eg to have some combination of
practices; for example, in a single county, some of the swine farms may useidéepsing, lagoon storage,

and irrigation application while other farms use shaHlpivhousing with lagoon storage and injection

applicaton. In order to understand the differences in regional preferences for particular manure management
strategiesjnformation was extracted from the most recent National Animal Health Monitoring Surveys done by
the USDA. The beef cattle NAHMS was complet@®07 and feedlot beef in 2011; dairy cattle data was from
2002 and 2007; swine data were collected for 2006 and 2012, and the most recent poultry NAHMS was
completed for 2010. The most recent data available had limited spatial resolution (compared/ioysrevork

[ref 1, ref2)]), and so the model is only able to resolve lasgale regional differences in practices. For beef-cow
calf systems, the United States was divided into four regions, but only two regionsdgbhoused on feedlots.

For swine, the country was divided into three regiordidwest, East, and South, and for layers, there were four
regiong Northeast, Southeast, Central and West. An additional limitation in the data available for the
characterizatiorof the farm practices was that for some of the questions asked by the study, results were only
reported in terms of percent of operations which used a particular practice. This may give too much weight to
the practices used on smaller farms which havelatively small contribution to the overall level of ammonia
emissions from a particular livestock type or practice. Thus, some uncertainty is expected as a result of the
limited quantity of data available regarding manure management practices throughewtduntry.

As was previously discussed by Pinderetal3eE 2y S 2F (GKS FIF OU2N&ER Yz2aid fAYA
of information about manure managemt practices throughout the country. It is unclear whether these

uncertainties result in the overprediction or underprediction of total ammonia emissions from livestock in the

United States.
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Beef

Information regarding beef manure management practices wavided through the USDA National Animal

Health Monitoring Study (NAHMS) with a regional distribution of practices. Beef data were provided for beef
housed on feedlots as well as those that are a part of-calvsystems. Cowalf systems are those inhich

cattle are left on pasture or rangeland and the cows are kept with their calves, often until the calve® are 1

years old and ready for sale. Feedlots are a much denser style of production in which large numbers of cattle are
housed on concrete or p&ed earth lots and fed a mixture of corn and grains. Using the information from

NAHMS and the animal numbers in the USDA 2012 agriculture census, the fraction of cattle in each state that
were housed on feedlots as opposed those raised in a pastased &rm system was discerned.

The distribution of manure management practices for the states included in the National Animal Health
Monitoring System (NAHMS) (as split between feedlots andaafwsystems) is based on liteature [def ref

8]. The regional distribution of cattle on feed can be seen irRigeire4-7. States in the West include: Arizona,
California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. The
states in the Central region are: lllinoisdiana, lowa, Kasas, Michigan, Minnesota, Missouri, Nebraska, North
Dakota, South Dakota, and Wisconsin. Texas and Oklahoma are in the South Central region. The remaining states
are in the East. There have been relatively few studies that have charadt¢hniz emissions from cowalf or
pasturebased systems in the United States, especially compared to the emissions characterization that has
been done at a variety of Texas and Oklahoma feedlots. The grazing portion of the beef farm emission model is
therefore less constrained and may result in the underprediction of emissions of ammonia from beef not housed
on feedlots.

Figure4-7: Regional distribution of beef cattle on feed

West Central South Central East

660

3 Cattle on Feed @M Cow-calf System

Based on thénformation provided by NAHMS and the USDA Agricultural census, two manure managment trains
(MMTSs) are considered. The first is an all grazing system where emissions are affected by the rate of manure
infiltration and directly exposed to the elements (tearature, windspeed, precipitation). The alternative is a
feedlot system with solid manure storage and broadcast application.

Dairy

The distibution of practices used in dairy cattle is unlikely to have changed substantially in the years following
the work of Pinder et al.rgf 1, ref2], as seen when comparing the two most recent NAHMS results (from 2002

and 2007) to the 1996 NAMS data used in the cited work. However, the data available for the 2002 and 2007

NAHMS was less regionally specific than was used in the previous wdk [reff13]. The manure
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management practice information received at that time included stgiecific data, something not available for

the current study years. Addtionally, storage and application data for 2002 and 2007 was only available by
fraction of surveyed operations rath¢han by population which may give too much weight to practices

employed primarily at smaller dairy farmdlanure management practices can be described regionally as either

in the West or East; the distribution of practices is shown belokigure4-8 and Figure4-9. EasternStates

include Minnesota, lowa, MissouAykansas, Louisiana and eastward. Western states are the rest of the
continental USRegionally separated data was not available from the 2007 NAHMS, and results are presented in
terms of percent of farming operations rather than percent of animal popoativhich may lead to over
representation of minor practices.

Figure4-8: Regional distribution of dairy housing practices from 2007 NAHMS for Eastern and We§&ern U
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Figure4-9: Distribution of storage and application practices across tt& U
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Swine

There is significant regional variability in the housing types and manure management practices (in terms of
storage and application) for swinoduction in the United States. Some of the management choices made are
the result of meteorological limitations (i.e. deggt versus shallowpit housing) while others are chosen for
economic reasons (less expensive to use irrigation application raiherihjection).

Using thenformation provided by NAHMS, regional distributions of management practices can be described
[ref 14 ¢ ref 17). The United States can be broken into three regions based on this data: the South, thedlidw
and the East. Each of these groups of states has a unique distribution of housing, storage, and application
practices, seen ifigure4-10. The Midwestncludes: Idaho, lowa, Minnesota, Montana, North Dakota,

Nebraska, South Dakota, Wisconsin and Wyoming. The Eastern states include Connecticut, Delaware, lllinois,
Indiana, Maine, Maryland, Massachusetts, Michigan, New Hampshire, New Jersey, New York, Ohio
Pennsylvania, Rhode Island, and Vermont. The remainder of the states are included in the Southern region.

Figure4-10: Regionaltlistribution of swine manure management practices
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Poultry

Broilers

Themajor differences in broiler chicken production occur not in terms of farm type, but in the frequency with
which barns are entirely cleaned out of their litter material; literature suggests that barns that are cleaned out
more frequently have lower emissie than those in which litter material is built @pd reused [rell9 ¢ ref 22)].
Additional factors that may alter the emissions from these facilities include what the bedding or litter material is
made up of as well as how long each barn stays empty between flocks. There is not sufficient data to include
either bedding materiabr the time between flocks within the emissions inventory. In fact, much of the
variability that might be caused by these factors on a single farm will likely be averaged out as a result of short
lifecycle of these birds, which take less than two montheeach market size. Additionally, pastinased or

organic practices are not included as they make up a very small fraction of total bird population and the
emissions from these farms has not been characterized in the literature. The limited ddddl@veegarding
manure storage and application from broiler housing may result in the underestimation of ammonia emissions
from this animal type.

Layers

There are two major housing types used in the production of layer chickens in the United States. These are
high-rise layer houses and manubelt layer houses. Tharimarydifference between these two housing types is

the frequency with which manure ismeoved; in higkrise barns, manure is removed2ltimes each year, while
manure is removed on a daily or weekly basis from maiaie barns, which results in lower housing emissions

and ammonia concentrations but leaves greater quantities in the manutesheeaded toward storage and
application or processing. Higlse housing operations are more prevalent than manrbiedt houses throughout

the United StatesHigure4-11), but manurebelt are somewhat more common in the western and central

portions of the United States. The majority of ammonia emissions from poultry are expected to be from housing
(particularly for higkrise facilities). The West includes: Arizonajf@alia, Colorado, Idaho, Montana, Nevada,

New Mexico, Oklahoma, Oregon, Texas, Utah, Washington, and Wyoming. The Central states are: Arkansas,
lllinois, Indiana, lowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and
Wisconsin Southeastern states are: Alabama, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina,
South Carolina, Tennessee, Virginia, West Virginia. The remaining states are considered to be in the Northeast.
There are some limitations on the atijjlof the FEM for both the storage and application of poultry manure as
there have been few studies to characterize these emissions.

Figure4-11: Regional distribution of layer housing types
West Central Southeast Northeast

2900
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Additionally the most recent NAHMS information does not capture the more recent trend towardsficzge
housing or pastureaised layer chickens [réf3 ¢ ref 25]. Cagefree housing is a relatively minor housing
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practice currently (<10% of all layer chickens are raised on cage free farms, bigstattic data is unavailable

so this may vary signifiatly by state, and this may not represent a similar fraction of total eggs produced), but
is poised to grow as a result of concerns about animal health and welfare and the demand ffreeaeggs
increases. According to the most recently completed NAHBHg)efree production occurs at approximately 3%
of large layer operations (more than 100,000 layers), and approximatebgoaeer of smaller farms. The data
provided by NAHMS does not specify the fractions of total layer populations raised at @autiouh sizes, but
large farms have become increasingly common and it is expected that most eggs are produced from larger farms
[ref 25]. Cagefree and organic produs are more likely to come from smaller farms whose emissions have not
been wellcharacterized in the literature. Cagee production is more common in Europe than the United
States, so emissions studies from Europe could be used to better characteyeeemhousing emissions [ref
26 ¢ref 28].

Model Parameters

The FEM is a tuned moddhiat applies adjustments to approximate observed data. However, the model
evaluation does not reflect the ability of the FEM to predict completely independent measurements but the
ability of a relatively simple procetmsed modelwith a single set of mass transfer parameters for each manure
management practice, to describe the full range of observed variability.

The National Air Emissions Monitoring Study (NAEMS) data and literature data are displeigeaded-12.

Results irFigured-12 are displayed by animal type and management stage as follows: ajtatbelairy housing
emissions, b) dairy lagoon storage emissions, c) gbitegind flushtype swine housing emissions, d) swine

lagoon and basin storage emissions, e) l#tased broiler housing emissions, and f) manbedt (MB) and high

rise (HR) layerdusing emissions. (1 AU = animal unit = 500 kg live animal weight). The range of temperatures
studied is most extended for layer hens. With the additional NAEMS data, an apparent inverse relationship
between temperature and ammonia emissionslserved, emething that was not clear in the prior literature.

It has been suggested that this inverse relationship (higher emissions factors for lower temperatures) is related
to the drying out of manure in hot barns with high ventilation rates B@f At lower temperatures, barn

ventilation is reduced (to conserve heat) and manure dries slowly, and, therefore more manure urea can be
broken down into ammonia, which is thenabable for volatilization. Additionally, feome practices,

particularly for swine storage, emissions factors from NAEMS were uniformly higher than those previously
reported in the literature, for both high and low temperatures. As aresultofthesB S y 0Sa > G(KS C9a
parameters were adjusted so that model emission factors fell between NAEMS and literature data, weighting
the literature studies equally with the NAEMS observations so as not tetomerto only the literature or

NAEMS data. Theig significant value in both previously published studies as well as in the values reported by
NAEMS, so the rining done is to ensure that this work takes advantage of all available data.
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Figure4-12: Emission factors as a function of temperature reported in the prior literature and from the NAEMS
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Manure characteristics

Manure characteristics are important input parameters to the model because they govern the amount of
nitrogen available for emission, whether or not the nitrogen present is likely to be volatilized, and how well the
waste can infiltrate into the soil during manure application. These parameters have been selected based on
information extracted from publistd literature as well as reports from the National Air Emissions Monitoring
study.Table4-37 describes the types of parameters and inputs critical to the modelTaide4-38 presents
information about manure volume, nitrogen concentration and pH levels in the waste from each type of animal
included in the model.
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Table4-37: Description and sources of model inputs and parameters

Data Type

Description

Source of input or parameter

Input or Tuned
Parameter?

Meteorology

Temperature (°C)
Wind speed (m/s)

Precipitation

From NationalClimate Data Center, base!
on farm location

Input value (monthly
average for seasonal
emissions, daily values
for daily model run)

Manure Type of housing, Unique to each farm type; farm types hay
Management storage, or . : Input value
: o a uniqueset of inputs
Practice application
Surface mass Tuned based on literature and NAEMS
Resistance | transfer resistancg observations to agree with previous work
. Tuned Parameters
Parameters | from manure to constant for a particular management
atmosphere practice (for a particular animé&ype)
Table4-38: Model Input parameters related to manure characteristics
Parameter . Value.: .
Animal Type Range of Values | Used in Units Source
Name
Model
Beef 12-17 15 | animal* day* 2,31
Dairy | animal® day? 2
\I\;I;Eléqrg Swine 4-10 6 | animal® day? 32
Poultry-Layer | 0.088 0.088 | animal* day* 33,34
Poultry-Broiler | 4.9 4.9 | finished animat 33
Beef 47-70 kg N animat year! | 33
Dairy kg N animatyear! | 2
E:/Ic?rr:::]erz?lttjart?c?n Swine 11-35 kg N animat year! | 34,35
Poultry-Layer | 0.50.6 0.55 kg N animat year! | 33
Poultry-Broiler | 0.050.06 0.055 kg N finished animal | 33
Beef 7.7 7.7 36
Dairy 7.58.3 7.7 2
Housing pH Swine 6.57.5 7 37
PoultryLayer | 7.1-7.6 (MB); 8.8.7 | 7.3 38,39
Poultry-Broiler | 8 8 40
Dairy 7.08.0 7.5 1
Storage pH - g e 7.58 7.7 35
Beef 7.5 7.5 41
Dairy 7.07.7 7.3 2
Application pH| Swine 7.88.2 8 42
Poultry-Layer | 7.2 7.2 43
Poultry-Broiler | 8.8 8.8 44
Beef 7.7 7.7 2
Storage pH "5 iy 7583 77 2

There are a limited number of studies which describe the manure nitrogen and manure pH for each animal type.

As a result, there is considerable uncertainty in these input values whiatesah in significant uncertainty in
predicted emissions from the model.
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Tunable parameters

The FEM is a balance between an empirical approach angfirgtiples procesbased model. A nitrogen mass
balance and a process description of ammonia lossesased, but the FEM model parameters are tuned to
reproduce measured emissions factors. Model complexity is limited to the most important emissions processes
and to inputs that are typically available. The strategy pursued for developing prfoased moded is guided by

the need to build emissions inventories, and the requirements and data limitations associated with this
application. Previous measurement campaigns also often sampled emissions from a single part of the
production process. This means thatdmmation about the emissions process from the start to end of

production might be lacking, making nitrogen mass balance in the system difficult. The lack ofavhole
measurements is one gap in much of the literature available and a benefit of the és$imfaammonia

emissions produced by the FEM.

There are 2 tunable parameters associated with each-snbdel in the farm emissions model. These tunable
parameters allow adjustment of modetedicted emissions and to correct for the unknowns and unceritgnt

of the input parameters and to ensure that the mogekdicted values are consistent with those that have been
reported in the literature and in the National Air Emissions monitoring study; they are constant for a particular
farm typer tuning is not doe fora particular farm and as a result, there can be significant disagreement

between model predictions and the measured emissions for a single farm. The goal of the FEM is not necessarily
to capture the emissions of single farms perfectly, but rathesapture the effects of various parameters on
emissions on a farm typical of a certain set of practices.

In the FEM, as previously described 6f ref45, ref46], ammonia emissions are estimated as a function of the
nitrogenpresent in the waste and the mass transfer resistance. This resistance is made up of the following
three parts: the aerodynamica, quasilaminar ¢,), and surface resistances)(ref 47]. Aerodynamic and
guastlaminar resistances are used to describe the resistance to transport in the gaseous layer above the animal
wastes [refd5, ref48, ref49]. These parameters are based on widely utbembretical formulas and are not

tuned. The third part of the resistance is the surface resistance from diffusion closest to thguijdgmanure)
interface. Here, the surface resistance is a functiorun&tl parametersas well as temperature which em®s

the modeled ammonia emission factors are consistent with observatitaisie4-39 lists which tunable

parameters are used for each animal and eachsaldlel.

Thesevalues are specific to a particular practice for a particular animal type. This means that a free stall dairy
with lagoon storage and injection application would employ the same tuned parameters whether it was located
in New York or California. Conversélyp farms in the same location but utilizing different manure

management practices would have different tuned parameters in theirraadels. The values that have been
used for each of these parameters can be foundlable4-40.

Table4-39: Tuned model parameters for beef, swine, and poultry

Submodel Animal Type Description Tuning/Evaluation
Sources
. Cattle: Beef & Dairy . 5067, 6872, 7378,
Housing Swine Resistance parameteks;, H
] . 79-84
Poultry: Broiler & Layer
Dairy Cattle .
Storage Swine Resistance paramete, S 8590
Cattle: Beef & Dairy
Application | Swine Resistance parametess, Ay, As | 91, 92, 93-95, 96-97
Poultry: Broiler & Layer
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Submodel Animal Type Description Tuning/Evaluation
Sources
Grazing | Cattle: Dairy & Beef Resistance parametefs, G 98

Table4-40: Tuned Parameter Values by practice and animal type

Submodel Animal Type Description Parameter Values
Beef cattle BeefFeedIot | =T n ®hwocl, &w001 (3m?)
Swina shallow pit | 2T noPyHEa X n n'od @w Y
Swina deep pit | =T n &y bbaadyn n y'é @w Y
Layer Manure belt | 2T n &9, bb2wdyn mpddwY

I

I

Swine

Housing

Poultry-L - - = .
outtryt-ayer Layer High Rise ST n & A)HHED GY H oY

Poultry-Broiler  [Broiler T n ®MpH=I dYi o pd dw Y

Storage  Swine Swine lagoon SI'ndH MFT oY n "o )oY
Swine basin SI' N oMM P H Mo d)w Y
Beefcattle Beeft broadcast I 2T n &n nyAn=D.880A WA
Application Swine Swing irrigation L ST n @l M &-BOuNE20
Swina injection I 3T n & f)me=a8%) %=40
Grazing |Beef Cattle Beef Pasture DXl ndNGHBHwY

4.5.3.5 Controls

There are n@ontrols assumed for this category.

45.3.6 Emissions calculation procedure

Back Calculating the 2014 NEmissions Factors from the CMU Model

Because we could not get the model to reproduce results properly using 2014 inputs, EPA had to use a scaling
approach toestimate emissions from the CMU FEM model for the 2017 NEI. This is described in this section.

The emissions estimates in NEI 2014 v1 came from the CMU model. These emissions were then divided by the
Y2RSt Qa | yAYlFf L2 Lz I G Avgd¢ NHfemBsitalNiBcior. 12 SadAYF 4GS GKS &

[ONCT [OF ¥ 0 (2)

¢
¢

Where:
ERa2014 = 2014 NEemissions factor from the CMU model for animal typend states (kg/head)
Ea2014 = 2014 NH3 emissions from the CMU model for animal &yged states (kg)
Asa2014 = 2014 animal count for animal ty@eand states (head)

Calculating the 2017 NHEmissions Factors

The 2017 NEemissions factors are estimated by multiplying thesMhhissions factors from the 2014 NEI CMU
model run with the ratio of the 2017 to 2014 CMU model runs performed with the updated hourly metrological
data.

O'@n 0@ OO fnn 0’0 3

=y
=y
=y
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Where:

EFa2017=2017 NHemissions factor for animal typeand states (kg/head)

EFRa2014= 2014 Nklemissions factor from the 2014 NEI CMU model run for animaldygel states
(kg/head)

Ecmus.a201= 2017 NElemissions factor from the 2017 CMU model run for aritype a and states
(kg/head)

Ecmus,a2014~ 2014 NElemissions factor from the updated 2014 CMU model run for animal &ygoed
states (kg/head)

Calculating 201 7NHEmissions due to Livestock

Emissions are calculated by multiplying the state specHigaxhission factor (in N¢head) by the number of
animals in a given county in that state.

Of i 0@x 0 CRIg mmm (4)

¢
¢

Where:
Ec.a2017= 2017 NElemissions for animal typaand countyc (ton)
ER.a2017= 2017 NElemissions factor for animal typeand statesin which the county is located
(kg/head)
Aca2017= 2017 animal count for animal ty@eand states (head)
2.2/2000 = conversion factor from kg to tons

Calculating 2017 VOC Emissions due to Livestock

VOC enssions are calculated using the ratio of VOC te é&fhissions from livestock. That ratio is 0.08 kg of VOC
for every kg of NH

O fhn W) 00 'O Oy (5)

Where:
Brocca201F 2017 VOC emissions for animal tyend countyc (ton)
VOC/NH=0.08
Ec.a2017= 2017 NElemissions for animal typaand countyc (ton)

Calculating 2017 HAP Emissions due to Livestock

HAP emissions are calculated using the ratio of HAP toevt@x3ions from livestock. These ratios are derived
from the SPECIATE database as discussecab&ectiort.5.3.4

Ca

: Gou 6
O ik = O ik Cmmm ©

‘006
w0

(@)

Where:
Biap.ca201= 2017 HAP emissions for animal tgpend countyc (Ib)
HAP/VOC speciation factor derived from the SPECIATE database and listed in Table 2
Broc,c.a201F 2017 VOC emissions for animal tyend countyc (ton)
2000 =Conversion factor from tons to pounds
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Alaska and Hawaii

The CMU model does not cover Alaska or Hawaii (only the lower 48 states); however, the animal counts
database does have values for $da and Hawaii. To estimate Ntdnd other pollutant) emissions for Alaska
and Hawaii, the statéevel emissions factors from Idaho were used as a surrogate for Alaska antestte
emissions factors from Florida were used as a surrogate for Hawaii.

4.5.3.7 Poirt source subtraction

Point source subtraction was not performéat this category.

4.5.3.8 Example calculations

Table4-41 listssample calculations to determine NH3, VOC and Toluene emissions from swine production in
Cochise County, Arizona.

Table4-41: Sample Caldations for NH3, VOC and Toluene emissions from swine in Cochise County, AZ

Eq. # Equation Values for Cochise County, AZ Result

10.13 kg NEl
per head of
swine in
Cochise
County in
2014

@
2 O r oo x A0  wc swine
0

10.32 kg NEl
per head of
swine in
Cochise
County in
2017

h
€]
g hhk P B OO ONQILREMpPwWPUL®

(oY 348.6 tons of
0@ NHs emissions
4 SR PBCQO0 otpwiol QEGRIC TN rom Swine in
c&TC T LT Cochise
County in
2017

27.89 tons of
VOC

&0 'O emissions

P T8t P o 1 dptons of NH from swine in
Cochise
County in
2017
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Eq. # Equation Values for Cochise County, AZ Result
O AR 262.1 Ib of
‘006 0 toluene from
w0 0 « s e w swine in
6 O i TBITTT XC ) WE WULO UM Cochise
CMnm County in
2017
4.5.3.9 Changes from the 2014 methodology
The methodology for estimating countyS @St ' yA Yt 0O2dzy/ia ol &SR

0K

2y

Inventory. This data set is derived from multiple data sets from the United States Department of Agriculture
(USDA), particularly the National Agricultural Statistics Service (NASS) survey and census. In additien, the NH
emissions factors were updated to ZDby growing 2014 emissions factors based on the ratio of 2017 to 2014
emission rates from CMU model runs with updated 2014 and 2017 hourly meteorological data from NOAA. The
basic CMU model structure stays the same as that used in the 2014 NEI pracssistance from CMU.

4.5.3.10 Puerto Rico and U.S. Virgin Islands

Due to the lack of animal counts in Puerto Rico and the U.S. Virgin Islands, emissions are not estimated for these

territories.
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4.6 Biogenics — Vegetation and Soil

Biogenic emissions are emissions that come from natural sources. They need to be accounted for in
photochemical grid models, as most types are widespread and ubiquitous contributors to ba¢gio

chemistry. In the NEI, only the emissions from vegetation and soils are included. Other relevant sources not
included in the NEI are volcanic emissions (geogenic), lightning oxides of nitrogen (NOXx), and sea salt. Biogenic
emissions from vegetatioand soils are computed using a model that utilizes spatial information on vegetation,
land use and environmental conditions of temperature and solar radiation. The model inputs are typically
horizontally allocated (gridded) data, and the outputs are dgidi biogenic emissions, which can then be

speciated and utilized as input to photochemical grid models.

4.6.1 Sector description

Ly G4KS Hnmt b9LX 6A23SyA0 SyYAaaarzya | NB AyOfcdzRSR Ay
+S3ShI GA 2 TabledyAMistsfthe tw sburce classification codes (SCCs) used in the 2017 NEI that
O2YLINR &S G(GKA&A aSOG2N®W ¢KS tS@Stf m FyR w {// RSaONRL
TieNJ o RSAONARLIIAZ2Y F2NI o20K {/ /& A& dabl GdzNF f wSa2dzND
pollutants: SCC 2701220000 has only NOX emissions, and SCC 2701200000 has emissions for carbon monoxide
(CO), volatile organic compounds (VOC) andetfM®C hazardous air pollutants (HAPs): formaldehyde,

acetaldehyde and methanol.

Table4-42: SCCs fdmiogenic sources
SCC SCC Level 3 SCC Level 4
2701200000| Vegetation Total
2701220000| Vegetation/Agriculture | Total
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https://quickstats.nass.usda.gov/
https://www.epa.gov/air-emissions-modeling/speciate
https://kilthub.cmu.edu/articles/Ammonia_Emissions_from_Livestock_in_the_United_States_From_Farm-Level_Models_to_a_New_National_Inventory/6714665
https://kilthub.cmu.edu/articles/Ammonia_Emissions_from_Livestock_in_the_United_States_From_Farm-Level_Models_to_a_New_National_Inventory/6714665
https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.abstractDetail/abstract/9117/report/F
https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.abstractDetail/abstract/9117/report/F
https://www3.epa.gov/ttnchie1/old/efdocs/ammonia.pdf
https://www3.epa.gov/ttnchie1/old/efdocs/ammonia.pdf

4.6.2 Sources of data

The biogenics sector includes data from the S/L/T agency submitted data and the default EPA generated
emissions. The agencies listedlable4-43 submitted emissions for this sector; agencies not listed used EPA
estimates for the entire sector.

Table4-43. Agencies that submittetliogenicseemissiors

Region| Agency S/LIT
9 California Air Resources Board State
9 Maricopa County Air Quality Department Local
10 Coeur @lene Tribe Tribe
10 Kootenai Tribe of Idaho Tribe
10 Nez Perce Tribe Tribe
10 | ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho | Tribe

4.6.3 EPAdeveloped emissions

4.6.3.1 ntinental U.S.

The biogenic emissions for the 2017 National Emissions Inventory (NEI) were computed based on 2017
meteorology data from the Weather Research and Forecasting (WRF) model version 3.8 (WRFv3.8) and using the
BiogenidEmission Inventory System, version 3.61 (BEIS3.61) model withidpthiee Matrix Operator Kernel

Emissions (SMOKE) modeling system versiarifhg BEIS3.61 model ctesgridded, hourly, modedpecies

emissions from vegetation and soils atlibbmeter horizontal resolution. The dlometer gridded hourly data

are summed to monthly and annual level ($ggure4-13) and are mapped from 1Rilometer grid cells to
counties using a standard mapping file.
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https://www.cmascenter.org/smoke/documentation/4.7/html/ch06s17s03.html
https://www.cmascenter.org/smoke/documentation/4.7/html/ch06s17s03.html

Figure4-13: Annual VOC emissions for year 2017 for 12km modeling domain
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BEIS produces biogenic emissions for a modeling domain which includes the contiguous 48 states in the U.S.,
parts of Mexico, and Canada. The NEI uses the biogenic emissions from countidsefamtiguous 48 states

and Washington, DC. The modglecies are those associated with the Carbon Bond mechanism version 6 (CB6).
The NEI pollutants produced are: CO, VOC, NOx, methanol, formaldehyde and acetaldehyde. VOC is the sum of
all biogenic speciexcept CO and nitrogen oxide (NO). Mapping of BEIS species to NEI pollutants is as follows:
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BHS3.61 includes a twiayer canopy model. Layer structure varies with light intensity and solar zenith [aefgle
2]. Both layers of the canopy model include estingatd sunlit and shaded leaf area based on solar zenith angle
and light intensity, direct and diffuse solar radiation, and leaf temperafgiel, ref2]. The canopy model
requires additional meteorological inputs as compared to previous versions of BEIS, and these meteorology
inputs must be in a data file format that is outpubin the MeteorologyChemistry Interface Processor (MCIP).
MCIP is also used to convert WRF outputs to inputs for the Community-ddalg Air Quality (CMAQ) model.
The meteorology input data fields used by BEIS are showalile4-44.

Table4-44: Meteorological variables required by BEIS 3.61

Variable Description

LAI leaf-area index
PRSFC surface pressure
Q2 mixing ratio at 2 m
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Variable Description

RC convective precipitation per
meteorological time step

RGRND solar rad reaching surface

RN non-convective precipitation per
meteorological time step

RSTOMI inverse of bulk stomatal resistance

SLYTP soil texture type by USDA category

SOIM1 volumetric soil moisture in top cm

SOIT1 soil temperature in top cm

TEMPG skin temperature at ground

USTAR cell averaged friction velocity

RADYNI inverse of aerodynamic resistance

TEMP2 temperature at 2 m

Important updates were made to two other input datasets used in the BEIS3.61 modeling system for the
2017NEI. The Biogenic Emissions Landcover Datafeasion 5 (BELD5) was used as the input gridded land use
information in generating 2017NEI estimates. BELD version 4.1 (BELD4.1) was used to generate 2014NEI
estimates. The other input dataset change involved updating the dry leaf biomass (grams/ne2)fealsarious
vegetation types. The BELD5 includes the following datasets:

1 Newer version of the Forest Inventory and Analysié version 8.0

9 Agricultural land usfrom the 2017 US Department of Agriculture (USDA) crop data layer

1 GlobalModerate Resolution Imaging SpectroradiometODISP0 category data with enhanced lakes
andFraction of Photosynthetically Active Radiat{@#AR) for vegetation coverage frofational Center
for Atmospheric ReseardhNCAR)

0 NoteBELDA4 used 2011 USGS National Land Cover Data (NLCD) limited to the USA and MODIS
20 category land use for the rest of the world.

1 Canadian BELD land uskdates to Version 4 of the Biogenic Emissions Landuse Database (BELD4) for

Canada and Impacts on Biogenic VOC Emissions

The FIA database reports on status amhds in forest area and location; in the species, size, and health of

trees; in total tree growth, mortality, and removals by harvest; in wood production and utilization rates by

various products; and in forest land ownership. The FIA database verSimmcRides recent updates of these

data through the year 2017 (from 2001). Earlier versions of BELD used an older version of the FIA database that
had included data only through the year 2014. Canopy coverage is based on the MODIS 20 category data. The
FIA includes approximately 250,000 representative plots of species fraction data that are within approximately
75 km of one another in areas identified as forest by the MODIS canopy coverage. For all land areas in the
United States, 50neter grid spacing tad cover data from the MODIS is used.

The processing of thBELD%lata follows the spatial allocation methoftef 2] like BELD 4. However, MODIS
land use categorieand FPAR are used in the place of NLCD land use and forest coverage. MODIS land use has
the additional broadleaf evergreen and deciduous needleleaf land use types and only one developed land use

type.

BELR.1used lookup tables for species leaf biomasBELDS5, allometric relationships from e\ v8.0
databasewere utilizedto estimate foliage biomass per species. This resulted in better agreement with measured
foliage homass. BVOC emissions are understood to originate from foliage thus these biomass changes directly
impactdthe BEIS emission factors.
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https://www.fia.fs.fed.us/library/database-documentation/index.php
https://www.nass.usda.gov/Research_and_Science/Cropland/SARS1a.php
https://www2.mmm.ucar.edu/wrf/users/download/get_sources_wps_geog.html
https://www.epa.gov/sites/production/files/2019-08/documents/800am_zhang_2_0.pdf
https://www.epa.gov/sites/production/files/2019-08/documents/800am_zhang_2_0.pdf
https://www.fia.fs.fed.us/library/database-documentation/index.php
https://www.fia.fs.fed.us/library/database-documentation/index.php

4.6.3.2 Alaska, Hawaii, Puerto Rico and Virgin Islands

The 2017NEI also include biogenic emissions estimates for countiesstatee of Alaska and Hawaii, and for

the territories of Puerto Rico and Virgin Islands. The BEIS3.61 modeling system and WRFv3.8 meteorology data
for year 2017 were used to produce gridded biogenic emissions for 3 separate modeling domakns at 9

horizortal resolution. The modeling domain for Alaska is showFigire4-14. The land use data used for

generating input data for BEIS3.61 included the MODIS 20 categosetiatad the FIA version 8.0 used for
estimating biomass input information.

Figure4-14: Alaska &km modeling domain

The modeling domains for Hawaii, Puerto Rico and Virgin Islands are shBignried-15andFigure4-16,
respectivelyBoth Puerto Rico and Virgin Islands territories are in the satkim $nodeling domain. The MODIS
20 categoryand usedataset was the only dataset used for land use/vegetation input into BEIS3.61.
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Figure4-15: Hawaii 9km modeling domain

Figure4-16: Puerto Rico and Virgin Island&® modeling domain
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The Skilometer gridded hourly data from these modeling domainssusmed to monthly and annual level and
are mapped from %ilometer grid cells to counties using a standard mapping file in a similar manner as was
done for the contiguous 48 states. Thapping of BEIS species to NEI pollutémitshese states and territoes
was also done in the same manner as the contiguous 48 states.

4.6.4 References

1. Pouliot, G. and J. Bash, 2015. Updates to Version 3.61 of the Biogenic Emission Inventory System (BEIS).
Presented at Air and Waste Management Association conference, Raleigt()8C

2. Bash, J.0., Baker, K.R., Beaver, M.R., P&tk ,Qoldstein, A.H., 2016. Evaluation of improved land use
and canopy representation in BEIS with biogenic VOC measurements in California.

4.7 Nonpoint Gasoline Distribution

This sectiorincludes discussi of all nonpoint sources in three EIS sectors: Bulk Gasoline Terminals, Gas
Stations, and Industrial ProcessgStorage and Transfer. Many of the sources in these sectors include sources
reported to the point inventory as well; therefore, the EPA nonpsurvey is useful to avoid doubt®unting
S/L/Treported point emissions with ER&stimated nonpoint emissian

4.7.1 Descriptionof sources

This section is broken into two categories: those sources related to stage 1 gatistifiitionand those
related  aviation gasoline.

4.7.1.1 Stage 1 gasoline distribution

Stage 1 gasoline distribution is covered by the2REI in both the point and nonpoint data categories. In

general terms, Stage 1 gasoline distribution is the emissions associated with gasoline handling excluding
emissions from refueling activitieStage | gasoline distribution includes the following djasgemission points:

1) bulk terminals; 2) pipeline facilities; 3) bulk plants; 4) tank trucks; and 5) unloading at service stations.

Emissions from Stage | gasoline distribution occur as gasoline vapors are released into the atmosphere. These
Stage lpr®S&d48Sa I NB adzo2SOG (2 9t! Qa YIFEAYdzY [ GLFAflIotS
distribution[ref 1].

Emissions from gasoline distribution at bulk terminals and bulk plants take place when gasoline is loaded into a
storage tank or tank truck, from working losses (for fixed roof tanks) frama working losses and roof seals (for
floating roof tanks). Working losses consist of both breathing and emptying losses. Breathing losses are the
expulsion of vapor from a tank vapor space that has expanded or contracted because of daily changes in
temperature and barometric pressure; these emissions occur in the absence of any liquid level change in the
tank. Emptying losses occur when the air that is drawn into the tank during liquid removal saturates with
hydrocarbon vapor and expands, thus exceedirgfixed capacity of the vapor space and overflowing through

the pressure vacuum val\jeef 2].

Emissions from tank trucks in transit occur when gasoline vaporoeatgs from (1) loaded tank trucks during
transportation of gasoline from bulk terminals/plants to service stations, and (2) empty tank trucks returning

from service stations to bulk terminals/plartef 3]. Pipeline emissions result from the valves and pumps found

at pipeline pumping stations and from the valves, pumps, and storage tanks at pipeline breakout stations. Stage

I gasoline distribution emissions alsacacwhen gasoline vapors are displaced from storage tanks during

unloading of gasoline from tank trucks at service stations (Gasoline Service Station Unloading) and from gasoline
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vapors evaporating from service station storage tanks and from the lineg ¢mthe pumps (Underground
Storage Tank Breathing and Emptying).

4.7.1.2 Auviation gasoline distribution, stage 1 and 2

' @A GA2Y 3L az2tAyS o6Ftaz OFftftSR da! @DI & éout componeintdod
small reciprocating, pisteengine crafts in civil aviatiofref 4]. Commercial and military aviation rarely use this
fuel. AvGas is shipped to airports and is filled into bulk termiaald then into tanker trucks. These processes
fall under the definition of stage 1, displacement vapors during the transfer of gasoline from tank trucks to
storage tanks, and vice versatage 2 involves the transfer of fuel from the tanker trucks into generatian
aircraft

2yt 8

4.7.2 Sources of data

Sources in the EIS sectors for Bulk Gasoline Terminals, Gas Stations, and Industrial RrStasggsand

Transfer do not focus solely on gasoline; however, for the purposes of developing the NEI, these SCCs are the
only ones that EPA estimates in these sectors. EPA does not develop calculation tools that estimate emissions
from transfer of naphtha, distillate oil, inorganic chemicals, kerosene, residual oil, or crude oil. Therefore, sector
level emissions for theséitee EIS sectors will include sources not related to gasoline distribution, some from

the point inventory.

Table4-45shows all norAviation Gasoline SCCs in the nompdiata category for EIS sectors Bulk Gasoline
Terminals, Gas Stations, and Industrial Proces&tsrage and Transfer. For Stage 1 Gasoline Distribution, the
nonpoint SCCs covered by the EPA estimates are also fathld4-46 shows, for Aviation Gasoline, the

nonpoint SCCs covered by the EPA estimates and by the S/L/T agencies that submitted data. The SCC level 2, 3
and 4 SCC descriptions are also provided. TheS@SIf M RSAONALIGIAZ2Y A& a{ (2N} 3S
both tables

Table4-45: Nonpoint bulk gasoline terminals, gas stations, and storage and transfer SCCs in the 2017 NEI

SCC Description Sector EPA | SL/T

2501050120 | Petroleum and Petroleum Product Storage; By Bulk Gasoline X X
Terminals: All Evaporative Losses; Gasoline | Terminals

2501055120 | Petroleum and Petroleum Product Storage; By Bulk Gasoline X X
Plants: All Evaporative Losses; Gasoline Terminals

2501060051 | Petroleum and Petroleum Product Storage; Gas Stations X X
Gasoline Service Stations; Stage 1: Submerge
Filling

2501060052 | Petroleum and Petroleum Product Storage; GasStations X X
Gasoline Service Stations; Stage 1: Splash Fil

2501060053 | Petroleum and Petroleum Product Storage; Gas Stations X X
Gasoline Service Stations; Stage 1: Balanced
Submerged Filling

2501060201 | Petroleum and Petroleum Product Storage; Gas Stations X X
Gasoline Service Stations; Underground Tank
Breathing and Emptying

2501070053 | Petroleum and Petroleum Product Storage; Gas Stations X
Diesel Service Stations; Stage 1: Balanced
Submerged Filling
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SCC Description Sector EPA | SL/T
2501995120 | Petroleum and Petroleum Product Storage; All Industrial Processes X
Storage Types: Workingpss; Gasoline Storage and Transfer
2505010000 | Petroleum and Petroleum Product Transport; | Industrial Processes X
Rail Tank Car; Total: All Products Storage and Transfer
2505020000 | Petroleum and Petroleum Product Transport; | Industrial Processes X
Marine Vessel; Total: All Products Storage and Transfer
2505020030 | Petroleum and Petroleum Product Transport; | Industrial Processes X
Marine Vessel; Crude Oil Storage and Transfer
2505020060 | Petroleum and PetroleurRroduct Transport; Industrial Processes X
Marine Vessel; Residual Oil Storage and Transfer
2505020090 | Petroleum and Petroleum Product Transport; | Industrial Processes X
Marine Vessel; Distillate Oil Storage and Transfer
2505020120 | Petroleum andPetroleum Product Transport; | Industrial Processes X
Marine Vessel; Gasoline Storage and Transfer
2505020150 | Petroleum and Petroleum Product Transport; | Industrial Processes X
Marine Vessel; Jet Naphtha Storage and Transfer
2505020180 | Petroleum and Petroleum Product Transport; | Industrial Processes X
Marine Vessel; Kerosene Storage and Transfer
2505030120 | Petroleum and Petroleum Product Transport; | Industrial Processes | X X
Truck; Gasoline Storage and Transfer
2505040120 | Petroleum ad Petroleum Product Transport; | Industrial Processes | X X
Pipeline; Gasoline Storage and Transfer
2510000000 | Organic Chemical Storage; All Storage Types Industrial Processes X
Breathing Loss; Total: All Products Storage and Transfer
2520010000 | Inorganic Chemical Storage; Industrial Processes X
Commercial/lndustrial: Breathing Loss; Total: 4 Storage and Transfern
Products
Table4-46: Nonpoint aviation gasoline distribution SCCs in the 2017 NEI
SCC Description Sector EPA | S/ILIT
Petroleum and Petroleum Product Storage; Airports: Aviat| Gas
2501080050 Gasoline; Stage 1: Total Stations X X
Petroleum and PetroleurRroduct Storage; Airports: Aviatio| Gas
2501080100 Gasoline; Stage 2: Total Stations X X
Petroleum and Petroleum Product Storage; Airports: Aviat| Gas
2501080201| Gasoline; Underground Tank: Breathing and Emptying Stations X

The agencies listed ifable4-47 submitted emissions for these sectors. Agencies not listed use@&Prates
for the entire sector.
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Table4-47. Agencies reporting emissions to gasoline distribution source categories

Agency o g
£ & o
S g |8 o G
g5 |3 |Eo
CE|D |EE
2|6 |Ea
Alaska Department of Environmental Conservation X
California Air Resources Board X X X
Coeur d'Alene Tribe X X X
Connecticut Department of Energy and Environmental Protection X
Delaware Department of Natural Resources and Environmental Contr,
Idaho Department of Environmental Quality X X
lllinois Environmental Protection Agency X X X
Knox County Department of Air Quality Management
Kootenai Tribe of Idaho X X
Maricopa County Air Quality Department X X X
Maryland Department of the Environment X X
Massachusett®epartment of Environmental Protection X X
Memphis and Shelby County Health Departmenollution Control X X X
Metro Public Health of Nashville/Davidson County X X X
New Hampshire Department of Environmental Services X X
New Jersepepartment of Environment Protection X X X
New York State Department of Environmental Conservation X X X
Nez Perce Tribe X X X
Salt River Pima Maricopa Indian Community (SRPMIC) EPNR X
ShoshoneBannock Tribes of the Fort Hall Reservatioldaho X X X
Southern Ute Indian Tribe X
Texas Commission on Environmental Quality X
Utah Division of Air Quality X X X
Virginia Department of Environmental Quality X X
Washoe County Health District X X

4.7.3 EPAdeveloped emissions
BulkTerminals

The calculations for estimating VOC and HAP emissions from bulk terminals involve first multiplying the 1998
national VOC emissions developed in support of the Gasoline Distribution MACT standard by the ratio of the
national volume of wholesaleagoline supplied between 1998 and 2017. Emissions from HAPs are calculated by
multiplying VOC emissions by a national average speciation profile. National VOC and HAP emissions are
allocated to states using data on refinery, bulk terminal, and naturaptzad stocks of motor gasoline in each

state. Statelevel VOC and HAP emissions are then allocated to each county based on employment at petroleum
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bulk stations and terminals from the US Census County Business Patterns data for NAICS 42471 (Petroleum Bulk
Stations and Terminals).

Pipelines

The calculations for estimating VOC and HAP emissions from pipelines involve first multiplying the 1998 national
VOC emissions developed in support of the Gasoline Distribution MACT standard by the 2017 to 1998 ratio of
national volume of wholesale gasoline supplied. Emissions from HAPs are calculated by multiplying VOC
emissions by a national average speciation profile. National VOC and HAP emissions are allocated to Petroleum
Administration for Defense (PAD) Districtngsdata on the movement of finished motor gasoline in PAD District.
PAD Districtevel VOC and HAP emissions are then allocated to each county based on employment at petroleum
bulk stations and terminals from the US Census County Business Patterns dé#d@& 42471 (Petroleum Bulk
Stations and Terminals).

Bulk Plants

The calculations for estimating VOC and HAP emissions from bulk plants involve first calculating bulk plant
gasoline throughput in the US based on data from the U.S. Energy Informationigtdmtion (EIA). National

bulk plant gasoline throughput is then allocated to each county based on the number of petroleum bulk stations
and terminals from the US Census County Business Patterns data for NAICS 42471. The number of petroleum
bulk stations ad terminals by county is multiplied by the emissions factor for VOC to estimate VOC emissions
from bulk plants. Countlevel benzene speciation profiles are multiplied by VOC emissions to estimate benzene
emissions from bulk plants. National average spigan profiles for all other HAPs are multiplied by VOC
emissions to estimate HAP emissions from bulk plants.

Tank Trucks in Transit

The calculations for estimating VOC and HAP emissions from tank trucks in transit involve first calculating
county-level taal gasoline consumption by summing onroad gasoline consumption and nonroad gasoline
consumption in each county. Courdvel gasoline consumption is multiplied by the emissions factor for VOC to
estimate VOC emissions from tank trucks in transit. Colewgl benzene speciation profiles are multiplied by
VOC emissions to estimate benzene emissions from tank trucks in transit. National average speciation profiles
for all other HAPs are multiplied by VOC emissions to estimate HAP emissions from tank tiarisiti

Underground Storage Tank (UST) Breathing and Storing

The calculations for estimating VOC and HAP emissions from UST breathing and storing involve first calculating
county-level gasoline consumption by summing onroad gasoline consumption andatgasoline

consumption in each county. Courdvel gasoline consumption is multiplied by the emissions factor for VOC to
estimate VOC emissions from UST breathing and storing. Ctawatiybenzene speciation profiles are multiplied

by VOC emissions taimate benzene emissions from UST breathing and storing. National average speciation
profiles for all other HAPs are multiplied by VOC emissions to estimate HAP emissions from UST breathing and
storing.

Gasoline Service Station Unloading

The calculations for estimating VOC and HAP emissions from gasoline service station unloading involve first
calculating countyfevel total gasoline consumption by summing monthly onroad gasoline consumption and
nonroad gasoline consumption in each coungyfbel subtype. Monthly countievel gasoline consumption is

then allocated to submerged, splash, and balanced filling technologies based on assumptions about the
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percentage of each filling technology used in each county. True vapor pressure is caliurlasch county,

month, and fuel subtype. Uncontrolled loading loss of liquid is calculated using true vapor pressure,
temperature, molecular weight, and a saturation factor for the filling technology. Uncontrolled loading loss of
liquid loaded is multipéd by monthly countyevel gasoline consumption by fuel type to estimate VOC emissions
from loading loss. Controlled VOC emissions are calculated by multiplying VOC emissions from loading loss by a
control efficiency value. Controlled VOC emissions aré&actied from VOC emissions from loading loss to

estimate monthly countyevel VOC emissions by fuel subtype. Total coletgl VOC emissions are calculated

by summing monthly countievel VOC emissions by fuel subtype. Colengl benzene speciation pitids are
multiplied by VOC emissions to estimate benzene emissions from gasoline service station unloading. National
average speciation profiles for all other HAPs are multiplied by VOC emissions to estimate HAP emissions from
gasoline service station urdding.

Aviation Gasoline Stage 1

The calculations for estimating emissions from stage 1 aviation gasoline distribution involve first estimating the
amount of aviation gasoline consumed in each county, based on-lee¢d aviation gasoline consumption data
from the Energy Information Administration (EIA). Stisteel aviation gasoline consumption is distributed to the
counties based on the proportion of Landiiigke Offs (LTOs). The total amount of gasoline consumed is used to
estimate nonfugitive and fugive VOC emissions, as well as hazardous air pollutant (HAP) emissions.

Aviation Gasoline Stadge

The calculations for estimating emissions from stage 2 aviation gasoline distribution involve first estimating the
amount of aviation gasoline consumed in Baounty based on statkevel aviation gasoline consumption data
from the Energy Information Administration (EIA). Stisteel aviation gasoline consumption is distributed to the
counties based on the proportion of Landiiigke Offs (LTOs). The total ambahgasoline consumed is used to
estimate VOC and hazardous air pollutant (HAP) emissions.

4.7.3.1 Activity data

Bulk Terminalgand Pipelines

Emissions from bulk terminadsd pipelinesare calculated by growing the 1998 emissions estimates developed
in support of the Gasoline MACT standard. Therefore, there is no activity data for this source category.

Bulk Plants

The activity data for estimating emissions from bulk plants are natiarlame of bulk plant gasoline

throughpui @ ¢ KS 9L! Q&4 t SAGNRBf Sdzy bl AT G2NI NBLI2NIa GKS @:
[ref 5]. The volume of fished motor gasoline is assumed to be the same as total gasoline consumption, and the
volume of bulk plant gasoline throughput is assumed to be 9 percent of total gasoline consufrgitigin

OYj, W T8t W Q)
Where:
GTus, bp = Bulk plant gasoline throughput in the U.S., in thousand barrels
Vus = Volume of finished motor gasoline in the U.S., in thousand barrels
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Tank Trucks in Transit

Theactivity data for tank trucks in transit is coudgvel total gasoline consumption. Coudgvel nonroad

gasoline consumption is estimated by allocating MOVES derived stat&®&Z Gonroad gasoline consumption

to the countylevel based on nonroad coud§CdGevel CQemissiongref 7]. Countylevel onroad consumption

was estimated by subtracting the NMIRIS NA @SR Yy I GA2y I  y 2y NP keskma@dfy & dzy LJi A
finished motor gasoline supplied and then allocating to counties using Ndéiiwed onroad countyevel CQ
emissiongref 7]. Countylevel onroad consmption and countylevelnonroad consumption are estimated by

summing countytevel monthly consumption estimates.

"00 "00 (2)
Where:
GGrc = Onroad gasoline consumption in courtyin gallons
GGrm = Onroad gasoline consumption in coyretfor monthm, in gallons
"00 00 j (3)
Where:
GGre = Nonroad gasoline consumption in coumyin gallons
GGrm = Nonroad gasoline consumption in courttfor month m, in gallons

Countylevel tank truck gasoline throughput is estimated by summing colewgl onroad and nonroad
estimates, and multiplying the sum by 1.09 to account for gasoline that is transported more than once in a given
area (i.e., transported from bulk termintd bulk plant and then from bulk plant to servistation)[ref 6].

06y O0 5 OO0 5 P8TW 4)
Where:
GG: = Total gasoline consumption in courtyin gallons
GGrc = Onroad gasoline consumption in couratyin gallons
GGQre = Nonroad gasoline consumption in courttyin gallons

Underground Storage Tank (UST) Breathing and Storing

The activity data for underground storage tank breathing andrsg is countylevel gasoline consumption,
calculated as described above in the tank trucks in transit section.

Gasoline Service Station Unloading

The activity data for gasolirservice station unloading is courgvel total gasoline consumption for each
month and fuel subtype from MOVIESf 7].

Countylevel gasoline consumption is estimated by summing onroad gasoline consumption and nonroad
gasoline consumption and multiplying the sum by 1.09 to account for gasoline that isdreedsmore than
once in a given area (i.e., transported from bulk terminal to bulk plant and then from bulk plant to service
station)[ref 6].
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Obrin O0r hp O0p rp PLW (5)

Where:
GGimt = Total gasoline consumption in courgyor month m for fuel subtypdf, in gallons
GCormf = Onroad gasoline consumption in courttfor month m for fuel subtypsf, in gallons
GCNrmf = Nonroad gasoline consumption in courtjor month m for fuel subtypef, in gallons

The countylevel gasoline consumption is allocated to submerged, splash, and balanced filling technologies.
Percentages of each filling technology are derived from thediitiy [ref 8]. State, local, and tribal (SLT)

agencies may submit input templates to update theses default assumptions about the percentage of delivered
fuel by filing technology.

‘O6k 1 OOrp U QI W (6)
Where:
GGims= Total gasoline consumption in courayor filling technologyft for month m for fuel
subtypef, in gallons
GGimf = Total gasoline consumption in courayor month m for fuel subtypdf, in gallons
Perg. = Percentage of filling technolodyin countyc

Aviation Gasoline Stageahd 2

The activity data for this source category is the amount of aviation gasolirseiecead, which is estimated using
RFGF FNBY GKS 9L! Qa { ([ref@SThedSEBS\WER Cdsld AV TCP{sd&iseditSiNentiyfhe 5 { 0
total consumption of awtion gasoline in units of thousand barrels. Data are then converted to units of gallons.

o R Quaag i 7
60 6708 T ¢ SHil0a (7)

Where:

AG Annual consumption of AvGas for statén gallons
AG Annual consumption of AvGas for statén barrels

B

4.7.3.2 Allocation procedure

Bulk Terminals

Emissions from bulk terminals are calculated by growing the 1998 emissions estimates developed in support of
the Gasoline MACT standard. The natidieakl emissionsra allocated to the states based on the fraction of
refinery, bulk terminal, and natural gas plant stocks in each state. Thelstabemissions are distributed to

the counties based on employment in NAICS 42471.

Pipelines

Emissions from pipelines aralculated by growing the 1998 emissions estimates developed in support of the
Gasoline MACT standard. The naticlealel emissions are allocated to the PAD Districts based on data on the
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movement of finished motor gasoline by pipeline between PAD Distrans the EIA. The emissions in each
PAD District are distributed to the counties based on employment in NAICS 42471.

Bulk Plants

The national volume of bulk plant gasoline throughput is allocated to counties using County Business Patterns
employment datdor NAICS code 42471 (Petroleum Bulk Stations andifalsi{ref 10]. The number of
petroleum bulk stations and terminals is first summed to the national level.

(8
Oan Oan
Where:
Empss = Number of petroleum bulk stations and terminals in the U.S.
Emp = Number of petroleum bulk stations and terminals in couaty

The fraction of petroleum bulk stations and terminals by county is calculated loyrdj\the total number of
petroleum bulk stations and terminails eachcounty by the total number of petroleum bulk stations and
terminals in the U.S.

o4 )
0d&dn 0O O—
n 8)— an
Where:
EmpFrag = Total fraction of petroleum bulk stations and terminals in county
Emp = Number of petroleum bulk stations and terminals in county
Emps = Number of petroleum bulk stations and terminals in the U.S.

The countylevel volume of bulk plargasoline throughput is calculated by multiplying the fraction of petroleum
bulk stations and terminals in each county by the national volume of bulk plant gasoline throughput.

‘0" "OY;, 04nf 0l dw (10)
Where:
GTebp = Bulk plant gasahe throughput in county, in thousand barrels
Gluspp = Bulk plant gasoline throughput in the U.S., in thousand barrels, from equation 1

EmpFrag = Total fraction of petroleum bulk stations and terminals in county

Due to concerns with releasing confidential business informationCBBdoes not release exact numbers for a
given NAICS code if the data can be traced to an individual businessd|resties of range codes is used.

Many counties and some smaller states have only one petroleum bulk station and terminal facility, leading to
withheld data in the county and/or state business pattern data. To estimate employment in counties and states
with withheld data, the following procedure is used for NAICS code 42471.

To gagfill withheld statelevel employment data:

a. Statelevel data for states with known employment in NAICS 42471 are summed to the national level.
b. The total sum of statéevel known employment from step a is subtracted from the national total
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reported employment for NAICS 42471 in the naticleakl CBP to determine the employment total for
the withheld states.

c. Each of the withheld states is assigned the midpoint of the range aqmwted for that state Table
4-48lists the range codes and midpoints.

d. The midpoints for the states with withheld data are summed torth&onal level

e. An adjustment factor is created by dividing the number of withheld eygés (calculated in step b of
this section) by the sum of the midpoints (step d).

f. For the states with withheld employment data, the midpoint of the range for that state (step c) is

multiplied by the adjustment factor (step e) to calculate the adjustedestatel employment for
landfills.

These same steps are then followed to fill in withheld data in the colevgl business patterns.

g. Countylevel data for counties with known employment are summed by state.

h. Countylevel known employment is subtracted frotime state total reported in statéevel CBP (or, if the
state-level data are withheld, from the state total estimated using the procedure discussed above).

i. Each of the withheld counties is assigned the midpoint of the range daddd4-48).

j. The midpoints for the counties with withheld data are summed to the state level.

k. An adjustment factor is created by dividing the number of withheld employees (step h) by thefsum o
the midpoints (step j).

I.  For counties with withheld employment data, the midpoints (step i) are multiplied by the adjustment
factor (step k) to calculate the adjusted coueyel employment for landfills.

Table4-48: Ranges and midpoints for data withheld from state and county business patterns

Em[():l(c)))(;r:ent Ranges Midpoint
A 0-19 10
B 2099 60
C 100-249 175
E 250499 375
F 500-999 750
G 1,0002,499 1,750
H 2,5004,999 3,750
I 5,0009,999 7,500
10,000

J 24,999 17,500
25,000

K 49,999 37,500
50,000

L 99,999 75,000

M 100,000+

Tank Trucks in Translnderground Storage Tank (UST) Breathing and Storing, and Gasoline Service Station
Unloading

The activity data fothese sourcess available at the countlevel; therefore county allocation is not needed.

Aviation Gasoline Distribution Stageuid 2

Statelevel gasoline consumption (from equati@is allocated to the countievel using the ratio of countio-
statef SPSEt [ ¢had {GFGS yR O2dzyde [¢h RFEGF F2NI HAMT & ¢
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Planning and Standard®AQPSyef 11].

. 07Y0 (11)

Where:

RLTOc= The ratio of landingake offs (LTOS) in county
LTOc = The number of LTOs in courtty
LTOs = The number of LTOs in stage

LTO data foturbine-powered airplanes were excluded because turbpmvered planes do not use aviation
gasoline. Additionally, LTOs at airports that do not have aviation gasoline refueling, according to data from FAA
Form 5010, were also exclud@ef 12].

The statelevel gasoline consumption values from equatiare multiplied by the proportion of LTOs in each
county to estimate the countievel amount of aviation gasoline consumed.

5°0 870 YD Y0 (12)

Where:

AG = Annual consumption of AvGas in countyn gallons
RLTOc= The ratio of landindgake offs (LTOSs) in county

4.7.3.3 Emission factors
Bulk Terminals

Emissions from bulk terminals are calculated by growing the 1998 emissions estimates developed in support of
the Gasoline MACT standard. Therefdhere are no activitypbasal emissions factors for bulk terminals.

HAP emissions are estimated using speciation profiles shoWalite4-49. Note that the values shown iFable
4-49 are percentages and should be divided by 100 before beingptiatt by the VOC emissions.

Table4-49: HAP speciation factors for stage | gasoline distribution.

Pollutant |Percentage of
HAP Code VOC Emig']ssions Reference

Benzene 71432 0.27 13
2,24 0.75 13
Trimethylpentane 540841

Cumene 98828 0.012 13
Ethyl Benzene 100414 0.053 13
n-Hexane 110543 1.8 13
Naphthalene 91203 0.00027 13
Toluene 108883 1.4 13
Xylenes 1330207 0.56 13

Pipelines

Emissions from pipelines are calculated by growing the 1998 emissions estimates developed in support of the
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Gasoline MACT standard. Therefdfesre are no activitbased emissions factors for pipelinésAP emissions
are estimated using speciation prolshown irTable4-49.

Bulk Plants

The VOC emissions factor for bulk plants is 8.62 pounds of VOC per 1,000 gajksddiogref 13]. HAP
emissions are calculated using speciation profiles fi@ile4-49, with the exception of benzen&peciation
profiles for benzene emissions from bulk plants are based on cespayific refueling emissions data from
MOVESZref 14].

Tank Trucks in Transit

The VOCmaissions factor for tank trucks in transit is 0.06 pounds of VOC per 1,000 gallons of gasoline. As shown
in Table4-50, the VOC emission factor is the sum of the individual emission factors reported in the Gasoline
Distribution EIIP guidance document for gasofiiied trucks (traveling to service station/buplant for delivery)

and vapoffilled trucks (traveling to bulk terminal/plant for reloadingéf 3].

Table4-50: Tank trucks in transit VOC emission factors

Transit Type VOC Emission Factor Reference
VaporFilled Trucks 0.055 1b/1,000 gallons 7
Gasoline Filled Trucks 0.005 1b/1,000 gallons 7
Total 0.06 Ib/1,000 gallons

HAPemissions are calculated using speciation profiles fi@le4-49, except forbenzene. Speciation profiles
for benzene emissions from bulk plants are based on cespdgific refueling emissions data from MOVES.

Underground Storage Tank (UST) Breathing and Storing

The VOC emissions factor for underground storage tank breathing and storing is 1 pound per 1,000 gallons. The
VOC emissions factor for underground storage tardathing and storing is recommended by the Gasoline
Distribution EIIP guidance documdref 3].

HAP emissions are calculated using speciation profiles Tiante4-49, except forbenzene. Speciation profiles
for benzene emissions from bulk plants are based on cespégific refueling emissions data from MOVES.

Gasoline Seice Station Unloading

To calculate the VOC emissions factor for gasoline service station unloading, first calculate the true vapor
pressure for each county and month using the following equation and dataMt@WE3ref 7]:

Geographiespecific information on the temperature of gasoline and the method of loading were obtained from
a Stage | and Il gasoline emission inventory study prepared for the EIIP.

The truevapor pressure is calculated using the following equation:

v Tpo w81 T T PTMT C g (13)
Ohp Tléj(uuo—,,\(8 T @ Y°I I CYwy pfﬂJUT,—,YB @ Y
CTPOY "o PXTtg
Yo T u@ Bipd | CYwyn N5 T o@ p@rt
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Where:

Pems = Stock true vapor pressure for courtyn monthm for fuel subtypd, in pounds per square
inch absolute
Tem = Stock temperature for countyin monthm, in degrees Fahrenheit

RVRm:= Reid vapor pressure for countyn monthm for fuel subtypef, in pounds per square inch
S = Slope of the ASTM distillation curve at 10 percent evaporated, in degrees Fahrenheit per
percent (assumed that S=3.0 for gasoline per Figurd ZalofAR42)[ref 13

The following equation is used to calculate the VOC emissions factor for gasoline service station unloading:

0rr P&@ Y Orp OTY (14)
Where:
Lems = Uncontrolled loading loss of liquid loaded, in pounds per thousand gallons
St = Saturation factor for filling technology ft
Pems = True vapor pressure of liquid loaded, in pounds per square inch absolute
M = Molecular weight of vapors, in pounds per pound per mole
T = Temperature of liquid loaded (Rankirjegf 8]

HAP emissions are calculated using speciation profiles Tiane4-49, except for benzene. Speciation profiles
for benzene emissions frobulk plants are based on coungpecific refueling emissions data from MOVES.

Aviation Gasoline Distribution Stage 1

Emission factors for stage 1 aviation gasoline distribution are reportédie4-51 and Table4-52. The
emissions factors for fugitive and nduagitive VOC are taken from the TRC registimation of Alkylated Lead
Emissions, Fin&leportref 4]. The emissions fdors for the HAPs are taken from multiple sources: the TRC
report; the EPA repoitocating and Estimating Air Emissions from Source of Ethylene Dicpiefitd; a
memorandum to EPA/OAQIST 15], and a personal email between EPA/OAQPS empldsefeks]. The tables
list the emission factors as reported in the original references, and the emission factors that have been
converted (if necessary) for use in the MElissions calculations.
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Table4-51: VOC Emissions Factors for Aviation Gasoline Distrib&tiage 1 (2501080050)

Emission| Emission Emission Emission Factor
Pollutant Emission Source Factor | Factor Units Factor Factor Units
o - Reference
(original) | (original) | (converted)| (converted)
Aviation Gas Unloading/ 1,081
Tank Filling tank fill 9.02E3
Aviation Gas Unloading/ 432
Tank_ Filling Storage tank mg/l 3.61E3 LB/GAL
working asoline* AvGas
Aviation Gas Tank Truck | 1,235 | 9 L 03e2 Table 7 in
VOC | Filling- Composite ' Reference
. - 4
AV|at|on_ Gas Storage Tan| 203 1 69E3
- Breathing losses
Aviation Gas Fugitive 0.26 kg/valve/day 5 73E1 LB/valve/day
from valves
Aviation Gas Fugitive 2.7 kg/seal/day 5 95E0 LB/seal/day
from pumps

* Converted from mg/l to LB/GAL using conversion factors of 3.785 liters per galiio#53,592 mg per pound.

Table4-52: HAP Emissions Factors for Aviation Gasoline Distrib@®iage 1 (2501080050)

Emission| Emission Emission Emission
Factor Factor Factor Factor
Pollutant Pollutant Code o . Factor .
(original) Units Units Reference
- (converted)
(original) (converted)
Ethylene Dichloride 107062 0.26 mg/l 2.17E6 LB/GAL 14
gasoline* AvGas
Lead** 7439921 6.27E6 4
2,_2,4- 540841 8.00E3
Trimethylpentane 15
Benzene 71432 9.00E3
Cumene 98828 1.00E4 16
Ethylbenzene 100414 1.00E3 LB/ LB VOC
Hexane 110543 1.60E2
Naphthalene 91203 5.00E4 15
Toluene 108883 1.30E2
Xylene 1330207 5.00E3

* Converted from mg/l to LB/GAL using conversion factors of Ji&85 per gallon and 453,592 mg per pound.

** The 2011 NEI included tetraethyl lead (TEL) with an emission factor of-6.[68EIb. VOC. In 2017, EPA only
accounts for the emissions of elemental lead. The TEL emission factor was modified by multyptigangatio
of the atomic mass of lead to the atomic mass of TEL, or 64.06%.

Aviation Gasoline Distribution Stage

Emission factors for stage 2 of aviation gasoline distribution are report€dbie4-53 and Table4-54. The
emissiors factors for VOC are taken from the TRC refstimation of Alkylated Lead Emissions, Final Report
[ref 4]. The emissions factors for the HAPs are taken from multiple sources: the TRC report; the EPA report
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Locating and Estimating Air Emissions from Source of Ethylene Dicfiefribd; a memorandum to

EPA/OAQPef 15]; and a personal email between OAQ#&ployeedref 16]. The tables list themission

factors as reported in the original references, and the emission factors that have been converted (if necessary)
for use in the NE#missions calculations.

Table4-53: VOC Emissions Factors for Aviation Gasoline Distrib&tiage? (2501080100)

Emission| Emission ..

.. Emission
.. Factor Factor Emission Factor
Pollutant Emission Source . . Factor
(original) Units Factor i Reference
L Units
(original)
Fuel Transfer from Tanker Truc mg/l LB/GAL
*
voc to General Aviation Aircraft 1,420 gasoline** 8.27k4 AvGas 4

* This emission factor represents the sum of the emission factor for uncontrolled displacement losses (1,340
mg/l) and spillage (80 mgl/l).
** Converted from mg/l to LB/GAL usiiegnversion factors of 3.785 liters per gallon and 453,592 mg per pound.

Table4-54: HAP Emissions Factors for Aviation Gasoline DistribG&tiage? (2501080100)

Emissbn Emission Emission Emission
Pollutant| Emission Factor | Factor Units Factor Factor
Pollutant o . Factor .
Code Source (original) | (original) Units Reference
(converted)
(converted
Ethylene 17062 | Al 0.226* mol | 1 egEs 14
Dichloride processes gasoline** LB/GAL
*kk AvGas
Lead 2439921 All 8.50 E8 4
processes
2,_2,4— 540841 All 8.00E3
Trimethylpentane processes 15
Benzene 71432 All 9.00E3
processes
Cumene 98828 All 1.00E4 16
processes
Ethylbenzene 100414 All 1.00E3
processes LB/ LB
_ VOC
Hexane 110543 All 1.60E2
processes
Naphthalene 91203 All 5.00E4 15
processes
Toluene 108883 All 1.30E2
processes
Xylene 1330207 All 5.00E3
processes

* This emission factor represents the sum of the emission factor for uncontrolled displacement losses (0.21
mg/l) and spillage (0.016 mg/l).
** Converted from mg/l to LB/GAL using conversion factors of 3.785 liters per gallon and 453,592 mg per pound.
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*** The 2011 NEI included tetraethyl lead (TEL) with an emission factor of® I/BESAL AvGas. In 2017, EPA
only accounts for the emissions of elemental lead. The TEL emission factor was modified by multiplying by the
ratio of the atomic mass of lead to tl@omic mass of TEL, or 64.06%.

4.7.3.4 Controls

There are countyevel control efficiencies for service station unloading, including assumptions about the
percentage of gasoline unloaded under different filling technologies: splash, submerged, or baldreredre
no controls assumed fall other sources

4.7.3.5 Emissions

Bulk Terminals

Emissions of VOCs for bulk terminals and pipelines are calculated by multiplying 1998 national emissions
estimates developed in support of the Gasoline Distribution Mgt@idard Table4-55) by the 2017 to 1998
ratio of the national volume of wholesale gasolswpplied[ref 17, ref18]. Emissiongre converted from
megagrams (Mg) to tons.

. . 0O e o (15
O frn O & o PP T COCE 1E Qb "Q A
Where:
Biocuspt = Annual nationalevel emissions of VOC from bulk terminals, in tons
Buactuspet = 1998 national VOC emission estimates developed for Gasoline Distribution MACT standard
from bulk terminalsjn Mg
G017 = National volume of wholesale gasoline supplied in 2017, in thousand barrels per day
Giogs = National volume of wholesale gasoline supplied in 1998, in thousand barrels per day

Table4-55; 1998 PostMACT Control Emissions
Emission Point 1998 PostMACT Control Reference
Emissions (Mg)

Pipelines 79,830 5

Bulk Terminals 137,555 5

National VOC emissions are allocated to states using the fraction of refinery, bulk terminal, and natural gas plant
stocks of motor gasoline in each state€d able4-56) [ref 19).

‘Owi "Oi (A)‘(‘.O—G (16
Where:
GasFrag = Fraction of motor gasoline in stage
Ms = Amount of motor gasoline in stat
Mus = Amount of motor gasoline in the U.S.
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Table4-56: Refinery, Bulk Terminal, and Natural Gas Plant Stocks of Motor Gasoline, 2017

State Motor Gasoline State Motor Gasoline
(Thousand Batrrels) (Thousand Batrrels)
Alabama 205 Montana 357
Alaska 793 Nebraska 92
Arizona 87 Nevada 146
Arkansas 175 New Hampshire *
California 286 New Jersey 376
Colorado 190 New Mexico 108
Connecticut * New York 17
Delaware * North Carolina 200
District of Columbia * North Dakota 48
Florida 732 Ohio 970
Georgia 268 Oklahoma 348
Hawaii 1 Oregon 68
Idaho 276 Pennsylvania 25
lllinois 410 Rhode Island *
Indiana 352 South Carolina 228
lowa 183 South Dakota 77
Kansas 325 Tennessee 195
Kentucky 378 Texas 3,855
Louisiana 1,662 Utah 127
Maine * Vermont 30
Maryland * Virginia 150
Massachusetts 7 Washington 383
Michigan 266 West Virginia 36
Minnesota 363 Wisconsin 133
Mississippi 1,213 Wyoming 455
Missouri 202 Total 16,798

* No Data Reported

The fraction of stocks of motor gasolinegach state is then used to distribute the VOC and HAP emissions.

0 i OOI O ®O [ (17
Where:
Bocpts = Annual VOC emissions in stateom bulk terminals, in tons
GasFragc = Fraction of motor gasoline in stage
Biocuspt = Annual nationalevel VOC emissions from bulk terminals, in tons

Statelevel VOC emissions are allocated to counties using the fraction of petroleum bulk stations and terminals
facilities employees inach county fromthe US Census County Business patterns data for NAICS coddq42471
10].

o4 ,
04 1 "ol ‘I"B_Oag (18

4-104



Where:

EmpFrag = Fraction of petroleum bulk stations and terminals facilities employees in caunty
Emp = Number of petroleum bulk stations and terminals facilities employees in caunty
Emp = Number of petroleum bulk stations and terminals facilities employrestates

Due to concerns with releasing confidential business informationCiBBloes not release exact numbers for a
given NAICS code if the data can be traced to an individual business. Instead, a series of range codes is used.
Many counties and soma&maller states have only one petroleum bulk station and terminal facility, leading to
withheld data in the county and/or state business pattern data. To estimate employment in counties and states
with withheld data, the procedure discussed in Secton3.2is used for NAICS code 42471.

The fraction of petroleum bulk stations and terminals facilities employees in each county is then used to
distribute the VOC emismis.

O sy 0an O dD (19
Where:
Bocpte = Annual VOC emissions from bulk terminals in cogniy tons
EmpFrag = Fraction of petroleum bulk stations and terminals facilities employees in caunty
Biocos = Annual VOC emissions from bulk terminals in ssate tons

Emissions of HAPs are calculated by multiplying emissions of VOCs by a national averagengmediki
(Tabled-49) [ref 20).

Orn O mr Y (20,
Where:
Bt = Annual emissions of pollutaptin countyc from bulk terminal, in tons
BEocpet = Annual VOC emissions in countiyom bulk terminals, in tons
S = Speciation profile of pollutar, as a fraction of VOC emissions
Pipelines

Emissions of VOCs for pipelines are calculated by multiplying 1998 national estimates developed in support of
the Gasoline Distribution MACT standafalfle4-55) by the 2017 to 1998 ratio of the national volume of
wholesale gasoline suppligef 17, ref 18]. Emissions are converted to tons.

. . O s (21
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Where:

Bocusp = Annualnationatlevel emissions of VOC from pipelines, in tons

Buactusp = 1998 national VOC emission estimates developed for Gasoline Distribution MACT standard
from pipelines, in Mg

G017 = National volume of wholesale gasoline supplied in 2017, in thoubanels per day

Guogs = National volume of wholesale gasoline supplied in 1998, in thousand barrels per day
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National VOC and HAP emissions are allocated to PAD Districts using the fraction of the total amount of finished
motor gasoline that originated ieach PAD District in 2017. There are five PAD Districts across the United States.
PAD District 1 comprises seventeen states plus the District of Columbia along the Atlantic Coast; PAD District 2
comprises fifteen states in the Midwest; PAD District 3 poses six states in South Central U.S.; PAD District 4
comprises five states in the Rocky Mountains; and PAD District 5 comprises seven states along the West Coast.
These data, which are displayed belowlable4-57, are reported in Table73of Volume 1 of Petroleum Supply
Annual 2017ref 21]. States ireach PAD District are shownTable4-58.

0 6 000 wcﬁ—ﬁ (22
Where:
PADDFrag =Fraction of motor gasoline in PAD Distid
Meo =Amount of finished motor gasoline in PAD DistRE in thousand barrels
Mus =Amount of finished motor gasoline in the U.S., in thousand barrels
O 55 06000 GOA i (23
Where:

Bocrop =Annual VOC emissions from pipelines in PAD DiStfidin tons
PADDFrag = Fraction of motor gasoline in PAD Distidd
Bocuspr  =Annual nationalevel VO@missions of from pipelines, in tons

Pipeline emissions in each PAD District are allocated to counties based on County Business Patterns employment
data. Because employment data for NAICS code 48691 (Pipeline Transportation of Refined Petroleum Products)
are often withheld due to confidentiality reasons, the number of employees in NAICS code 42471 (Petroleum

Bulk Stations and Terminals) are used for this allocation. To better account for the location of refined petroleum
pipelines, however, no activity il@cated to States which had employees in this NAl&te butdid not have

employees in NAICS code 48691 (i.e., District of Columbia, Idaho, Maine, New Hampshire, Vermont, and West
Virginia). To allocate pipeline emissions in each PAD District to codirsethe county level employment data

for NAICS code 42471 is summed to the PAD District.

04 R 04 R (24,
Where:
Empeo = Number of petroleum bulk stations and terminals facilities employees in PAD Di¥firict
Emp = Number of petroleum bulk stations and terminals facilities employees in caunty

The fraction of petroleum bulk stations and terminals employees in each gasiosed to allocate the emissions
from the PAD District to counties.

06+ ~
0ah Ol bt h” (25,
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Where:

EmpFrag =Fraction of petroleum bulk stations and terminals facilities employees in caunty
Emp = Number of petroleum bulk stations and terminals facilities employees in caunty
Empo = Number of petroleum bulk stations and terminals facilities employees in PAD Diirict

Due to concerns with releasing confidential business informationCiBBloes not release exact numbers for a
given NAICS code if the data can be traced to an indiViousiness. Instead, a series of range codes is used.
Many counties and some smaller states have only one petroleum bulk station and terminal facility, leading to
withheld data in the county and/or state business pattern data. To estimate employmeotiiiies and states
with withheld data, the procedure discussed in Secton3.2is used for NAICS code 42471.

The fraction of petroleum bulk stations and termintdsilities employees in each county is then used to
distribute the VOC emissions.

0 sp 06RO G § g (26

Where:

Bocep = Annual VOC emissions from pipelines in couniy tons
EmpFrag = Fraction of petroleum bulk stations and terminals facilities employees in caunty
E/oceo,i= Annual VOC emissions from pipelines in PAD DiStfidin tons

Emissions of HAPs are calculated by multiplying emissions of VOCs by a national averatignspetie [ref
13]. Table4-49includes these speciation profiles. Total VOC emission estimates are used so emissions represent
total emissions.

O O mr 7Y (27,
Where:
Bocpr = Annual emissions of pollutaptfrom pipelines in countyg, in tons
BE/oc.cp = Annual VOC emissions from pipelines in counip tons
S = Speciation profile of pollutar, as a fraction of VOC emissions
Table4-57: Movement of Finished Motor Gasoline (thousand barrels) by Pipeline in PAD Districts, 2017
PADD |Gasoline Moved (thousand barrelsiPADD Fraction
1 40,770 0.34
2 20,438 0.17
3 44,536 0.37
4 10,034 0.08
5 3,856 0.03

Table4-58: States by PAD District

PAD District 1 PAD District 2 PAD District 3 PAD District 4 PAD District 5
Connecticut Illinois Alabama Colorado Alaska
Delaware Indiana Arkansas Idaho Arizona
Florida lowa Louisiana Montana California
Georgia Kansas Mississippi Utah Hawaii
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VOC emissions from bulk plants are estimated by multiplying the VOC emission factor byleeeintgplume of

bulk plant gasoline throughput.

O ik 00 | Tp MAA G & £ @Y 1T CQOA MERDDT 1 Qa

Where:

Biocepp = Annual emissions of VOC from bulk plants in coeniy pounds

ERocop = Emissions factor for VOC from bulk plants, in pounds per 1,000 gallons

GTebp =Gasoline throughput for bulk plants in courttyin thousand barrels
Benzae emissions are estimated by multiplying VOC emissions by ctavalyspeciatiomprofiles from MOVES
[ref 7].

Owri O wr Y

Where:

Bszcop = Annual emissions of benzene from bulk plants in coenty pounds

Biocepp = Annual emissions of VOC from bulk plants in coeniy pounds

Sz =Speciation profile for benzene for bulk plants in courjtgs a fraction of VOC

PAD District 1 PAD District 2 PAD District 3 PAD District 4 PAD District 5
Maine Kentucky New Mexico Wyoming Nevada
Maryland Michigan Texas Oregon
Massachusetts Minnesota Washington
New Hampshire Missouri
New Jersey Nebraska
New York North Dakota
North Carolina Ohio
Pennsylvania Oklahoma
Rhode Island South Dakota
South Carolina Tennessee
Vermont Wisconsin
Virginia
West Virginia
Bulk Plants

All other HAPs eissions are estimated by multiplying VOC emissions by the national average speciation profiles
displayed inTable4-49.

O O wrn Y (30,
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Where:

B.cbp = Annual emissions of pollutaptfrom bulk plants in countg, in pounds
Brocep= Annual emissions of VOC from bulk plants in cogniy pounds
S = Speciation profile for pollutant for bulk plants in countg, as a fraction of VOC

Tank Trucks in Transit

VOC emissions from tank trucks in transit are calculated by multiplying cteveltotal gasoline consumption
by the VOC emission factor for tank trucks in transit.

“O0y; (31
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Where:

Bioce = Annual emissions of VOC from tank trucks in transit in cogritypounds
ERocit = Emissions factor for VOC from tank trucks in transit, in pounds per 1,000 gallons
GG, Gasoline consumption for tank trucks in transit in courtgallons

Benzene emissions are estimated by multiplying VOC emissions by -tewgiltgpeciation profiles from MOVES.

Ori O mr Y (32
Where:
Bszc = Annual emissions of benzene from tank trucks in transit in cogrity pounds
Biocci = Annual emissions of VOC from tank trucks in transit in cogritypounds
Szc = Speciation profile for benzene for tank trucks in transit in coungs a fraction of VOC

All other HAPs emissions are estimated by multiplying VOC emissions by the national average speciation profiles
in Table4-49.

Ofr O ®R "Yi (33
Where:
Bocu = Annual emissions of pollutaptfrom tank trucks in transit in county, in pounds
Bocet = Annual emissions of VOC from tank trucks in transit in cogritypounds
Se =Speciation profile for pollutarp for tank trucks in transit in county, as a fraction of VOC

Underground Storage Tank (UST) Breathing and Storing

VOC emissions from UST breathing and storing are calculated by multiplying-wahtptal gasoline
consumption by the VOC emission factor for UST breathing and storing.

_ O6 (34
PITAMOGN & € € i

4-109



Where:

Bioccust = Annual emissions of VOC from UST breathing and storing in cguntgounds
ERocust = Emissions factor for VOC from UST breathing and storing, in pounds per 1,000 gallons
GGt =Gasoline consumption for UST breathing and storingpumtyc, in gallons

Benzene emissions are estimated by multiplying VOC emissions by -tewgitgpeciation profiles from MOVES.

O nn O wr Y (35,
Where:
Bszcust = Annual emissions of benzene from UST breathing and storing in cguntpounds
Boccust = Annual emissions of VOC from UST breathing and storing in cgtintgounds
Szc = Speciation profile for benzene for UST breathing and storing in cauatya fraction of VOC

All other HAPs emissions are estimated by multiplying VOC emissions by the national average speciation profiles
displayed inTable4-49.

O O mrn  Yh (36,
Where:
Bocust = Annual emissions of pollutaptfrom UST breathing and storing in coulfyin pounds
Bioccust = Annual emissions of VOC from UST breathing and storing in cguntgounds
Se =Speciation profile for pollutarp for UST breathing and storing in courtyas a fraction of

\Yje ®:

Gasoline Service Station Unloading

Countylevel uncontrolled loading loss of liquid loaded VOC emissions are calculated by multiplying the loading
loss calculatedhi equation9 by the total gasoline consumption in each county for each fitixanology.

"Obh # . (37
p MR a a & &
Where:

Brocemifn =VOC emissions from loading loss in cowrftyr monthm for filling technologyft and fuel
subtypef, in pounds

GGwms = Total gasdhe consumption in countgfor month m for filling technologyft and fuel subtype
f, in gallons
Le,m,i = Uncontrolled loading loss of liquid loaded for counfgr month m and fuel subtypd, in

pounds per thousand gallons

Countylevel controlled VOC emissions are calculated by multiplying loading loss VOC emissions by a county
level controlefficiency[ref 8]. Emissions are divided B0 to convert the control efficiency from a percentage.
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Where:

Brocemtice =Controlled VOC emissions in countypr month m for filling technologyft and fuel subtype
f, in pounds

Bocemtin =VOC emissions from loading loss in countyonth m for filling technologyft and fuel
subtypef, in pounds

CE = Control efficiency value for countyas a percentage

Countylevel monthly VOC emissisioy fuel subtype and filling technology are calculated by subtracting
controlled VOC emissions from VOC emissions from loading loss.

(O O whrnk O hrskk (39,
Where:

Bocemtit  =VOC emissions in from gasoline service station unloading codotymonth m for filling
technologyft and fuel subtypd, in pounds

Brocemtice =Controlled VOC emissions in countipr month m for filling technologyft and fuel subtype
f, in pownds

Bocemtin =VOC emissions from loading loss in countyonth m for filling technologyft and fuel
subtypef, in pounds

Countylevel total VOC emissions by filling technology are calculated by summing VOC emissions for each month
and fuelsubtype.

(40

Where:

Broc et =Annual VOC emissions in from filling tyfpéor gasoline service station unloading for
countyc, in pounds

Bocemtit  =VOC emissions in from gasoline service station unloading codotymonth m for filling
technologyft and fuel subtypd, in pounds

Benzene emissions are estimated by multiplying VOC emissions by -teugitgpeciation profiles from MOVES.

O &n (Ot Yok (41,
Where:

BEszcssu = Annual emissions of benzene from gasoline service station unloading in @yimiyounds

Broccss= Annual emissions of VOC from gasoline service station unloading in apimiyounds

Szc = Speciation profile for benzene for gasoline service station unloading in couaya fraction
of VOC

All other HAPs emissions are estimated by multipid@fC emissions by the national average speciation profiles
displayed infable4-49.
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Where:

B.cssu = Annual emissions of pollutaptfrom gasoline service station unloading in cougtin pounds

Broccess= Annual emissionsf VOC from gasoline service station unloading in coarity pounds

S = Speciation profile for pollutar for gasoline service station unloading in couatyas a
fraction of VOC

Aviation Gasoline Distribution Stage 1

The annual aviation gasoline consumed in each county is used with the emissions faCaire451 and Table
4-52t0 estimate emissions. Emissions of Aogitive VOC from multiple sources, including tank truck filling and
storage tank breathing, are estimated by multiplying gasoline consumed by the emissiamgridetble4-51.

For VOC, emissions are multiplied by a conversion factor to convert from tons to pounds.

6'0Q 60 00y ¢mrdml,, (43)
Where:
NFE:. = Annual nonfugitive VOC emissions for sourd@ countyc, in tons per year
ERocy = VOC emission factor for sourceaunits vary based on pollutant.

Fugitive VOC emissions from valves and pumps are estimated by multiplying gasaimeedrby the
emissions factor ifable4-51. Assumptions concerning bulk terminals used in these calculations can be found in
Table4-59.

Table4-59: Assumptions for Bulk Terminals Using Aviation Gasoline

Parameter Data Reference
Number of Bulk Plant Equivalents (U.S 2,442 plants
Number of valves per bulk plant 50 valves/plant
Number of pumps per bulk plant 2 pumps/plant 4 T%ble 2
Number of seals per bulk plant 4 seals/pump
Number of days per year used 300 days
600 6506 005 0 Y .y o, (44)
6700 6500 Y00y 0 Y YWy cndtd, (45)
Where:
PFE = Annual fugitive VOC emissions from valves in coagyitytons
VFE = Annual fugitive VOC emissions from pumps in coanii tons
BPE = Number of bulk plant equivalents in the U.S.
\Y = Number of valves per plant in the U.S.
P = Number of pumps per plant in the U.S.
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S = Number of seals per plantin the U.S.

D = Number of days used per year

LTOc = The number of LTOs in courtty

LT@s = The number of LTOs in the United States

Total Annual VOC emissions in each county are estiiiay summing the fugitive emissions (from equati@bs
and36) and all sources of nefuigitive emissions (from equatids4).

. (46)
O i 0 "00 0 "00 w00
Where:

BEoce = Annual VOC emissions in counfyn tons

Emissions of all HAPs, except ethylene dichloride, are estimatapgdbying speciation factors found Trable
4-52to the annual VOC emissiorior HAs, no conversion factor is needed, and the emissions are reported in
tons.

Op O |y YO 47
Where:
BEnc = Annual emissions of HARN countyc, in tons per year
Sk = Speciation factor for HAR, in tons of HAP emissions per ton of \&ssions

Ethylene dichloride emissions are calculated by multiplying the gasoline consumed in each county (from
equation33) by the emission factor froffable4-49. For ethylene dichloride, emissions are multiplied by a
conversion factor to convert from to pounds tons.

N e 0 E & 0. (48)
Or 0’0 00 8 mPF AN
Where:
Ec = Annual emissions of ethylene dichloride in couatin tons
ER = Emission factor for ethylene dichloride, in Ibs. of ethylene dichloride per gallon of AvGas

Aviation Gasoline Distribution Stage 2

The annual aviation gasoline consumed in each countyed with the emissions factors Trable4-53 and Table
4-54t0 estimate emissions. Emissions of VOC are estimated tiphging gasoline consumed by the emissions
factor inTable4-53. For VOC, emissions are multiplied by a conversion factor to convert from tons to pounds.

0 g 06000 mrnnbE i (49)

Where:

Biocec = Annual VOC emissions in counfyn tons
AG Annual consumption of AvGas in counftyn gallons
ERoc VOC emission factoin tons of VOC per gallon of AvGas
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Emissions of all HAPs, except ethylene dichloridelea], are estimated bgpplying speciation factors found in
Table4-54to the annual VOC emissiortor HAPS, no conversion factoneeded,and the emissions are
reported in tons.

O, O § "YO (50)

Where:

Bc Annual emissions of HARN countyc, in tons per year
BEoce = Annual VOC emissions in counfyn tons
Sk Speciation factor for HAR, in tons of HAP emissions per ton of VOC emissions

Ethylene dichloride and lead emissions are calculated by multiplying the gasoline consumed (from eif)ation
by the emission factor froriiable4-54. For lead and ethylene dichloride, emissions are multiplied by a
conversion factor to convert from pounds to tons.

Of 60 00 mEtmndE &l (51)
Where:
Ep,c = Annual emissions of pollutaptin countyc,in tons
ER = Emission factor for pollutarg, in Ibs. of pollutant per gallon of AvGas

4.7.3.6 Point Source Subtraction

There are no point souregpecific SCCs for stagarid stage 2viation gasoline distributionherefore point

source subtraction is not performed fordbe sources. Howevemme stage | gasoline emissions are reported in
the point source inventory. To avoid double counting of emissions, point source emissions are subtracted from
the total emissions from each source category to estimate the nonpoint emissions from each source category.
Point source emissions are mapped to nonpoint source SCCs using the crosswalk shahia 14 of the

R 2 O dzY Safeil Géasoline Distribution NEMO FINALI8-Z019 42 updatedb R 2 &b Ehé2017 NEI

Supplemental data FTP sifEhe point source emissions table is also provided in an Excel input template. Point
source emissions are mitted by SLT agencies.

00 Q@  Ofpn 0 G (52
Where:
NPEcscc = Annual nonpoint source emissions of pollut@from each SCC in courty
Bo.c.scc = Annual total emissions of pollutaptfrom each SCC in courty
PEResce = Annual total point source emissions of pollutgrnrom each SCC in courty

4.7.3.7 Example calculations

The tables below show sample calculations for estimating VOC and benzeneesigsistage | gasoline
distribution. Each SCC relies on a speciation factor to estimate the benzene emissions from the VOC emissions.
Note that bulk terminals and pipelines have a different benzene speciation factor than the other SCCs. The
speciation fator for bulk terminals and pipelines in 0.0027. All other SCCs use a «apetyic benzene
speciation factor. See secti@n7.3.3for more information.

4-114


https://gaftp.epa.gov/Air/nei/2017/doc/supporting_data/nonpoint/
https://gaftp.epa.gov/Air/nei/2017/doc/supporting_data/nonpoint/

BulkTerminals

Table4-60: Sample calculations for benzene emissions for Apache County, AZ in 2017 from Stage | Gasoline

Distribution
Eq. # Equation Values for Apache County, AZ Result
O &5 p o x L@ . ' 171359 tons VOC
15 o . 2 Wo g% O i cuddd iAW ® | emissions in the US
hho o Pg IR 01 CBEGD | NOBMIC @
PP TT COCE 1 QL Q PP T COCE 1F QI "Q
il pYY r ’ o Ty ey N ¥, \ ’
16 06 O Ot S T[DSE O,I,mi(f? l‘f%d‘l' .0052
Y PO dBoi cagald | Qai
F R OOE Ol O® L 891.1 tons VOC
17 O &nn BUTIU QX p OOEGE | emissions in Arizona
s e Q0N P® QAN 0 & wQQI .0089
18 Oa OI(D%—,‘
d an Xo0RQadnNnaé¢ wQQi
. s e 7.93 tons VOC
19 © fr Od n.OOI V(‘fw Uy wp wPo € € i emissions in Apache
hh County, AZ
.0214 tons benzene
20 Onh O sr Y X8 ® £ & M8t Mg XN Qw QL@ é| emissions in Apache
County, AZ
Pipelines

Table4-61: Sample calculations for benzene emissions for Apache County, AZ in 2017 from Stage | Gasoline

Distribution
Eq. # Equation Values for Apache County, AZ Result
O & p p o x vwQ B 171359 tons VOC
1 o 0 Wwo O 60 uedd INABIO O | emissions in the US
& o e U 61 CIEd | HOBIM &
PP TT COCE 1F QI "Q PP T COCE 1 QD "Q
ey A oL g oi cued) i ‘@G @Qi ou|0.32
22 000 Y < T R
v o ' 0Og p plwo O ¢ NEEYQ
O 7 5,523 tons VOC
23 06000 O T® ¢ P X P OOVEUE i emissions in PAD
O i District 5
o~ o~ o s o~ o 10641 employees in
24 oan oan oan PAD District 5
. oar Qanaée wQQi ,
25 | 04nO Gt WMAInac whut | .00061
an pmeQAaN & wQQlI
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Eq. # Equation Values for Apache County, AZ Result
T 3.37 tons VOC
26 s i X gimmeph ¢oé g emissions in Apache
oan O W@ j i County, AZ
N . 0.9 tons benzene
27 OnF O rp Y o x T T ¢ X QwQQd & & i | emissions in Apache
County, AZ
Bulk Plants
Table4-62: Sample calculations for benzene emissions for Apache County, AZ in 2017 from Stage | Gasoline
Distribution
Eq. # Equation Values for Apache County, AZ Result
1 OYE 6 T | otmt fRei GE i QB | 0o/ thousand
barrels
8 04 i 0d n 04§ 73908 employees in

the US

. .POan e QAN GE 0wQQI

9 Odan O WOt— - .000089
d Sar] XowRdpPnaewQQi

27.11 thousand barrelg
in Apache County

10 "OY "OY 0anOi ¢ 0T @otEX0 i CuEd 1 CBUT T

O A U g1 € 0 ENUIM TR A & £ & g8 pounds VOC
00 j pTUTH@D A & & & i 2
28 ——— QY T emissions in Apache
PTG AEET CBME 61 wkdl | Qai Count, AZ
T CQO G arg@biw w a T CQO O AERbiw w a '

.06 pounds benzene

. “ N € 6¢€ Qi S .
O &k Y ; waipr) . emissions in Apache

29 O e R ey v S
mrngpe Qo QR M6 € i County, AZ

¢
¢

Tank Trucks in Transit

Table4-63: Sample calculations for benzene emissions for Apache County,28Z7 from Stage | Gasoline

Distribution
Eq. # Equation Values for Apache County, AZ Result
44,007,116.5 gallons o
5 c~E } onroad gasoline
2 0 7 00 7 00 consumed in Apache
County, AZ
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Eq. # Equation Values for Apache County, AZ Result

913,078.6 gallons of
nonroad gasoline

3 00 00 i Q0 5 consumed in Apache
County, AZ
‘006; 00 T i iy p& Qv & & € & i 48,963,012.6 gallons o
4 08 w P X&QO & & £| gasoline consumed in
P8I W P8t w Apache County, AZ
O nn gr@) £ 0 enip mHAK & o ¢ & 2937.7 pounds VOC
31 00y "O06h T oomp@® Qo 6 € € i emissions in Apache
To mmGa & € € i To mmGwa a € € i County, AZ

17.9 pounds benzene
emissions Apache
County, AZ

. S CoRNEGEQI
210 O mh Y BTG ) Q6 U0 B8 & |

¢
¢

Underground Storage Tank (UST) Breathing and Storing

Table4-64: Sample calculations farenzene emissions for Apache County, AZ in 2017 from Stage | Gasoline

Distribution
Eq. # Equation Values for Apache County, AZ Result
44,007,116.5 gallons g
5 o~z § onroad gasoline
2 Q0 0 00 & consumed in Apache
County, AZ
913,078.6 gallons of
5 — 5 nonroad gasoline
3 Q0 & ©0 & 00 5 consumed in Apache
County, AZ
065 00 j th mipxp@p'Qd & & € & i 48,963,012.6 gallons o
4 00 § w ph xd&y'Qd a & &| gasoline consumed in
P8I W P8t W ApacheCounty, AZ
(ST ph ¢ 0§ Qp mri@da & ¢ & i| 48,963 pounds VOC
34 00 j "O0 T pompd CQOa a € £ i | emissions in Apache
TommiAa aé € i Tommlwa a € € i County, AZ
L 298.7 pounds benzene
-~ . o ~ Tlooe 0¢e Qi o )
35 |0 ;i O &n Y ; S e s g e . . | €EMIiSSiONns in Apache
mrngpe Qo QR e € i County, AZ

Gasoline Service Station Unloading

These sample calculations use splash filling as an example, and the equations use fuel subtype 10 and January as
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an example. These calculations would need to be repeated using every month and both fuel subtypes to
calculate values for each filling technglo(splash, submerged, and balance).

Table4-65: Sample calculations for benzene emissions for Apache County, AZ in 2017 from Stage | Gasoline

Distribution
Eg Equation Values for Apache County, AZ Result
plp LR P QO G G € ¢ i 18,111,854,
5 | "O0xk i O6r hrn O0r hp PBW p oY QD& & £ | 7 gallons
P8t w
0 gallons
- o a s splash
S SR pp plPpuE& QA G € € i L
© O0n hih O0R s O b i R aCiQa ¢ 1 Ming in
Apache
County, AZ
0k f 5.54
LU O T VUL O pounds per
1po square inch
TPO9  weiicovYod-: —— o811 absolute
m Y||(;Y0)lﬁh paJ (pT[TU&DO Cpﬂ)p p‘fﬂ—'
PTG e _PTITS e
13 Yo T u@w pm TTU&D
CT1pQ P
SAEET AT OXT C
- . T gipd i —_—
Bpd | CYwyp Yw—XrU;n o P G ®p @T T L&
® p@T
p@pT
pP@ @ p8 U WOO61 OOHEI | 1261
. - VB T € O ENCXNI | 6 CEWD Wi €& pounds per
Ml Vi PE® Y Ujp UTY Q@B E O NI ¢ 6804 ¢ &Q | 1000
LCHOE QQEQ gallons
0 pounds
VvVOC
emissions
from
uncontrolle
OB+ & TG & Gt dIR0E o 0 e | 100N
3 EERLELY pnT't‘QL'()d(‘xéUéF‘iF‘ pnnﬁma&; € lﬁm . . | Apache
P& ME OeNXIp Tl aae County, AZ
in January
for fueling
subtype 10
for splash
filling
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Equation Values for Apache County, AZ Result

0 pounds
controlled
VOC
emissions
in Apache
36| O figshh O Rrirhr OOIPTT TN EO6E Qe & OQ @AQOIRDE County, AZ
in January
for fueling
subtype 10
for splash
filling

0 pounds
total VOC
emissions
in Apache
County, AZ
Ot sf TN € 0 ¢ Qin € 0 ¢ Qi in January
for fueling
subtype 10
for splash
filling

37

0 pounds
total VOC
emissions
in Apache
County, AZ
for splash
filling

38 0O

¢
¢
¢
¢
¢
¢
3¢
5
5¢
5¢

0 pounds
benzene
emissons
T £ 6 & QB d p Qo 'QOd &dé| in Apache
County, AZ
for splash
filling

39 O

¢
¢
@)
¢
¢
<
¢

Aviation Gasoline Distribution Stage 1

Table4-66 lists sample calculations to determine the VOC emissions from stage 1 aviation gasoline distribution
in Autauga County, Alabama.
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Table4-66: Sanple Calculations for Emissions from Aviation Gasdbitagle 1 in Autauga County, AL

Eq. # | Equation Values for Autauga, AL Result
00 2,394,000 gallons of
7 ol 88)da§éi VT TTEOT | QGCIQCOO( 0((308“![ AvGas consumed in AL
e il
1 YD VG 0 "YU o @@ "YURS 6 0 ®6 QG | 0.00444 fraction of LTOs
0 "YO0 o Pt § "YOQRD O in Autauga County, AL

Clo whir TTRAB D OND & T8 T 10,633 gallons of AvGas

12 00 00 YO "YO 1Ol oo 08 consumed in Autauga
P County, AL
p 19 0 QOB OB 6 0 @6 WhRbC | 0.048 tons VOC emission
pma (ﬁ}nu 0 QRO@L O i from tank filling in
¢ TP £ & Autauga County, AL
0.0192 tons VOC

p T® 0 ROBV 0L 0 0 KOO THdP o
P T DG 6 QROED 06 | emissions from storage

tankworking in Autauga

000,
43 |970@ 870 004 cmrts ¢ ¢ County, AL
¢ TS ¢ & p 19 0 @BV "ORD 6 6 ¢ 06 RS | 0.0548 tons VOC
pma o&}nu 0 QRO@L O i emissions from composite
¢ TP ¢ & in Autauga County, AL
p 9 0 @G0 OWB 6 0 &6 iebeo| 0001 NS VOC
D& DO 6 QDEEHD O | emissions from breathing
A, losses in Autauga County/
Cm 0¢¢ AL
e ¢t T g o &KEYY 1.13 tons fugitive VOC
‘880 0,8 Ow v Wa Ur]%looa 5 emissions from valves in
h
44 5V ™ X & & Q0 u)arpmi)d)(b Autauga County, AL
0 YO oft ¢
¢ POl omMRO O C"WUWHPP
o0& ¢ TP‘TE*)()' P
o ¢t lq a O VY 1.89 tons fugitive VOC
%80 0,8 ov Y ﬂ 0 a nr]la weTc; Q (*)r‘]dé & emissions from pumps in
R
45 |0 Y0 Vg W @ Qi Q & WX & Autauga County, AL
b "Y0 8L @ T
cnr@‘ﬁbgéé OMAW®I ¢ ipuipop
¢n TP(TE*)O € &
_ 3.15 total annual tons
O 0 "00 v 00 L . s .o . . . | VOC emissions from
46 0700 T OPEEIPHDEEPHOEE AvGas distribution in

Autauga County, AL

Aviation Gasoline Distribution Stage

Table4-67 lists sample calculations to determine the VOC, lead, and ethylene dichloride emissions from stage 2
aviation gasoline distribution in Autauga County, Alabama.
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Table4-67: Sample Calculations for Emissions from Aviation GasBliage 1 in Autauga County, AL

Eq. # | Equation Values for Apache County, AZ Result
00 o 2,394,000 gallons of
7 0 "0 cm s e QWA O EET | AvGas consumed in A
QN A E S VRTmawi | Qacl Golil 0
e OOl i
oY ol @ & YR 6 6 &6 "Q 0.00444 fraction of
11 YU “Yu 3V T & YO9B O LTOs in Autauga
0 "YO ¢ YT § "YURD O County, AL
ST R 10,633 gallons of
12 00 00 'YOYD Gl G Tt 6@ 0 ?[(ﬁé;) ?I)T&)Sb TQS 5 AvGas consumed in
P Autauga County, AL
3 0.0723 tons VOC
49 0 g 06000 p 19 0RODA VL OLDH 60 w6 QD | emissions from AvGas
gt T e &l T8 p au@Rb U GQ QM amdt m e & !~ | distribution in Autauga)
County, AL
' 3 1.0E5 tons ethylene
O p 19 0ROD L OWLH 60 wo DY | dichloride emissions
00 00 PTT O VG QR @DE | AW G | from AvGas
b J By ’ ~ ~ 4 é i,;, . . . .
mar T el | TBL TP &yl distribution in Autauga|
51 County, AL
of p 7 0 RAGHB b OWB 6 0 & o6 i@ | 45257 tons of lead
6°0 00 DT & G 0 0GONGH emissions from AvGas
ME B B PF E i~ istribution in Autauga
T8t Tt aw a w County, AL

4.7.3.8 Changes for the 2014 methodology

For every source except Aviation Gasoline Distribution Stadeg aire no significant changes from the
methodology used to calculate the 2014 v2 NEI emisslemsAviation Gasoline Distribution Stage 2, thay
changefrom the methodology used to estimate the 2014 v2 NEI emissions is that the VOC emission factor for
fuel transfer from tanker trucks to aircraft was decreased from 1-3@is. VOC/gallon AvGas to 8. 27 Ibs.
VOC/gallon AvGas after reviewing the emissiondiagference more carefully.

4.7.3.9 Puerto Rico and U.S. Virgin Islands

Since insufficient data exists to calculate emissions for the counties in Puerto Rico and the US Virgin Islands,
emissions are based on two proxy counties in Florida: 12011, Broward CouPRtyefido Rico and 12087,

Monroe County for the US Virgin Islands. The total emissions in pounds for these two Florida counties are
divided by their respective populations creating a pound per capita emission factor. For each Puerto Rico and US
Virgin Islad county, the pound per capita emission factor is multiplied by the county population (from the same

@SN Ia KS Ay@Syiliz2NErQa FOGAGAGe RIEIGFO oKAOK &aSNWSa
data) unit and the emissions denominatey A & ' NS G9! /| £ &
4.7.4 References
1. ' o{® 9YPANRYYSYidlf tNRGSOGAZY 1 3SyO0es dabldrazylf
5AAGNROdziAZ2Y 6{GF3IS LU nn /Cw tFNI co®é hFFAOS

Pages 908B093.
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4.8 Commercial Cooking

4.8.1 Sector description

Commercial cooking refers to theadng of meat, including steak, hamburger, poultry, pork, and seafood, and
french fries on five different cooking devicebaindriven (conveyorized) charbroilers, underfired charbroilers,
deepHfat fryers,flat griddlesand clamshell griddleJ.able4-68lists the SCCs in the commercial cooking sector;
9t! SaldAYlFrdiSa SyYyrAaarazya F2NI Ittt {//a&a Ay GKAaA
C22R YR YAYRNBR tNRRdzOG&AY {L/ wné¢ F2NILFEt {// a

Table4-68: Source Classification Codes used in the Commercial Cooking sector
SCC SCC Description, level 3 SCC Descriptions, level 4
2302002100 Commercial CookingCharbroiling Conveyorized Charbroiling
2302002200 Commercial CookingCharbroiling Underfired Charbroiling

2302003000{ Commercial CookingFrying Deep Fat fying
2302003100{ Commercial CookingFrying Flat Griddle Frying
2302003200{ Commercial CookingFrying Clamshell Griddle Frying

4.8.2 Sources oflata

The commercial cooking sector includes data from the S/L/T agency submitted data and the default EPA
generated emissions. The agencies liste@idble4-88 submitted emissions for this sector; agencies not listed
used EPA estimates for the entire sector.

Table4-69: Agencies that submitte@ommercial Cookingmissiors

Region| Agency S/ILIT
3 Maryland Department of th&nvironment State
4 Memphis and Shelby County Health DepartmeRollution Control | Local
4 Metro Public Health of Nashville/Davidson County Local
5 lllinois Environmental Protection Agency State
6 Texas Commission on Environmental Quality State
8 Utah Division of Air Quality State
9 California Air Resources Board State
9 Maricopa County Air Quality Department Local
9 Washoe County Health District Local
10 Coeur @lene Tribe Tribe
10 Idaho Department of Environmental Quality State
10 | Kootenai Tribe of Idaho Tribe
10 | Nez Perce Tribe Tribe
10 ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho Tribe
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4.8.3 EPAdeveloped emissions

Thecalculations for estimating the emissions from commercial cooking involve first estimating the amount of

meat and french fries cooked on various cooking devices in each county. These data are estimated using the
number of restaurants, by specific restautaype, from the Dun & Bradstreet (D&B) Hoovers Databaselfef

and assumptions concerning the percent of those restaurants with specific cooking devices, the ntimber

devices per restaurant, and the amount of meat cooked per device from a California Air Resources Board (CARB)
sponsored survejref 2]. The amount of french friesooked by the foodservice industry is from a report

prepared for Potatoes UF#ef 3]. The total amount of meat or french fries cooked on each device is multiplied

by emissions factors faCAP$cluding VOC, CO, PM10 and PM25, and varlé&®d0 estimate emissions of

these pollutants from commercial cooking.

4.8.3.1 Activity data

The activity data for this source category is the amounheft and potatoes cooked on eagype of cooking

device in each county. These amounts are estimated based on the number of restaurants in a county that use
commercial cooking equipment, the percent of restaurants with each type of cooking device, the average
number of cooking devices pegstaurant, and the average amount of meat or potatoes cooked on each device.

Data concerning the number of restaurants in each county are from the Dun & Bradstreet (D&B) Hoovers
Database [refl]. Hoovers data are proprietary and were purchased by EPA for use in the NEI; EPA provides users
with aggregated data on county level restaurants by type. The relevant restaurants pulled from the Hoovers
Database and their priary SIC codes are listedTiable4-70.

Table4-70: Hoovers database restaurant types

Restaurant Type | Primary SIC Code
Ethnic Food 581201
Fast Food 581203
Family 581205
Seafood 581207
Steak & BBQ 581208

The number ofestaurants by type in each county, pulled from the Hoovers database, is then multiplied by the
percentage of restaurants by type with commercial cooking equipment in order to calculate the number of
restaurants with the specific cooking devices in eaamtyy these percentages are shownTiable4-71. The

data on cooking devices and meat cooked are from a survey on charbroiling activity in the state of California [ref
2].

Table4-71: Percent of restaurants with each type of cooking device

Restaurant Conveyorized Underfired Char | DeepFat Flat Clamshell
Type Charbroilers broilers Fryers Griddles Griddles
Ethnic 3.5 47.5 81.9 62.7 4.0
Fast Food 18.6 30.8 96.8 51.9 14.7
Family 10.1 60.9 91.4 82.9 1.4
Seafood 0.0 52.6 100.0 36.8 10.5
Steak & BBQ 6.9 55.2 82.8 89.7 0.0

SourceReference?, Table 4
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Yin  Yi Ol o 1)
Where:
Rce = Number of type restaurantsin countyc with cooking devicel
Rc = Number of typet restaurants in countg
Frage = Fraction of typd restaurants with cooking deviak

The number of restaurants in each county with cooking devices are then multiplied by the average number of
cooking devices by restaurant tyshownTable4-72, from the same California Survey dataset, to calculate the
total number of cooking devices.

Table4-72: Average number of devices by restaurant type

Restaurant | Conveyorized Underfired DeepFat | Flat Clamshell
Type Charbroilers | Charbroilers | Fryers Griddles | Griddles

Ethnic 1.62 1.54 1.63 1.88 1.80
Fast Food 1.07 1.58 3.10 1.43 2.09
Family 1.71 1.29 2.34 2.03 -
Seafood - 1.10 2.47 1.11 1.50
Steak & BB( - 1.63 2.42 1.35 -

*Only includes restaurants with at least one piece of the equipment. Source: Refetehable 5.

Ofi Yirn On 2
Where:
Dica = Total number of cooking deviekin countyc from typet restaurants
Rca = Number of type restaurants in countg with cooking device
E.d = Average number of cooking devideat typet restaurants

The number of cooking devices in each restaurant type from equation 2 are summed across restaurant types to
estimate the total number of cookingevices in each county.

, , 3)
Or Ok
Where:
Deg = Total number of cooking deviceddrom all restaurants in countgy
Dica = Total number of cooking deviakin restaurant type in countyc

The total number of cooking devicesaach county is used to determine the amount of meat cooked in that
county. The average amount of meat cooked on each cooking device is ligtedl@4-73.

Table4-73: Average amount of meat cooked per year on each cooking device (tons)

Meat Type Conveyqrized Underfirgd DeepFat Flat Clqmshell
Charbroilers | Charbroilers Fryers Griddles | Griddles
Steak 6.1 4.7 4.7 4.3 2.4
Hamburger 20.7 7.0 7.1 9.4 34.2
Poultry 10.7 8.4 14.9 5.2 5.7
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Meat Tvpe Conveyorized | Undeffired DeepFat Flat Clamshell
yp Charbroilers | Charbroilers Fryers Griddles | Griddles
Pork 15 3.8 15 2.9 3.1
Seafood 3.1 3.7 4.1 2.4 16.4
Other - 1.1 7.1 15 -
Source: Referencg Table 13
Orrn Or @np 4)
Where:

Migc = Total amount of meat typecooked on device in countyc, in tons

Ded = Total number of cooking deviakfrom all restaurants in county

Migd = Average amount of meat typecooked on devicd, in tons

The amount of french fries cooked in each county is calculated based on the amount of frozen potatoes used in
the foodsevice industry. According to a report prepared for Potatoes USA, 5,977 million pounds of frozen
potatoes were used in the food service industry in 2017 JteFrozn potatoes used in limited service

restaurants account for approximately 74% of the total, and those used isduice restaurants account for

the remaining 26%Tlhe process used to distribute the national amount of french fries cooked to the county

level is discussed in the next section.

4.8.3.2 Allocation procedure

In 2017, 5,977 million pounds of frozen potatoes were used in limited anddnlice restaurants in the U.S [ref

3]. In order to allocate this value to the courdswvel, fractions of the number of limited and fsirvice

restaurants in each county are used. To create these fractions, it is assumed that limited service restaurants are
D&B classified fast foagstaurants and full services restaurants are represented by all other D&B restaurant
codes. Countjevel fast food and other restaurants are summed, and then divided by the national number of

fast food or other restaurants in order to develop the coutdyel fractions.

. i (5)
YOI g h
h
Ol & & Y (6)
Y Y :
Where:
RFragnc: = Fraction of limited service restaurants in county
RFraenc = Fraction of full service restaurants in coumty
Rim,c =  The number of limited service restaurants in couaty
Ruiic =  The number of full service restaurants in couaty
Rim,us =  The number of limited service restaurants in the U.S.
Ruius =  The number of full service restaurants in the U.S.

The fraction of limited and fullervice restaurants in each county is then used to distribute the amount of frozen
potatoes cooked. Approximately 4,414 million pounds of frozen potatoes were used iedis@tvice
restaurants in the US in 2017 and 1,563 million pounds were used-sefuite restaurants [red].
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O r YO O Qf ¢TI Qd € & (7)

O 5 YOI O¢ 'Q p ¢ TTUITN Q0 € ¢ (8)
Where:

Fim.c = Amount of french fries cooked in limited service restaurants in coayitytons
Fuic = Amount of french fries cooked in full service restaurants in coantyton
RFragnc = Fraction of limited service restaurants in couoty
RFraenc. = Fraction of full service restaurants in coumty
fiim,us = Amount of french fries cooked in limited service restaurants in the U.S., in Ibs.
frunus = Amount of french fries cooked in fudérvice restaurants in the U.S., in Ibs.

Theamount of french fries cooked in limited and fg#rvice restaurants are then summed to the county level.

Ofr O f O\ 9)
Where:
Faec = Amount of french fries cooked in countyin tons
Rime = Amount of french fries cooked in limited service restaurants in coayitytons
Fue = Amount of french fries cooked in full service restaurants in coantytons

4.8.3.3 Emission factors

Emissins factors for CAPs from comnoil cooking are reported ihable 6n the CommercialCooking NEMO
FINAldocument on the2017 NEI Supplemental data FTP.<BAP emissions factors are taken from the article
Emissions from Charbroiling and Grilling of Chicken and&édf, and a South Coast Air Quality Management
District Repor{SCAQMD) [red]. According to the most ient PM Augmentation tool, Primary PM is equal to
Filterable PM and there are assumed to be no condensible PM emissions from commercial cooking. Emissions
factors for HAPs from commercial cooking are reportefidhle 7 in theCommercialCooking NEMO FINAL
document HAP emissions factors are also frEmissions from Charbroiling and Grilling of Chicken and[iéef

4], and an EPA report on emissions from street vendor cooking device] [ref

4.8.3.4 Controls

There are no controls assumed for this category.

4.8.3.5 Emissions

To calculate emissions of CAPs, the total amount of meat and potatoes cooked on each cooking device in each
county is multiplied by the appropriate emissions factor (listed@able 6 in theCommercialCooking NEMO
FINALdocumen). The amount of french fries cooked is converted from pounds to tons, and all emissions are
converted to tons.

Ofir U rp OQy ¢ mTomy Qo é ¢ (10)
Orirn Of O'Qp ¢ mmomn Qo é ¢ (11)

Where:
E.idc = Annual emissions of pollutaptfrom cooking meat typeon deviced in countyc, in tons
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E.tac = Annual emissions of pollutaptfrom cooking french fried, on deviced in countyc, in tons

Migc = Total amount of meat typecooked on device in countyc, in tons

Fauc = Total amount of french fries cooked in cournfyin tons

ER,ia = Emissons factor for pollutanp, in Ibs. of pollutant per ton of meat typecooked on device
ER,sa = Emissions factor for pollutam, in Ibs. of pollutant per ton of french fries cooked on dewce

Emissions of HAPs are also calculatethbitiplying an emissions factorgble 7n the CommerciaCooking
NEMO FINAdocumen) by the amount of meat cooked on each cooking device. Note that cooking of french
fries does not result in HAP emissions. For HAPs, no conversion fareded,and emissions are reported in
pounds.

Ofin 0 Rrrn O'Q (12
Where:
E.idc = Annual emissions of pollutaptfrom cooking meat typ&on deviced in countyc, in pounds
Miac = Total amount of meat typeécooked on device in countyc, in tons
ER,a = Emissions factor for pollutamt, in Ibs. of pollutant per ton of medypei cooked on device

The emissions are summed for all types of meat and french fries to estimate the total emissions from each
cooking device type in each county.

. . : (13
Okn Oknk  Onhn
Where:
Edc = Total annual emissions of pollutapfrom cooking device in countyc
Enidac = Annual emissions of pollutaptfrom cooking meat typéon deviced in countyc
Eniac = Annual emissions of pollutaptfrom cooking french fried, on deviced in countyc

4.83.6 Example calculations

Table4-74listssample calculations to determine th&OC emissions frooommercial cookingoflat griddlesn
Apache CountyArizona. The first two equations use fast food restaurants as an example, and equations 4 and
10 use hamburgers as an example. However, these calculations would need to be repeated to calculate values
for all restaurant ad meat types.

Table4-74: SamplevOC emissiorsalculations from commercial cooking on flat griddles in Apache county, AZ

Eq' Equation Values for Apache County, AZ Result
3.114 fast food
N VI PQOIQE &1'MB 0 restaurants in Apache
Lo Yen Ye Ol gw U @0 b0 CBQA WD 'QQ 'Y County, AZ with flat
griddles

4.45 flat griddles in
fast food restaurants
in Apache County, AZ

OB p OO IQE & M) KB WD QQQ
08 6Qd 6 VOB BNONS o
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Eqg.

Equation

Values for Apache County, AZ

Result

O Ok

O 0 Q@ Qi £ & B O

9.5 flat griddles in alll
restaurants in Apachg
County, AZ

o "Qa @O "QQ Ve Q i
WBOéETBADOI (I @QFQI O
" QQQa Qi

89.3 tons of
hamburger cooked or
flat griddles in Apachg
County, AZ

YOI G

N/A

Equation is for deep
fat fryers; example is
for flat griddles

YOI G

Y-
Y :

N/A

Equation is fodeep
fat fryers; example is
for flat griddles

0 -

YOI O Q
¢ TUTOTON Q0 € ¢

N/A

Equation is for deep
fat fryers; example is
for flat griddles

0 ¢

YOI 0 Q ;i
¢ T TRTONIQ 1 € &

N/A

Equation is for deep
fat fryers; example is
for flat griddles

0r O O f

N/A

Equation is for deep
fat fryers; example is
for flat griddles

10

P&O & ET@AE oI X8 QQQ
TP T DO 6 QO £'BYG w1 "QQ
¢ TU TOTER] Q0 € ¢

0.00625 tons VOC
emissions from
cooking hamburgers
on flat griddles in
Apache County, AZ

11

N/A

Equation is for deep
fat fryers; example is
for flat griddles

12

NA

Equation is for HAPs;
example is for VOC

13

@)
¢
¢
¢

OO ®aQI [ T D £ 62 O«

0.04 tons VOC
emissions from flat
griddles in Apache
County, AZ

4.8.3.7 Changes for the 2014 NEI methodology

The methodology used to calculate commercial cooking emissions for the 2014 v2 NEI used data on the number
of restaurants in each county, according to US NAICS codes, to grow emissions data from the 2002 NEI
commercial cooking category. This was completedEPA did not have access to the more specific D&B data on
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restaurants in each county. For the 2017 NEI, EPA has access to the D&B data and is therefore using the 2002
NEI methodology (which is also used by the state of California).
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4.9 Dust — Construction Dust

4.9.1 Sector description

Construction dust refers to residential and nmsidential construction activity, which are functions of acreage
RAAGAZNDSR FT2NJ O2yaiNHzOGA2yd ¢KA&A aSOG2NI 4 Anlissions.S RA €
Table4-75lists the nonpoint SCCs associated with this sector in th& RElL. The SCC level 1 and 2 descriptions

Ad ALYRAzZAGNALIf t KEDWEEA SRANI/ 2iya GNHOdiR 2y Y |

Table4-75: SCCs in the Construction Dust sector

SCC SCC Level Three SCC Level Four
2311010000| Residential Total
2311020000| Industrial/Commercial/Institutional| Total
2311030000| Road Construction Total

4.9.2 Sources of data

The construction dust sector includes data from the S/L/T agency submitted data and the default EPA generated
construction dust emissions. The agencies listetihble4-76 submitted Residential (Res), Industrial and
Commercialinstitutional (ICl), and/or Road constructi@missions for this sector; agencies not listed usedl EP
estimates for the entire sector. Some agencies submitted emissions for the entire sector, while others submitted
only a portion of the sector

Table4-76: S/L/Ts that submitted Constructidbustemissions

Region| Agency Res | ICI | Road
1 New Hampshire Department of Environmental Services

New Jersey Department of Environment Protection
Delaware Department dflatural Resources ariehvironmental Control
Maryland Department of the Environment
Memphis and Shelby County Health Departmenbllution Control
Metro Public Health of Nashville/Davidson County
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http://www.hoovers.com/
https://www.arb.ca.gov/research/apr/reports/l943.pdf
https://potatoesusa.com/research-reports/category/market-insights/

Region| Agency Res | ICI | Road
5 | lllinois Environmental Protection Agency \ \ \
8 Utah Division of Air Quality \ \ \
9 California Air Resources Board v \
9 | Clark County Department of Air Quality and Environmental Manageme| V \ \
9 Maricopa County Air Quality Department \Y \Y \Y
9 | Washoe County Health District \Y \Y \Y
10 | Coeur @lene Tribe \ \ \Y
10 | Idaho Department of Environmental Quality \% \% \
10 | Kootenai Tribe of Idaho \ \ \
10 | Nez Perce Tribe \ \ \
10 | ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho \ \ \
10 | Washington State Department &cology \ \ \

4.9.3 EPAdeveloped emissiorfer residential construction

Emissions from residential construction activity are a function of the acreage disturbed and volume of soail
excavatedor residential constructionResidential constructioactivity is developed from data obtained from
GKS ! ®{® 5SLI NIYSyd 2F /2YYSNODS o65h/ 0Qa . dz2NBldz 2F

49.3.1 Activity data

There are two activity calculations performed for residential construction: acres afistitbed,and volume of
soil removed for bsements.

Determine the Number of Housing Starts in Each County

The US Census Bureau has?2@ldta forNew Privately Owned Housing Units Started by Purpose and Degign
1] which providegddata onhousing starts based on the groupings of 1 uni4, @nits,and5 or more units.
Regionalevel results are also provided for quarterly totals dndhnit structuresin Table4-77 [ref 1]. In order to
breakdown the 2 tal-unit category, data from a consultationitly the Census Bureau in 2002 arged;
approximately 1/3 of the housing starts are #unit structures, and 2/Zre for3- and 4unit structures.

The 20T US Census Buredlew Privately Owned Housing Units Started by Purpose and Defighdata for
2-4 unitsaredistributed to two categories, 2 and-@ units, based on a ratio for 2 anedunits calculated from
the 2000US Census Bure&lational Housing Stardata[ref 2], for each quarter in 201 Note that 2000 is the
last full year when Census housing starts data are available separatetyrfidrahd3-4-unit homes.Table4-78
shows a beakdown of the 2 unit an8-4-unit structures based on the following calculation.

. Y .
Yh ~ Y (1)
Where:
Son = Housing starts, by quarte@, and number of unitsn(2 units or 34 units), in thousand units
Un = Number of housing startsynumber of unitsn, from the 200(National Housing Stardata,
in thousand housing starts
Ut = Total number of housing starts for both 2 units and 8nits from the 2000National Housing

Startsdata, in thousand housing starts
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S24 = Number of 24 units by quarterQ, from the 207 New Privately Owned Housing Units Started
by Purpose and Desiglata, in thousand units

Table4-77: Housing Start Data for 201

Regional Starts of Structures

Structure Region with 1 unit
2to | 5units
4 or

Quarter | Total | 1 unit | units | more NE | MW S w NE | MW S w
Q114 206.0| 134.0f 2.0 70.0| 23.0 | 21.0 | 113.0| 49.0| 9.0| 140 | 79.0 | 32.0
Q214 275.0| 183.0f 3.0 89.0| 28.0 | 53.0 | 130.0| 62.0| 15.0| 34.0 | 91.0 | 42.0
Q314 282.0| 178.0| 4.0 100.0| 32.0 | 49.0 | 134.0| 65.0| 14.0| 32.0 | 92.0 | 39.0
Q414 241.0| 154.0| 4.0 84.0| 26.0 | 39.0 | 118.0| 58.0| 13.0| 25.0 | 83.0 | 32.0

Table4-78: Breakdown of 2 to 4unit structures

Quarter | 2to 4 units | 2 units | 3-4 units
Q114 2.0 0.74 1.26
Q214 3.0 1.11 1.89
Q314 4.0 1.47 2.53
Q414 4.0 1.47 2.53

Ratios of the number of 28, and5 or moreunit structures are then used to estimate the number of
structures of each type in each region. The ratios are calculated by dividing the housing starts by quarter for
each unit type by the total housing stafts buildings with 2 or more units.

: Y
1 & —_—
VS (2)
Where:
ron = Ratio of structures with number of units, to total number of units by quarte
Son = Housing starts, by quarte@, and number of unitsn, from distributedcalculation in Step 1 for
the 2-unit or 3-4 unit categories or directly from the 20New Privately Owned Housing
Units Started by Purpose and Desifgtta for the 5 units or more category, in thousand
housing starts
St = Housing starts, by quarte@, for total number of buildings with 2 or more units(excludes 4

unit category), in thousand housing starts

The ratio is then used tdistribute the 20¥ New Privately Owned Housing Units Started by Purpose and Design
regional data for all unit types tdé 2, 34, or5 or moreunit categories within eacensusegion¢ Northeast,
Midwest, South, and West.

0 nn ir YY YV 3)
Where:

Aonrgn = Number of housing units started in quart€;, by number of unitsn, and region of the country
rgn, in thousand units
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ron = Ratio of structures with number of units, to total number of units by quarte

RSy = Total regional starts from the 20INew Privately Owned Housing Units Started by Purpose and
Designdata, in thousand housing starts

RSn = Regional starts of structures with 1 unit from the Z0dew Privately Owned Housing Units

Started by Purpose and Desiggita, in thousand hous@starts

Data from the Census repadxew Privately Owned Housing Units Authorized Unadjusted |ugfi§] is used to
calculatea conversion factor to determine the ratio of structures to units in $her moreunit category.The
conversion factor is calculated by dividing the total number of units in structures with 5 or more units by regio
[ref 2] by the total number of buildings with 5 or more units by regjicef 3].

‘ Y
0 -
CR (4)
Where:
Ckn = Ratio of 5 units or more to the number of buildings with 5 units or more by regyon,
Usgn = Total number of 5 or more units by regiagn
Bsign = Total number of buildings with 5 or more units by regiam

Structures started by category are thealculated at a regional level by summing the number of housing unit
starts across all four quarters and dividing by the number of units in each buijgiegFor the3-4-unit type,

the number of units per building is 3.5. The value is multiplied by 1,000 because the Census data are in units of
thousand building starts.

For buildings with 1, 2, o8 units:

B o mmm
5 s se P (5)
£
Where:
B.rgn = Number of building starts by the unit number categanyand by regionign
Agnrgn = Number of housing units started in quart€; by number of unitsn, and region of the country
rgn, in thousand units
n = Number of units per buildig

For buildings with 5 or more units:

B 0 gs plt

- : (6)
OF 00
Where:
B.gn = Number of building starts by the unit number categanyand by regionign
Aonrgn = Number of housing units started in quart®;, by number of unitsn, and region of the country
rgn, in thousand units
Chk = Ratio of 5 units or more to the number of buildings with 5 units or more
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Annual countylevelbuilding permit data were purchased frothe US Census Bureau for ZqQfef4]. The 20¥
County Level Residential Building Permit dataset hag d@ta to allocate regional housing starts to the county
level. This results countylevel housing starts by number of units.

The number of building permits for eaanit number category by region is calculated by summing the ceunty
level Census data to téensusegion level.

C2
¢

6 O 0

(7)

Where:

BR.ign = Number of building permits by the unit number categanyand by regionign
BR.c Number of building permits by the unit number categamyand by county¢

The ratio of the number of building permits by county to the total number of building permits by region in which
the county is located, for each unit number category, is then calculated.

LA

V. 0 Up
h 8 Of (8)
Where:
Rsec = Ratio of buildingpermits, BP, to total regional building permits in county
BR.. = Number of building permits by the unit number categamyand by countyc

BR.gn = Number of building permits by the unit number categamyand by regionrgn

The final number of ilding starts for each unit type category is then calculated at the coelavigl by
multiplying the number of structures started at the regional level and the building permit ratio.

6r Oy Y & (9)

Where:

B¢ Number of building starts by the unit number categanyand by countyg
B.rgn = Number of building starts by the unit number categanyand by regiongn
Rsp.c Ratio of building permit3P, to total regional building permits in county

DetermineAmount of Soil Removed forBasements

Tocalculate basement soil removal, the Z0Characteristics of New Singfamily Houses Completed,
Foundation tabldref 5] is usedo estimate the percentage of-tnit structures that have a basement at the
regional levelThe dataindicate whether the structure hasfall/partial basement, slab or other typey crawl
space Howeverpnly structures withfull/partial basemens are usedin this calculation.

- 00 j
ov -~ (10]
00p
Where:
BMqgn = Fraction of basements for buildings in the region

BMip.gn = Number of full or partial basementfp, by regionygn
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BM,gn = Total number of houses regardless of basement type (full/partial, slab/other, crawl space by
region,rgn

To estimatethe number ofbuilding starts with and withoubasements ireachcounty, the county levekstimate
of the number of unit starts(from equation 9)is multiplied by the percent of -Linit houses in the region that
have a basement.

0 p 0g 00 (11)
0 i 0g p OO0 (11a)
Where:
B.em = Number of building starts by countg, with a basementBM
B.nem = Number of building starts by countg, without a basement3M
Bic = Number of building starts by the unit number categanyand by county¢
BMgn = Fraction of basements for buildings in the region

Basement volume is calculated by assumimguase with 82000 square footootprint has a basement dug to a
depth of 8 feet (making 16,000*fber basement). An additional 10% is added for peripheral dirt bringing the
total to 17,600 ft (651.85yd®) per lasement.

Determine Amount of Soil Disturbed by Unit Type

Thenumber ofacres of soil disturbed by the construction of residential buildings is calculated for apartment
buildings, buildings with 2 units, and buildings with 1 ufi#tble4-79 belowshows the assumptions used for the
surface arealisturbed for each unit typeBuildings with unit types of-8 and 5 or more are grouped together as
apartments in this ste.

Table4-79: Surfacesoil removed per unit type

Structure Type| Acres disturbed

1-Unit 1/4 acre perstructure
2-Unit 1/3 acre perstructure
Apartment 1/2 acre perstructure

For apartment buildings (sum of88and 5 or moraunits) and buildings with 2 units:

Yg O0g ® (12)
Where:
S = Surface soil disturbed by building construction by couatgand unit type categoryy, in acres
B¢ = Number of building starts by the unit type categonyand by countyc
an = Acres of surface soil disturbed by each unit type categor@eeTabled-79for values for each

type.
For buildings with Linit, with or without a basemet:
Yy 0 p » (13)
Where:
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S = Surface soil disturbed by building construction by cougtand unit type categoryy, in acres

B.em = Number of buildings by countg, with or without a basemenBM

an = Acres of surface soil disturbed by each unit type categoreerable4-79for values for each
type.

49.3.2 Allocationprocedure

Annual countybuilding permit data were purchased from the US Census Bureau f@r[&&4]. The 20%
County Level Residential Building Permit datéseisedo allocate regional housing starts to the county level.

4.9.3.3 Emission factors

Initial PMLO emissions from construction of single famyunit, and apartments structures are calculated using

the emissiosfactors given imable4-80[ref5.¢ KSa4S SYAaaArzya TFOG2NER KSAONAO
adzOK a af2FRAY3 IYyR dzyft2FrRAY3 2F SINIK FyR[efIIANBAI
6]. They therefore take into account the entire duration of construction, and not simply the duration of active
excawation. The duration of construction activity for houses is assumed to be 6 months and the duration of
construction for apartments is assumed to be 12 months.

Table4-80: Emissiongactors forresidentialconstruction

Type of Structure Emissiors Factor Duration (.)f
Construction

Apartments 0.11 tons PM10/acrenonth 12 months

2-Unit Structures 0.032 tons PM10/acrenonth 6 months

0.011 tons PM10/acrenonth
0.059tons PM10/1000 cubic | 6 months
yards

0.032 tons PM10/acrenonth 6 months

1-unit Structures with
Basements

1-Unit Structures w/o
Basements

To account for the soil moisture level, the POEmissions are weighted using the-g8ar average precipitation
SOIFILIRNIGAZ2Y 0t 90 @I f dzS sAvefadeBrécipitaiod ddporition valiesSiar aatite9 L Y RS
are estimated based on PE values for specific climatic divisions witateaThe average PE value for the test

sites from which the PM10 emissions factor was developed jee26]. Equation 14 is used to adjust the

county-level emissions factor based on this PE value.

To account for the silt content, the PINI-PRlemissions are weighted using average silt content for each county.
EPA used the National Cooperative Soil Survey Microsoft Access Soil Characterization Database to develop
county-level, average silt content values for surface gell 7]. The U.S. Department of Agriculture and the

National Cooperative Soil Survey define silt content of surface soil as the percentage of particles (mass basis) of
diameter smaller than 50 micrometers (um) found in the surface[diB]. Note that this definition is different
GKFYy GKS ! o{ @ 9y OBANRYYSY {rdf 9 that inNcRideSaD paktides (mas3 BagiHefQa RS T
diameter smaller than 75 micrometer$his database edains the most commonly requested data from the

National Cooperative Soil Survey Laboratories including data from the Kellogg Soil Survey Laboratory and
cooperating universitiesThe average silt content for the test sites from which the PM10 emissiotw faas
developed is 9%xef 6]. Equation 7 is used to adjust the couyel emissions factor based on this silt content
value.

N

’|

T
PRy (14)

i
00O ;
O wb

C
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Where:

AFpmio = PMI10GPRI adjustment factor
PE = precipitationevaporation value for each State
S = 9% dry silt content, by county, in soil for area being inventoried

This adjustment factor is used to adjust the PMARIemissiors factor for each uit type categoryg apartment,
2-unit, 1-unit with basemat, and unit without basement.

0@y, 00 O 00 (15)
Where:

ERknc = Adjusted countylevel,c, PMLO-PRIemissiorsfactor, p, for each unit type category, in
tons/acre

AFemio = PML10O-PRIladjustment factor

Dy = Duration of construction by unit type category,in months SeeTable4-80 for duration
values.

ERig = Original unadjusted Pl emissiorsfactor, in tons/acre. Se€able4-80for original emissios
factors

4.9.3.4 Corrols

There are no controls assumed for this category.

4.9.3.5 Emissions

ThePML10-PRlemissionsare calculated byaking the sum of the surface soil disturbed by county and unit type
category and multiplying it by the corresponding adjustedlB¥Rlemissions factorOnce PMO-PRI

adjustments have been madeM25-PREemissions are estimated by applying a particle size multiplier of 0.10 to
PM1GPREmissiondref 8]. Primary PM emissions are equal to filterable emissions $liveze are no

condensble emissions from residential construction.

The PM16PRIemissions are calculated at the cousgvel by multiplying the surface soil disturbed from
construction for each unit type by the corresponding emissifattor for that unit ype, and then summed
across unit types

O Yi 00 gi (1)

Where:

Bomioc = Total PM16PRI emissions in countyin tons
Sic Surface soil disturbed by building construction by couatgnd unit type categoryn
Efnc Adjusted countylevel,c, PMyoemissions factorp, for each unit type category, in tons/acre

The PM25PRlemissions are calculatdzhsed on the assumption that they are 10% of the PRI emissions

O g O ™ (2)

4-137



Where:

BE-m2sc = Total countylevel,c, PM25PRI emissions
Bomioc Total countylevel,c, PM10PRI emissions
0.1 Particle size multiplier

49.3.6 Samplealculations

Table4-81 shows sample calculations for PMP®I and PM2BRI emissions from residential construction for a
2-unit structure in Suffolk County, Massachusetts. The first 3 equations usegshguarter (Q1) of 207 for 2-

unit structures as an example. However, these calculations would need to be repeated to calculate values for all
4 quarters for all 2init sizes. Note that structures with 5 or more units and structures with 1 unit with or

without a basement have alitional steps not shown in the sample calculations here.

Table4-81: Sample calculations for RID PRI and PM2BRI emissions from residential construction afri2t
structures in Suffolk County, MA.

Eq.

4 Equation Valuesfor Suffolk County, MA Result

PTOVEE WO NOOBIQY MM 2-74 _thou?ar:d
Y T A AR T —" ousing starts
1 Vi _ Y oPéEO®mai NOBDIQG MM for 2-unit
structures in Q1

2017, nationally
0.01 ratio of
buildings with 2
, LY M0 06 ¢ WO QDI O “m”c')tr:j’n"i"t” 2or
h ~ . ® vr Ly o~ 1 7 mp~ L oge v 7

Ysg XQUEIGEIORE TBOOI QDB 0 housing starts
for Q1 2017,
nationally
0.14 thousand
housing starts
for 2-unit
structures for
Q1 2017 in the
Northeast

CO U & £Q¢ @it W6 i NDWIQdHC Tp

T8 P
COEWUPE® 61 DOV E MWW
WE £E®E OO T DOBDIQD E TWDOI O

Equation is for 5
Ve or more-unit
0 70 buildings;
example is for 2
unit buildings
~ 386 2unit
T XQL6éE QoI 60O et structures

Co ¢ GOAD O "Qa QQE Q constructed in
€ the Northeast

5 B 0 gs pht T 1t
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Equation

Valuesfor Suffolk County, MA

Result

&

h
B 688

plt

60

070

Equation is for 5
or more-unit
buildings;
example is for 2
unit buildings

o
C2
S5¢

0¢TMOD O Q6 Qu RAE ©Q

1,545 2unit
structure
building permits
in the Northeast

T 6Y0 "Q0b & ARG R VE ®'QO
ply TH £ TMO LG @WRQL & QO i

0.03172 ratio of
county-level
building permits
to regionatlevel
building permits
in Suffolk
County, MA

CYoemdropXxq

12.25 total 2
unit structure
building starts
for Suffolk
County, MA

10

076

Equation is for
1-unit buildings;
example is for 2
unit buildings

11

076

Equation is for
1-unit buildings;
example is for 2
unit buildings

12

PR WOEEI 01 6 WOOIT Qi
T @ wli i 01 6 wo

4.08 acres
surface soil
disturbed by 2
unit structures
in Suffolk
County, MA

13

076

Equation is for
1-unit buildings;
example is for 2
unit buildings

14

cqd N
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0.603 PM1€PRI
adjustment
factor for 2unit
structures in
Suffolk County,
MA
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Equation

Valuesfor Suffolk County, MA

Result

15

T MNoEd ¢ ED ™o é HIQDOI Q

0.1158
tons/acre PM160
PRI emissions
factor for 2unit
structures in
Suffolk County,
MA

16

=

TS W OIT UiP p VOYE HIQD GBI Q

0.47 tons PM10
PRI emissions
for 2-unit
structures in
Suffolk County,
MA

17

™ Y € € it

0.047 tons
PM25PRI
emissions for 2
unit structures
in Suffolk
County, MA

49.3.7 Updates in 2017 methodology
Except for activity data updates, there are no significant chafrges the methodologyused in the 2014 NEI.

49.3.8 Puerto Rico and Virgin Islands

Since insufficient data exi&i calculate emissions for the counties in Puerto Rico and the US Virgin Islands,
emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto Rico and 12087,
Monroe County for the US Virgin Islands. The total emissions inadotisese two Florida counties are divided
by their respective populations creating a tons per capita emisgamtor. For each Puerto Rico and US Virgin
Island county, the tons per capita emisssdactor is multiplied by the county population (from tharse year as
F OGADAGE
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4.9.3.9 Referencefor residential construction

aSNBSR

NE 49! /1 ¢

1. U.S. Census Bureduew Privately Owned Housing Units Started by Purpose and Din<2047,
accessedviarch2019.
U.S. Census Buread201.Housing Starts, Table 1. New Privat®wned Housing Units Started

2.
3.

U.S. Census Buregdew PrivatelyOwned Housing Units AuthorizedJnadjusted Units for Regions,

Divisions, and States, Annual 20Table 2au.

U.S. Census Bureadnnual Housing Units Authorized by Building Permits CO20durchasedlarch

20109.

U.S. Census Bureg017 Chaacteristics of New Housin@€haracteristics of New Singtamily Houses

Completed, Annual 201Foundation Table.
Midwest Research Institute. 1996. Improvement of Specific Emission Factors (BACM Project No. 1).
Prepared for South Coast Air Quality Managei®istrict
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https://www.census.gov/construction/nrc/pdf/quarterly_starts_completions.pdf
https://www.census.gov/prod/2001pubs/c20-0103.pdf
https://www.census.gov/construction/bps/txt/tb2u2017.txt
https://www.census.gov/construction/bps/txt/tb2u2017.txt
https://www.census.gov/construction/chars/pdf/c25ann2017.pdf

7. U.SDepartment of Agriculture, National Cooperative Soil SuM&5S Microsoft Access Soll
Characterization Database

8. Cowherd, C. J. Donaldson, R. Hegarty, and D. Ono.R@fi&sed Revisions to Fine Fraction Ratios Used
for AR42 Fugitive Dust Emission Factd§8" International Emission Inventory Conference, New
Orleans, LA.

9. Midwest Research Instite. 1999 Estimating Particulate Matter Emissions from Construction
Operations. Prepared for Emission Factor and Inventory Group, Office of Air Quality Planning and
Standards US EPA

4.9.4 EPAdeveloped emissions for neasidential construction

The calculatios for estimating the emissions fronon-residential construction involve first estimating the acres
disturbed from norresidential construction in each county. The value of natidéeatl norresidential

construction spending is available from the U.S.dDsrBureau and is converted to acreage disturbed using a
conversion factor from a report by the Midwest Research Institute (MRI). The natewslacres disturbed are
distributed to counties based on the proportion of noesidential construction employant in each county.
Emissions factors for PM10 and PM25 are calculated based on precipiatmoration values and dry silt

content in each county. The total amount of acres disturbed is multiplied by these emissions factors to estimate
emissions of PMrém nonresidential construction.

4.9.4.1 Activity data

Theactivity data for this source category is the acreage disturbed fromrasigential construction, whiclsi
estimated using datafroi KS | ®{ & / Rghaaiixlue oflddistrudiOriPut in PlacthenU.Jref 1].

FYR | 02y @S NA A 2BgtimatihgdPargcateiVdieYEmissiohsrédm Construction Operations, Final
Reportlref 2]. The nationalevel nonresidential construction spending data are allocated to the codenl

based on the proportion of neresidential construction employees (NAICS 2362) in each county. Employment
data are taken fromthé ®{ ® / Sy & dz& CantzBisinedsPattems (@BRNd gaps in employment

data are filled using a process described in detail in the next section.

Oan

oan Ol‘Oé(r‘]

1)
8°Y 06408 "Y )

Where:

EmpF¢ = The fraction of nofresidential construction employees in couraty
Emp = The number of nofresidential construction employees in courtty

Emps = The number of nomresidential construction employees in the US
Ce = Nonresidential construction spendirig countyc
C%s = Nonresidential construction spending in the US

NonNBaARSY(GALf O2yadNHzOGA2y &LISYRAY3I Aad O2y@PSNIUSR G2
report. For the average acres disturbed per million dollars of-residential onstruction, MRI reported a

conversion factor of 2 acres/$1 million (in 1992 constant dolldt®).1992 conversion factés adjusted to 2017

using thePrice Deflator (Fisher) Index of New Siddenily Houses under Constructjeef 3]. In 2017 the

conversion factor wa%.009 acres per million dollars spent on A@sidential construction activities
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https://ncsslabdatamart.sc.egov.usda.gov/
https://ncsslabdatamart.sc.egov.usda.gov/
https://www3.epa.gov/ttn/chief/conference/ei15/session14/cowherd.pdf
https://www3.epa.gov/ttn/chief/conference/ei15/session14/cowherd.pdf

cOHOl Qid 0

on A @ Qa0 BT )
Where:
Apcbo17 = Acres disturbed per million dollars 2017
PDos2 = Price Deflator (Fisher) Index value in 1992
PDo17r = Price Deflator (Fisher) Index value in 2017

Countylevel nonresidential construction spending (from equation 2) is then multiplied by this comvefactor
to estimate countylevel acreage disturbed from neesidential construction activities.

0 0YonaQ 4
Where:
A = Acres disturbed from noeresidential construction in county
CSe = Nonresidential construction spending in courtty
Apcoi7 = Acres disturbed per million dollars in 2017

4.9.4.2 Allocation procedure

Employmentdataare 6 G F AYSR FNRY (KS 7Gbdnty Busifegsdduirns.(CREIZ] Dl &
to concerns with releasing confidential business information,@BRloes not release exact numbers for a
given NAICS code if the data canttaeed to an individual business. Insteadiesies of range codes is usda
estimate employment in counties and states with withheld d#it&, following procedure issed for NAICS code
2362 (nonresidential construction)

To gagfill withheld statelevel employment data:
1. Statelevel data for g&ates with known employment areummed to the national level.
2. Statelevel known employment isubtracted from the national total reported in the natioHalvel CBP.
3. Each of the withheld states &ssigned the naipoint of the range codeTable4-82 lists the range codes

and midpoints.

The midpoints for tk states with withheld data areummed to thenational level

5. An adjustment factor isreated by dividing the number of withheld employees (calculated in stap 2
this section by the sum of the midpoints (step 4)

6. For the states with withheld employment data, the midpoint of the range for that state (step 3)
multiplied by the adjustmetfactor (step 5) to calculate the adjusted stdével employment fonon-
residential construction

»

These same steps atteen followed to fill in withheld data in the courdgvel business patterns.
1. Countylevel data for conties with known employment areummed by state.
2. Qounty-level known employment isubtracted from the state total reported in statevel CBPdr, if the

state-level data aravithheld, from the state total estimated using the procedure discussed above).

3. Each of the withheld counties &ssigned the migoint of the range codeTable4-82).

The midpoints for theounties with withheld data areummed to the state level.

5. An adjustment factor isreated by dividing the number of withheld employees (step 2) by the Sum o
the midpoints (step 4).

6. For counties with withheld employmentth, the midpoints (step 3) amaultiplied by the adjustment
factor (step 5) to calculate the adjusted cowtdyel employmenfor nonresidential construction
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Note that step 5 adjusts all counties within each state with withheld employment data by the saméatsd
proportion. It is unlikely that actual employment corresponds exactly with this smoothed adjustment method,
but this method is the best option gw the availability of the data.

Table4-82: Ranges andidpoints fordatawithheld from State and County Business Patterns
Range Letter Ranges Midpoint

A 0-19 10
B 20-99 60
C 100249 175
E 250499 375
F 500-999 750
G 1,0002,499 1,750
H 2,5004,999 3,750
I 5,0009,999 7,500
J 10,00024,999 17,500
K 25,00049,999 37,500
L 50,00099,999 75,000
M 100,000+

For example, take the 2G1CBP data for NAICS 2362 (mresidential constructiohin Arizona provided ifiable
4-83.
Table4-83: 2017 CBP for NAICS 2361 in Arizona

FIPState | FIPS county] NAICS | empflag| emp

04 001 2362 A withheld
04 003 2362 B withheld
04 005 2362 177
04 007 2362 11
04 009 2362 A withheld
04 011 2362 H withheld
04 012 2362 A withheld
04 013 2362 7,945
04 015 2362 47
04 017 2362 79
04 019 2362 2,220
04 021 2362 112
04 023 2362 A withheld
04 025 2362 171
04 027 2362 359

1. The total of employees not including withheld counties is 11,121.

2. The statelevel CBReports 13,952 employees for NAICS 2362. The difference is 2,831.

3. County 001 is given a midpoint of 10 (since range code A% @nd County 011 is given a midpoint of

3,750.
4. State total for these all withheld counties is 3,850.

5. 2,831/3,850 = 0.74.
The adjuste@mployment for county 001 is 10074 = 7.35. County 011 has an adjusted employment

o
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of 3,750x 0.74 = 2,757.47.

The countylevel employment data are used to allocate the naticlealel nonresidential construction spending
data to the countylevel (see equations 1 and 2).

4.9.4.3 Emission factors

Due to regional variances in soil moisture and silt content, emissions factors for PM10 and PM25 are calculated
for each county. Thanitial PMLO emissiongactor from non-residentialconstrudion is 0.19tons/acremonth
[ref 5]. The duration otonstruction activity for nonesidential construction is assumed to berhbnths.

To account for the soil moisture level, the PO&missions are weighted using the-§8ar average precipitation
SOFLRNIGA2Yy o6t90 @FfdzSa FTNRY ¢K2NY atikwvaldesfér@athsta® LYy RS
areestimated based on PE values for specific climatic divisions wittitegref 5]. The average PE value for the

test sites from which the PM10 emissions factor was developed is 24. Equation 5 adjusts theleaeinty

emissions factor based on this PE value.

To account for the silt content, the Pl emissiors are weighted using average silntent for each county.

EPA usethe National Cooperative Soil Survey Microsoft Access Soil Characterization Database to develop
county-level, average silt content values for surface peil 6]. The U.S. Department of Agriculture and the

National Cooperative Soil Survey define silt content of surface soil as the percentage of particles (mass basis) of
diameter smaller than 50 micrometers (um) found in the surface Noile that this definitiong different than

GKS ! ®d{® 9YGPANRYYSyYyllf tNRGSOGA2Yy ! 3SyOeQa RSTAYA(GA
than 75 micrometersThis database contains the most commonly requested data from the National Cooperative
Soil Survey Labatories including data from the Kellogg Soil Survey Laboratory and cooperating univerhities.
average silt content for the test sites from which the PM10 emissions factor was developed is 9%. Equation 5
adjusts the countyevel emissions factor based timis silt content value.

o~ o~ ¢t Y
00 § QO Fo — (5)
Where:
ERmioc= PMoemission factor corrected for soil moisture and silt content in stead countyc,in
tons/acremonth
efemio = Initial PMoemissions factor for nonesidential construction, 0.19 tons/acraonth
PE = Precipitationrevaporation value for state
S = Percent dry silt content in soil for county

Once PMo adjustments have been made, Rbemissions are set to 10% of RiNref 7]

00 { T T Oy (6)

Where:

ERmioc= PMoemission factor corrected for soil moisture and silt content in stdad countyc,in
tons/acremonth
ERmzsc= PMsemission factor corrected for soil moisture and silt content in couniy tons/acremonth

Primary PMemissions are ecal to filterable emissions d@bere are no condenble emissions frondust from
non-residentialconstruction.
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4.9.4.4 Controls

There are no aatrols assumed for this category.

4.9.45 Emissions

The total annual PM emissions from rogsidential construction in each county are calculated by multiplying
the acres disturbed bthe emissiors factors calculated in equations 5 and 6 and by the duration ostation

activity.
Op 0 0OQ 0 @)
Where:
B = Annual emissions of pollutaptin countyc
Ac = Acres disturbed from nenesidential construction in county
ERmioc= PMoemission factor corrected for soil moisture and silt content in steded countyc, in
tons/acremonth
ERmzsc= PMsemission factor corrected for soil moisture and silt content in couniy tons/acre
month
M = Duration of construction activitynimonths, assumed to be 11 months

4.9.4.6 Sample calculations

Table4-84lists sample calculations to determine the dust emissions fromnesidential constructionn Grand
Traverse County, Michigan.

Table4-84. Sample calculations faon-residential construction in Grand Traverse County, Michigan

#

Eq.

Equation

Valuesfor Grand Traverse County, Ml

Result

Oan
Oan

Oa n "Oi

PCatE EiCRIET 01 Y QE HQQI
VUl x& ¢ £ IGRIET 01 RGO @E HQQI

0.000206
fraction of
nor-
residential
construction
employees in
Grand
Traverse
County, Ml

8°Y 064 Ol &
8 Y

TIBInth"ﬁI‘l(pd)(f)é WEGEN o £ QD IWEYR L Qi i
Ac Thg @ @ Qi dC@EEEE TWRIE | 01 D R QECBEOY"Y

$71.61 million
in non
residential
construction
spending in
Grand
Travese
County, Ml

4-145




Equation

Valuesfor Grand Traverse County, Ml

Result

6nQ -

CHORIDWNI 001 O ww¢
AmQaa Qe ppOE TP X

1.009 acres
disturbed per
million dollars
spent on noR
residential
construction
spending

0 0%Y onQ

@ 0k & oy 0T TR 001 G0
X @b Q00 RS S O ¢

72.25 acres
disturbed
from non
residential
construction
in Grand
Traverse
County, Ml

CT G@ub
p & wb

™ @ £ §)Qd O FD

0.1073 tons
PM10 per
acremonth of
non-
residential
construction
in Grand
Traverse
County, MI

00 ; T
O "Bup 1

T T T T XOE ) Qb HiaQ FD

0.0107 tons
PM25 per are
month on
non-
residential
construction
in Grand
Traverse
County, Ml

& ol o o€
Wl ‘TP mxr————
X wi a

) ss(bpm

85.3 tons
PM10
emissions
from non
residential
construction
in Grand
Traverse
County, Ml
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Equation Valuesfor Grand Traverse County, Ml Result

8.5 tons PM25
emissions
from non

v e e 0¢€ ¢ . residential
X & Wl Lratp 'E';'?(E’Si Q¢ & p e ED construction
in Grand
Traverse
County, Ml

4.9.4.7 Updates in 2017 methodology

Except for activity data updates, there are no significant changes fremméthodologyused in the 2014 NEI.

4.9.4.8 Puerto Rico and Virgin Islands

Since insufficient data exists to calculate emissions for the counties in Puerto Rico and the US Virgin Islands,
emissions are based on two proxy counties in Florida: 12011, Braardty for Puerto Rico and 12087,

Monroe County for the US Virgin Islands. The total emissions in tons for these two Florida counties are divided

by their respective populations creating a tons per capita emission factor. For each Puerto Rico and US Virgin
Island counies the tons per capita emission factor is multiplied by the county population (from the same year

4 GKS Ay@Syiz2NBQa OGAGAGE RIGEFELOL 6KAOK &ASNWS Fa (K
unit and the emissionsdendiny’ I G2 NJ dzy Ad T NB a9! /1 é @

4.9.49 References for namsidential construction

1. U.S. Census Bureau, 20¥2lue of Construction Put in Place

2. MidwestResearch Institute. 199&stimating Paitulate Matter Emissions from Construction

Operations, Final Repoprepared for the Emission Factor and Inventory Group, Office of Air Quality

Planning and Standards, UESwironmental Protection Agencyable 52.

U.S. Census Bureau. 20PTice [Bflator (Fisher) Index of New Sindflamily Houses Under Construction

U.SCensus Breau, County Business Patterns. 200@mplete County Fi[&4.4mbzip]

5. Midwest Research Institute. 199@nprovement of Specific Emission Factors (BACM Project No. 1).
Prepared for South Coast Air Quality Management District.

6. U.SDepartment of Agriculture, National Cooperative Soil SuM&5S MicrogobAccess Soll
Characterization Database

7. MidwestResearch Institute2006.Background Document for Revisions to Find Fraction Ratios Used for
AP42 Fugitive Dust Emissions FactordN\B LJF NER F2NJ 2 SaGSNJ D2FSNYy2NE W!

w

»

4.9.5 EPAdeveloped emissions for road construction

The calculations for estimating the emissions from road construction involve first estimating the acres disturbed
from new road constructed in each county. The amioefrstatelevel road construction spending by road type is
available from the Federal Highway Administration (FHWA) and is converted to acreage disturbed using
conversion factors from the Florida Department of Transportation (FLDOT). Théestalt@acrege disturbed by

road type is summed together and distributed to the counties based on the proportion of building starts in each
county. Emissions factors for PM10 and PM25 are calculated based on precipgasiporation values and dry
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silt content in eab county. The total amount of acres disturbed is multiplied by these emissions factors to
estimate emissions of PM from road construction.

49.5.1 Activity data

Theactivity data for this source category is the acreage disturbed from new road construction, svhich i
estimated using data fror@ | 2 IH@RAway Statistics, State Highway Agency Capital Outlay d@ble SH2A
[ref1] Y R C [GBrieric Qastey Mile Modeldref 2]. From the FHWA table, the following construction types
are usedNew Construction, Relocation, Added Capacity, Major Widening, and Miiaaritig. Each of the
following road types have spending broken out for each construction: type

Interstate, urban
Interstate, rural
Other arterial, urban
Other arterial, rural
Collectors, urban
Collectors, rural

oo s wNPRE

Construction spending for each road type is summed across all construction types to determine the total annual
highway spending for each road type.

o™ Y 1)
Where:
HS, = Annual highway spending for road typin states, in dollars
ct = Construction type
S, = Annual spending per construction type in stati®r road typer, in dollars

State expenditure data are converted to miles of new road and acres disturbedileeof new road by applying
conversions based on data obtained from FLDOT. The conversions are sii@pief85, and the acres
RAAGdZNDSR LISNJ YATS O2y@SNEA2Yya | NB OF f Odzf | induitingd @ Yd
all lanes, shoulders, and areas affected beyond the road width) in feet by the number of feet in a mile and
converting the resulting land area front fo acregref 2]. Total affected roadway with is the sum of the

numbersof lanes (assumed at 12 feet each), number of shoulders, and area affected beyond thddtha(®5

feet). There are 5,280 feet in a mile, and 43,560rftan acre.

0¥
YOhn o 2
ML @
YOrr YOgpm 000D (3)

Where:

RGsr = Miles of FHWA road typeconstructed in states

RGsr = Acres of land disturbed for construction of FHWA road tyipestates
HS: = Annual highway spending for road typan states
TDM = Conversion of dollars spent to road miles constructadhousand dollars per mile
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ADM = Conversion of road miles constructed to acres disturbed, in acres per mile

Table4-85: Spending pemile andacresdisturbed pemile byhighwaytype

Road Type Thousand . Total Affepted Acres Dis.turbed

Dollars per mile| Roadway Width (ft)* per mile
Urban Areas, Interstate 6,895 94 114
Rural Areas, Interstate 3,810 89 10.8
Urban Areas, Other Arterials 4,112 63 7.6
Rural Areas, Other Arterials 2,076 55 6.6
Urban Areas, Collectors 4,112 63 7.6
Rural Areas, Collectors 2,076 55 6.6

The acres of land disturbed by road type can then be summed across all road types in a state to calculate the

total state-level acreage disturbed due to new roagnstruction.

0 Y Op (4)
Where:
As = Acres of land disturbed for all road construction in state
RGs = Acres of land disturbed for construction of FHWA road tyjmestates

The process used to distribute the stdevel amount ofacreage disturbed to the counties is discussed in the
next section.

49.5.2 Allocation procedure

Building permitglata, used as a surrogate for road construction activfitgim the U.S. Census Bureare used
to allocate the statdevel acres disturbed by road cstruction to the countylevel [ref3]. Specifically, theatio
of the county-to state-levelnumber of building startss calculated and multiplied by the stalievel acreage
disturbed(from equation 4}o estimate thecounty-level acreagelisturbed by road construction

. HD0QaQ

00l O—F—=., 5
00 QaQ ®)
6 6 60 O (6)
Where:
BFrag = The fraction of building starts in courmty
Build: = The number of building starts in county
Builde = The number of building starts in state
A = Acres of land disturbed for road construction in couaty
As = Acres of land disturbed for all road construction in state

4.9.5.3 Emission factors

Due toregional variances in soil moisture and silt content, uncontrolled emissions factors for PM10 and PM25
are adjusted for each county. The initial uncontrolled PM10 emissions factor from construction of roads is 0.42
tons/acremonth [ref 4]. This emission factor represents the large amount of dirt moved during the construction

of roadways, reflecting the high level of cut and fill activity that occurs at road construction sites.
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To account for the soil moisture level, the uncontrolRiBI10 emissions are weighted using they&ar average
precipitationS @+ L2 N> GA2Y o0t 90 @I fdzSa FNRY ¢CK2NYOGKgl AGSQa t
for each state are estimated based on PE values for specific climatic divisions withen[ee§#®]. The average

PE value for the test sites from which the PM10 emissions factor was developedggiadon 7 adjusts the
county-leveluncontrolledemissions factor based on this PE value.

To account for the silt contenthe uncontrolled PM10 emissions are weighted using average silt content for

each county. EPA uses the National Cooperative Soil Survey Microsoft Access Soil Characterization Database to
develop countylevel, average silt content values for surface peil 5]. The U.S. Department of Agriculture and

the National Cooperative Soil Survey define silt content of surface soil as the percentage of particles (mass basis)
of diameter smaller than 50 micrometers (um) found in the surfadk Note that this definitioris different

GKIFY (GKS ' o{d 9y @PBANRYYSyYyidlf tNRGSOGAZ2Y ! 3SyOeQa RST
smaller than 75 micrometerdhis database contains the most commonly requested data from the N&tiona
Cooperative Soil Survey Laboratories including data from the Kellogg Soil Survey Laboratory and cooperating
universities. The average silt content for the test sites from which the PM10 emissions factor was developed is
9% Equation 7 adjusts the countleveluncontrolledemissions factor based on this silt content value.

T Y

O oP @)

N

YOO 5 0O

CA

Where:
UERmioc = Uncontrolled PMyemission factor corrected for soil moisture and silt content in stdad
countyc, in tons/acremonth

ERmio = Initial PMoemissions for road construction, 0.42 tons/agr®nth
PE = Precipitationrevaporation value for state
S = Percent dry silt content in soil for county

Once uncontrolled PAM adjustments have been made, uncontrolled PMmissions are set to 10% of M
YOO ;T T YOI & (8)

Where:

UERMmi0c =Uncontrolled PMoemission factor corrected for soil moisture and silt content in stded
countyc, in tons/acremonth

UERmzsc =Uncontrolled PMsemission factor corrected for soil moisture and silt content in county
tons/acremonth

Primary PM emissions are equal to filterable emissions as there are no condehsibdeissions from road
construction.

4.9.5.4 Controls

Dust emissions from road construction are generally controlled by watering the construction site. The Midwest
Research Institute recommends using a control efficiency of 50% for PM10 and PM25 emissions from road
construction[ref 6].

0'Q mm YO 9)
Where:
ERc: = Controlled emissions factor of pollutgmin countyc
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UEEK.: = Uncontrolled emissions factor of pollutgmin countyc

4.9.5.5 Emissions

The total annual dust emissions from road construction in each county are multiplied by the emissions factors
calculated in equation 9. The duration of construction activity for ro@astruction is assumed to be 12 months.

Op 6 0@ 0¥ (10)
Where:
B = Annual emissions of pollutaptin countyc
A = Acres of land disturbed for road construction in couaty
ERmioc= Controlled PMoemission factor corrected for soil moisture and silt content in stdad

countyc, in tons/acremonth

ERmzsc= Controlled PMsemission factor corrected for soil moisture and silt content in cowniy
tons/acremonth

M = Duration of constructioractivity in months

4.9.5.6 Sample calculations

Table4-86 Lists sample calculations to determine the destissions fronroad constructiorin Newport County,
Rhode Island.

Table4-86: Sample calculations farrbaninterstate,urban other arterial, andurban collectorroad construction
in Newport County, RI

E#?' Equation Valuesfor Newport County, Rl Result
$9,156,000 spent o
AfmnmApuvmnmn urban interstate

construction in RI

$3,747,000 spent o
1 (O Y AR xlpimA G xfpmm urban other arterial
construction in RI

$2,583,000 spent of
Ab Y urban collector
construction in RI

A ﬁb UF[p T _1.328 miles of urbatri
T TR 04 04 O interstate
P TUAN 22 constructed in RI
) 0¥ A 5( I FX T 0.911 m|Ie§ of urbatr
2 YOhh somw A —— . . other arterial
YO0 Tp phg AN Q& Q4 Q constructed in RI
. 0.628 miles of urbari
A ot
&y collector

Tip phg AN Qd "Qa Q constructed in RI
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Equation

Valuesfor Newport County, RI

Result

PT C QA W @ OO LG Qo Q

15.1 acres disturbed
from urban
interstate
construction in RI

o p @ QA Qi O MR Q& Q

6.9 acres disturbed
from urban other
arterial construction
in RI

T ¢ @ "Qa Qi d O MR Qo Q

4.8 acres disturbed
from urban
collector
construction in RI

PAOD WD QPO DI Qi

26.78 acres
disturbed from
urban road
construction in RI
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0.194 fraction of
building starts in
Newport County, RI

6 6 060 O

CH Wol TP wt

5.20 acres disturbed
from urban road
construction in
Newport County, RI
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0.3517 tons per
acremonth
uncontrolled PM10
emissions from road
construction in
Newport County, RI

YOO ;

YO 'Orp fi

T T T L POX¢ TGl A é EFD

0.0352 tons per
acremonth PM25
emissions from road
construction in
Newport County, RI

0'qQ mm YO'P

T T T L poté 8 QDG Q& ED

0.1758 tons per
caremonth

controlled PM10
emissions from new
road construction in
Newport County, RI
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Equation Valuesfor Newport County, R Result

0.0176 tons per
caremonth
controlled PM25
emissions from new
road construction in
Newport County, RI
10.98 tons PM10
V& OO ‘O x VOYE FAG I Q | from urban road
a€EEdpc construction in
Newport County, RI
1.98 tons PM25
V& OO ‘OBt p X0 FAG I Q | from urban road
a€EE€dpc construction in
Newport County, RI

™ U T8I 0 VCE &) QD O Q£ FD

10 Orp 0 0@ ¥

4.9.5.7 Updates in 2017 methodology

The onlymethodologychange from that used to calculate the 2014 NEI emissions is the addition of a 50%
control due to watering of construction sites.

49.5.8 Puerto Rico and Virgin Islands

Since insufficient data exists to calculate emissions for the counties in Puerto Rico &8 Yiggin Islands,

emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto Rico and 12087,
Monroe County for the US Virgin Islands. The total emissions in tons for these two Florida counties are divided
by their respective ppulations creating a tons per capita emission factor. For each Puerto Rico and US Virgin
Island county, the tons per capita emission factor is multiplied by the county population (from the same year as
GKS Ay@Syia2NBQa I OdA JAvilydataRlh ihdse) caseK theQHfoughBiNIEE/IR ddtad uniti K S
FYR GKS SYAadaAz2ya RSY2YAYLFG2NI dzyAld FNB a9! /1 éd

4.9.59 References for road construction

1. FederaHighway AdministrationTable SH2A, State Highway Agency Capital Qw14

2. FloridaDepartment of Transportatianseneric Cost per Mile Models for 201

3. U.SCensus Bureau. 2015. Annualudimg Units Authorized by Building Permits CG20purchased
March 2019.

4. Midwest Research Institute. 1996. Improvement of Specific Emission Factors (BACM Project No. 1).
Prepared for South Coast Air Quality Management District.

5. U.SDepartment of Agricultre, National Cooperative Soil SurvBN\;SS Microsoft Access Soll
Characterization Database

6. MidwestResearch Institute. 199€stimating Particulate Matter Emissions from Construction
Operations, Final Repgi$ection 5.7.1prepared for the Emission Factor and Inventory Group, Office of
Air Qualiy Planning and Standards, UEBRvironmental Protection Agency
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4,10 Dust — Paved Road Dust

4.10.1

The paved road dust sector reflects emissions of particulate matter from vehicles driving over paved neads.
SCCs that belong in this sector areydded inTable4-87. EPA estimates emissions for total fugitives only.
Fugitive dust emissions from paved road traffic were estimate@®ft0-PRIPMLO-FIL, PM29°R] and PM25

Sector description

FIL. Since there are no RMON emissions for this categoBM10-PRI emissions are equalRdAL0-FIL
emissions and PM2BRI emissions are equal to PM2B. emissions.

Table4-87. SCCs in the paved road dust sector

SCC SCClLevell| SCCLevel2| SCC Level3 SCC Level 4

2294000000 | Mobile Sources Paved Roads| All Paved Roadsg Total: Fugitives

22940000@ | Mobile Sources Paved Roads| All Paved Roadg Total:Sanding/Salting Fugitives

4.10.2

The paved road dust sector includes data from the S/L/T agency submitted data and the default EPA generated
emissions. The agencies listedlable4-88 submitted emissions for this sector; agencies not listed used EPA

Sources of data

estimates for the entire sector.

Table4-88: Agencies that submitted paved road dust emissions

Region| Agency S/LIT
1 New Hampshire Department of Environmental Services State
3 Delaware Department of Natural Resources and Environmental Control State
3 Maryland Department of the Environment State
4 Metro Public Health dNashville/Davidson County Local
4 Memphis and Shelby County Health Departmenollution Control Local
8 Northern Cheyenne Tribe Tribe
9 California Air Resources Board State
9 Maricopa County Air Quality Department Local
9 Washoe County Healthistrict Local
10 Coeur @lene Tribe Tribe
10 Idaho Department of Environmental Quality State
10 Kootenai Tribe of Idaho Tribe
10 Nez Perce Tribe Tribe
10 ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho Tribe
10 Washington Stat®epartment of Ecology State

4.10.3 EPAdeveloped emissions

Uncontrolled paved road emissions were calculated at the county level by roadway type for the year 2017. This
was doneby multiplying the county/roadway class paved road vehicle miles traveled (VMT) by the appropriate

pavedroad emission factor. Nextontrol factors were applied to the paved road emissionBliho

nonattainment and maintenance status counties. Emissmnsadway class were then totaled to the county

level for reporting in the NEI. The following provides further details on the emisgitor fquation,
determination of paved road VMT, and controls.
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4.10.3.1 Emission factors

Reentrained road dust emissions for paved roads were estimated using paved road VMT and the emission
factor equationfrom AR42 [ref1]:

E = [kx(sEj>x (W}
Where:

E = paved road dust emission factor (g/VMT)

k = particle size multiplier (g/VMT)

sL = road surface silt loading (gf)rdimensionless in eq.)

W = average weight (tonsj all vehicles traveling the road (dimensionless in eq.)

The particle size multipliers for both PMBERILFIL and PM2PRIAFIL for paved roads came from-AR. Paved
road silt loadings were assigned to each of the fourteen functional roadway classes (seven urban and seven
rural) based on the average annutily traffic volume(ADTVpf each functional system by county [1&f The

silt loading values per average daily traffic volume come from the ubiquitassline values from Section 13.2.
of AR42and are provided ifable4-89.

Table4-89: Assumedaved roadsilt loadirg by road type (gm?2) based on ADTV range

FHWA road type 0-499 | 5004,999| 5,0009,999| 10,000+
Rural Interstate 0.015 0.015 0.015 0.015
Rural Other Freeways and Expressway 0.015 0.015 0.015 0.015
Rural Other Principal Arterial 0.6 0.2 0.06 0.03
Rural Minor Arterial 0.6 0.2 0.06 0.03
Rural Major Collector 0.6 0.2 0.06 0.03
Rural Minor Collector 0.6 0.2 0.06 0.03
Rural Local 0.6 0.2 0.06 0.03
Urban Interstate 0.015 0.015 0.015 0.015
Urban Other Freeways and Expressway 0.015 0.015 0.015 0.015
Urban Other Principal Arterial 0.6 0.2 0.06 0.03
Urban Minor Arterial 0.6 0.2 0.06 0.03
Urban Major Collector 0.6 0.2 0.06 0.03
Urban Minor Collector 0.6 0.2 0.06 0.03
Urban Local 0.6 0.2 0.06 0.03

Average daily traffic volum@DTVWwas calculated by dividing an estimate of VMT by functional road leargih
then by 365. State FHWA road length by functional road typewlasabroken down to the county level by
multiplying by the ratio of county VMD tstate VMT for each FHWA road type.

To better estimate paved road fugitive dust emissions, the average vehicle weight was estimated lypeoad t
for each county in the U.Based orthe 2017 VMThy vehicle type. The VMT for each vehicle type (per MOVES
road type and county) was divided by the sum of the VMT of all vehicle types for the given road type in each
county. This ratio was multiplied by the vehicle type mass {sde4-90) and summed to road type for each
county to calculate a VMWeighted average vehicle weigftr each county/road type combination in the
database The VMiweighted average vehicle weight by MOVES vehicle type was converted to FWHA vehicle
type using the crosswalk ifable4-91 to be used in the emission factor equation above.
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Table4-90: Average vehiclaveights by FWHA vehicle class

Source Mass

MOVES Vehicle Type (tons)
Motorcycle 0.285
Passenger Car 1.479
Passenger Truck 1.867
Light Commercial Truck 2.05%8
Intercity Bus 19.5%
Transit Bus 16.556
School Bus 9.070
Refuse Truck 23.14
SingleUnit Shorthaul Truck 8.53
Single Unit Lonyaul Truck 6.9%4
Motor Home 7.5%
Combination Shorhaul Truck 22.95
Combination Longpaul Truck 24.601

Table4-91: MOVES and FWHA vehicle type crosswalk

MOVES Road Type Descriptic FWHA Road Type
Rural Restricted Access Rural Interstate

Rural Unrestricted Access

Rural Principal Arterial

Rural Unrestricted Access Rural Minor Arterial

Rural Unrestricted Access Rural Collector

Rural Unrestricted Access Rural Local

Urban Restricted Access Urban Interstate

Urban Unrestricted Access

Urban Principal Arterial

Urban Unrestricted Access

Urban Minor Arterial

Urban Unrestricted Access

Urban Collector

UrbanUnrestricted Access

Urban Local

*Note: Other Freeways and Expressways were not included in the crosswalk, and so were assumed to be restricted access
like Interstates.

4.10.3.2 Activity data

Generally, VMT on US roads can be obtained from the Federal Highwayigtdation (FHWA)Total VMT in
S OK O2dzyie Ay unmtT A& LINRPPGARSR o0e& Cl2! (2 9t!
model to calculate emissions for the mobile sector. The road dust methodology usestmeeounty-level
VMT data fronFHWAFHWA categorizes roads into 14 different types based on road function and access; these
road types can be found ifiable4-92.

T2 N

Table4-92: FHWA road types
FHWA Road Type
Rural Interstate
Rural Other Freeways and Expressways
Rural Other Principal Arterial
Rural Minor Arterial
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Rural Major Collector

Rural Minor Collector

Rural Local

Urban Interstate

UrbanOther Freeways and Expressways
Urban Other Principal Arterial

Urban Major Collector

Urban Minor Collector

Urban Local

Urban Minor Arterial

To estimate the portion of the total VMT occurring on paved roads, firsVid& on unpaved roads were
estimatedusing a procedure to estimate proportion of unpaved vs. paved VMT (see the full description for VMT
RS@PSt 2LIYSyd Ay (K Sonandd iheugpaviédRodd IDiiskciion Betind) 3 He Esfirhated

VMTon unpaved roads was then subtracted from the total VMT from MOVES to estimate the VMT on paved
roads for each road type category where applicable.

4.10.3.3 Allocation

County levekbmissions were calilated by multiplying the county unpaved VMT (by road type) by the emission
factors calculated according to Sectiéri0.3.1above and aggregating based on countg anban/rural
classification.

4.10.3.4 Controls

Paved road dust controls were applied by county to urban and rural roads in seiasisonattainment areas

and tourban roads in moderat Mo nonattainment areas. The assumed control measure is vacuum sweeping
of paved roads twice per month. A control efficiency of 79% was assumed for this control meas8felhef
assumed rule penetration varies by roadway classRidigh nonattainment area classification (serious or
moderate). The rule penetration rates are showTable4-93. Rule effectiveness was assumed to be 100% for
all counties where this control was applied.

Table4-93: Penetrationrate of Paved Roadhcuum sveeping

PMioNonattainment Status |Roadway Class Vacuum Sweeping Penetration Rate
Moderate Urban Freeway & Expresswa 0.67
Moderate Urban Minor Arterial 0.67
Moderate Urban Collector 0.64
Moderate Urban Local 0.88
Serious Rural Minor Arterial 0.71
Serious Rural Major Collector 0.83
Serious Rural Minor Collector 0.59
Serious Rural Local 0.35
Serious Urban Freeway & Expresswa 0.67
Serious Urban Minor Arterial 0.67
Serious Urban Collector 0.64
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PMioNonattainment Status |Roadway Class Vacuum Sweeping Penetration Rate

Serious Urban Local 0.88

Note that the controls were applied at tredunty/roadway class level, and the controls differ by roadway class.
No controlswere applied tdanterstate or principal arterial roadwaysecause these road surfaces typically do
not have vacuum sweeping. In the excel spreadsheet, the total emissioals foadway classes were summed

to the county level. Therefore, the emissions at the county level can represent several different control
efficiency and rule penetration levels and may include both controlled and uncontrolled emissions in the
composite véue.

4.10.3.5 Meteorologcal adjustment

After controls were applied, emissions were summed to the county level and converted to tons prior to applying
the meteorological adjustment. The meteorological adjustment accounts for the reduction in fugitive dust
emissiongria the impact of precipitation and other meteorological factors over each hour of the year and then
averaged to an annual meteorological adjustment factor for each grid cell in each county, aggregated to a single
county-level factor. The countievel metorological adjustment factors were developed by EPA based on the

ratio of the unadjusted to meteorologgdjusted 2017 countjevel emissions from the SMOKE Flat Files. The
county-level meteorological adjustment is a scalar between 0 and 1 that is meittipl the estimated

emissions, where lowevalues/greaterreductions are typically found in areas with more frequent precipitation.

4.10.3.6 Changes from the 2014 NEI methodology

The largest change from the methodology used to calculate the 2014v2 NEI emissiomedcbdust is the
method used to determine the VMT on paved and unpaved roads in each county. Both the methods for the
2014v2 and 2017 NEI used the 20&tional Mobile Inventory ModeNMIM) run as the starting point for
estimating the ratio of VMT on padvs.unpaved roads. However, in 2014v2, the estimated VMT on unpaved
roads were redistributed within Census regi@ssan additional steo smooth out sharp differences in
emissions across state lines. This redistribution is not done for the 2017 bifgker to better preserve the
integrity of the original SLT VMT data submitted to FH\WA additional step was, however, added to update
the 2008 NMIM paved/unpaved ratios used for local and rural minor collector road types by using state level
2017 FHWA data on paved vs. unpaved roledgthfor these road types.

4.10.3.7 Puerto Rico and Virgin Islands

Since insufficient data exists to calculate emissions for the counties in Puerto Rico and the US Virgin Islands,
emissions are based on two proxy counties in Flotaward (statecounty FIPS=12011) for Puerto Rico and

Monroe (statecounty FIPS=12087)rfthe US Virgin Island$he total emissions in tons for these two Florida

counties are divided by their respective populations creating a tons per capita emission Faxteach Puerto

Rico and US Virgin Island county, the tons per capitgssion factor is multiplied by the county population (from

GKS alyYS @SIFENI A 0KS Ay@Syia2NeEQa FOUAQGAGE RIFEGEFO GKA
OFrOdAGAGE RIGIO dzyAd YR (KS SYA&daAzya RSYy2YAylF 2N

4.10.4 References

1. United States Environmental Protection Agency, Office of Air Quality Planning and Standards.
G/ 2YLIAEFGA2Y 27F | ANJI t42 Fifthdzditlory, oludevAStaiEoias PoinCandiea NE& >
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2. U.S. Department of Transportation, Federal Highway Administratioiway Statistics 261 Table HM
51. Office ofHighway Policy Information. Washington, 3&ptember 2018.

3.9 & t SOKFY g9 ! 34a20AF0Sasx LyO® Gt KFAS LL wS3IA2yl
¢ SOKy2ft 238 / KINIFOGSNARTFGA2YyZé RNI TG NBLRZ2NI LINBLI
Policy, Planning and Evaluatiéashington, DC. June 1995.

4.11 Dust— Unpaved Road Dust

4.11.1 Sector description

The unpaved road dust sector reflects emissions of particulate matter from vehicles driving over unpaved roads.
The SCCs that belong in this sector are providdabie4-94.Fugitive dust emissions from unpaved road traffic
were estimated foPM10-PRIPML0-FIL, PM25’RI, and PM2BIL. Since there are no FBMDN emissions for this
category PM10-PRI enissions are equal tBM10-FIL emissions and PMERI emissions are equal to PM2h
emissions.

Table4-94: SCC in the unpaved road dust sector
SCC SCC Level 1 SCC Level 2 SCC Level 3 SCC Level 4
2296000000 | Mobile Sources| Unpaved Roads| AllUnpaved Roads| Total: Fugitives

4.11.2 Sources of data

The paved road dust sector includes data from the S/L/T agency submitted data and the default EPA generated
emissions. The agencies listedliable4-95 submitted emissins for this sector; agencies not listed used EPA
estimates for the entire sector.

Table4-95: Agencies that submittednpaved road dust emissions

Region | Agency S/ILIT
1 New Hampshire Department &nvironmental Services State
3 Maryland Department of the Environment State
4 Metro Public Health of Nashville/Davidson County Local
4 Memphis and Shelby County Health Departmenollution Control Local
8 Northern Cheyenne Tribe Tribe
9 California Air Resources Board State
9 Maricopa County Air Quality Department Local
9 Washoe County Health District Local
10 AlaskaDepartment of Environmental Conservation State
10 Coeur @lene Tribe Tribe
10 Kootenai Tribe of Idaho Tribe
10 NezPerce Tribe Tribe
10 ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho Tribe
10 Washington State Department of Ecology State

4.11.3 EPAdeveloped emissions

Uncontrolled unpaved road emissions were calculated at the county level by roadway type for the year 2017.
This was donéy multiplying the county/roadway classpaved roadsehicle miles traveledfMT) by the
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appropriate unpavedoad emission factor. Nextontrol factors were applied to the unpaved road emissions in
PMo nonattainment and maintenance area counti&snissiondy roadway class were then totaléal the

county level and adjusted for meteorological conditions. The following provides furtheil<ien the emission
factor equation, determination of unpaved road VMT, and controls.

4.11.3.1 Emission factors

Reentrained road dust emissions for unpaved roads were estimated using paved road VMT and the emission
factor equationfrom AR42[ref 1]:

E = [k x (s/12)x (SPD/36¥] / (M/0.5)°2-C
Where k and C are empirical constants givehahle4-96, with:

E = unpaved road dust emission factor (Ib/VMT)

k = particle size multiplier (Ib/VMT)

s = surface material silt content (%)

SPD = mean vehicle speed (mph)

M = surface material moistarcontent (%)

/I SYrA&aarzy FLFLOG2NI ¥F2NJ mdbynQa DSKAOES Tt S

N

SEF

c

+ fdzSa dzaSR F2NJ GKS LI NIGAOES aAT S Ydzf GALX ASNI I yR (K
provided inTable4-96, and come from A2 defaults.

Table4-96: Constants for unpavedads reentrained dust emission factor equation
Constant PM25PRI/PM25FIL | PMio-PRI/PMo-FIL
k (Ib/VMT) | 0.18 1.8

C 0.00036 0.00047

Average Statéevel unpaved road silt content values, developed as part of the 1985 NAPAP Inventory, were
obtained fromthe lllinois State Water Survénef 2]. Sit contents of over 200 unpaved roads from over 30

States were obtained. Average silt contents of unpaved roads were calculated for each sate that had three or
more samples for that State. For States that did not have three or more samples, the averaljsdorples

from all States was used as a default value. The silt content values are reported by Stdike4-97.

Table4-97: Surface material silt content values (%) for unpaved roads by state

States Surface material
silt content (%)
OR 7.2
wy 7.1
MT 6.6
MO 6.5
X 5.6
NC 5.1
NY 4.7
OK 4.4
NM 4.3
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States Surface material
silt content (%)

NE, WI 4.2

AL, AR, AZ, CT, DE, DGGRL D, KS, KY, LA, ME, MD, MA, MS, NH, NJ, ND, RI, SG 3.9

WA, WV

AK, HI 3.8

PA 3.3

VA 3.2

OH, SD 3.1

AZ 3.0

MN 2.7

CA, IL, IN, M 2.6

1A 2.5

TN 2.0

NV 1.7

CO 15

Table4-98lists the speeds modeled on the unpaved roads by roadway class. These speeds were determined

based on the average speeds modeled for onroad emission calculations and weighted to deterimgle a s
average speed for each of the roadwelgssedref 3. The roadwaylassa ! Nb Iy O2f tf SOG 2 NE

speed of 20 mph was split into twaub-categoriesdUrban major collectagrand dUrban minor collectar

correspond tathe roadway typesoundin the 2017VMT data.
Table4-98: Speeds modeled by roadway type on unpaveds

Unpaved Roadway Type Speed(mph)
Rural Minor Arterial 39
Rural Major Collector 34
Rural Minor Collector 30
Rural Local 30
Urban Other Principal Arterial 20
Urban Minor Arterial 20
Urban Major Collector 20
Urban Minor Collector 20
Urban Local 20

A report by Cowherd dll. [ref 4] estimates a range of 0.3% to 1.1% for surface material moisture cofi#nt
from different road samples across regions of the counily A used expertggment to assign surface material

moisture content valuefrom this rangeo counties based o8017regional patterns of soil moisture and

precipitation.

4.11.3.2 Activity data

Generally, VMT on US roads can be obtained from the Federal Highway Administration)(FHWA
categorizes roads into 14 different types based on road function and access; these road types can be found in

Table4-99.
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Table4-99: FHWA road types
FHWA Road Type
Rural Interstate
Rural Other Freeways and Expressways
Rural Other Principal Arterial
RuralMinor Arterial
Rural Major Collector
Rural Minor Collector
Rural Local
Urban Interstate
Urban Other Freeways and Expressways
Urban Other Principal Arterial
Urban Major Collector
Urban Minor Collector
Urban Local
Urban Minor Arterial

¢2GFf +a¢ Ay SIFIOK O2dzyié Ay HwnmT Ad LINPOARSR o6& Cl2
(MOVES) model to calculate emissions for the mobile sector. The road dust methodology uses these county
level VMT data from FHWA.

The countyleved VMT from FHWA includes total VMT, but it does not provide data how much of that VMT is on
paved or unpaved roads. FHWA provides statesl data on the amount of VMT on paved and unpaved roads in
2017 for most road types, except for three: Rural Locedabd Local, and Rural Minor Collecfmf 5]. To

determine how much of the total VMT is on paved or unpaved roads, the total VMT in each county is multiplied
by theratio of statelevel VMT on paved or unpaved roads to total stieel VMT on each road type.

- ey, WO ¥k 1
WL ¥rp WU AR o0 N @
Where:

VMToucr = Paved or unpaved vehicle miles traveled in cowdy FHWA road type

VMT, = Total vehicle miles traveled in countpn FHWA road typg from equation 1
VMTorus r Paved or unpaved vehicle miles traveled in stawe FHWA road type

Because paved and unpaved VMT data were unavailable from FHWA for 2017 for the Rural Local, Urban Local,
and Rural Minor Collector road types, ratios for those road types were develmped statelevel results from a
2008 model run from the National Mobile Inventory Model (NMIM), a precursor to MOVES. To account for the
fact that some states have paved many of their unpaved roads since 2008, an adjustment factor was developed
based orthe change in unpaved road length. While FHWA does not provide 2017 data on paved or unpaved
VMT for those three road types, it does provide 2016 data on paved and unpavek:nggilfor these road
types[ref 6]. The adjustment factor is based on the change in the ratio of paved or unpavederagtt 2016 to
the ratio in 2008.
iRl aa
- L L & 1Ry
© QR T REmMas
0 Q& Re:

Where:
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ARyusr = Adjustment factor for paved or unpaved vehicle miles traveled in stateFHWA road
typer

Lengthwsr2016= Paved or unpaved road length in stattor FHWA road typein 2016

Lengths:2016 = Total road length in statefor FHWA road typein 2016

Lengthu.sr200e= Paved or unpaved road length in stator FHWA road typein 2008

Lengthuw.sr2006= Total road length in statefor FHWA road typein 2008

This adjustment factor is multiplied by the paved or unpaved VMT ratio from NMIM for Rural Local, Urban Local,
and Rural Minor Collector roads.

g ey, @O0 YRR (21b)
wu yhh wu % (bbll}l(ﬁ 0 th
Where:

VMTouer = Paved or unpaved vehicle miles traveled in coway FHWA road type

VMTr = Total vehicle miles traveled in courdtpn FHWA road type from equation 1

VMTouss = Paved or unpaved vehicle miles traveled in se&t® FHWA road type(from NMIM)

VMTsr = Total vehicle miles traveled in stat®n FHWA road type

AR r = Adjustment factor for paved or unpaved vehicle miles traveled in state FHWA road

(from equation 2a)

As an example, if a state paved many of its unpaved roads between 2008 and 2016, then the adjustment factor
for unpaved roads would be less than 1, reducing the estimated ratio of unpaved VMT to total VMT (and,
therefore, increasing the ratio of paved VMItotal VMT).

In addition, it is assumed that there is no VMT on unpaved roads for urban road types or in counties with a
population density greater than 3,000 people per square mile. For these cases, all VMT is assumed to be on
paved roads.

4.11.3.3 Allocation

The total VMT used to estimate emissions from road dust is available at the county level. The amount of paved
and unpaved VMT in each county is estimated using deatel ratios, as describedy G KS LINS @A 2dza a
RI G ¢ .@ofrdydekeRngissions were calculated by multiplying the county unpaved VMT (by road type) by

the emission factors calculated4n11.3.1

4.11.3.4 Controls

The controls assumed for unped roads varied bi?Mip nonattainment area classification and by urban and
rural areas. On urban unpaved roads in modeRl o nonattainment areas, paving of the unpaved road was
assumed and a control efficiency of 96 percent and a rule penetration pé&@nt were applied. Controls were
not applied to rural unpaved roads in moderate nonattainment areas. Chemical stabilization, with a control
efficiency of 75 percent and a rule penetration of 50 percent, was assumed for rural areas in Béfipus
nonattainment areas. A combination of paving and chemical stabilization, with a control efficiency of 90 percent
and a rule penetration of 75 percent, was assumed for urban unpaved roads in dekiusonattainment

areas. In counties currently at maintenandatas, controls were assumed based on the severity (moderate or
serious) of their prior nonattainment status. Some counties had multiple partial areas with differing levels of
nonattainment. In these cases, controls were assumed to be applied based orosieserious level of
nonattainment found within a given county.
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Note that the controls were applied at the county level, and the controls differ by urban vs. rural roadway class.
In the final emissions table, the emissions for all roadway classes weraedito the county level. Therefore,

the emissions at the county level can represent several different control effectiveness and rule penetration
levels. However, the control efficiency and rule penetration values were reported in the Controlled Emissions
worksheet at the county level for urban and rural roadways separately.

4.11.3.5 Meteorological adjustment

After controls were applied, emissions were summed to the county level and converted to tons prior to applying
the meteorological adjustment. The meteorolodieajustment accounts for the reduction on fugitive dust
emissions via the impact of precipitation and other meteorological factors over each hour of the year and then
averaged to an annual meteorological adjustment factor for each grid cell in each caggtggated to a single
county-level factor. For example, wet roads will result in significantly lower dust emissions. The-taueity
meteorological adjustment factors were developed by EPA based on the ratio of the unadjusted to meteorology
adjusted 2@7 countylevel emissions from the SMOKE Flat Files. The cdevey meteorological adjustment is

a scalar between 0 and 1 that is multiplied by the estimated emissions, where-l@akers/greaterreductions

are typically found in areas with more frequesrecipitation.

4.11.3.6 Changes from the 2014 NEI methodology

The methodology described above contains several adjustments from the methodology used to compose the
2014v2 versionThe largest change from the methodology used to calculate the 2014v2 NEI emissiomedd

dust is the method used to determine the VMT on paved and unpaved roads in each county. Both the methods
for the 2014v2 and 2017 NEI used the 2008ional Mobile Inventory ModeNMIM) run as the starting point

for estimating the ratio of VMT opaved or unpaved roads. However, in 2014v2, the estimated VMT on

unpaved roads were redistributed within Census regions, to smooth out sharp differences in emissions across
state lines. This redistribution is not done for the 2017 iINEBkder to preservehe integrity of the original SLT

VMT data submitted to FHWAnR additional step was added to update the 2008 NMIM paved/unpaved ratios
used for local and rural minor collector road types by using state level 2016 FHWA data on paved vs. unpaved
road lengthfor these road types.

In the 2014v2 NEI, emissions from unpaved roads were also redistributed within states based on proportion of
rural population. The goal of this redistribution was to move emissions from unpaved roads out of cities into
rural areas whre unpaved roads are more likely to occiowever, upon review, this redistribution was
considered too arbitrary in nature, sacrificing the spatial integrity of the FHWA source data, andtvdane

for the 2017 NEWs an alternative to address anoneaiof unexplained unpaved VMT occurring on urban roads,
for the 2017 NEI, it is assumed that urban road types do not have emissions from unpaved roads. This
assumption was not made for the 2014v2 NEI.

A change was made to the value used for surface mdteriay 2 A & (G dzZNB 02 y-42%cphidshon facwe T A Y
equation. Previously, a single national default value of 0.5% was used for all counties. For 2017 NEI, values of
0.3% or 1.1% were used to assign surface material moisture content values to cousgdoparegional

patterns of soil moisture and precipitation. Previouslyatue of 0.5 percent for M was chosen as the national

default as sufficient resources were not available at the time the emissions were calculated to determine more
representative alues.
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4.11.3.7 Puerto Rico and Virgin Islands

Since insufficient data exists to calculate emissions for the counties in Puerto Rico and the US Virgin Islands,
emissions are based on two proxy counties in Florida: Broward {statety FIPS=12011) for Puerto Riod a

Monroe (statecounty FIPS=12087) for the US Virgin Islands. The total emissions in tons for these two Florida
counties are divided by their respective populations creating a tons per capita emission factor. For each Puerto
Rico and US Virgin Island cbyrthe tons per capita emission factor is multiplied by the county population (from
GKS alryYyS &8SINJFa GKS Ay@Syi2NEQa | OGAGAGE RIGEO 6KA
(activity data) unit and the emissions denominatorutt® & 9! / | ¢ ®
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4.12 Fires — Agricultural Field Burning

4.12.1 Sector description

Agricultural burning refers to fires that occur over lands used for cultivating crops and agriculture. Another term
for this sector is crop resigk burning. In past NEIs for this sector, it was exclusively limited to emissions resulting
in the burning of crops. However, in the 2014 NEI, we included grass/pasture burning SCCs into this sector.
However, for technical reasons, we have moved the gmsstlre burning to the Events data category for the

2017 NEI, thereby causing this sector to once again only house emissions resulting from burning of crops.

4.12.2 Sources of data

Table4-100shows, the agricultural field burning SCCs covered by the EPA estimates and by the State/Local and
CNAOFE F3ISyOASa GKIFIG &ddzoYAGGISR RIGI & ¢cesSAgficHtbr&R A y 3 { /
Production- Crops- as nonpoint; Agricultural Field Burning K2t S FASt R aSi 2y TFANBTE

The basic SCC structure introduced in the 2014 NEI is retained here, with the exception of moving the
grassland/pasturesangeland emissions to the Events data category. For example, the SCCs that were added in
2014 to better describe the specific crops being burned, including fields in which two or more crops are burned,
are retained here.

Note that many general crops amciuded in the SCC 2801500000 Yy R A G | f a2 Aa GK
dzy 1y26y®é b208 GKFiG 9t! NBLRENISR SYrsaarzya Ay
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Table4-100 Nonpoint Agricultural Eld Burning SCCs in the 2017 NEI

SCC

Description

EPA| S/LIT

2801500000

Unspecified crop type and Burn Method

X X

2801500112

Field Crop is Alfalfa: Backfire Burning

2801500130

Field Crop is Barley: Burning Techniques Not Significant

2801500141

Field Crop is Bean (red): Headfire Burning

2801500142

Field Crop is Bean (red): Backfire Burning

2801500150

Field Crop is Corn: Burning Techniques Not Important

X
XXX [ XX

2801500151

Double Crop Winter Wheat and Corn

2801500152

Double Crop Corn and Soybeans

2801500160

Field Crop is Cotton: Burning Techniques Not Important

XX [ X [ X

2801500170

Field Crop is Grasses: Burning Techniques Not Important

2801500171

Fallow

>

2801500182

Field Crop is Hay (wildackfire Burning

2801500192

Field Crop is Oats: Backfire Burning

2801500202

Field Crop is Pea: Backfire Burning

XX X[ X | X

2801500220

Field Crop is Rice: Burning Techniques Not Significant

2801500250

Field Crop is Sugar Cane: Burniieghniques Not Significant

2801500262

Field Crop is Wheat: Backfire Burning

2801500263

Double Crop Winter Wheat and Cotton

2801500264

Double Crop Winter Wheat and Soybeans

XXX [ X [ X
X

2801500300

Orchard Crop Unspecified

2801500320

Orchard Crop is Apple

2801500330

Orchard Crop is Apricot

2801500350

Orchard Crop is Cherry

2801500390

Orchard Crop is Nectarine

2801500410

Orchard Crop is Peach

2801500420

Orchard Crop is Pear

2801500430

Orchard Crop iPrune

2801500500

Vine Crop Unspecified

2801500600

Forest Residues Unspecified

XX XXX XXX [X [ X | X

As an example of what agencies submitted, the agencies lisfEahile4-101submitted PM2.5 emissions for

this sector; agencies not listed used EPA estimates for the entire sector. Some agencies submitted emissions for
the entire sector while others submitted onlypartion of the sector. When an agency submits less than 100%,

their Nonpoint Survey responses, along with other general business rules for building the NEI, are used to
backfill with EPA estimates as appropriate.

Table4-101: PM2.5 emissions submitted by reporting agency

Region| Agency S/LIT
2 | New Jersey Department of Environment Protection State
4 | Georgia Department of Natural Resources State
5| lllinois Environmental Protection Agency State
9 | California Air Resources Board State
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Region| Agency S/LIT
10 | Coeur d'Alene Tribe Tribe
10 | Idaho Department of Environmental Quality State
10 | Kootenai Tribe of Idaho Tribe
10 | Nez Perce Tribe Tribe
10 | ShoshoneBannock Tribes of the Fort Hall Reservatioldaho Tribe
10 | Washington State Department of Ecology State

4.12.3 EPAdeveloped emissions for agricultural field burning

By way of history for this sector, in the 2008 NEI, crop residue emission estimates were developed using satellite
detects2 OOdzNNA Y3 2SN I yR (eéLlSa OflraairATASR Fa al ANRKROdzA
reported by a handful of state$n the 2011 NEI, the method described in McCarty et al. 2009][sgfd

McCarty 2011 [re] was employed to estimate the emissions from this sector with the exception that states

could submit their own estimates. However, this produced significant state to state variability between states

that submitted their own data and states that did nat.dddition, we received comments that many false

detects (EPA emission estimates were too high) occurred using this method (due to dark fields resulting from
irrigation) Therefore, a consistent methodology across multiple years for the CONUS has narnydebeloped

for this sector. To address these issues, in the 2014 NEI, a simple and efficient method was been developed to
estimate emissions from crop residue that can easily be applied across multiple years over the CONUS at
minimal cost. The method wakeveloped by EPA Office of Research and Development and the reader is directed
to a paper in press for details on the methods described belowd|reéfhis is thdasic method used for the

2017 NEI, with the changes/improvements made as noted below.

The approach developed for use in the 2014 NEI, and used again for the 2017 NEI, already improves on previous
estimates [refl, ref2] as follows:

1 Multiple satellite detections are used to locate fires using an operational product

1 Field &e estimates are based oielid work studies in multiple states (rather than a one size fits all
approach)

9 This method allows for intrannual as well as annual changes in crop land use

9 This method incorporates comments on this sector from past NEI sffoiimprove the method and
remove some of the false detects that occurred in the 2011 NEI

9 Additional processing of the HMS data was done to remove 2 types of duplicates

9 This method uses USDA NASS Cropland Data Layer (CDL) (USDA, 28]Libdinedition to separate
grass/pasture lands, which include Pasture/Grass, Grassland Herbaceous, and Pasture/Hay lands from all
other agricultural burning and twlentify the crop type

1 Removal of agricultural fires from the Hazard Mapping System (HMS) dataset before the application of
the SMARTFIRE2 system for wildfires and prescribed fires to eliminate double counting in the NEI and
the use of state information téurther identify fires as crop residue burning rather than another type of
fire

9 To further identify fires as crop residue burning rather than some type of wildfire. Our 2014 NEI
approach complements the method used to estimate emissions from wildfirepisdribed fires
0SOldzaS 6S dzaS ONRL) £t S@St I yR dz&aS AYyTF2NXIGA2Y |
fires. The remaining fire detections are used in SMARTFIRE to estimate emissions in forested areas
where fuel loadings are availakdi®m the National Forest Service.
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4.12.3.1 Improvements/Changes in the 2017 NEI

For the 2017 NEI, we have made a few revisions to the method used to estimate this sector compared to the

2014 NEI and will summarize them here. As discussed previously, all detadd4omethods (and thus, the

A0 NIOAY3I LRAYG F2NJ 2dz2NJ wamt YSGK2R2f 2380 Oy o6S ¥F2d
residue and rangeland burning in the 2014 National Emissions Inventory using information from multiple

& 2 dzND S & éwellaN8 Sectors7 of o&014 NEI Technical Support Document

1 Inall prior NElIs for this sector, the VOC and HAP emission factors were inconsistent. The HAP emission
factors were copied from the HAP emission factors for wildfires while the VOC emission factors were
scaled from the CO emission factors. Therefore MEC emission factors had no consistency with the
HAP emission factors. For the 2017 NEI, we reviewed the crop residue burning VOC speciation profiles in
the SPECIATE database, located the original source of this information, and derived new VOC emission
factors and new HAP emission factors from the same measurement study. The measurement study was
focused on wheat straw and rice straw burning. We averaged these two emission factors for the
remaining crop types, excluding sugarcane. For sugarcane, we Iacatasl reference for sugarcane
HAP emission factors and incorporated these into the dataset. Since the total mass was not reported in
this paper, we used another reference for the total VOC for sugarcane. Sugarcane is unique because it is
the only crop tye that is burned prénarvest and has different VOC emission factors compared to other
crop types. In this database, we have revised all the VOC and HAP emission factors so that the HAP
estimates are consistent with the VOC speciation derived from the S8PE@rofiles. The new VOC EFs
are shown in the Tables that follow in this section. All48DC EFs used in the 2017 NEI remain the
same as that used in the 2014 NEI as shown in the TSD for the 2014 NEI. For the new VOC and HAP EFs
used in the 2017 NEI, rdars are referred t&PECIATEM@ta and its documentation.

9 A second new feature of the 2017 database is that we have calculated, on a per fire basis, the heat
release of each fire. Thisformation is needed for a plume rise calculation within a chemical transport
modeling system. In prior NEIs, we put all the emissions into layer 1. While this is not critical for the NEI
(this sector in in the nonpoint category, where heat values areaequired), for emissions processing
for air quality modeling, this is a key improvement, and is thus noted here.

9 A third feature of the database is that we have filtered out the satellite detections for 2017 to exclude
areas covered by snow during the wdnmonths. Certain crop types (corn and soybeans) have been
excluded from these midwestern states: lowa, Kansas, Indiana, lllinois, Michigan, Missouri, Minnesota,
Wisconsin, Ohio. This update is partially based on comments we received from some otdhesas
the 2014 NEI development cycle.

9 Finally, to avoid double counting with the wildfire inventory, all grassland detections of fires outside of
the Flint Hills in Kansas and Oklahoma have been incorporated into the wildfire and prescribed fire
inventory process and are not part of this database. These fires are included as appropriate in our
gAf RE YR FTANB AYy@SYyl2NRI gKAOK A a7).MhiKEPARi@noti KS ¢
report grassland fires to this sector in 2017, a few tribies Their emissions were miniscule compared
to other totals, and while described in the above tables, they were too small to consider including in
emission summaries.

4.12.3.2 Activity Data

As with the 2014 process, the HMS satellite product is the main systedhfasthe 2017 NEI. The HMS satellite
product is an operational satellite product showing hot spots and smoke plumes indicative of fire locations. Itis
a blended product using algorithms for the Geostationary Operational Environmental Satellite (G&de8) Im

the Polar Operational Environmental Satellite (POES) Advanced Very High Resolution Radiometer (AVHRR),
Moderate Resolution Imaging Spectroradiometer (MODIS) and more recently the Visible Infrared Imaging
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Radiometer Suite (VIIRS). These satellite cteias are provided at 0.001 degrees latitude or longitude, but they

are derived from active fire satellite products ranging in spatial accuracy from 375 m to 4km. To identify the crop
type and to distinguish agricultural fires from all other fires in S product, the USDA Cropland Data Layer

(CDL) (USDA, 2015a) [4¢fvas employed. This dataset is produced annually by the USDA National Agricultural
Statistics Service and provides high resolution (30 meter) detailed crop information to accurately identify crop
types for agricultural fires. Based on field reconnaissariddcCarty (2013) [re56 = | G (& LA OF £ ¢ FA &
assumed for each burn location, which varied by region of the country. The assumed field sizes can ba found
GKS FAES GRNIFdhdgHnmn @l IPINI &a LiheRdndeNSuppEvidntlDARRTE Py SA
site.

4.12.3.3 Emission Factors

Emission Factors for CO, NOx;, Db sand PMowere based on Table 1 from McCarty (2011) BlefThe

emission factors in McCarty (2011) were based on mean values from all available literatureimtethErnission

Factors for Nklwere derived from the 2002 NEI crop residue emission estimates using the ratie/6i®#and

the NOx emission factor in Table 1 from McCarty (2011). These emission factors are shown in the 2014 NEI TSD.
As discussed above th&OC EFs were improved for the 2017 NEI, as shown belbtabied-107.

A subset of the HAP emission factors is showrainle4-103 These are based on updated VOC work noeretil
above. The full set AP emission factoravailable on th€017 NEI Supplemental data FTP,satso includes
the following HAPs: isopropylbenzenehexane, exylene, propionaldehyde, styrene, toluene, 2;2,4
trimethylpentane, and m, fxylenes.

Table4-102 Revised Ag Burnirigmission factors (Ibs/ton) for VOC

Crop Type Emission Factor
Corn 18.47
Wheat 18.69
Soybean 1847
Cotton 18.47
Fallow 18.47
Rice 18.26
Sugarcane 3.68
All Other crops/Default 18.47
DoubleCrop Wheat/Soybeans 18.58
Double Crop Corn/Soybeans 1847
Double Crop Wheat/Cotton 18.58
Table4-103 Select HAP Emission factors (Ib/ton) used in EPA Methods by crop type for entire US
1,3
Crop Type SCC Acetaldehyde [Benzene |butadiene |Ethylbenzene |Formaldehyde
Unspecified/General
Default 280150000( 1.521677 0.22765§ 0.16173¢ 0.026645 1.025634
RedBean 280150014 1.521677 0.22765§ 0.16173¢ 0.026645 1.025634
Red Bean 280150014 1.521677 0.22765§ 0.16173¢ 0.026645 1.025634
Corn 280150015( 1.521677 0.22765§ 0.16173¢ 0.026645 1.025634
Wheat and Corn 280150015 1.311003 0.224041 0.14466¢ 0.02076¢ 1.19077
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Corn and Soybeans | 2801500157 1.521677 0.22765§ 0.16173¢ 0.026645 1.025634
Cotton 280150016( 1.521677 0.22765§ 0.16173¢ 0.026645 1.025634
Fallow 2801500171 1.521677 0.22765§ 0.16173¢ 0.026645 1.025634
Rice 280150022 1.943024 0.2348974 0.19587¢ 0.038401 0.695364
Sugarcane 280150025( 0.0896 0.033 0 0.00162 0.3
Wheat 280150026 1.10033 0.220424 0.12759¢ 0.0148¢9 1.355904
Wheat and Cotton | 2801500267 1.311003 0.224041 0.14466¢ 0.02076¢ 1.19077
Wheat and Soybean{ 2801500264 1.311003 0.224041 0.14466¢ 0.02076¢ 1.19077

4.12.3.4 Emission Estimates for 2017

Figure4-17 summarizes 2017 NEI PM2.5 emission estimates by state, sorted from largest to smallest, based on
the 2017 NEI. Florida, Washington, California, Georgia, and North Dakota are the top e®diaesof these

emissions come from S/L/T submissions, and some from EPA estimates. Tribal emissions are not shown here. A
total of about 30,000 tons of PM2.5 are estimated to be emitted by this sector. Note that in the 2014 NEI, this
sector total is signifiantly higher due to the additional inclusion of grassland/pasture burning. Shohabie

4-104are comparisons of PM2.5 emissions for those states that submitted RMZEPA estimates. Only a few

states submittedOf those states that submitted to EIS, only 3 states (GA, ID, IL) and tribes included HAPS in
their ag burning emission submittals. Only Idaho indicated to supplement their data with EPA estimates via the
Nonpoint SurveyA total of about 33,000 tons of PM2.5 are estimated to be emitted for this sector using EPA
methods alone, compared to about 30,000 when these SLT emissions are also factored into the final NEI.
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Figure4-17: Total2017 NEI Agricultural BurnifiM2.5 Emissions by state

4,000

3,500

3,000

2,500

2,000

1,500

1,000

500

Tribes (total)

Table4-104 Comparison of State vs EPA 2017 PM2.5 emissions (tons) for agencies that submitted

State/Tribe S/L/T-submitted | EPAgenerated
California 2,348 6,600
Georgia 2,077 1,577
Idaho 1,310 557
lllinois 23 44
New Jersey 221 0
Washington 2,703 1,148
Tribes Total 859 0

4.12.3.5 Quality assurance of final estimates

Some of the QA was implemented as part of the new methodology (discussed in Setfidhlabove) was
F LILJX ASR FT2NJ 6KA A
we received them during the 2017 NEI process. In additionfalt@ving checks were done on EPA data:

aSoiz2N®

| RRAGAZ2Y

1 Comparison to past NEI estimates, and explaining differences noted
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1 Check of diurnal profile using day specific data generated by EPA methods with existing profiles used for
air quality modeling
1 Using past comments ceived from S/L/Ts for this sector to ground truth estimates
1 Ensuring HAPs and VOC speciation line up as expected
The QA of S/LFsubmitted data included checking with EPA estimates, working with S/L/Ts to understand why
differences exist, and making sysellutant coverage is complete.

We do not expect to make any major changes or improvements (e.g., methodology, pollutants expected) to this
sector for the 2020 NEI. We will respond to specific comments we do receive for this sector.

4.12.3.6 Known issue with the 20 NEI

Furtheranalysis of the fire sectors including agricultural burning, wildland fires, and prescribed burns for the
2017 NEI revealed some double counting of acres burned and emissions in a few select regions and days in
2017. The agriculture fire missions estimation process is conducted separately from the development of the
wildland fires inventory (see Section 7). The agricultural fire emissions estimation process has fires identified
using the USDA Cropland Dataset and the Hazard Mapping S§$k¢8) satellite detects. The current process
does not necessarily identify if an agricultural fire is a wildland fire, defined as a controlled (prescribed) burn or
part of a wildfire. The separate NEI process for wildland fires uses fire activity daimgcshapefiles for major
fires. These shapefiles define the area burned for major wildland fires and the NEI process assurak futbiat

will burn within the area definedby the shape which can include croplandsor 2017, we found that a major
wildfire named Starbuck Complex in western Oklahoma and Kansas included the burning of 50,000+ acres of
agricultural lands during the March8ltime period.Therefore, the same 50,000+ acres of agricultural fuels were
treated as being burned in both the agriaual burn and wildland fires sectors using 2017NEI proce$bes.
double counting of acres burned results in about 89000 tons of PM2.5 emissions overestimation in western
OK and KS during this time periddhere are a few other smaller instances of digucounting like this Starbuck
Complex wildfire event that occur in the 2017 NEI in Texas, Washington and CalifbeniaPA plans to change
the 2020 NEI process to avert double counting emissions for agricultural lands in major wildfire events.

4.12.4 Referenes for agricultural field burning

1. McCarty, J.L., S. Korontzi, C. O. Justice, and T. LobodaTRéG@atial and temporal distribution of
crop residue burning in the contiguous United StaBesence of the Total Environmeti7 (21), 5701
5712.

2. McCarty,J. L. 2011Remote SensinBased Estimates of Annual and Seasonal Emissions from Crop
Residue Burning in the Contiguous United Stalesrnal of the Air & Waste Management Associaibn
(1), 2234.

3. Pouliot, G., Rao, V., McCarty, J. L., and A. Soja. Rét@lopment of the crop residue and rangeland
burning in the 2014 National Emissions Inventory using information from multiple sodocesal of the
Air & Waste Management Association Vol. 67, Issue 5.

4. United States Department of Agriculture. 201885DA National Agricultural Statistics Service Cropland
Data Layefor 2015.

5. Personal communication with Dr J. McCarty, 2013, Michigan Technological Institute.

4.13 Fuel Combustion — Industrial and Commercial/Institutional Boilers and ICEs

Industrial, Commercial, and Institutional (ICI) fuel combussimmrcesare a significant portion of thtotal
emissions inventory for many areand include emissions from boilers, engines, ancgottombustion sources
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from the industrial, commercial, and institutional sectors that are not reported as point saurbessource
category includes emissions from combustion of coal, distillate fuel oil, residual fuel oil, kerosene, liquefied
petroleumgas (LPG), natural gas, and woddless all ICl combustion emission sources are provided in an S/L/T
point inventory submittal, it is necessary for inventory preparers to estimate IClI combustion nonpoint source
emissions.

4.13.1 Sector description

The EIS sectsrdocumented in this section include these nonpoint emissions from ICI fuel combustion:

Fuel Comb Industrial Boilers, ICE®iomass
Fuel Comb Industrial Boilers, ICE€0al

Fuel Comb Industrial Boilers, ICENatural Gas
Fuel Comb Industrial Boilers, ICE®Il

Fuel Comb Industrial Boilers, ICE©ther

Fuel Comb Comm/Institutional- Biomass

Fuel Comb Comm/Institutional- Coal

Fuel Comb Comm/Institutional Natural Gas
Fuel Comb Comm/Institutional- Oil

Fuel Comb Comm/Irstitutional - Other

=4 =4 =4 =4 8 -8 -8 8 -4

=

We document all these sectors in this section because EPA generates all the nonpoint emissions from these EIS
aSOG2NER DAl GKS aL/L ¢22f¢ Y2RdzZ S® { k[ k ¢-damayNE Sy 02
options reflectingsector and fueltypeA Y 2 NRSNJ (2 O2YLJziS GKS aGNBYlFAYyAy3E
these sectors.

4.13.2 Sources of data

Table4-105shows, for ICI fuel combustion,gmonpoint SCCs covered by the EPA ICI Tool as well emissions

directly submitted by State/Local and Tribal agencies. The SCC level 2, 3 and 4 descriptions are also provided
except for the last SCC (2801520000), where the full SCC description is proved8@d level 1 description is
G{OFrGA2Yy L NB {2d2NDS CdzSt /2YodzadA2yé F2NI L&t {//a SE
Comg F2NJ Ittt {/ /] ao

Table4-105 Nonpoint ICBECCs in the 2017 NEI

SCC Description Sector EPA | SLT
2102001000| Industrial; Anthracite Coal; Total: All Boil{ Fuel Comb Industrial Boilers, ICEH X X
Types - Coal
2102002000| Industrial; Bituminous/Subbituminous Fuel Comb IndustrialBoilers, ICEy X X
Coal; Total: All Boiler Types - Coal
2102004000| Industrial; Distillate Oil; Total: Boilers and Fuel Comb Industrial Boilers, ICEH X
IC Engines - Ol
2102004001 Industrial; Distillate Qil; All Boiler Types | Fuel Comb Industrial Boilers, ICE X X
- Oil
2102004002 Industrial; Distillate Qil; All IC Engine Tyg Fuel Comb Industrial Boilers, ICE X X
- Oil
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SCC Description Sector EPA | SLT

2102005000| Industrial; Residual Oil; Total: All Boiler | Fuel Comb Industrial Boilers, ICEH X X
Types - ol

2102006000| Industrial; Natural Gas; TdtdBoilers and | Fuel Comb Industrial Boilers, ICEH X X
IC Engines - Natural Gas

2102007000 Industrial; Liquified Petroleum Gas (LPG| Fuel Comb Industrial Boilers, ICE X X
Total: All Boiler Types - Other

2102008000 Industrial; Wood; Total: ABoiler Types Fuel Comb Industrial Boilers, ICE X X

- Biomass

2102010000| Industrial; Process Gas; Total: All Boiler | Fuel Comb Industrial Boilers, ICEH X
Types - Other

2102011000 Industrial; Kerosene; Total: All Boiler Tyg Fuel Comb Industrial Boilers, ICE X X

- Qil

2103001000] Commercial/Institutional; Anthracite Coal Fuel Comb Comm/Institutional- X X
Total: All Boiler Types Coal

2103002000 Commercial/lnstitutional; Fuel Comb Comm/Institutional- X X
Bituminous/Subbituminous Coal; Total: A Coal
Boiler Types

2103004000 Commercial/Institutional; Distillate Oil; Fuel Comb Comm/Institutional- X
Total: Boilers and IC Engines o]]

2103004001 Commercial/lnstitutional; Distillate QOil; Fuel Comb Comm/Institutional- X X
Boilers Oil

2103004002 Commercial/lnstitutional; Distillate Oil; I Fuel Comb Comm/Institutional X X
Engines Qil

2103005000 Commercial/lnstitutional; Residual Oil; | Fuel Comb Comm/Institutional X X
Total: All Boiler Types Oil

2103006000 Commercial/Institutional; Natural Gas; Fuel Comb Comm/Institutional- X X
Total: Boilers and IC Engines Natural Gas

2103007000 Commercial/Institutional; Liquified Fuel Comb Comm/Institutional- X X
Petroleum Gas (LPG); Total: All Combus Other
Types

2103008000 Commercial/Institutional; Wood; Total: Al Fuel Comb Comm/Institutional- X X
Boiler Types Biomass

2103011000 Commercial/Institutional; Kerosene; Totd Fuel Comb Comm/Institutional- X X
All Combustor Types Qil

2801520000, Miscellaneous Area Sources; Agriculture Fuel Comb Industrial Boilers, ICE X
Production- Crops; Orchard Heaters; - Other
Total, all fuels

The agencies listed ifable4-106 submitted emissions for these sectors. Agencies not listed used EPA estimates
for all ICI sectors; most of the agencies not listed provided input activity data used to subtract point throughpu
data for subtraction.
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Table4-106: Agencies reportingonpoint ICl sectoemissions

0 .. .. .. N .. ‘.
© 0 0 Bt ©| % 3
2g85/25/8 |5 EEEZESE |Es
T T oOo|T@|T=|T=s|0L|00|0®|O0=|0%=
Agency SED|E0|EZ|E0|£E0|0m|O0O0|0Z2|00|00
Alaska Department of Environmental X X X X X
Conservation
California Air Resources Board X X X X X X X
Chattanooga Air Pollution Control X X X X X X X X X
Bureau (CHCAPCB)
Coeur d'Alene Tribe X X X X X X X X X
Delaware Department of Natural X X X X X X

Resources and Environmental Contro
Idaho Department of Environmental X X X X X X X X X X

Quality

Illinois Environmental Protection X X X X X X X X X X
Agency

Kootenai Tribe of Idaho X X X X X X X X X
Maricopa County Air Quality X X X X X X X
Department

Memphis and Shelby County Health X X X X X X
Department- Pollution Control

Metro Public Health of X X X X X X X X X

Nashville/Davidson County

Minnesota Pollution Control Agency X X X X X X X X X X
New Hampshire Department of X X X X X X X
Environmental Services

New Jersey Department of X X X X X X
Environment Protection

Nez Perce Tribe X X X X X X X X X
Northern Cheyenne Tribe X X X X
Oregon Department of Environmental| X X X X X X X X X
Quality

ShoshoneBannock Tribes of the Fort | X X X X X X X X X
Hall Reservation of Idaho

Southern Ute Indian Tribe X

Texas Commission on Environmental| X X X X X X X X
Quality

Utah Division of Air Quality X X X X X X X X
Washoe County Health District X X X X X X

New for the 2017 NEI and discussed in Section 5.4.3 ¢ithé NEI Plgrwas a requedbr States and Locals to
submit total fuel consumption data if they were not submitting their own emission edém As discussed later
in section4.13.3.6 we developed several options for reporting agencies to submiftlelsconsumptiorinput
data. Most states submittedreissions, input activity data, or both dependingtbe specific SCC. A couple of
states completed the Nonpoint Survésee Sectiod.1.2 and indicated that all theilCl emissions were included
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in their Point inventory submittal (Colorado and Kentucky); and nonpoint ICI emissions are therefore zero for
these states. Conversely, a couple stgtésvada outside of Clark and Washoe counties, Mississippi, Montana,
and Saoth Dakota)did not submit emissions or inputs and therefore ICI nonpestimates are entirely based

on statetotal fuel consumption data, which is likely an overestimate as it would deciat any point

inventory ICl emissions.

Table4-107. Comprehensive State/Local agency submittal status for ICI estimates in the 2017 NEI

State/Local Agency Data Submitted? Nonpoint Survey Response (if no data
provided)

Alabama Input data

Alaska Input data &

Emissions

Arizona Input data

Arizona- Phoenix/Maricopa County Emissions

Arkansas Input data

California Emissions

Colorado Survey No- This source is included in my Point
Source contributions

Connecticut Input data

District of Columbia Input data

Delaware Emissions

Florida Input data

Georgia Input data

Hawaii Input data

Idaho Emissions

lllinois Emissions

Indiana Input data

lowa Input data

Kansas Input data

Kentucky No- This source igcluded in my Point
Source contributions

Kentucky-Louisville/Jefferson County | Input data

Louisiana Input data

Maine Input data

Maryland Input data

Massachusetts Input data

Michigan Input data

Minnesota Emissions

Mississippi Yes Supplement My Data with EPA
Estimates

Missouri Input data

Montana

Nebraska Input data

Nevada Supplement Only At Reported Location
SCCs
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State/Local Agency

Data Submitted?

Nonpoint Survey Response (if no data
provided)

NevadaClark County Input data
Nevada Washoe County Emissions
NewHampshire Emissions
New Jersey Emissions
New Mexico Input data
New York Input data
North Carolina Input data
North Dakota Input data
Ohio Input data
Oklahoma Input data
Oregon Input data &
Emissions
Pennsylvania Input data
Rhode Island Input data
South Carolina Input data
South Dakota Yes- Supplement My Data with EPA
Estimates
Tennessee Input data
Tennessee Chattanooga Emissions
Tennessee Knoxville/Knox County Input data
Tennessee Memphis/Shelby County | Emissions
Tennessee Nashville/Davidson County Input data &
Emissions
Texas Emissions
Utah Emissions
Vermont Input data
Virginia Input data
Washington Input data
West Virginia Input data
Wisconsin Input data
Wyoming Input data
Puerto Rico Yes Supplement My Data with EPA

Estimates

U.S. Virgin Islands

4.13.3 EPAdeveloped emissions

The calculations for estimating emissions from the ICl sectors include estimating the total fuel consumption by
sectorin each state, using data from the Energy Information Administration (EIA) State Energy Data System
(SEDY)yef 1]. Total fuel consumption is adjusted to account fieel consumed by mobile sources in each sector

and fuel used as an input to industrial processes but is hot combusted. Fuel consumption from nonpoint sources

in each state is determined by subtracting fuel consumption from point sources from totabiuslmption.
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Estimated nonpoint source fuel consumption in each state is distributed to the county level based on the
proportion of employment in the industrial and commercial sectors.

4.13.3.1 Activity data

The activity data for this source category is tdtel consumption in the industrial and commercial/institutional

sectors. The default data for this category are obtained from the total 201 7-ktaéd fuel consumption in each

sector from EIASED®f1]F 2 NJ | f £ Fdz8t GeéLiSa SEOSLII RAAGATEI GS® 5
Form 821 data, which reports distillate sales by state and sector for [28fl#]. State, local, and tribal (SLT)

agencies are expected to submit stdéxel fuel consumption data from point sources in these sectors. The

state-level point source fuel consumption is subtied from the total fuel consumption to estimate the fuel
consumption from nonpoint sources. The point source subtraction method is described in more detail in section
4.13.3.6

Total fuel consumption is adjusted to account for the fraction of fuel consumed by nonroad mobile sources,

whose emissions are included in the nonroad inventory. This fraction is based on results from the National

Mobile Inventory Model (NMIM);  LINBE OdzNBE2NJ (12 9t ! Qa az2d2NJ +SKAOfS 9V
adjustment is particularly important for distillate fuel oil consumption. The ICI tool uses distillate consumption

data from Form 821 rather than SEDS because Form 821 reports more diétiéeby sector, and the ICI tool

uses different stationary source fuel consumption assumptions by sector, including the industrial, commercial,
farm, offhighway, and oil company sectors. Note that fuel consumption in the farahigitfwvay, and oil

company sectors are mapped to the industrial sector in the ICI tool. Assumptions about the fraction of fuel
consumed by stationary sources are shown in an appendix.

The total fuel consumption is also adjusted to account for fuel used as an input to indusidaspes where it

is not combusted. These assumptions are based on the EIA Manufacturing Energy Consumption Survey (MECS)
[ref 3], which reports both total fuel comsnption and norcombustion use of fuel by Census region.

Assumptions about neonombustion use of fuel are shownTiable4-108. In some cases, EIA withholds the
regionallevel data on norcombustion use of fuel because it is less than 0.5 million barrels. In these cases, a
value of 0.25 million barrels is used as the amount of regitaval norcombustion use of fuels.

Note that the stationary source adjustment is parfeed for fuel consumption from both the industrial and
commercial/institutional sectors, while the narombustion use of fuel adjustment is performed only for fuel
consumption in the industrial sector.

0"Qn Y@ Y¥s P £ Gy 1)
Where:
ARsx = Consumption of fuell by stationary sources in statdn sectorx
Tksx = Total consumption of fudlin statesin sectorx, from EIA SEDS
S$x = Fraction of fuef consumed by stationary sources in stai@ sectorx
nGgsx = Fraction of fuef used as an industrial input and is not combusted in statethe industrial

sector, fromTable4-108

Table4-108 Assumptions about neanombustion use of fuel by fuel type and state
State | Coal | Distillate LPG | Natural Gas| Residual Oil| Kerosene
AK 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
AL 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
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State | Coal | Distillate LPG | Natural Gas| Residual Oil| Kerosene
AR 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
AZ 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
CA 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
CO 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
CT 75.0% 8.3%| 91.3% 1.0% 0.0% 0.0%
DC 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
DE 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
FL 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
GA 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
HI 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
1A 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
ID 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
IL 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
IN 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
KS 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
KY 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
LA 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
MA 75.0% 8.3%| 91.3% 1.0% 0.0% 0.0%
MD 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
ME 75.0% 8.3%| 91.3% 1.0% 0.0% 0.0%
MI 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
MN 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
MO 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
MS 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
MT 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
NC 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
ND 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
NE 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
NH 75.0% 8.3%| 91.3% 1.0% 0.0% 0.0%
NJ 75.0% 8.3%| 91.3% 1.0% 0.0% 0.0%
NM 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
NV 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
NY 75.0% 8.3%| 91.3% 1.0% 0.0% 0.0%
OH 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
OK 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
OR 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
PA 75.0% 8.3%| 91.3% 1.0% 0.0% 0.0%
RI 75.0% 8.3%| 91.3% 1.0% 0.0% 0.0%
SC 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
SD 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
TN 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
TX 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
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State | Coal | Distillate LPG | Natural Gas| Residual Oil| Kerosene
uT 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
VA 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
VT 75.0% 8.3%| 91.3% 1.0% 0.0% 0.0%
WA 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%
Wi 44.0% 6.3%| 80.0% 4.3% 100.0% 0.0%
wv 29.4% 11.1%| 98.9% 13.3% 81.8% 0.0%
WY 0.0% 8.3% 6.3% 1.6% 0.0% 0.0%

The SEDS data do not distinguish between anthracite and bituminous/subbituminous coal consumption
SaldAYFGSad ¢KS 9L! {(lof S aeginatn StateOCobshnder; Qdyio aizd Methgd 2 F
2F ¢ NI y a[te4Nafovidesistatdevel coal distribution data for 2006 that is used to estimate the fraction

of coal consumption that is anthracite and bituminosigbbituminous Table4-109presentstheseanthracite

and bituminous coal ratios for each state.

Table4-109: Anthracite and Bituminous Coal Distribution for the Residential and Commercial Sectors

State _Ratip of Ratio qf State _Ratip of Ratio qf

Bituminous | Anthracite Bituminous| Anthracite
Alabama 1.000 0.000| Montana 1.000 0.000
Alaska 1.000 0.000| Nebraska 1.000 0.000
Arizona 0.814 0.186| Nevada 1.000 0.000
Arkansas 0.814 0.186 | New Hampshire 0.000 1.000
California 1.000 0.000| New Jersey 0.000 1.000
Colorado 0.996 0.004 | New Mexico 1.000 0.000
Connecticut 0.000 1.000| New York 0.600 0.400
Delaware 0.814 0.186 | North Carolina 1.000 0.000
Dist. Columbia 1.000 0.000| North Dakota 1.000 0.000
Florida 0.814 0.186 | Ohio 0.873 0.127
Georgia 1.000 0.000| Oklahoma 0.917 0.083
Hawaii 1.000 0.000| Oregon 1.000 0.000
Idaho 0.979 0.021| Pennsylvania 0.194 0.806
Illinois 0.998 0.002 | Rhode Island 0.000 1.000
Indiana 0.947 0.053| South Carolina 0.997 0.003
lowa 0.999 0.001 | South Dakota 1.000 0.000
Kansas 1.000 0.000| Tennessee 0.994 0.006
Kentucky 0.998 0.002| Texas 0.814 0.186
Louisiana 1.000 0.000| Utah 1.000 0.000
Maine 0.000 1.000| Vermont 0.000 1.000
Maryland 0.929 0.071| Virginia 0.963 0.037
Massachusetts 0.500 0.500| Washington 1.000 0.000
Michigan 0.667 0.333| West Virginia 0.905 0.095
Minnesota 0.997 0.003 | Wisconsin 0.991 0.009
Mississippi 1.000 0.000 | Wyoming 1.000 0.000
Missouri 1.000 0.000

The SEDS data on industrial and commercial coal consumption are split into consumption of anthracite and
bituminous/subbituminous coal based on the ratiosTiable4-109.
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Where:
ARnwitsx = Adjusted anthracite or bituminous coal consumption in stsite sectorx

ARoaisx = Total adjusted coal consumption in stae sectorx, from equation 1
Rantbit,s Ratio of anthracite or bituminous coal to total coal in statérom Table4-109

The EIA Form 821 data report total distillate consumption, but the NEI requires data separately on consumption
by boilers and engines, because there are substantially different emissions factors for distillate boilers and
engines. The IGool uses assumptions based on the EIA ME&E 3] and the EIA Commercial Building Energy
Consumption Survey (CBEQ&)5]. These data sources sugg#sdt in the industrial sector, 60 percent of

distillate consumption is by boilers and 40 percent by engines, and in the commercial sector, 95 percent is by
boilers and 5 percent is by engines.

60 7 s 070 A Y 7 Rk 3)
Where:

ARyilerfengine sx = Adjusted distillate consumption in boilers or engines skite sectorx

AFgistillates,x = Total adjusted distillate consumption in stagén sectorx, from equation 1

Ratio of distillate consumption by boilers or engines in stdtesectorx

R)oiler/engine,s,x

Following the adjustments to the total fuel consumption, the total fuel comgtion data is also adjusted to

subtract fuel consumption from point sources, which is accounted for in the point source inventory. Point source
fuel consumption data by fuel type and sector is submitted by SLT agencies. This point source subtraction
procedure is described in more detail in secti®ri3.3.6 The point source subtraction step is performed at the

state level, and it is done before the allocation procesldiscussed in sectioh13.3.2and before the emissions
calculations discussed in sectiéri3.3.5

4.13.3.2 Allocation procedure

SEDS dataareported at the state level. Following the adjustments to the state level fuel consumption

discussed in sectiof.13.3.1and the point source subtraction discusdaselow in sectiord.13.3.6 the estimated
state-level nonpoint source activity data in each state is distributed to the county level based on employmentin
theindugsi NA I f 2NJ O2YYSNODAIf &SO00G2NJ FNRY [ekeh The &liisiedza . dzNB
nonpoint fuel consumption in each state is distributed to tteainty based on the proportion of employment in

each county in each sector to the total employment at the state level in each sector.

P P Qa m (4)
VDUE ULUL B Qa4 n
Where:
NPFkcx = Adjusted nonpoint consumption of fuéln countycin sectorx

NPFEFsx = Adjusted nonpoint consumption of fuéin statesin sectorx, from equation 6
empx Employment in countgin sectorx
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empx = Employmentin statsin sectorx

Employment in each sector is determined based on the crosswalk between North American Industrial

Classification System (NAICS) caddke Point inventoryand sectors, as shown irable4-110, where

a/ 2YYSNOALF T €

4.13.3.3 Emission factors

Aa

AYyiGSNOKIy3aSFEot S

NAICS

Sector

11

Industrial

21

Industrial

2212

Commercial

2213

Commercial

23

Industrial

31

Industrial

32

Industrial

33

Industrial

42

Commercial

44

Commercial

45

Commercial

48 (except 4862

Commercial

49

Commercial

51

Commercial

52

Commercial

53

Commercial

54

Commercial

55

Commercial

56

Commercial

61

Commercial

62

Commercial

71

Commercial

72

Commercial

81

Commercial

92

Commercial

gAGK

Table4-110 Mapping of NAICS codes to ICI sectors

0KS 9L{

G/ 2YYS

The emissions factors for I§Hctors are from AR2[ref 7] and a spreadsheet developed in 2010 by EPA and the
Eastern Regional Technical Advisory Comm([tiefe8]. The emissions factors for ammonia are taken from one

of two reports from EPA on ammonia emissions in the ICI sefeadr8, ref 10]. The emissions factors for
FANI L€ € dzii | yia

KIT I NR2 dza

111.¢ KSaS SYAaarzy Tl Ol2N&
document onthe 2017 NEI Supplemental data FTP.site

4.13.3.4 Controls

TNREY 622R O2 Yo ddatgbasergf Ay (i K

I NB

LINEIGNENRCGANARMUpdatedaocE p 2 F

There are no controls assumed for this category. However, the ICI tool includes options for SLT agencies to

submit pollutant, SCE and countyspecific catrol factors if needed. These control factors are a number
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between 0 and 1 that is multiplied by the emissions for that pollutant, SCC, and county. These factors allow SLT

I 3SyOASa G2 aGaFAYyS GdzySé¢ SYAaaazya Sciidnatdralia®idocad I a SR 2
NHzZ Sa O2Y0AYSR gAUK UGUKSANI LISYSONNIA Sk S¥AFEDU2PSTISQE
O2dzyiASa yR LRffd2itydad ¢KS NBNHAISD S yRRA FTRREEMNBHIOS Lo/S
factorscan then be used to compute SCeunty, and pollutantd LISOA FA O G O2y G NRBf & dé

Alternatively, SLT agencies can adjust the emissions factors; however, this would affect the calculation of
emissions for all counties in the state.

4.13.3.5 Emissions

Emissions ieach ICI sector are estimated by multiplying the cotlatsel nonpoint source fuel consumption by
the emission factorsfrom | 6t S p 2 F (i K &I NEMDIENARXuUpdatédRdoct K 82 @dz¥h8y (i 2y
2017 NEI Supplemental data FTP.site

Ofrr OORR OQg (5)
Where:
Bfex = Annual emissions of pollutaptfrom fuel typef in countycin sectorx
NPFcx = Nonpoint source consumption of fuel tyfhén countycin sectorx
ERbix = Emissions factor for pollutamt, fuel typef, and sectox

4.13.3.6 Point Source subtraction

The adjusted fuel consumption discussed in seclid3.3.1is an estimate of the statkevel total fuel

combusted for all sources, including point and nonpoint sources. To estimate the fuel consumption from only
nonpoint sources, the fuel consumption froript sources is subtracted from the total adjusted fuel
consumption. The fuel consumption from point sources is provided to EPA by SLT agencies.

The starting point for computing statevel point fuel consumptiorRFs, begins by matching NEI (EIS/edat

facility identifier codes with EIA facilities in EI23 data[ref 12] to identify facilities that are in the industrial,
commercial, or electric utility sectorBlEI facilities that match E423 facilities with EIA sector assignments of 4
(Commercial NAICSN@eI Sy 0 2NJ p 6/ 2YYSNOALFE bl L/{ [/ 238Sy0 I NB |
whose point source throughput activity data (consumption) are subjecbintBubtraction from EIA SEDS.

Similarly, NEI facilities that match E923 facilities with EIA sector assignments of 6 (Industrial NAICEdlon

ISyuv 2NJ T O6LYRdAGNALIE b! L/ { /23Sy0v N’ aairaySR | a
adivity data (consumption) are subject to Point subtraction from EIA SEDS. NEI facilities that m&28 EIA

facilities with EIA sector assignments of 1, 2 or 3 (Electric Utility, NRIGBIBrCogen, and NAIE2 Cogen,
NEBALISOGAPSt ey MR KH&dZAIYySR KdzoesDfisdir t2Ayd aL/Lé &
(ElS/state) facility ID croseference to EIA ICI sectors is available for each state

Gt NBPLR2ASRYTFIFHOATtAGapa2wL/ LYpaSOol2Nypl a2AANEYSigble@apmln mc b 9
data FTP site

The remaining facilities that are not matched tops o T+ OAf AGAS& NS GKS
a 2

G/ 2YYSNOALFtkLyadAlGdzia2y € 2N abRabléd1®l & SR

y
S y
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Once all point facilities have been mapped to the appropriate sector via either th@2Bl8r the NAICS
assignments, the point inventory fuel consumption data are then aggregated by fuels using one of four different
options to identify the fuel:

1 Option A: By NAICS and S@Cthis option, SLT agencies submit statee| point source data
aggregated by NAICS code and SCC. NAICS codes are used to map the point source fuel consumption to
the appropriate ICI sector according to the mappingahble4-110. SCCs are used to identify the type of
fuel consumed, according to the mappingtint 6 £t S T 2 F ( KEINEMDIBNARHE (2 (K¢
updated.doc¥ R 2 O dz¥h® 30(i7 NENSupplemental data FTP.site

1 Option B: By NAICS and Fuel Tyldehe SLT agency knows the type of fuel consumed at each facility,
the agency can submit fuel consumption by fuel type and NAE®ith option A, the NAICS code will
be used to map the fuel consumption to the appropriate sector.

9 Option C: Point Source Fuel Consumption By Sector and Fuel Thghe. SLT agency has an alternative
approach for determining the statievel fuel consumiion by point sources in the industrial and
commercial/institutional sectors by fuel type, the agency can submit this data directly.

9 Option D: Nonpoint Source Fuel Consumption By Sector and Fuel Tiyjhe SLT agency has an
alternative approach for detenining the statelevel fuel consumption by nonpoint sources in the
industrial and commercial/institutional sectors by fuel type, the agency can submit this data directly. If
the SLT agency chooses this option, point source subtraction is not needed eamohioint source
fuel consumption will be used directly to estimate emissions without further adjustment.

GO 0Qq 0'Qs (6)
Where:
NPFsx = Adjusted nonpoint consumption of fuéln statesin sectorx
AFRsx = Total consumption of fudlin statesin sectorx, adjusted as discussed in section
4.13.3.1
PRsx = Consumption of fuel by points sources in statein sectorx

Following point source subtraction at the state level, the estimated d&tel nonpoint source fuel
consumption is distributed to the states based on employment in the industrial and commercial sectors. This
allocation procedure is discussed in sectoh3.3.2

4.13.3.7 Example calculations

Table4-111lists sample calculations to determine PMRRI emissions from nonpoint source
bituminous/subbituminous coal combustion in the industrial sector in Alamance County, North Carolina. Note
that the equations in the table are listed in the order of the calculations, not in the order in which they are
presented in this NEMO. Note also that the point source fuel consumption used in in equation 6 is just shown as
an example and is not actual point soa fuel consumption data submitted by an SLT agency.
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Table4-111 Sample calculations for PMzZERI emissions from nonpoint industrial sector source
bituminous/subbituminous coal combustion in Alamance CouN(,

Eq. #

Equation

Values for Alamance County, NC

Result
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4-185




Eq. # Equation Values for Alamance County, NC Result

1,732 Ibs.
(0.866 tons)
PM25PRI
emissions
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0 industrial
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County
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4.13.3.8 Changes from th2014 methodology

The current method uses a different approach to point source subtraction compared to the 2014 method. The

2014 method used point source SCCs to identify both the sector and fuel type for fuel consumption by point
sources. In the current ntleod, the EIA923 data is first used to assign point inventory facilities as Industrial,
Commercial/lnstitutional, or neithethen, ¥ OAf AGAS&AQ b! L/ { O2RSa I N’ dzaSR |
facilities areeither Industrial or Commercial/Institional. The current method also now allows four different

options for submitting statdéevel fuel consumption data.

In addition, in the current method, point source subtraction is conducted at the state level, rather than the
county level. In the 2014 miebd, total fuel consumption was distributed to the county level before point source
subtraction, and then point source subtraction was conducted using cdergl point source data.

Finally, the 2014 method allowed point source subtraction using eitbatgource emissions or point source
fuel consumption. In the current method, point source subtraction is conducted using only point source fuel
consumption; point source subtraction using emissions is no longer allowed.

4.13.3.9 Puerto Rico and U.S. Virgin Isknd

Since insufficient data exists to calculate emissions from the ICI sectors for the counties in Puerto Rico and the

US Virgin Islands, emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto Rico
and 12087, Monroe County fthhe US Virgin Islands. The total emissions in tons for these two Florida counties

are divided by their respective populations creating a tons per capita emissions factor. For each Puerto Rico and
US Virgin Island county, the tons per capita emissionsiféemultiplied by the county population (from the

alysS @8SINJlFa KS Ay@Syidaz2NERQa OAGAGE RIGIO 6KAOK &
OFrOAGAGE RIGIO dzyAd FYyR (KS SYA&daAz2ya RSYy2YAylF 2N
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4.14 Fuel Combustion — Residential — Natural Gas, Qil, and Other

Residential heating includes the combustion of fuel, including coal, distillate oil, kerosene, natural gas, and
liquefied propane gas (LPG) to héaimes. Common uses of energy associated with this category include space
heating, water heating, and cooking. This category does not include the combustion of wood, which is estimated
separatelyin Sectiord.15

4.14.1 Sector description

The EIS sectors documented in this section include these emissions from residential fuel combustion:

1 Fuel Comb Residential Natural GasIncludes fuel natural gas onRgesidential natural gas combustion
is natural gas that is burned to heat residential housing as well as in grills, hot water heaters, and dryers.

1 Fuel Comb Residentiak Oil. Includes the fals: distillate oil, kerosene, and residual oil. Residual oil is
not an EPAestimated category, and no agencies submitted data for it in 2017. Residential distillate oil
combustion is oil that is burned in residential housing. Residential kerosene combustion is kerosene that
is burned in residential housing. Common sie¢ energy associated with this sector include space
heating, water heating, cooking, and running a wide variety of other equipment.

f Fuel CombResidentiat Other.L y Of dzZRS&a GKS FdzS5ftay 021t fAljdAR LI
SEOSLIi 62 20REIDI bRAIA2Y I 84T | f testiBiaidd Satdforyartl dagendy & Yy 2
submitted data for it in 2017. Residential coal combustion is coal that is burned in residential housing.
Residential LPG combustion is liquefied propane gas that is burmesid®ntial housingCommon uses
of energy associated with this sector include space heating, water heating, and cooking.

4.14.2 Sources of data

Table4-112shows, for noavood Residential heating, the nonpoint SCCs covered by the EPA estimates and by

the State/Local and Tribal agencies that submitted data. The SCC level 3 and 4 SCC descriptions are also

LINE GARSR® ¢KS {// tS@St ™M YR Yo ®REBONA LIk KR I AT KK fi
According to the State Energy Data System (SEDS) 2017 Consumption tables published by the Energy
Information Administration (EIA) [ref], there waso residential coal combustion in 2017. However, the old
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methodology is retained here and provided in an EPA workbook, and as sEabléd-112, with zero
emissions, in case a state would like to use their own coal consumption data

Table4-112 Nonwood residential fuel combustion SCC¢ha 2017 NEI

SCC Description Sector EPA| SLT

2104002000 Bituminous/Subbituminous Coal; Total: | Fuel Comb Residentiat Other 0 X
All Combustor Types

2104004000 Distillate Oil; Total: All Combustor Typeg Fuel Comb Residentiat Oil X X

2104006000 Natural Gas; Total: All Combustor Typey Fuel Comb Residentiat Natural Gas | X X

2104007000 Liquified Petroleum Gas (LPG); Total: A| Fuel Comb Residential Other X X
Combustor Types

2104011000 Kerosene; Total: All Heater Types FuelComb- Residentiat Oil X X

The agencies listed ifable4-113submittedemissions for these sectors. Agencies not listed uses EPA estimates
for the entire sector.

Table4-113 Agencies reporting newood residential fuel combustion emissions

Agency Oil | Other | Natural
Gas

Alaska Department of Environmental Conservation X | X
California Air Resources Board X | X X
Coeur dAlene Tribe X | X X
Delaware Department of Natural Resources and Environmental Conty X | X X
Idaho Department of Environmental Quality X | X X
Illinois Environmental Protection Agency X | X X
Kootenai Tribe of Idaho X | X X
Maricopa County Air Qualiepartment X | X X
Maryland Department of the Environment X | X X
Massachusetts Department of Environmental Protection X | X X
Memphis and Shelby County Health Departmenollution Control X | X X
Metro Public Health of Nashville/Davidson County X | X X
New Hampshire Department of Environmental Services X | X X
New Jersey Department of Environment Protection X | X X
New York State Department of Environmental Conservation X | X X
Nez Perce Tribe X | X X
Northern Cheyenne Tribe X X
ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho X | X X
Southern Ute Indian Tribe X X
Texas Commission on Environmental Quality X | X X
Utah Division of Air Quality X X
Washoe County Health District X | X X

4.14.3 EPAdeveloped emissions

The general approach to calculating emissions for these SCCs is to takewstateel consumption from the
EIA State Energy Dasystem (SEDBgf 1] and allocae it to the county level based on data from the Census
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Bureau on the number of homes in each county that use each fuel[tgp2]. Countylevel fuelconsumption is
multiplied by emissions factors to calculate emissions.

Note that SEDS no longer includes data on residential coal consumption, as it is assumed to be near zero, and
therefore emissions will be nonexistent for residential coal consumptioweser, the methodology for

estimating emissions from coal has been retained if states have additional data on residential coal consumption
that they would like to use.

The calculations for estimating emissions from residential heating involve distigbstatelevel energy

consumption data from SEDS to each county based on the proportion of houses in that county that use each fuel
type as a primary fuel source. Additional calculations are necessary to distribute coal consumption to anthracite
or bituminous coal consumption and to distribute fuel oil consumption to distillate fuel oil and kerosene
consumption. Countyevel consumption of each fuel is multiplied by an emissions factor to estimate emissions

of criteria air pollutants (CAPs) and hazardoupalilutants (HAPS).

4.14.3.1 Activity data

The amount of fuel consumed by residential sector in the United States from[&ELSs used to estimate
emissions for this soae category. The relevant fuel codes from SEDS are shovebied-114.

Table4-114 EIA State Energy Data System Fuel Codes

Fuel SEDS Fuel Code
Coal CLRCP
Distillate fuel oil DFRCP
Kerosene KSRCP
Natural Gas NGRCP
LPG LGRCP

The SEDS data do not distinguish between anthracite and bituminous/subbituminous coal consumption
SadAYlIiSad ¢KS 9L! (Fro6fS a52YSadiAdO 5AalGNARo6dziAzy 27F
of ¢ NI y & LJ2[NIB] pibvidesgtéte-level residential coal distribution data for 2006 that is used to estimate

the fraction of coal consumption that is anthracite and bituminous/subbituminous. The amount ofaaitthr
distributed to each state and the total coal delivered to each state is used to estimate the proportion of
anthracite and bituminous coal consumptiorable4-115presents the anthracite and bituminous coal ratios for

each state.

Table4-115 Anthracite and Bituminous Coal Distribution for the Residential and Commercial Sectors

State _Rati_o of Ratio qf State _Ratip of Ratio qf

Bituminous | Anthracite Bituminous | Anthracite
Alabama 1.000 0.000| Montana 1.000 0.000
Alaska 1.000 0.000| Nebraska 1.000 0.000
Arizona 0.814 0.186| Nevada 1.000 0.000
Arkansas 0.814 0.186 | New Hampshire 0.000 1.000
California 1.000 0.000| New Jersey 0.000 1.000
Colorado 0.996 0.004| New Mexico 1.000 0.000
Connecticut 0.000 1.000| New York 0.600 0.400
Delaware 0.814 0.186| North Carolina 1.000 0.000
Dist. Columbia 1.000 0.000| North Dakota 1.000 0.000
Florida 0.814 0.186| Ohio 0.873 0.127
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State _Ratip of Ratio qf State 'Ratip of Ratio qf
Bituminous | Anthracite Bituminous | Anthracite
Georgia 1.000 0.000| Oklahoma 0.917 0.083
Hawaii 1.000 0.000| Oregon 1.000 0.000
Idaho 0.979 0.021| Pennsylvania 0.194 0.806
Illinois 0.998 0.002| Rhode Island 0.000 1.000
Indiana 0.947 0.053| South Carolina 0.997 0.003
lowa 0.999 0.001| South Dakota 1.000 0.000
Kansas 1.000 0.000| Tennessee 0.994 0.006
Kentucky 0.998 0.002| Texas 0.814 0.186
Louisiana 1.000 0.000| Utah 1.000 0.000
Maine 0.000 1.000| Vermont 0.000 1.000
Maryland 0.929 0.071| Virginia 0.963 0.037
Massachusetts 0.500 0.500| Washington 1.000 0.000
Michigan 0.667 0.333| West Virginia 0.905 0.095
Minnesota 0.997 0.003| Wisconsin 0.991 0.009
Mississippi 1.000 0.000 | Wyoming 1.000 0.000
Missouri 1.000 0.000

The SEDS data on residential amadsumption are split into consumption of anthracite and
bituminous/subbituminous coal based on the ratiosTable4-115.

00 y r OO0 5 Y g (1)

Where:

FGnuits = anthracite or bituminous coal consumption in staén tons
FGoals = total fuel consumption of coal in statfrom SEDS, in tons
Rantiit = ratio of anthracite or bituminous coal to total coal, as found able4-115

4.14.3.2 Allocation procedure

Statef S@St FdzSt 02y adzyLJiAzy Aa |ftf20F ($SeardsttnatSCesiis O2 dzy |
Detailed Housingnformation [ref2], which includeshe number of housing units using a specific type of fuel for

their primary fuel source. State fuel consumption is allocated to each county using the ratio of the number of
houses using each fuel in each county to the total number of houses using eachtfigesiate.

For most fuels, the fuel type in SEDS matches well to the fuel type used in the Census data. However, the Census
data report only for total fuel oil, which does not distinguish between distillate fuel oil and kerosene. Therefore,

the ratio of dstillate fuel oil versus kerosene in the heating fuel oil mix, which is used to determine the fraction

of homes in each county that use distillate and those that use kerosene, is calculated.

v ) 00 7 )
T h 08 5 08
Where:
Rioers = ratio of residential distillate fuel oil or kerosene to total distillate fuel oil and kerosene in state
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Adgoners = fuel consumption of distillate fuel oil or kerosene in stafeom SEDSn thousand barrels

Then, the ratio of distillate fuel oil or kerosene to total fuel oil is used to determine how many housing units in
each county use distillate fuel oil or kerosene.

0Y r 5 OYR Y 7 3)
Where:
HWtonerc = housing unitsn countyc using distillate fuel oil or kerosene as the primary heating fuel
HUoc = housing units in countygusing any fuel oil as primary heating fuel

To distribute the statdevel energy consumption data for all fuel types, the raticainty-level housing units
using each fuel type as primary heating fuel to st@eel housing units using that fuel type is calculated. This
ratio is used to distribute statkevel fuel consumption to the county level. The coulgyel values for housing
units using distillate oil and kerosene as primary fuel are calculated in equations 2 and 3 above.

O (4)
i oY
Where:
R = ratio of homes in countgto homes in states that use fuelf as primary heating fuel

HU. = housing units in countgusing fuel typd as primary heating fuel
HUss housing units in state using fuel typd as primary heating fuel

The statelevel fuel consumption of each fuel type from SEDS is multiplied by the ctawstyratio othomes
using each fuel type. Statevel fuel consumption of anthracite and bituminous/subbituminous coal is
calculated in equation 1 in Sectidinl4.3.1

06 @R Y (5)
Where:
FG. = fuel consumption of fuel typé&in countyc, in tons, thousand barrels, or thousand cubic feet
FGs = fuel consumption of fuel typéin states, in tons, thousand barrels, or thousand cubic feet,
from SEDS
Rec = ratio of homes in countg to homes in states that use fuelf as primary heating fuel

Fuel consumption of distillate fuel oil is converted from barrels to gallons using a conversion factor of 42 gallons
per barrel.

4.14.3.3 Emission factors

All emissions factors for CAPs, except ammonia, are &BdR [ref4]. The ammonia emissions factor is from

9t 1 Q& 9aUAYIUAY3I ! YY2YALl 9c¥shRrait KigayRepod NP M somg/aadeNAPLI2 ISy
SYAaarzya FILOG2NE FINBE FTNBY I YSY2NIyRdzy G2 9t! OFff
MACT SourcesL Y 4G SNRAY CAY. f wSLIR2NIé¢ ONBT
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For many esidential heating fuels, the emissions factors for SO2 and PM species are adjusted using sulfur or ash
content data for the fuel at the county level. Note that for coal emissions, this step need only be done if a state
supplies data on residential coalr@umption, because SEDS currently assumes zero residential coal
consumption.

0@y "Yog OO j (6)
Where:
Ek, = emissions factor of pollutarg for fuel typef in states
SAG = sulfur or ash content for fuel typkin states
ERnagif = unadjusted emissions factor for fuel typefrom EPA AR2

Asummary of the emissions factors for all fuel types for residential heating: anthracite coal,
bituminous/subbituminous coal, distillate fuel oil, kerosene, LPG, and naturas gasvided in Table 5 of the
GwSai RSy INEMO201IVFNAL & yigdatedocx R 2 O dz¥hé 017 NZIySupplemental data FTP
site.

For coal combustion, the SO2 emission factors are based on the sulfur content of the coal burned, and some of
the PMemission factors for anthracite coal require information on the ash content of the coal -§iatgfic

O21ft adzZ FdzNJ O2yGSyida F2NJ oAlGdzYAy22dza O2Ff NB 200GFAY
county level [ref7]. Bituminoussulfur content data can be found in the Coal Consumption and Quality Data Set,
filtered to only account for commercial and institutional sources. For anthracite coal, an asmcealue of

13.38% and a sulfur content of 0.89% are applied to all counties except those in New Mexico (ash content

16.61%, sulfur content 0.77%), Washington (ash content 12%, sulfur content 0.9%), and Virginia (ash content
13.38%, sulfur content 0.43%)able4-116 shows the coal SO2 and PM emissions faclitable4-117 presents

the bituminous coasulfur content values used for each state.

Table4-116 SO2 and PM Emissions Factors for Residential Anthracite and Bituminous Coal Combustion
Emissions Factor Data Source,

(Ib/ton) AP-42Table No.
Anthracite Emissions Facto(SCC 2104001000)

Pollutant

PM-CON 0.08 * % Ash 1.2-3 (stoker)
PM10GFIL 10 1.2-3 (handfired)
PM25FIL 4.6 Fig. 1.21 (ratio of
PM25/PM10=1.25/2.70=0.46)
0.46*10=4.6
PM1GPRI 10 + 0.08 * % Ash 1.2-3
PM25PRI 4.6 + 0.08 %% Ash 1.2-3and Fig 1.4

Sulfur Dioxide

39 * 9 Sulfur

1.2-1 (residential space heatel

Bituminous Emissions Facto(SCC 2104002000)

PM-CON 1.04 1.1-5 (stoker)
PM1GFIL 6.2 1.1-4 (handfed)
PM25FIL 3.8 1.1-11 (underfeed stoker)
PM1GPRI 7.24 Sum of FIL and CON
PM25PRI 4.84 Sum of FIL and CON

Sulfur Dioxide

31 * % Sulfur

1.1-3 (handfed)
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Emissions Factor Data Source,
(Ib/ton) AP-42Table No.
*Emissions factor provided in AR is 0.04 Ib/MMBtu. This is multiplied by the

conversion factor of 26 MMBtu/ton provided in AR forbituminous coal.

Pollutant

Table4-117. State Specific Sulfur Content for Bituminous Coal (SCC 2104002000)

Percent Sulfur Percent Sulfur

State Content State Content
Alabama 0.00 Montana 0.46
Alaska 0.15 Nebraska 0.00
Arizona 0.00 Nevada 0.00
Arkansas 0.00 New Hampshire 0.00
California 0.00 New Jersey 0.00
Colorado 0.31 New Mexico 0.00
Connecticut 0.00 New York 0.00
Delaware 0.00 North Carolina 1.63
District of Columbia 0.51 North Dakota 0.64
Florida 0.00 Ohio 0.88
Georgia 0.00 Oklahoma 0.00
Hawaii 0.00 Oregon 0.00
Idaho 0.00 Pennsylvania 0.83
lllinois 3.21 Rhode Island 0.00
Indiana 2.95 South Carolina 0.00
lowa 2.60 South Dakota 0.00
Kansas 0.00 Tennessee 0.00
Kentucky 0.71 Texas 0.00
Louisiana 0.00 Utah 0.00
Maine 0.00 Vermont 0.00
Maryland 0.00 Virginia 1.08
Massachusetts 0.00 Washington 0.00
Michigan 0.00 West Virginia 0.00
Minnesota 0.22 Wisconsin 0.78
Mississippi 0.00 Wyoming 0.44
Missouri 3.03

The emissions factors for CO, VOC, and some HAPs for anthracite coal are the emissions factors provided in AP
42 for bituminous coal. SéEable 5 of thet wS & A R S y INEM@201FFINAL # yipdate.dock R 2 Odzy Sy i
onthe 2017 NEI Supplemental data FTP fatehe reference for each emissions factor. Emission rates for these
pollutants are dependent upon combustion efficiency, with the mass of emissions per unit of heat input

generally increasing with decreasing unit size. No anthracite emission rates are provided for residential heaters
for these pollutants. Therefore, it was felt that it the AP emission rates from bituminous coal that are derived

for smaller handed units, are more appropriate to use than applying anthracite emissions factors derived for
much larger boilers.

Note that while AP12 provides emissions factors for emissions of some metals from coal combustion, these
factors are based on tests at controlledddor pulverized coal boilers. These test conditions are not expected to
be a good representation of emission rates for metals from residential heaters, so these pollutants are not
included.
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For all counties in the United States, the distillate oil constitmgresidential combustion is assumed to be No. 2
fuel oil with a heating value of 140,000 Btu per gallon. Thee3@&sions factor for distillate oil assumes a sulfur
content of 500 parts per million (ppm) and is calculated at the county leveB]ref

Emissions factors for kerosene are based on the emissions factors for distillate oil, which are multiplied by a
factor of 135/140 to convert them for this use. Thastor is based on the ratio of the heat content of kerosene
(135,000 Btu/gallon) to the heat content of distillate oil (140,000 Btu/gallon¥]reCriteria pollutant and HAP
emissions factors are from the same sources discussed above for distillate fuel oil. The distillate sulfur content
(500 ppm) is used for kerosene as well Bef

Pollutant emissions factors for residential LPG are based on the residential natural gas emissions factors. The
natural gas emissions factdref 9] are converted to LPG emissions factors by multiplying by 96,750 Btu/gallon.

4.14.3.4 Controls

There are no controls assumed for this category

4.14.3.5 Emissions

The criteria pollutant and HAP emisss from residential heating are calculated by multiplying the distributed
county-level residential fuel consumption by the corresponding emissions factor for each pollutant. The adjusted
emissions factors for SO2 and PM for anthracite and bituminous/awbbious coal are calculated above in
equation6in Sectior4.14.3.3

. g poE £ (7)
Ohh 06, ©O —
AR f G gl
Where:
Ecp = annual emissions of pollutaptfrom combustion of fuel typé&in countyc, in tons
FG. = fuel consumption of fuel typéin countyc, in tons, thousand barrels, or thousand cubic feet,
from equation 5
EF, = emissions factor pollutarp and fuel tyg f, in pounds of emissions per unit (tons, thousand

barrels, or thousand cubic feet) of fuel consumption, fréable 5ofthét wS & A RSy G A | €
NEMO2017FINAL_4 update.dock R 2 O dz¥h® 307 NENSupplemental data FTP.site

4.14.3.6 Example calculations

Table4-118providessample calalations for CO emissions from residential heating from distillate fuel oil in
Allegheny County, PA.

Table4-118 Sample calculations for CO emissions from residential heating from distillate fuel oilgheklje

County, PA
Eq. # | Equation Values for Allegheny County, PA Result
This example
« is for
1 Of’ob LN 6T distillate.
h 7 Equation 1 is
for coal.
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Eq. #

Equation

Values for Allegheny County, PA

Result

Y [
06 5 ¢
06 5 06

35

pbted® oi aadd | Qai

ptd® 6i cdd | ooidE 61 @wEd 1

0.9844 ratio
of DFO to
total fuel oil

Yy oi QmoyPt T

7,955.30
housesusing
DFO in
Allegheny
County, PA

xov@ @ 01 Qi
wplpndH @ 61 Qi

0.0086
county
housing
allocation
ratio for
Allegheny
County, PA

"O0y;
"O0;  Yi
T CQGBY QD O |

p tmpd® odbd1 1 ABUT P @ CQEBY QD D1 |

5,492.25
thousand
gallons DFO
consumed in
Allegheny
County, PA

00 7 &n
Yog OO j

076

This example
is for
distillate.
Equation 6 is
for coal.

Ohn
06, 0'Q
PO & ¢
C TI TOT

Ot w& W& 08QEBIL & @ QFE 0dQ0 d(

poOE ¢

Tt TOT

13.7 tons CO
from DFO in
Allegheny
County, PA

4.14.3.7 Changes from the 2014 methodology

The2017 methodology used a lower sulfur content value of 500 ppm for distillate fuel oil and kerosene
compared to the value of 3% used in the 2014 methodology.

4.14.3.8 Puerto Rico and U.S. Virgin Islands

Since insufficient data exist to calculate emissions for thties in Puerto Rico and the US Virgin Islands,

emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto Rico and 12087,

Monroe County for the US Virgin Islands. The total emissions in tons for these two Florida courdieglace

by their respective populations creating a tons per capita emissions factor. For each Puerto Rico and US Virgin
Island county, the tons per capita emissions factor is multiplied by the county population (from the same year as
0KS Ay @S yidatd)kviich setved iasitii@ activity data. In these cases, the throughput (activity data) unit

0KS SYrAaarzya
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4.15 Fuel Combustion — Residential — Wood

4.15.1 Sector description

Residential wood combustion (RWappliancessuch adireplaces, fireplace inserts, woodstovesntral

heaters (indoor furnaces antydronic heatery and other outdoor woosburning devicesare significant

sources of aipollution in the United States especially during winter month®WC emits large amounts of fine
particulate matter(PM25PRI) volatile organic compounds (VOCSs), and hazardous air polltdARsjhat are

knownto contribute to poor human health, air quality, and visibiliye further differentiate freestanding

woodstoves and inserts into three categories: convemdl (not EPAertified), EPA certified catalytic, and EPA

certified noncatalytic. Generally, the conventional units were produced before 1988. thnitstructedafter

1988 had to meet EPA emission standards. In addition, characterize central heatee$ typé (cordwood vs

pellet-fired) and location (indoor vs outdoor for hydronic heaters). For shorthand, we refer to the Residential
222R /2Y0dzaGA2y &aSOG2NJ I & daw2/ ¢ Ay GKS NBYFAYyAy3d R2

4.15.2 Sources of data

Table4-119shows, for RWC, the SCCs covered by the EPA estimates and by the State/Local and Tribal agencies
that submitted data. The SCC level 3 and 4 SCC descriptions are also provided. The SCC |ledetargmic2s
Ad a{GFGA2Yy I NB {2dz2NOS CdzSt / 2Y0dzAaGA2y T wSaAaARSYyUOALl f €

Table4-119: RWC sector SCCs in the 2017 NEI

SCC Description EPA SUT
2104008100 Wood; Fireplace: general X X
2104008210 Wood; Woodstove: fireplace inserts; n&PA certified X X
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SCC Description EPA SJUT
2104008220 Wood; Woodstove: fireplace inserts; EPA certified;-catalytic X X
2104008230 Wood; Woodstove: fireplace inserts; EPA certified; catalytic X X
2104008300 Wood; Woodstovefreestanding, general X
2104008310 Wood; Woodstove: freestanding, ndfPA certified X X
2104008320 Wood; Woodstove: freestanding, EPA certified, watalytic X X
2104008330 Wood; Woodstove: freestanding, EPA certified, catalytic X X
2104008400 Wood; Woodstove: pellefired, general (freestanding or FP insert) | X X
2104008510 Wood; Furnace: Indoor, cordwodied, nonEPA certified X X
2104008530 Wood; Furnace: Indoor, pelldired, general X X
2104008610 Wood; Hydronideater: outdoor X X
2104008620 Wood; Hydronic heater: indoor X X
2104008630 Wood; Hydronic heater: pelldtred X X
2104008700 Wood; Outdoor wood burning device, NEC €iits, chimaneas, etc) | X X
2104009000 Firelog; Total: All Combustor Types X X

Table4-120 Agencies reportinlRWCemissions

Region| Agency S/ILIT
4 Metro Public Health of Nashville/Davidson County Local
5 Illinois Environmental Protection Agency State
5 Minnesota Pollution Control Agency State
6 Texas Commission on Environmental Quality State
8 Southern Ute Indian Tribe Tribe
9 California Air Resources Board State
9 Maricopa County Air Quality Department Local
9 Washoe County Health District Local
10 Alaska Department of Environmental Conservation State
10 Coeur d'Alene Tribe Tribe
10 Idaho Department oEnvironmental Quality State
10 Kootenai Tribe of Idaho Tribe
10 Nez Perce Tribe Tribe
10 Northern Cheyenne Tribe Tribe
10 Oregon Department of Environmental Quality State
10 ShoshoneBannock Tribes of the Fort Hall Reservation of Idah Tribe

The agencies listed ifable4-120submittedemissions for RWC. Agencies not listed uses EPA estimates for the
entire sector.

4.15.3 EPAdeveloped emissions

To improve estimates in this sector, the EPA, along with the Commission on Environmental Cooperation (CEC),
the Northeast States for Coordinated Air Use Management (NESCAUM), and Abt Associates, conducted a
national survey of woodburning activity in 2018. The results of this survey were used to estimate ctewel/

burning activity, as discussed in more detail below.
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The activity data for this category is the amount of wood burned in each county, which is based on data from
the CEGurvey on the fraction of homes in each county that use each wmwding appliance and the average
amount of wood burned in eadhppliance [refl]. Theseassumptions are used with the number of occupied
homes in each county to estimate the total amount of wood burned in each county, in cords for cordwood
appliances and tons for pellet appliances. Cords of wood are converted to tons using-leaahtyensiy factors
from the U.S. Forest Servipref 2]. Emissions are calculateg multiplying the tons of wood burned by
emissions factors.

4.15.3.1 Activity data

The activity datdor RWC relies on assumptions developed from the CEC survey. The survey received 2,984
responses, and it asked questions about whether and how often the respondent used the different wood
burning appliances and how much wood they burned annually. It alsedademographic questions about the
respondents. EPA used statistical regression approaches to develop appliance fractions and burn rates for each
county, based on predictor variables from the survey responses. These predictor variables include:

1 The numbe of heating degree days in 2017 associated with the climate zone where the respondent
lives, from NOAAef 3].

9 The population density in 2017 of the county thepeadent lives in, from the Census Burdeef 4].

1 Whether the zip code where the respondent lives is considered urban or rural, according to data from
the Census Beau(ref 5].

9 The percentage of forest cover in the county wdrghe respondent lives, according to the Biogenic
Emissions Landuse Database (BELD, jréfH).

9 The fraction of homes that use natural gas as a primary heat sou®l17 in the county where the
respondent lives, according to data from the American Community S{me&y].

1 The type of home the respondent lives in (single famédtached, single family attached, multifamily,
mobile), based on responses in the CEC survey.

The regression analysis compared all respondents who said they used a given appliance, such as a woodstove, to
develop an equation based on each of these predieariables. For example, survey respondents who lived in

areas with more heating degree days (i.e. colder climates) or areas where few homes used natural gas as a
primary heat sources (i.e. they might not have much natural gas service) tended to bédikabyréo say that

they used a given woeldurning appliance.

The regression equation estimates the probability that a hameachcounty, with a given set of predictor

variables, will use each wodalirning appliance. Thereforghen values of the predior variables from each

county are plugged into the equation, the result is a cotspgcific appliance fraction, which represents the

fraction of homes in that county that use each weodrning appliance. For example, urban counties with a low
number of keating degree days, high population density, low forest cover, and many homes using natural gas
tend to have a low appliance fraction for most appliances. Cospécific appliance fractions are calculated
separately for six appliance types: fireplacegdiace inserts, woodstoves, pellet stoves, central heaters (e.qg.
wood boilers or furnaces), and outdoor recreational equipment (such as fire pits). The process for splitting these
appliance types into each of the 15 SCCs is discussed below.

Burn rates, wkth represent the average amount of wood burned in each appliance, are also calculated using
regression analysis and the same predictor variables listed above. When deusltyalues of the predictor
variables are plugged into the burn rate regressionapn, the result is countgpecific burn rates for each
appliance type. The burn rates include the same appliance types as the appliance fractions.
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The appliance fractions and burn rates are multiplied by the number of occupied homes in each courthefrom
American Communit§urveyfref 7] to estimate the amount of wood burned in each county, in cords or tons,
depending on whether the appliance burns cordwood eligts. For devices that burn cordwood, the estimated
number of cords burned in each county is multiplied by a colewgl wood density factor from the U.S. Forest
Servicdref 2].

wrp O 0@ oY © (1)
Where:
W:a = Amount of wood burned in appliance tygn countyc, in tons per year
He = Number of occupied homes in courty
ARa = Appliance fraction for appliance ty@en countyc, determined from the CEC survey

BR. = Burn rate for appliance typain countyc, determined from the CEC survey, in cords or tons
burned per appliance
Wood density factor for countg, in tons per cord of wood (used only for cordwood appliance

types)

Dc

As discussed above, the appliance fractions and burn rates are used to estimatdwoat activity at the

appliance level in each county. This activity for certain appliance types must hbutadrfrom the appliance

f S@St (2 G(KS &ALISOATAO {// tS@Stod C2NJ SEFYLX S5 622R
non-EPA certified stoves, EPA certified raatalytic stoves, and EPA certified catalytic stoves. For woodstoves

and fireplace inserts, EPA used distribution profiles based on a combination of data from the 2015 EIA
WSAARSYGAIt 9ySNHE [/ 2yadzYLIiAzy {dzZNBSe& ow9/ {0 |yR GK

Data from RECS is used to determine whether woodst@r fireplace inserts are EPA certified. Although RECS
does not specifically ask whether the woodstove is EPA certified, it does ask the age of the appliance. It is
assumed that any appliance in the oldest age bin in RECS (20 years or older) isathCenif appliances less

than 20 years old are assumed to be EPA certified. The split between EPA certifeatalgtic and catalytic

stoves is based on data provided by Minnesota from their 2014/2015 residential wood survey, which suggests
that certified stoves are 60 percent nazatalytic and 40 percent catalytic. The distribution profiles for

woodstoves and fireplace inserts are showTable4-121

The CEC survey data were seen to be more reliable for developing distribution profiles for central heaters,
including wood boilers and furnaces. Survey respondents listed whether they owned a furnace or a boiler,
whether it was located inside or outsidegthome, and whether it burned cordwood or pellets. These responses
were used to develop distribution profiles for the central heaters. The distribution profiles for central heaters
are shown ifTable4-122

The default distribution profiles are estimated at the Census Region level for woodstoves and fireplace inserts
and nationally for central heaters, but the RWC tool allows the profiles to be adjusted for each ddotrayl.
appliance types need to be distributed. Appliance populations of fireplaces, pellet stoves, and outdoor
recreational equipment are estimated directly from the regression equations and are not multiplied distribution
fractions.

Hhk

A 20yearold applance in the 2015 RECS would have been manufactured in 1995, which is after the 1988 NSPS for wood
stoves. However, this is the oldest age bin in RECS. EPA lacks data on the fraction of appliances in this age bin that were
manufacturer before or after 1988.herefore EPA assumed that all appliances in this age bin were uncertified.
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The amount of woosburning activity in each SCC in each county is determined by multiplying the deuaty
wood-burning activity by appliance type by the distribution profile for each SCC.

AR wp 00 (2)
Where:
W:scc = Amount of wood burned in each SCC in couniy tons per year
W:a = Amount of wood burned in appliance tyjggn countyc, in cords or tons per year, from
equation 1
DRscc = Distribution profile for each SCC frdrable4-121or Table4-122, depending on the appliance
type
Table4-121: Distribution profiles for woodstoves and fireplace inserts by Census Region
Woodstove or Fireplace Census Region
Insert Type NE MW S W
Uncertified 0.16 0.12 0.31 0.31
Certified Catalytic 0.34 0.35 0.28 0.28
Certified Noncatalytic 0.50 0.53 0.41 0.41

Table4-122 Distribution profiles focentral heaters

Type of Central Heater SCC Distribution Profile
Indoor pellet boiler 2104008630 0.01
Indoor pellet furnace 2104008530 0.03
Indoor cordwood boiler 2104008620 0.23
Indoor cordwood furnace| 2104008510 0.37
Outdoor cordwood boiler | 2104008610 0.36

After an initial review of the wootburning activity predicted by the appliance fractions and burn rates develop

from the CEC survey data, EPA decided to make two adjustments to the estimates. The first adjustment corrects
the total woodburning activity m each state. The amount of residential welodrning activity initially predicted

by the appliance fractions and burn rates was significantly higher than thefst&e@ St G2 G t & NB L2 NJ
State Energy Dataystem (SEDBf 8] for moststates. As a result, EPA developed an adjustment factor to
normalize the statdevel residential wooeburning activity predicted by the tool to the amount predicted by

SEDS. THeEDS adjustment factor is developed by summing the predicted amount ofbwwoihg activity (in

cords) to the state level in each state and dividing it by the dietel amount of residential wood consumption
reported by SEDS. SEDS reports wood consamitiBtu, rather than cords; thereforthe wood-burning

activity predicted by the RWC tool is converted from cords to Btu using a conversion factor of 20 million Btu per
cord, from the SEDS documentation. In addition, SEDS only includes wood consdanptisidential heating;
therefore, predicted wood consumption from outdoor recreational webdrning (2104008700) and wax

firelogs (2104009000) are not summed to calculate the SEDS adjustment.

Bw p 3)

Where:
SAE = SEDS adjustment factor for state
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Wescc = Amount of wood burned in each SCC in couniy tons per year
Wsseps = Amount of wood consumption in statereported by SEDS

The second adjustment EPA made to the predicted wood consumption relatesttaldeeaters and outdoor
recreational equipment. After an initial review of predicted wdmgrning activity, EPA felt that the estimated
amount of wood burned in these appliances in dense urban areas was unreasonably high. Therefore, EPA
developed a secahadjustment factor based on the housing density (home§/imieach county, based on the
equation for a sigmoid curve. The housing density adjustment factor is calibrated such that it approaches 0
when countylevel housing density approaches 1,000 homeé&/ifhe housing density adjustment factor is
multiplied by the predicted woodburning activity only for central heating appliances (wood boilers and
furnaces) and outdoor recreational wodmlirning appliances.

s p 4)
0o O
o Q8 P
Where:
HAR = Housing density adjustment factor for courtty
HD = Housing density in county,in homes/mf

The SEDS and housing density adjustment factors are multiplied by the d¢eveltypredicted wooeburning
activity to develop theadjusted woodburning activity in each county.

0 Wp W "YO "0"00 'O (5)
Where:
AW scc = Adjusted amount of wood burned in each SCC in cogritytons per year
SAE = SEDS adjustment factor for state
HAE = Housing density adjustment factor for courtty

Note that the appliance fractions and burn rates provided in the input templates already take into account the
housing density and SEDS adjustments. Therefloegnput templates for RWC do not ask SLT agencies to

submit values for the housing density or SEDS adjustments. Rather, SLT agencies need only to submit revisions
to the appliance fractions and burn rates themselves. Equations 4 and 5 are included heepolyide more
information about how the appliance fractions and burn rates were adjusted.

4.15.3.2 Allocation procedure

Appliance fractions and burn rates are calculated at the coiletgl. There is no need to allocate data to the
county level for this category.

4.15.3.3 Emission factors

Emissions factors for RWC copramarily from AP42[ref 9] and Houck and Eagle (20Q&f 10], but also from
Houck et al. (2001yef 11]. Many of the HAP emissions factors are from Hays et al. (2@93)2]. Emissions
factors for wa firelogs are from Li and Rosenthal (20pé}) 13]. Additional emission factors are taken from
Houck et al. (2001yef 11] and Aurell et al. (2013)ef 14]. Emission factors for all SCCs are provided in Table 3
of the appendixnthea wS a A RSY G A | f 2DRAFRDOEX YRO2ADEIARERMI7 NZIySupplemental
data FTP site

4-201


https://gaftp.epa.gov/Air/nei/2017/doc/supporting_data/nonpoint/
https://gaftp.epa.gov/Air/nei/2017/doc/supporting_data/nonpoint/

Forcertified woodstoves and fireplace inserts, EPA is using the emissions factors from the Regulatory Impact
Analysis (RIA) for the 2015 New Source Perform&taedards (NSP[Bf 15], which is basedn the woodstove
emissions standards from the state of Washington in 1995. The RIA notes that the emissions factors for
woodstove, fireplace inserts, and pellet stoves will not decrease from that level until the Stepdasts

become effective in 2020. Therefore, EPA used the Washington state emissions factors to estimate 2017
emissions for these categories.

While the NSPS was expected to decrease emissions for hydronic heaters and furnaces in 2015, EPA lacks data
on the fraction of these appliances in use that were manufactured after the 2015 NSPS went into effect.
Therefore, EPA made no changes to the emissions factors for hydronic heaters or furnaces.

4.15.3.4 Controls

There are no controls assumed for this category. Howeser, agencies may submit state county-level
control factors that will adjust the emissions by SCC.

4.15.3.5 Emissions

Emissions from RWC are calculated by multiplying the adjusted amount of wood burned in each SCC in each
county by SG@nd pollutantspecific enissions factas.

Or n O wj 00 j (6)

Where:

Ecsccp = Emissions of pollutarg from each SCC in county

AW scc = Adjusted amount of wood burned in each SCC in cogritytons per year

EFkccp = Emissions factor for pollutamifor each SCC, froifable 3 of the appendix the
6Residential Wood Combustion_ DRAFT.DXOCR 2 O dzYh8 30ii7 NENSupplemental data
FTP site

4.15.3.6 Example calculations

Table4-123lists sample calculations for the estimation of emissions of RFRBfrom norEPA certified wood
stoves in Delaware County, OH.

Note that the appliance fractions and burn rates providedchia input templates already take into account the
housing density and SEDS adjustments. Therefloednput templates for RWC do not ask SLT agencies to

submit values for the housing density or SEDS adjustments. Rather, SLT agencies need only to sibngit rev

to the appliance fractions and burn rates themselves. Equations 4 and 5 are included here only to provide more
information about how the appliance fractions and burn rates were adjusted.

Table4-123 Sanple calculations for PM2BRI emissions from neBPA certified woodstoves in Delaware

County, OH
Eq. # Equation Values for Delaware County, OH Result
. " - o 13,094tons of wood
1 wp O 0@ 0V 67,701 homes x 0.0751 x 1.9304 x|, o 4o
(@) 1.3341 tons/cord woodstoves
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Eq. #

Equation

Values for Delaware County, OH

Result

13,094 x 0.12

1,571 tons of wood
burned in norREPA
certified woodstoves

ptxpd 6006
Cloo®d 06

0.52 SEDS
adjustment factor

P
p Q8

0.97 housing
adjustment factor

1,571 x 0.52 x 0.97

792 adjusted tons of
wood burned in non

EPA certified
woodstoves

24,235 Ibs. (12.12
tons) PM25PRI from
non-EPA certified
woodstoves in
Delaware County,
OH

792 x 30.6 Ib/ton

4.15.3.7 Changes from the 2014 methodology

The largest changes from the 2014 methodology are the source of the data used to develop the appliance
fractions and burn rates. In 2014, the appliance fractions and burn rates were calculated based on survey data
from the 2009 EIA RECS, while in 201 7athygiance fractions and burn rates are calculated based on the CEC
survey data. In addition, while EPA lacked data in 2014 to estimate ctauglyappliance fractions and burn

rates for outdoor recreational woetlurning equipment and wax firelogs, EPA @bk to estimate appliance

fractions and burn rates for these categories for 2017 using data from the CEC survey. The general approach for
using regression analysis to develop county level appliance fractions and burn rates is unchanged from 2014.

Anothe change involves the estimation of emissions for three additional SCCs: indoor pellet boilers, indoor
pellet furnaces, and indoor hydronic heaters.

4.15.3.8 Puerto Rico and U.S. Virgin Islands

Insufficient data exists to calculate emissions for the counties imt&&dco and the US Virgin Islands, so

emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto Rico and 12087,
Monroe County for the US Virgin Islands. The total emissions in tons for these two Florida counties are divided
by their respective populations creating a tons per capita emission factor. For each Puerto Rico and US Virgin
Island County, the tons per capita emission factor is multiplied by the county population (from the same year as
0KS Ay @Sy i2NE RiEserved dsih@ acivly dakal: 10 theSe casks, the throughput (activity data) unit
FYR GKS SYAAdaA2ya RSY2YAYLFG2NI dzy Al FNB a9! /1 ¢d

4.15.3.9 Known issue with the 2017 NEI

A minor error was discovered in the EPA RWC Wagon Wheel tool forfrelteindoor furnacesAn incorrect
overallocation of central heaters to indoor peHigted indoor furnaces resulted in an approximately 1,700 ton
national overestimate in PM2.5 from this appliance type. This is a small component of the overall RWC sector
total of approximatey 337,000 tons of PM2.5 and the EPA plans to correct this for the 2020 NEI.
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4.16 Industrial Processes — Mining and Quarrying

4.16.1 Sector description

Mining and quarrying activities produce particulate matter (PM) emissions due to the variety of processes used
to extract the ore and associated overburden, including drilling and blasting, loading and unloading, and
overburden replacemmt. Fugitive dust emissions for mining and quarrying operations are the sum of emissions
from the mining of metallic and nonmetallic ores and coal. Each of these mining operations has specific
emissions factors accounting for the different means by wHhiehresources are extracted.

4.16.2 Sources of data

Table4-124shows, for mining and quarrying, the SCCs covered by the EPA estimates and by the State/Local and
Tribal agencies that submitted data. The SCC level 3 and 4 SCC descriptions are also previied. level 1
FYR £ SFERAY3 f S@n8ustriahProReSseONIMNNglantl Quadyingt 52 MJ | £ € {/ / a®
Table4-124; Mining and Quarryingector SCCs in the 2017 NEI
SCC Description EPA| S/LIT
2325000000 SIC 14; All Processes; Total X X
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SCC Description EPA| S/LIT
2325020000 SIC 14; Crushed and Broken Stone; Tot; X
2325030000| SIC 14; Sand and Gravel; Total X
2325060000] SIC 10; Lead Ore Mining and Milling; To X

The agencies listed ifable4-125submittedemissions for mining and quarrying. Agencies not listed use EPA
estimates for the entire sector.

Table4-125 Agencies reportind/lining and Quarryingmissions

Region| Agency S/LIT
1 | Rhode Island Department of Environmental Management State
2 | New Jersey Department of Environment Protection State
3 | Maryland Department of the Environment State
4 | Knox County Department of Air Quality Management Local
4 | Memphis and Shelby County Health Departmepollution Control Local
4 | Metro Public Health of Nashville/Davidson County Local
5 | lllinois Environmental Protection Agency State
6 | TexasCommission on Environmental Quality State
7 | Missouri Department of Natural Resources State
8 | Utah Division of Air Quality State
9 | California Air Resources Board State
9 | Clark County Department of Air Quality and Environmental Managemel Local
9 | Maricopa County Air Quality Department Local
9 | Washoe County Health District Local

10 | Alaska Department of Environmental Conservation State
10 | Coeur d'Alene Tribe Tribe
10 | Idaho Department of Environmental Quality State
10 | Nez Perce Tribe Tribe
10 | ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho Tribe

4.16.3 EPAdeveloped emissions

Four specific activities are included in the emissions estimate for mining and quarrying operations: overburden
removal, drilling and blasting, loading andloading, and overburden replacement. Not included are the

transfer and conveyance operations, crushing and screening operations, and storage since the dust emissions
from these activities are assumed to be well controlled. Fugitive dust emissions fioignaimd quarrying

operations are the sum of emissions from the mining of metallic and nonmetallic ores and coal. Emissions for
each activity are calculated by multiplying the emissions factors by the activity data.

4.16.3.1 Activity data

Activity data for this souwe category include statkevel metallic and nometallic (a.k.a. mineral) crude ore
handled at surface mines from the U.S. Geologic Survey ([l8G$and minespecific coal production data for
surface mines from the Energy Information Administration (Ee%2]. Emissions are not estimated for
underground mining given that emissions factors are calculated exclusively for surface activity.

In some caseshe amount of mining waste is withheld for some states to avoid disclosing company proprietary
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data. To estimat statelevel withheld waste data the fraction of crude ore production in the state is multiplied
by the amount of waste data withheld at the national level. The natibeatl amount of waste withheld is
calculated by subtracting all known statsvel wase values (i.e. those that areot withheld) from the national
level waste value. Note that this calculation only needs to be completed for states wherdestatenining

waste data are withheld.

Where:

Ws
Wus

O
Ous

The data on statéevel mining production and waste is split into production and waste for metallic and non
metallic ores using the fraction of natiori@vel metallic and nometallic ore production. Values are also
converted from metric tons to short tégh® ¢ K NB dz3 K 2 dzii

. U .
w — W
U

= Amount of metallic and nometallic mining waste for statg, in metric tons

Amount of metallic and nometallic mining waste withheld at theational level in metric

tons
Amount of crude ore produced in stagein metric tons
Amourt of crude ore produced at theational leve] in metric tons

refer to short tons, while metric tons will be explicitly labeled.

Where:

MPt,s

W
G

MP.us =

MPus

CA

0
0

i o ¢ 3
PP TCF G006 o0

CY

Amount of mining material typée(i.e. either metallic or nometallic ore) produced in statg

in tons

Amount of total metallic and nemetallic mining waste for statg, in metric tons
Amount of crude ore produced in stagein metric tons

Amount of mining material typeproduced at the nationalevel, in metric tons
Total metallic and nometallic ore production at th@ational leve] in metric tons

4.16.3.2 Allocation procedure

The statelevel data on metallic and nemetallic mining materials (from equation 2) is distributed to the county
level based on the proportion of employees in the metallic and-matallic ore sectors (seEabled-126for a
list of NAICS codes), from the U.S. Census Bureau County Business Paft8fnSeparate fractions are

(1)

GKS NBYFAYRSNI 27

(2)

determined for metallic ore mining employees and Ametallic ore mining employees in each county.

Where:

Od&n O (I);Odm
B (42)—
a Iy

EmpFrag. = The fraction of mining employees for material type countyc

Emp.
Emps

=The number of mining employees for material tyiga countyc
=The number of mining employees for material tyiga states
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Table4-126: NAICS Codes for Metallic and Ndetallic Mining

NAICS Code | Description

2122 Metal Ore Mining

212210 Iron Ore Mining

21222 Gold Ore and Silver Ore Mining

212221 Gold Ore Mining

212222 Silver Ore Mining

21223 Copper, Nickel, Lead, and Zinc Mining

212231 Lead Ore and Zinc Ore Mining

212234 Copper Ore and Nickel Ore Mining

21229 Other Metal Ore Mining

212291 UraniumRadiumVanadium Ore Mining

212299 All Other Metal Ore Mining

2123 Nonmetallic MineraMining and Quarrying

21231 Stone Mining and Quarrying

212311 Dimension Stone Mining and Quarrying

212312 Crushed and Broken Limestone Mining and Quarrying

212313 Crushed and Broken Granite Mining and Quarrying

212319 Other Crushed and Broké&tone Mining and Quarrying

21232 Sand, (_Sravel, Clay, and Ceramic and Refractory Minerals Mining and
Quarrying

212321 Construction Sand and Gravel Mining

212322 Industrial Sand Mining

212324 Kaolin and Ball Clay Mining

212325 Clay and Ceramic afrkefractory Minerals Mining

21239 Other Nonmetallic Mineral Mining and Quarrying

212391 Potash, Soda, and Borate Mineral Mining

212392 Phosphate Rock Mining

212393 Other Chemical and Fertilizer Mineral Mining

212399 All Other Nonmetallic Mineral Mining

Due to concerns with releasing confidential business informationCBBdoes not release exact numbers for a

given NAICS code if the data can be traced to an individual business. Instead, a series of range codes is used. To
estimate employment in counties and states with withheld data, the following procedure is used foENAde

being computed.

To gagfill withheld statelevel employment data:

m. Statelevel data for states with known employment in each NAICS are summed to the national level.

n. The total sum of statéevel known employment from step a is subtracted from théavaal total
reported employment for each NAICS in the natidieakel CBP to determine the employment total for
the withheld states.

0. Each of the withheld states is assigned the midpoint of the range code reported for thatTahte.

4-127lists the range codes and midpoints.

The midpoints for the states with withheld data are summed torth&onal level

g. An adjustment factor is created by dividifgetnumber of withheld employees (calculated in step b of
this section) by the sum of the midpoints (step d).

r. For the states with withheld employment data, the midpoint of the range for that state (step c) is
multiplied by the adjustment factor (step e) talculate the adjusted statkevel employment for
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landfills.
These same steps are then followed to fill in withheld data in the colevgl business patterns.

s. Countylevel data for counties with known employment are summed by state.

t. Countylevel known ermployment is subtracted from the state total reported in stdéxelCBP (or, if the
state-level data are withheld, from the state total estimated using the procedure discussed above).

u. Each of the withheld counties is assigned the midpoint of the range @@l 4-127).

v. The midpoints for the counties with withheld data are summed to the state level.

w. An adjustment factor is created by dividing the numbéwithheld employees (step h) by the sum of
the midpoints (step j).

X. For counties with withheld employment data, the midpoints (step i) are multiplied by the adjustment
factor (step k) to calculate the adjusted coueyel employment for landfills.

Tabk 4-127. Withheld data ranges and midpoints

Employment| Employment . .

Code | Range | Midpoint
A 0-19 10
B 2099 60
C 100-249 175
E 250499 375
F 500999 750
G 1,0002,499 1,750
H 2,5004,999 3,750
I 5,0009,999 7,500
J 10,00024,999 17,500
K 25,00049,999 37,500
L 50,00099,999 75,000
M 100,000+

For example, take the 2016 CBP data for NAICS 2123 (Nonmetallic Mineral Mining and Quarrying) in Arizona
provided inTable4-128.

Table4-128 2016 County Business Pattern for NAICS 2123 in Arizona

State | Count Count Employment

FIPS FIPSy Namey NAICS IC():ogle Employment
04 001 | Apache 2123 B withheld
04 003 Cochise 2123 16
04 005 Coconino 2123 A withheld
04 007 Gila 2123 10
04 009 Graham 2123 B withheld
04 012 La Paz 2123 A withheld
04 013 Maricopa 2123 563
04 015 Mohave 2123 69
04 017 Navajo 2123 65
04 019 Pima 2123 121
04 021 Pinal 2123 201
04 023 Santa Cruz 2123 A withheld
04 025 Yavapai 2123 133
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State | County County Employment
FIPS | FIPS Name | NAICS|cnge | Employment
04 027 | Yuma 2123 51

Note:Counties in Arizona that do not have employment in mining and quarrying
are excluded from this table.

~

The total number of employees reported at the county level is 1,229.

8. The statelevel CBReports 1,363 employees for NAICS 2123. This means that there are 134 employees
withheld at the county level.

9. The counties with withheld data are assigned midpoints according to the employment cotkdskin
4-127. For example, County 001 is given a midpoint of 60 employees (since employment code B is 20
99).

10. The sum of the midpoints for all withheld counties is 150 employees.

11. The adjustment factor is 134/150 = 0.8933.

12. The adjusted employment for county 001 is 60 x 0.8933 = 54 employees.

Once countyand statelevel metal and nommetal employment are known feceach county, the ratio of county
to state employees (from equation 3) is multiplied by the st@eel metal and nommetal production (from
equation 2) to calculate countgvel production.

00r 005 04 OIFOD (4)
Where:
MPc = Amount of mining material typeproduced in county, in tons
MPts = Amount of mining material type(i.e. either metallic or nommetallic ore) produced in
states, in tons
EmpFrag. = The fraction of mining employees for material tyfgi@ countyc

4.16.3.3 Emission factors

Emissions factors are calculated separately for metallic ore miningpretallic ore mining, and coal mining.
This section describes those calculations and the relevant data sources.

Metallic Ore Mining

The emissions factor for metalliceomining includes emissions from overburden removal, drilling and blasting,

FYR f2FRAY3 YR dzyf2FIRAYy3 | OGABAGASEAT YR IINB (I 1Sy
National Air Pollutant Emission Trends Procedures Document for1®38(ref 4]. The emissions factors are

applied to all three activities with PM10/TSP ratios of 0.35 for overburden renr@f&], 0.81 for drilling and

blasting[ref 6], and 0.43 for loading and unloading operatidres 6].

00 p ©OO 6 00O 0000 (5)

Where:

ERmiom= PM10GPRI metallic ore mining emissions factor, in Ibs./ton
ER PM10PRI open pit overburden removal emissions factor for copper ofbsifion
B Fraction of total ore production that is obtained by blasting at metallic ore mines
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Ek
Ek
=

PM10PRI drilling/blasting emissions factor for copper ore, in Ibs./ton
PM1GPRI loading emissions factor for copper ore, in Ibs./ton
PM10-PRI truck dumping emissions factor for copper ore, in Ibs./ton

Using values from thBlational Air Pollutant Emission Trends Procedures Document for1B3@) Table 3-B,
the PM10GPRI emissions factor is calculated as:
TSI L TAYLID £ ETBITITIO T X @ C UBITITT Y TBIC ¢ T O C (5a

7]

The PM25PRI emissions factor is assumed to be 12.5% of the FNRL@missions factor.

00 p OO p WU (6)
TBITTQ WBtL T YP ¢ L (6a)
Where:
Elmesm= PM25PRImetallic ore mining emissions factor, in Ibs./ton

EFmiom= PM10PRI metallic ore mining emissions factor, in Ibs./ton

NonMetallic Ore Mining

The emissions factor for nemetallic ore mining includes overburden removal, drilling and blasting, and lgadin
and unloading activities. The emissions factor is based on western surface coal mining operations42m AP
[ref 7] and a PM10/TSP ratio.

00 § 00 O 00 00O m OO0 00 (7)

Where:

ERmionm = PM1GPRI nommetallic ore mining emissions factor, in Ibs./ton

ER = PMI10PRI open pit overburden removal emissions factor at western surface coal mining
operations, irnlbs./ton

D = fraction of total ore production that is obtained by blasting at roetallic ore mines

EF = PMI10PRI drilling/blasting emissions factor at western surface coal mining operations, in
Ibs./ton

ER = PMI10PRI loading emissions factor at werst surface coal mining operations, in Ibs./ton

ER = PMI10PRI truck unloading: end dungmal emissions factor at western surface coal mining
operations, in Ibs./ton

ER = PMI10PRI truck unloading: bottom dumgpal emissions factor at western surfaceko

mining operations, in lbs./ton

Applying the TSP emissions factors developed for western surface coal mining operations-#&8ifneflP] and
a PM10/TSP ratio of O[#éef 8] yields the following nommetallic ore mining emissions factor:

™ WO @EDEE TR CU THPUT CBINMMMNUTEIVU T TBINOVTEIO O (7a)

The PM25PRI emissions factor is assumed to be 12.5% of the FNRL@missions factor.
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Where:

EEMZSnm =
Emi0nm =

Coal Mining

00 p ©OCy m™cu (8)
TBIo) b £ ET& WOTP ¢ U (8a)

PM25PRI nommetallic ore mining emissions factor, in Ibs./ton
PM1GPRI nommetallic ore mining emissions factor, in Ibs./ton

The emissions factor for coal mining includes overburden removal, drilling and blasting, loading and unloading
and overburden replacement activities. The amount of overburden material handled is assumed to equal ten
times the quantity of coanined,and cal unloading is assumed to split evenly between-endp and bottom

dump operations. The emissions factor is based on the;BMissions factors developed for western surface

coal mining operations from A#2[ref 7].

00 ;
Where:

Efpmio.co
ERk =

pmt OO0 OO 00 00 0000 m OO 00 9)

PM10PRI coal mining emissions factor, in Ibs./ton

PM1GPRI emissions factor ftnuck loading overburden at western surface coal mining
operations, in Ibs./ton of overburden

PM1GPRI emissions factor for overburden replacement at western surface coal mining
operations, in Ibs./ton of overburden

PM1GPRI emissions faa®for truck unloading: bottom dumpverburden at western surface
coal mining operations, in Ibs./ton of overburden

PM1GPRI open pit overburden removal emissions factor at western surface coal mining
operations, in Ibs./ton

PM1GPRI drillingblasting emissions factor at western surface coal mining operations, in
Ibs./ton

PM1GPRI loading emissions factor at western surface coal mining operations, in Ibs./ton

PM1GPRI truck unloading: end durgmal emissions factor at western $ace coal mining
operations, in Ibs./ton

PM1GPRI truck unloading: bottom durgnal emissions factor at western surface coal mining
operations, in Ibs./ton

Applying the PM14PRI emissions factors developed for western surface coal mipiaigations[ref 7] yields the
following coal mining emissions factor:

™MPOUddEE pT TBIpUL TP TEIME T® UL TS T T T UNST U

T TINMoOLVTEL O O (92)
The PM25PRI emissions factor is assumed to be 12.5% of the ANRL@missions factor.
00 5 00y T ¢ UL (20
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Where:

Efmasc= PM25PRI coal mining emissions factor, in Ibs./ton
Efmiocs= PM1GPRI coal miningmissions factor, in Ibs./ton

PM-FIL and PM2-PRI Emissions Factors

PM-FIL emissions factors are assumed to be the same aBRIMmissions factors. In reality, there is a small
amount of PMCON emissions included in the AR lemissionsput insufficientdata exists to estimate the PM

CON portion. In 2006, the EPA adopted new PM2.5/PM10 ratios for several fugitive dust categories and
concluded that the PM2.5/PM10 ratios for fugitive dust categories should be in the range of 0.1 {o095
Consequently, a ratio of 0.125 was applied to the PM10 emissions factors to estimate PM2.5 emissions factors
for mining and quarrying. A summary of emissions factors is presenieabie4-129.

Table4-129 Emissions factors for Mining and Quarryi@§25000000)

Mining Type Pollutant Emissions Emission_s Emissions Factor
Factor Factor Units Reference
Metallic PM1GPRI 0.0548 Ibs./ton 4
Metallic PM1GFIL 0.0548 Ibs./ton 4
Metallic PM25PRI 0.0069 Ibs./ton PM10 x 0.125
Metallic PM25FIL 0.0069 Ibs./ton PM10 x 0.125
NonMetallic | PM1GPRI 0.293 Ibs./ton 7,8
NonMetallic | PM1GFIL 0.293 Ibs./ton 7,8
NonMetallic | PM25PRI 0.037 Ibs./ton PM10 x 0.125
NonMetallic | PM25FIL 0.037 Ibs./ton PM10 x 0.125
Coal PM1GPRI 0.513 Ibs./ton 7
Coal PM1GFIL 0.513 Ibs./ton 7
Coal PM25PRI 0.064 Ibs./ton PM10 x 0.125
Coal PM25FIL 0.064 Ibs./ton PM10 x 0.125

4.16.3.4 Controls

There are no controls assumed for this category.

4.16.3.5 Emissions

Emissions from mining argliarrying are calculated by multiplying the amount of mining material produced
(from equation 4 for metallic and nemetallic mining, and from the E[fef 2] for coal) by an emissions factor
(from Table4-129).

Orr 0@ 0 05 (11)
Where:
Epc = Annual emissions of pollutaptfrom mining material type in countyc, in Ibs.
Ek, = Emissions factor for pollutamtfrom mining material type, in Ibs./ton of material produced
MP.. = Amount of mining material typeproduced in county, in tons

The final step of the process is to sum the mining emissions estimates for each pollutant in each county.
Emissions estimates are then converted from pounds to tons.
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Where:
AE.: = Annual emissions of pollutaptin countyc, in tons
Epc = Annual emissions of pollutaptfrom mining material typé in countyc, in Ibs.

4.16.3.6 Example calculations

The steps below provide sample calculations to determine the PRRBemissions from miniggnd quarrying
operations in Barbour County, Alabama. Constant emissions factor calculations that are used in all counties are
not repeated here.

Table4-130provides a summary of these calculations. Note that equatieh6 produce constant emissions
factors that are used in all counties. Those calculations are not repeated here.

Table4-130 Sample calculations for estimating PMR&I emissions from mining and quarrying in Barbour
County, Alabama

Eq. # | Equation Values for Barbour County, AL Result
G Waste data is
1 W — W 070 not withheld for
v Alabama.
ofx ¢ T QT T 27,015
. Ghp @M Tt TT VAT P T TT thousand tons
0 U5 . pd TOF & 001606 metallic ore in
2 o b V Vi Alabama
L 0U ol ¢t wnm 24,375
pp md & 1 0E 00 i10B0é ¢h Mt T P T T thousand tons
P®» TCF £ 001008 non-metallic ore
in Alabama
Metallic

employee
fraction of 1 for
Barbour County,

P Q0 Ga RIOW@ENY & ¢ QB DI O
01 Q0 Oa RIOWID ¢ ¢ RBVIH®

3 0df "o‘lvcmo%—d L AL
" a Ty Nonmetallic
employee

P& € £ G QoA @R o £ QB i X

- - T e o = 2| fraction of 4.5 x
px X &€ &€ a QoA MWAdA & ¢ QOB 103for Barbour
County, AL
27,015
_ _ N thousand tons
4 O00p O0OU0Up Oan OROW Crtpdétip metallic ore in
Barbour County,
AL
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Eq. # | Equation

Values for Barbour County, AL

Result

ctlox0é st i® pm

112 thousand
tons non
metallic ore in
Barbour County,
AL

=
=r
O
©
Cc
C2
>

11 O

et B & sc RO E & i

184,922.19 Ibs.
PM25PRI
emissions from
metallic ore in
Barbour County,
AL

o BL . spplrowé ¢ i

4,107.38 Ibs.
PM25PRI
emissions from
non-metallic ore
in Barbour
County, AL

e W3 ¢ Mo € &

0 Ibs.PM25PRI
from coal
mining in
Barbour County,
AL

0 O
12 o5 mmtR i

‘ &
£ TP

p Yo Ch o 08'”10 IR i G
F ¢

Q«'n &1
Sa

95 tons PM25
PRI from mining
and quarrying in
Barbour County,
AL

4.16.3.7 Changes from the 20Iethology

There are no significant changes for this methodology from the methodology used for the 2014 NEI.

4.16.3.8 Puerto Rico and U.S. Virgin Islands

Since insufficient data exists to calculate emissions for the counties in Puerto Rico and the US Virgin Island
emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto Rico and 12087,
Monroe County for the US Virgin Islands. The total emissions in tons for these two Florida counties are divided
by their respective populations creat a tons per capita emissions factor. For each Puerto Rico and US Virgin
Island county, the tons per capita emissions factor is multiplied by the county population (from the same year as

0KS Ay@Syiaz2NEBQa | O
YR GKS Syraarzys
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7. U.S. Emronmental Protection Agency, AR, Fifth Edition, Volume 1, Chapter 11: Mineral Products
Industry, Section 11.%estern Surface Coal Mining

8. United States Environmental ProteatidgencyAIRS Facility Subsystem Source Classification Codes and
Emission Factor Listing for Criteria Air PollutaBBA450/4-90-003, March 1990.

9. Midwest Research Institute. 200Background Document for Revisions to Fine Fraction Ratios Used for
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4.17 Industrial Processes — QOil and Gas Production

4.17.1 Sector description

This sector includes processes associated withketpgoration and drilling at oil, gas, and coal bed methane
(CBM) wells and the equipment used at the well sites to extract the product from the well and deliver it to a
central collection point or processing facility.

4.17.2 Sources of data

Table4-131lists the processes below with their corresponding SCCs; the SCCs used by EPA to estimate nonpoint
emissions are marked in second column. SCCS with asterisks (*) denote neam&C€ated for the 2017

inventory. The set of asterisked SCCs that EPA does not use (denoted by * with no Y) were created for the 2017
inventory based on a request by the state of Utah. Note also that the SCCs in this list are only the SCCs that
either the EPA used or the submitting State agencies used in the 2017 NEI. All of the SCCs that the EPA oil and
gas tool uses are nonpoint SCCs.

Table4-131 Point and Nonpoint SCCs used for the Oil and Gas Prod$s#itior

Data
Category | EPA uses SCC SCC Description (Abbreviated)
Nonpoint 231000000G¢ 2 G f Y 't f t NRPOS&aasSa o0R2S5ayQ
Nonpoint Y 2310000220 Drill Rigs
Nonpoint 231000023(Workover Rigs
. (no, was use
NonpoInt 1™ )51 gy | 2310000330 i i it
. (no, was use
Nonpoint | ™ 2014y " * 2310000550 4 ,ced wWater
Nonpoint v+ Industrial Processes; Oil and Gas Exploration and Production; 4
2310000551 Processes; Produced Water from CBM Wells

"¥his SCC was replaced with the c@8¢0011600Qnew for the tool in 2017.
" “The single SCC previously used to categorize emissions from produced water hdisaggregated into 3 new SCCs,
one each for CBM, gas, and oil wells: 2310000551, 2310000552, 2310000553.
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https://www3.epa.gov/ttn/chief/ap42/ch13/final/c13s0204.pdf
https://www3.epa.gov/ttn/chief/ap42/ch11/final/c11s09.pdf
https://www3.epa.gov/ttnchie1/ap42/ch13/bgdocs/b13s02.pdf
https://www3.epa.gov/ttnchie1/ap42/ch13/bgdocs/b13s02.pdf

Data

Category | EPA uses SCC SCC Description (Abbreviated)
Nonpoint v Industrial Processes; Oil and Gas Exploration and Production; A
2310000554 Processes; Produced Water from Gas Wells
Nonpoint v Industrial Processes; Oil and Gas Exploration and Production; A
2310000553 Processes; Produced Water from Oil Wells
Nonpoint Y 2310000660 Hydraulic Fracturing Engines
Nonpoint 2310001004 On-Shore, Total: All Processes
Off-Shore Qil & GaBroduction;
Nonpoint 231[%1?835}?“ Total: AII Processes, Flares: Continuous Pil_ot Light, Flares: Flan
9310002421 Operations, Pneumatic Pumps: Gas And Oil Wells, Pressure/Le
Controllers, Cold Vents
Nonpoint Industrial Processes; Oil and Gas Exploration and Production; (
231001000( Petroleum; Total: All Processes
Nonpoint Y 2310010100 CrudePetroleum; Oil Well Heaters
. Y Crude Petroleum; Oil Well TankSlashing &
Nonpoint 2310010200 Standing/Working/Breathing °
Nonpoint Y 2310010300 Crude Petroleum; Oil Well Pneumatic Devices
Nonpoint 2310010700 Crude Petroleum; Oil Well Fugitives
Nonpoint 2310010800 Crude Petroleum; Oil Well Truck Loading
. no, was use
Nonpoint ( in 2014558 231001100C ) ¢1rore oil production; Total: All Processes
Nonpoint Y * 2310011001 0n-Shore Qil Production; Associated Gas Venting
Nonpoint 2310011020 Onshore oil production; Storage Tanks: Crude Oil
Nonpoint 23100111004 Onshore oil production; Heater Treater
Nonpoint Y 2310011201 Onshore oil production; Tank Truck/Railcar Loading: Crude Oil
Nonpoint 2310011450 On-shore oilproduction; Wellhead
Nonpoint 23100115004 Onshore oil production; Fugitives: All Processes
Nonpoint Y 2310011501 On-shore oil production; Fugitives: Connectors
Nonpoint Y 2310011504 0n-sshore oil production; Fugitives: Flanges
Nonpoint Y 2310011503 Onshore oil production; Fugitives: Open Ended Lines
Nonpoint 2310011504 Onshore oil production; Fugitives: Pumps
Nonpoint Y 23100115049 0n-shore oil production; Fugitives: Valves
Nonpoint 2310011506 On-shore oil productionFugitives: Other
Nonpoint Y * 2310011600 On-shore oil production; Artificial Lift Engines
Off-Shore OiProduction;
2310012000 Total: All Processes, Storage Tanks: Crude Qil, Fugitives, Conr
Nonpoint through |Oil Streamskugitives, Flanges: Qil, Fugitives, Valves: Oil, Fugiti
231001252€ Other: Qil, Fugitives, Connectors: Oil/Water Streams, Fugitives,
Flanges: Oil/Water, Fugitives, Other: Oil/Water
Nonpoint 2310020000 Natural Gas; Total: All Processes
Nonpoint Y, PA only | 2310020600 Natural Gas; Compressor Engines

858This SCC was replaced with the more accurately descrgi2011001, associated gas venting.
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Data

Category | EPA uses SCC SCC Description (Abbreviated)
Nonpoint éiggégégi Natural Gas; Gas Well Fugitives, Gas Well Truck Loading
Nonpoint Y 23100210140OnShore Gas ProductioBtorage Tanks: Condensate
Nonpoint 23100210110n-Shore Gas Productio@ondensate Tank Flaring
Nonpoint Y 2310021030 On-Shore Gas Productioifiank Truck/Railcar Loading: Condens3
Nonpoint Y 2310021104 On-Shore Gas Productioas Well Heaters
Nonpoint 2310021101 Natural Gas Fired 2Cycle Lean Burn Compressor Engines < 50
Nonpoint v 9310021103 Elajtural Gas Fired 2Cycle Lean Burn Compressor Engines 50 T
Nonpoint 2310021103 Natural Gas-ired 2Cycle Lean Burn Compressor Engines 500+
Nonpoint OnShore Gas Product_ion; Total: All Natural Gas Fired 2Cycle L
2310021109Burn Compressor Engines
Nonpoint 2310021201 Natural Gas Fired 4Cycle Lean Burn Compressor Engines <50
Nonpoint v 9310021203 E?)tural Gas Fired 4Cycle Lean Burn Compressor Engines 50 T
Nonpoint 2310021203 Natural Gas Fired 4Cycle Lean Burn Compressor Engines 500+
Nonpoint 2310021209 Total: All Natural Gas Fired 4Cycle Lean Bampressor Engines
Nonpoint Y 23100212510n-Shore Gas Production; Lateral Compressors 4 Cycle Lean B
Nonpoint Y 2310021304 On-Shore Gas Productio@as Well Pneumatic Devices
Nonpoint 2310021301 Natural Gas Fired 4Cycle Rich BDompressor Engines <50 HP
Nonpoint v 9310021303 Er;tural Gas Fired 4Cycle Rich Burn Compressor Engines 50 T¢
Nonpoint 2310021303 Natural Gas Fired 4Cycle Rich Burn Compressor Engines 500+
Nonpoint 2310021309 Total: All Natural Gas FirdeCycle Rich Burn Compressor Engine
Nonpoint Y PA only | 2310021314OnShore Gas Production; Gas Well Pneumatic Pumps
Nonpoint Y 23100213510n-Shore Gas Productiobateral Compressors 4 Cycle Rich Burtf
Nonpoint Y 2310021400 On-Shore Gas Productio@as Well Dehydrators
Nonpoint 2310021401 Nat Gas Fired 4Cycle Rich Burn Compressor Engines <50 HP y
Nonpoint 9310021403 Nat Gas Fired 4Cycle Rich Burn Compressor Engines 50 To 49
W/NSCR
Nonpoint 9310021403 Nat Gag-ired 4Cycle Rich Burn Compressor Engines 500+ HP
W/NSCR
Nonpoint 23100214110n-Shore Gas Productio@as Well Dehydrators-laring
Nonpoint 2310021450 On-Shore Gas Production; Wellhead
Nonpoint Y PA only | 2310021500 On-Shore Gas Productio@as Well CompletionFlaring
Nonpoint Y 2310021501 0n-Shore Gas ProductioRugitives: Connectors
Nonpoint Y 23100215040n-Shore Gas ProductioRugitives: Flanges
Nonpoint Y 23100215030n-Shore Gas ProductioRugitives: Open Ended Lines
Nonpoint 2310021504 0On-Shore Gas ProductioRugitives: Pumps
Nonpoint Y 23100215090n-Shore Gas ProductioRugitives: Valves
Nonpoint Y 2310021506 0On-Shore Gas ProductioRugitives: Other
Nonpoint Y PA only | 2310021509 OnShore Gas ProductioRugitives: All Processes
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Data
Category | EPA uses SCC SCC Description (Abbreviated)
Nonpoint 2310021600 On-Shore Gas Productioas Well Venting
Nonpoint 23100216010n-Shore Gas Productio@as Well Ventinglnitial Completions
Nonpoint 23100216040n-Shore Gas Productioas Well VentingRecompletions
Nonpoint Y 23100216030nShore Gas Productio@as Well VentingBlowdowns
Nonpoint 23100216040On-Shore Gas Productio@as Well VentingCompressor Startups
Nonpoint 9310021605 On-Shore Gas Productiofgas Well VentingCompressor
Shutdowns
Nonpoint 2310021704On-Shore Gas ProductioMiscellaneous Engines
Nonpoint > Industrial Processe_s; Qil _and.Gas Exploration and_Prgductien; q
2310021801 Shore Gas Production; Pipeline Blowdowns and Pigging
Nonpoint * Industrial Processe_s; Qil _and. Gas Exploration and Productien; ¢
2310021802 Shore Gas Production; Pipeline Leaks
P Industrial Processes; Oil and Gas Exploration and Productien; (
Nonpoint Shore Gas Production; Midstream gas venting for maintenance
2310021803 startup, shutdown, or malfunction
Off-Shore GaProduction;
9310022000 Total: All Processes, Storage Tanks: Condensate, Turbines: Ng
Nonpoint through Gal_s _ : : . .
9310022506 Boilers/Heaters: _I\_Iatural Gas, Diesel Engines, Amine l_J_mt
Dehydrator, Fugitives, Connectors: Gas Streams, Fugitives, Flg
Gas Streams, Fugitives, Valves: Gas, Fugiiber: Gas
Nonpoint 231002300( Coal Bed Methane NG/Dewatering Pump Engines
Nonpoint 2310023010OnShore CBM Production/Storage Tanks: Condensate
Nonpoint 2310023030 OnShore CBM Production/Tank Truck Railcar Loading: Conder
Nonpoint 2310023100 On-Shore CBM Production/CBM Well Heaters
On-Shore CBM Production/CBM Fired 2 Cycle Lean Burn
Nonpoint Y 2310023107 Ccompressor Engines 50 to 499 HP
On-Shore CBM Production/CBM Fired 4 Cycle Lean Burn
Nonpoint Y 2310023204 Compressor Engines 50 to 499 HP
Nonpoint 2310023251 0n-Shore CBM Production/Lateral Compressors 4 Cycle Lean E
Nonpoint Y 2310023304 On-Shore CBM Production Pneumatic Devices
On-Shore CBM Production/CBM Fired 4 Cycle Rith Compressa
Nonpoint Y 2310023302 Engines 50 to 499 HP
Nonpoint Y 231002331(Coal Bed Methane NG/Pneumatic Pumps
Nonpoint 2310023351 0n-Shore CBM Production/Lateral Compressors 4 Cycle Rich B
Nonpoint 2310023400 Coal Bed Methane NG/Dehydrators
Nonpoint 2310023509 Coal Bed Methane Fugitives
Nonpoint Y 23100235110n-Shore CBM Production/Fugitives: Connectors

"5 6Created by request of UT
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Data

Category | EPA uses SCC SCC Description (Abbreviated)
Nonpoint Y 23100235140nShore CBM Production/Fugitives: Flanges
Nonpoint Y 23100235130nShore CBM Production/Fugitives: Open Ended Lines
Nonpoint Y 23100235150nShore CBM Production/Fugitives: Valves
Nonpoint Y 23100235140nShore CBM Production/Fugitives: Other
Nonpoint Y 2310023600 On-Shore CBM Exploration: CBM Well Completion: All Proces
Nonpoint 23100236030nShore CBNProduction/CBM Well VentingBlowdowns
Nonpoint 2310023604 OnShore CBM Exploration/Mud Degassing
231003022( Natural Gas Liquids; Gas Well Tank$ashing
Nonpoint - &Standing/Working/Breathing; Gas Well Water Tank Losses; G
2310030401 PlantTruck Loading
Nonpoint Y 2310111100 Onshore Oil Exploration; Mud Degassing
Nonpoint Y 2310111401 0Onshore Oil Exploration; Oil Well Pneumatic Pumps
Nonpoint Y 23101117004 Onshore Oil Exploration; Oil Well Completion: All Processes
Nonpoint 2310111701 0n-Shore Qil Exploration; Oil Well Completion: Flaring
Nonpoint 2310112401 Onshore Oil Exploration; Oil Well Pneumatic Pumps
Nonpoint Y 2310121100 Off-shore Oil Exploration; Mud Degassing
Nonpoint Y 2310121401 0Off-shore OiExploration; Gas Well Pneumatic Pumps
Nonpoint Y 2310121700 Off-shore Oil Exploration; Gas Well Completion: All Processes
Nonpoint 2310122100 Off-shore Gas Exploration; Mud Degassing
Nonpoint *PA only | 231030022(All Processes Conventional DrilRigs
Nonpoint *PA only |231032101(0il and Gas ProductianConventional Storage Tank€ondensate
Nonpoint *PA only |231032110(0il and Gas ProductianConventional Gas Well Heaters
Nonpoint *PA only | 231032140(0il and Gas ProductianConventional Gas Well Dehydrators
Nonpoint *PAoNly | 5310321603 Oil and Gas ProductianConventional Gas Well Venting
Blowdowns
Nonpoint *PA only | 231040022(All Processes Unconventional Drill Rigs
Nonpoint *PAONlY | 5310421014 Oil and Ga®roductiong Unconventional Storage Tanks
Condensate
Nonpoint *PA only |23104211000il and Gas ProductianUnconventional Gas Well Heaters
Nonpoint *PA only |231042140(0il and Gas ProductianUnconventional Gas Well Dehydrators
Nonpoint *PAONlY | 5310421603 Oil and Gas ProductianUnconventional Gas Well Venting
Blowdowns
31000101 Various descriptions;
Point through Excludes 31000104 thrf)ugh 31000108 aqd 31000149 thrpugrj
31000506. 1O M2 AMAp2Z @ K7’\ OK I NBProtegseqiStotagea
"Iy R ¢ NJ ya¥FSNE
31088801
Point through |Fugitive Emissions; Specify in Comments Field
31088811
Point 31700101 Natural Gas Transmission and Storage Facilities; Pneumatic

Controllers Low Bleed
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For the nonpoint data category, S/L/Ts have four options for providing data to the NEI for the Oil and Gas
Production Sector. They may: 1) accept the tool with the defaults populated in the tool by EPA, 2) choose to
provide EPA with input data to incorpdeain the tool, 3) run the tool themselves (presumably updating the
inputs and subtracting point sources), or 4) use their own tools and methodology to provide estimates. If a
submitting agency failed to let EPA know their preference via completing theaiatrsurvey, then EPA data

was input by defaultFigure4-18 shows these statéevel data sources for the oil and gas sector.

Figure4-18: Data source for Oil and Gas emissions in the 2017 NEI
Data Source Map 2017 NEI

Data Source
| W EPA estenates of

Table4-132summarizeghe data that was submitted by states in the oil and gas production sector for both
point and nonpoint.

Table4-132 Data Source for iDand Gas Production Data in the 2017 NEI

State | Nonpoint Point

AL EPA estimates only Submitted to Point Inventory
AK EPA Tool with revised inputs and S| Submitted to Point Inventory
AZ EPA Tool with revised inputs Submitted to Point Inventory
AR | EPA estimates only Submitted to Point Inventory
CA | EPATooland SLT Submitted to Point Inventory
CO | SLT only Submitted to Point Inventory
CT Submitted to Point Inventory
FL EPA estimates only Submitted to Point Inventory
GA Submitted to Pointnventory
ID EPA estimates only Submitted to Point Inventory
IL EPA Tool with revised inputs Submitted to Point Inventory
IA Submitted to Point Inventory
IN EPA estimates only Submitted to Point Inventory
KS | EPA Tool with revised inputs Submitted to Point Inventory
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State | Nonpoint Point

KY EPA estimates only Submitted to Point Inventory
LA EPA estimates only Submitted to Point Inventory
MA Submitted to Point Inventory
MD | No estimates no activity this NEI | Submitted to Point Inventory
ME Submitted to Point Inventory
MI EPA estimates only Submitted to Point Inventory
MN Submitted to Point Inventory
MS | EPA estimates only Submitted to Point Inventory
MO | EPA estimates only Submitted to Point Inventory
MT | EPA estimates only Submitted to Point Inventory
NC Submitted to Point Inventory
NE | EPA estimates only Submitted to Point Inventory
NJ Submitted to Point Inventory
NV | EPA estimates only Submitted to Point Inventory
NM | EPA estimates only Submitted to Pointnventory
NY | EPA estimates only Submitted to Point Inventory
ND | EPA estimates only Submitted to Point Inventory
OH | EPA Tool with revised inputs Submitted to Point Inventory
OK | EPA Tool and SLT Submitted to Point Inventory
OR | EPA estimates only

PA | EPA Tool with revised inputs Submitted to Point Inventory
SC Submitted to Point Inventory
SD | EPA estimates only

TN EPA estimates only Submitted to Point Inventory
TX SLT only Submitted to Point Inventory
uT EPA Tool and SLT Submitted to Pointnventory
VA EPA estimates only Submitted to Point Inventory
WV | SLT only (used Tool) Submitted to Point Inventory
Wi Submitted to Point Inventory
WY | SLT only Submitted to Point Inventory

4.17.3 EPAemissions calculation approach: EPA Oil and Gas Emissions Estimation Tool

The EPA furthered the development of the existing oil and gas emissions estimation tool that was originally
developed for the 2011 NEI, which is a MS Access database that useésra-bptapproach to build a national
AYBSYi2NE® a2NB AYyF2NNIGAZ2Y 2y (GKS G222t OFy 0S8 7T2dzy
b2y LRAYy(d hAft YR DIF& 9YA&aA2Y 9a0GAYIGA2Y ¢22f3X OSNE
¢0il_and_Gas_Tool Documentation v1.2 201¢x4p ¢ KSNBX I NB (g2 Y2RdzZ Saszx la ¢
tool: Exploration and Production. Changes that have been incorporated in the 2017 Oil ahh@agionand
Explorationi 22f & aAYyOS wnanmn | NB I RRNBaaSR M Olld&&Ga®KI yISa
Memos.zig F NS FNRY CSoNMHzZr NB mn O60GKS FAESYlFYS A& mMymn 0«
October 23, 2019. In addition, a memo outlining the additional data from the GHG Reporting Pragmpari(s

W) is entitled2017 NEI Oil and Gas Tool Subpart W Analysis 3 14 2019.zip

In general, the tool calculates emissions for each piece of equipment on a well pad (lilemsate tanks or
dehydrators, for example) in a county or basin, based on average equipment counts taken from either surveys,
literature searches, or the GHG reporting program, also accounting for control devices and gas compaosition in
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each county. Countlevel details are important, since well pads can vary significantly from region to region,
basin to basin, and county to county. A well site in Denver, CO in the Déulesburg Basin might look very
different from one in the Marcellus Shale in PA, duehianges in technology over time (when the well was first
drilled), geologic formations of the oil and gas reservoirs themselves (which also change ovethimatio of

oil to gas changes as pressure in the reservoir is released), and regulation®igytiing the equipment used
on site.

The math used in the oil and gas tool is more complex than most other categories, as it uses equations like the
ideal gas law and mass balances, in conjunction with more traditional emission rate equations (aEifvity *
emissions)thus, the work is best completed in database format. Overall, there are hundreds of inputs to the ail
and gas tool, and these are broken down into three basic categories: activity data, basin factors, and emission
factors. These inputs tthe tool are filled in by EPA, and published with the tool, along with their references.
Region specific inputs are preferable and are used when available. Extrapolated inputs from nearby counties in
the same basin are then used to fill in gaps in dattidwal defaults are filled in where no other data is

available, and attempts are made to align inputs as much as possible with the GHG reporting program and
emissions inventory.

4.17.3.1 Activity data

As with the 2014 Tool, the primary source of activity dathésdommercially available database developed by
Drillinginfo called HPDI, or also called the DI Desktop database. HPDI supplies activity such as number of wells,
oil, gas, condensate, and water production, feet drilled, spud counts, and other data. Tearasas where this

data is not complete, and in those cases, EPA supplemented with data from RIGDATA, from various state oil and
gas commissions, and directly from Tool users. The following SLTs provided updated activity inputs for the 2017
Tool:

Arizona(Exploration data)

Ohio (Production)

Kansas (Production)

Oklahoma (Production)

Pennsylvania (Production)

Texas (Production)

Illinois (Production)

West Virginia (Production/Exploration).

=4 =4 =4 =4 -4 -4 -8 -9

In addition, State/County FIPS codes were updated for several ceuntigouth Dakota and Alaska, coulayel
average temperatures for 2017 were updated nationally, and colewgl ozone attainment status as of
6/30/18 were updated.

Basin Factors

Basin factors include factors that are secondary to activity, and inclsslengptions about equipment counts on

a per well basis, (e.g., the number of pneumatic controllers per well, or the average HP of an engine at a well
site) as well as gas speciation profiles (fraction of benzene, toluene, xylene or ethylbenzene in aatatal g
particular point in the well pad, e.g., post separator).

For 2017 inputsGHGRP datgathered under subpart W was analyzed to develop updated basin factors for
several source categories including storage tanks, dehydrators, fugitive equipmksit heaters, pneumatic
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devices, and wellhead compressor engines. &eenmary of Analysis of 2017 GRfESubpart W Data for Use in
the 2017 NEI Nonpoint Oil and Gas Emission Estimatiod Tod¥SY2 RI GSR al NODK MNnI HAM

Regardingank control and capture EPA updated default factors for condensate and oil storage tanks. These
defaults have been applied natially for all counties based on recent National Oil and Gas Committee
discussions. From a cursory look, we believe there are several contributors to tank leaks and emissions evading
being captured and routed to control devices:

Inadequate design sizing w@por collection systems or PRVs, seals etc,

Inadequate staging down of pressure, resulting in flashing (stepping down the process in stages helps
reduce the flash gas)

Worn seals and gaskets on thief hatches and PRVs

Ambient temperatures affealetection of leaks by IR camera (seems like the lowest frequency of leaks
detected, 0.5% leaking, was midnter; this appears to be a function of ground temperature and the
inability of the camera to distinguish between the vapor plume and the ground)

Ageof tanks/well pads/equipment

VOC content/API Gravity

High volume of liquid production

Frequency of monitoring/compliance/enforcemantealization that rule efficiency and capture

efficiency are tied

1
1

=a =9

=A =4 =8 =9

At this point in time, EPA does not have an exact figuagpoply for this value but has started the process to try
to quantify this amount and find it necessary to decrease the total amount of control because of the above
known factors. In order to have a combined capture and control efficiency of 80%, celffitency defaults
were updated to 95% and capture efficiency defaults were updated to 84%. This was applied to oil tanks,
condensate tanks, and condensate CBM tanks.

We updated select basin factors@hio County, W\based on ERG ORD study. Data was updated for
condensate tanks, dehydrators, fugitives, gasuated pumps, heaters, pneumatic devices, produced water, and
wellhead compressors.

Thed 591 ., 5¢PCw! / ¢LhbuycCqHavodzER [FRNR | F NPAY] Hanmusicatib@witkkitieé 6 | & S|
Alaska Department of Environmental Conservation (ADEGgeptember 18, 2019.

We updatedgas composition data for Pennsylvanigas provided by the Pennsylvania Department of
Environmental Protection (PADEP), and was included feagaated pumps, fugitives, and pneumatic devices.

We updated gas composition data floiquids Unloading for the 5 counties in the Uinta Basistah was also
included, using EPA SPECIATEA4.5, 2016, Profile 95418.

4.17.3.2 Emission factors

Emission factors are also ampof the formula for estimating emissions, and in the Oil and Gas tool the
nomenclature is set such that we only call the standard national factors, like fre#i2 &Bmbustion equations,
GSYAAaaAz2y FI Ol uNEcds in the dBol incBdet]) faratdces tor Artificial Lifts, Lateral
Compressors, and Wellhead Compressors have been revised to provide specific details identifdrgeaton
and table number, and 2) added AR emission factors for PMABIL, PM25-IL, and PMCON for ArtificibLifts,
CBM Dewatering Pumps, Dehydrators, Heaters, Lateral Compressors, and Wellhead Compressors.

Well completion emission factors have been changing over the last three inventory cycles. For the 2011 Tool,
EPA started out using the CenSARA default fde@6 MCF/completion) for both conventional and
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unconventional oil well completions as the national default. Based on EPA guidance from the reg development
folks, we dropped this factor as the national default for both conventional and unconventioma|bil

completions, so there were no national default factors for oil well completions (segltt#d /2014 OAP

Changes Mem) Note that westill used the CenSARA factors for the CenSARA states.

For the 2014 Tool, we started out where we left off with the 2011 Tool. However, the NSPS OOOOQOa revisions
were being proposed during development/revisions of the 2014 Tool, and data on unconventiomeall o
completions became available. In version 2 of 2014, the emission factor for unconventional well completions
mentioned in the report came from Table2dof theTSD for the NSPS OOQOOa revisithe final version of the
2014 Tool (v2) used this value (999 MCF/completion) as the national default EF for unconventional oil well
completions.

For the 2017 Tool, we updated the deft unconventional oil well completion EF to synchronize with the GHG
Emissions Inventorpased on data from théDraft Inventory of U.S. GreenhouSas Emissions and Sinks: 1990

2017 o0y S¢e @I tdz2S 2F mMcnu al/ CkO2YLX SiA2y0 FyR 6S3ly dz
completions (736 MCF/completion) as the national default. This was documented4nlth019 Changes

mema. These emission factors are used where no cogpscific data was available.

Emissions factors faonroad engines used in drilling and hydraulic fracturing have been updated using the
MOVES model to represent the 2017 calendar year.

4.17.3.3 Other tool changes

Coalbed Methane Dewatering Pumps have been added as a new source category. An SCC has been added fo
Coalbed Methane Dewatering Pump Engines (2310023000). There are currently no default input data (number
of hours, HP, fraction electric, or load factors) for this category, so no default emission estimates are

generated from the Tool.

VaporRecovery Units (VRU) have been added as a control device for crude oil and condensate storage tanks.
Previously, only combustion devices (flares, enclosed combustors) were considered. VRU prevalence on a
county-level is expected to be available from datgorted under GHGRP Subpart W.

We also provided the capability to address controls for produced water tanks in the 2017 tool.

4.17.3.4 Point source subtraction

Some states count upstream oil and gas production processes as point sources, and therefore havea need t
subtract these from the nonpoint part of the inventory. The tool allows for point source subtraction on either an
activity or emissions basis, and a few states have taken advantage of this feature. Because of the complicated
process of data merging andlsction, this process is less than perfect, in that if a source has CAP emissions to
ddzo0 0N} OG0 odzi y20 11ta 6lFra GKS@ FNByQi AyOf dzZRSR Ay
divided across he point and nonpoint parts of the intoep. Thus, when an inventory looks at VOC emissions

and compares these to a sum of HAP VOCs, there may appear to be inconsistencies.

4.17.3.5 Statespecific correspondence

Alaska

After the draft selection was run, EPA reached out to ADEC to determine why there are orders of magnitudes of

RAFTFSNBYOS 0SigSSy (22t SadAvYlFLdiSa FyR !'59/ Q& adzmYAa

inherent differences in how oil and gas opgons are conducted in Alaska versus in the CONUS,; this discussion
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Aa

Ol LJi dzNB R A $eptRilséuSamtasi@hyEPA ehdi ER® 20/NELSKflemental FTP sita

addition, ADEC staff determined that many emissions may still be missing from their permits and thus their
inventaries. It was mutually decided that Alaska would accept EPA estimates for the county/SCCs Sradsia in

4-133
Table4-133 EPA Oil and Gas estimates added to Alaska for the 2017 NEI
FIPS | SOURCE_CATEGO SCC SCC_SHORTENED
02122 | FUGITIVES 2310011501| On-Shore Qil Production /Fugitives: Connectors
02122 | FUGITIVES 2310011502 On-Shore OiProduction /Fugitives: Flanges
02122 | FUGITIVES 2310011503| On-Shore Oil Production /Fugitives: Open Ended Lines
02122 | FUGITIVES 2310011505| On-Shore Qil Production /Fugitives: Valves
02122 | FUGITIVES 2310021501| On-Shore Gas ProductidRugitives: Connectors
02122 | FUGITIVES 2310021502 On-Shore Gas Production /Fugitives: Flanges
02122 | FUGITIVES 2310021503| On-Shore Gas Production /Fugitives: Open Ended Lines
02122 | FUGITIVES 2310021505 On-Shore Gas Production /Fugitives: Valves
02122 | FUGITIVES 2310021506 On-Shore Gas Production /Fugitives: Other
02122 | LIQUIDS UNLOADIN| 2310021603| On-Shore Gas Production / Gas Well VentiBjpwdowns
02122 | PNEUMATIC DEVICE 2310010300| Oil Production Pneumatic Devices
02122 | PNEUMATIOEVICES 2310021300 On-Shore Gas Production Pneumatic Devices
02122 | WELL COMPLETION 2310111700| On-Shore Oil Exploration: Oil Well Completion: All Proces
On-Shore Gas Exploration: Gas Well Completion: All
02122 | WELL COMPLETION 2310121700| Processes
02185| FUGITIVES 2310011501| On-Shore Qil Production /Fugitives: Connectors
02185| FUGITIVES 2310011502 On-Shore Qil Production /Fugitives: Flanges
02185| FUGITIVES 2310011503| On-Shore Qil Production /Fugitives: Open Ended Lines
02185| FUGITIVES 2310011505| On-Shore Qil Production /Fugitives: Valves
02185| FUGITIVES 2310021501 On-Shore Gas Production /Fugitives: Connectors
02185| FUGITIVES 2310021502 On-Shore Gas Production /Fugitives: Flanges
02185| FUGITIVES 2310021503| On-Shore GaProduction /Fugitives: Open Ended Lines
02185| FUGITIVES 2310021505 On-Shore Gas Production /Fugitives: Valves
02185| FUGITIVES 2310021506 On-Shore Gas Production /Fugitives: Other
CKAE FY2dzyGSR (2 (GU4KS | RRAUTaBIeAA34F2NI ' £ a1l Q&

Table4-134: Additional VOC emissions (tons/yr) added to the Alaska Oil and Gas inventory

Source Category Kenai Peninsulg North Slope
WELL COMPLETIONS 46.9 -
LIQUIDS UNLOADING 17.7 -
FUGITIVES 184.4 127.4
PNEUMATIC DEVICES 182.6 -

AY@OSyi2

Alaska agreed toesearch blowdowns and drill rigs for the 2020 NEI, but it was determined that these emissions
were likely much less than what was estimated in the EPA oil and gas tool, so they were not included in the 2017
NEI for lack of a good estimate.
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Alaska does ndtave storage tanks at well pads in the same way that they do in the continental US. For this
reason, EPA and Alaska agreed to zero out these emissions. The tanks that do exist are mobile equipment and
therefore are not permitted. From the emissions sutied in fee assessments, the emissions are very small,

and not applicable to every well pad and every activity (well servicing, exploration of development drilling).
ADEC acknowledged that produced fluids will sometimes be stored during drilling axtwitehen disposed

down the well annulus either at the same location or an approved Class Il injection well. There may be a short
period of time that these fluids are on site and could result in some emissions.

EPA agreed to zero this out in the tool tbe 2017 NEI. ADEC will review these tanks for the 2020 NEI and
reconvene with EPA to determine if there is any value in adding this to the EPA tool.

For well completions and workovers, EPA acknowledged that based on some comparisons to subpart W
methaneemissions, North Slope emissions seem to be too high. EPA agreed to zero those out on the North
Slope, and ADEC agreed to take the tool estimate for the other counties (similar order of magnitude for Cook
Inlet, according to subpart W.)

ADEC researched tmeimber of dehydrators, and, in reviewing the number provided and emissions reported, it
seems like the proposed reduction of 98% to accommodate still vent control makes sense since most of these
had emission controls. ADEC believes that the dehydratersnatuded in the reported NEI submittal are

accurate and will agree to the 98% reduction for still vent controls.

Regarding associated gas emissions, ADEC said that it is a general state policy that venting/flaring is a waste of
state resources and islass of money to operators. The Subpart W reporting shows this to be very small and
does not compare to the tool volumes. EPA agreed to zero this out.

For Mud degassing, ADEC noted that most mudding operations are in a module that is within the ABDE@.
provided a slide with some of the mud facilities on the slide pack. Because they are in a structure,
OSHA/AKOSHY/Fire regulations are strict for safety purposes. ADEC will research this more for 2020. EPA agreed
to zero this out in the tool for 2017.

Regarding pneumatic pumps and devices in the North Slope and Cook Inlet, pneumatic pumps are listed as an
insignificant emission source, so it is not included in the permit or in any reports. ADEC agreed that the tool
volumes for the devices and pumps wereceptable for 2017 since they were close to the Subpart W reporting.
ADEC will research this for the 2020 NEI for EPA tool updates.

For liquids unloading, when compared to subpart W methane emissions, it is very small in the North Slope and
EPA offeredd zero this out. For Cook Inlet, the tool is very close to the Subpart W reporting, so ADEC agreed to
keeping the tool estimates for the 2017 NEI.

California

The California Air Resource Board (CARB) submits their own data, for the most part, for tBeANEelached out

to the CARB to determine why there are orders of magnitude differences in the oil and gas sector. CARB replied
that they stand by their estimates. EPA proposed that the SCCs that CARB included in their submission did not
include these sours (based on a look at their Emissions Inventory Codes (EIC) to SCC mapping that CARB
provided):

I 2310011001 Ott Associated Gas Venting
9 2310011600 Artificial Lift Engines
1 2310010100 Oil Well Heaters
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1 2310010200 Oil Well Tanks
1 2310000553 Produced waterlQVells

CARB therefore changed their Nonpoint Survey to include EPA estimates for these 5 SCCs. California was the
only state to resubmit data between November 2019 and April 2020 selection. This increased VOC by about
16,500 tons, which brings it more line, but still lower than expectations.

Colorado

EPA contacted the Colorado Department of Public Health and Environment (CDPHE) regarding potentially
missing carbon monoxide. CDPHE responded that they summed carbon monoxide for all area engines and
submited them to miscellaneous engines. CDPHE approved of EPA backfilling carbon monoxide for other
combustion sources based on NOx. Most oil and gas development in La Platta County is on tribal lands; the
portion on state land is minimal.

Oklahoma

The Oklahom®epartment of Environmental Quality (OK DEQ) uses a mix of both EPA estimates (for the
exploration module) and their own emissions using the oil and gas tool (production module only). OK DEQ

allows EPA to do HAP augmentation for the SCCs that they shbghiE RA FFSNBYy OS 06SG6SSy
SYyrxadaairzya RIFEGFaASOH FyR 9t! Qa {/ / a-spediiBfugitivelemissionsintd 9 v | 3
Fugitive All Process SCCs for oil, gas and CBM wells.

Pennsylvania

The PADEP relies on EPA to run the oilgasdtool but utilizes alternative SCCs for several source categories in
order to differentiate their emissions for conventional and unconventional oil and gas operations. PA DEP
provides unconventional well APl numbers which EPA then subtracts fromdhmtdetermine the

conventional portion. The process is:

1) Run the tool with basin factors that the Mitlantic Regional Air Management Association (MARAMA)
provided for the 2014 NEI oil and gas sector for

Artificial lifts

Associated gas

Condensate tanks

Crude tanks

Dehydrators

Fugitives

Gasactuated pumps (oil and gas wells)

= =4 =4 =4 -8 -4 -9

For associated gas, condensate tanks, crude oil tanks, and dehydrators, if the Tool sources were the 2017
GHGRP factors recently documented, these were not repldgied. also incorporated gas composition profiles
provided by the PA DEP.

2) Remove the activity data related to the emissions data provided by PA using APl numbers for unconventional
wells.

3) Run the tool for adjusted emissions.
no | aS GKS d@Zyd3y @A A2 INBALYE | OS (GKS Y2NBE 43ISYSNIfé
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Gas Well Condensate Tanks
Gas Well Heaters

Gas Well Dehydrators

Gas Well Liquids Unloading

®oo0oTo

For perspective, here is the activity data:

1) HPDI
a. #wells =80,343
b. Gas Production 5,476,303,221 MCF
c. Liquids Production = 6,563,695 BBL
2) PA Unconventional Wells (matched by API #)
a. #wells =5,765
b. Gas Production = 3,655,597,522 MCF
c. Liquids Production = 1,441,312 BBL
Thus,

% Wells that match between PA unconventional and HPDI &,7%56 wells/80,343 wells)
% of Gas Production of PA unconventional wells and HPDI = 67% (3,655,597,522 MCF/5,476,303,221 MCF)
% of Liquids Production of PA unconventional wells and HPDI = 22% (1,441,312 BBL/6,563,695 BBL)

While the Pennsylvania unconvemtial wells account for 67% of the gas production and 22% of the liquids
production, it translates to approximately 2% of the VOC and benzene emissions. This makes sense, because the
majority of the emission calculations in the tool are based on well comotsproduction. Thus, running the tool

for the remainder of the conventional wells (93%) will still produce the majority of emissions.

Utah

The Utah Division of Air Quality (UT DAQ) collects its own oil and gas inventory from the oil/gas extraction
indudry. They also use the EPA oil and gas tool to supplement source categories that are not collected through
their inventory.

It should be noted that the UT DAQ inventory engine emissions are not broken down in the same categories
(SCCs) used in the oil agas tool. Thus, instead of using the tool's SCCs, the engine data is submitted to generic
oil/gas production "miscellaneous engine&dCCs (CBM is also submitted to the misc gas SCC):

23100116006 Industrial Processeil & Gas Production, @hore Oil Rrduction, Miscellaneous Engines
23100217006 Industrial Processeil & Gas Production, @hore Gas Production, Miscellaneous Engines

UT DAQ has been making a rigorous effort to find missing VOCs in their inventory. One method for doing this is
to takesubpart W data, determine the methane to VOC ratio, and estimate emissions. UT DAQ did this for
ASOSNIf OlFGS3I2NRSazr a2YS 2F gKAOK RARYQdG SEAAG @& {

1 For liquids unloading, UT DAQ will submit to the same liquids unig&iC we use in the tool.

f C2NJIaaz20AlradSR 3ra @SydAy3a FyR FEFNAYy3IY ¢S O2YLI
GKS (22fQa4 A& KAIKSNE &2 DNB3I 62yQi adzoYAld (GKAA

1 C2NJ aof26R28Yya | YR LIA é&dDhsfoteeatalabEWNSEC, baddbise ERATRRGIOR &i$ § ¢
considering restricting these types of operations during inversion events, to prevent high ozone in
wintertime, for example.
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startlng up, shutting down or malfunctioning or inoperable, EPA also sees a need to create a new SCC in
0KS HOMEEEE FNBF 2F GKS {// GlroftSd hyS 2LIA2y (fF
FdZAAGA PSa 0 S @entdaid Ye viakt B deQaBto dskefnb&ween the two.

New SCCs, shownTiable4-135, were created for pipeline blowdowns and pigging, pipeline leaks, midstream
gas venting for maintenance, startup shutdown and maintenance.

Table4-135bS¢g {//a ONBFGSR (2 lFaaaaid | ¢ 5! vQa LALSEA
SCC SCC Description
Industrial Processes; Oil and Gas Exploration and ProductieBh@me Gas Productiorn
2310021801 | Pipeline Blowdowns and Pigging

Industrial Processes; Oil and Gas Exploration and ProductieBh@me Gas Productior
2310021802 | Pipeline Leaks

Industrial Processes; Oil and Gas Exploration and ProductieBh@me Gas Productiorn
2310021803 | Midstream gas venting for maintenance, stgrt shutdown, or malfunction

Wyoming

The Wyoming Department of Environmental Quality (WY DEQ) has and submits its own oil and gas inventory.

| 26 SOSNE ¢KSYy v! QAy3d GKS Ay@Syia2NBI 2@82YAy3d akKz2gSR
Sublette County. In the 2014v2 NEI, there were 42,000 tons submitted. Conversations with WY DEQ showed that
the 2014 VOC emissions for that county were not correct; submissions from Wyoming were in pounds, not tons,
and a correction was attempted back iQX27 but was not successful. WY DEQ agreed that for the 2017 NEI, they
would accept the EPA estimate for Sublette County for well completions. We tagged out the Nonpoint Survey
NBalLlyasS F2NI {// Homnnumpnn ¢6KAOK SRAMCYINAI f RRG KNS G

In addition, WY DEQ used different SCCs for pneumatic pumps, oil tanks, and well completions. WY DEQ
provided this information:

2310021500=Comp. Workover Vent & Flare (oil well) = 420.5 tons
2310111700=Comp. Workover Vent & Flare (gas)well,327.9 tons
2310000660=Completion Engine (oil, gas well) = 64.2 tons
2310111401=Pneumatic Pump (oil well) = 71.7 ton
2310021310=Pneumatic Pump (gas well) = 1,375.8 tons
2310011020=Tanks & Pressurized Vessels (oil well) = 24,779.4 ton
2310021010=Tank& Pressurized Vessels (gas well) = 11,616.6 tons

= =4 =4 =4 -8 -4 -9

4.17.3.6 Quality Assurance

The following figures were produced to perform QA on the draft selection for Rigré4-19) and VOCHigure

4200 SAGAYF(GSAT Ay 020K{$A9iBadaotiaz:SAabNBY AaNBOIMBAaEEa
the 2017 NEI. Note that this is a logl&; and that states that submitted are the only ones that show up in

yellow. The states that show the most differences are Alaska and California, so EPA reached out to those states.
Note that the final NEI selection (in blue) shows a compromise betweertE® S A GAYIF 6S& FyR K¢
submissions. Details on these compromises and correspondence with EPA is documented in the previous

section.
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Figure4-19: Statelevel 2017 NEI, SLT, and EPA NOX emission comparisons

State NOx Comparison 2017 NEI, SLT and EPA
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Figure4-20: Statelevel 2017 NEI, SLT, and EPA VOC emission comparisons

State VOC Comparison 2017 NEI, SLT and EPA
Tons/Year
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4,18 Miscellaneous Non-industrial NEC: Cremation — Human and Animal

4.18.1 Sector description

The cremation of human remains results in emissions of particulate mattey N&&Xx, VOC, CO, and HABPs. a
significant source of mercury emissions, due to mercury in dental fillings, as well as mercury in blood and
tissues. In 201 human cremation resulted in the emissionsagiproximately 1.8ons of mercury.

The cremation of animals also results in emissions of CAPs and HAPs, though it emits less mercury than human
cremation. In 207, animal cremation resulted in the emissionsapproximately 4bs. of mercury.

SCCs for human and animal cremation are pledin Table4-136.

Table4-136: Human and animal cremation SCCs

SCC SCC Level 1 SCC Level 2 SCC Level 3 SCC Level 4
2810060100 Miscellaneous Area Sourcey Other Combustion  Cremation Humans
2810060200 Miscellaneous Area Sourced Other Combustion  Cremation Animals

4.18.2 Sources of data

The paved road dust sector includes data from the S/L/T agency submitted data and the default EPA generated
emissions. The agencies listedlable4-137 submitted emissions for this sector; agencies not listed used EPA
estimates for he entire sectorVirginia only submitted emissions for human cremation. Maricopa county,
Maryland, and Washoe counties did not include mercury estimates for either human or animal cremation.
Rhode Island did not submit mercury estimates for animal cramdtbut did for human cremation).

Table4-137: Agencies that submitteduman and/or animal crematioeamissions

Region | Agency S/ILIT
1 Rhode Island Department of Environmental Management State
3 Maryland Department of the Environment State
3 Virginia Department of Environmental Quality State
4 Knox County Department of Air Quality Management Local
4 Memphis and Shelby County Health Departmenollution Control Local
5 IllinoisEnvironmental Protection Agency State
9 Maricopa County Air Quality Department Local
9 Washoe County Health District Local
10 Coeur @lene Tribe Tribe
10 Idaho Department of Environmental Quality State
10 Nez Perce Tribe Tribe
10 ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho Tribe

4.18.3 EPAdeveloped emissions

The calculations for estimating emissions from human cremation involve estimating the number of deaths in

each age group in each county, using data from the CeritgrDisease Control and Prevention. The number of

deaths is multiplied by the average weight by age group and the-&tatd cremation rate from the National

Funeral Directors Association to estimate the total amount of cremations in each county is éémmass. This
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number is multiplied by an emissions factor to estimate the emissions of CAPs and HAPs. Emissions of mercury
include emissions from mercury in fillings in teeth and in blood and tissues. The emissions from mercury in
fillings are estimatedhased on data on the number of filled teeth per person in each age group and assumptions
about the proportion of fillings that contain mercury and the amount of mercury in each filling.

The calculations for estimating emissions from animal cremationvewidtermining the number of cremated
animals nationally and distributing this number to each county based on population. The number of cremated
animals is multiplied by average weights for cats and dogs to determine the amount of cremations in each
countyin terms of mass. This number is multiplied by an emissions factor to estimate the emissions of CAPs and
HAPS.

4.18.3.1 Activity data

Human Cremation

The activity data for human cremation is based on the number of deaths in each county in 13 age groups, from
the Centers for Disease Control and Prevention WONDER datpbasg Data for some countieare withheld

in the WONDERatiabase. These gapse filled using thelata on the total number of deaths by age group in

each state (which includebe number of deaths thaare withheld at the county level¥irst, the sum of the

reported countylevel number of deaths in each age gpoand state is subtracted from the reported stdevel
number of deaths in each age group to determine the total number of deaths withheld at the county level in
each state and age group.

0'Q &L “MWBQAQ 0QEI 6 (O'Q 0QIIOE 6 &0 6 (H1)

Where:

Deaths_withheld. =Total number of withheld deaths in stagén age groua
Deaths_statea =Total number of deaths reported at the state level in staie age groua
Deaths_county,  =Total number of deaths reported at the county level in staie age groum

The total number of withheld deaths are distributed to the counties based optbgortion of population in
those counties to the total state population.

- Er
5éh oo D (H2)
0D €N
Where:
Pop_ratiq = The population ratio used to distribute withheld deaths in state countyc
Pop = The total population of county
Pop =The total population of stats

The number of withheld deaths in each state is multiplied by the county populediato distribute the
withheld deaths to the counties. Note that this step is only performed for counties where céerdldata on
number of deaths is withheld; this step is not performed where codetyl data on deaths is reported.

0'Q &, OQEMOL WA 0 & H G Qf (H3)

4-232



Where:

Deathg.a The number of deaths in countyn age groum

Deaths_withhelda Total number of withheld deaths in stagen age grou, from equation H1

Pop_ratie = The population ratio used to distribute withheld deaths in sktie countyc,
from equation H2

The total number of deaths in each county (either reported directly in the CDC WONDER database or estimated
using equation H3) is multiplied by a stdévelcremation rate, reported by thélational Funeral Directors
Association (NFDAeT 2], shown inTable4-138. It is assumed that the statkevel cremation rate applies to all
counties within the state.

01 Q& 0WOoRQEGAMO; 01 Qa wod WD (H4)
Where:
Cremationsa = The number of human cremations in couaiy age groum
Deaths,a = The number of deaths in countyn age groua

Cremation_rate = The rate of human cremations in staigrom Table4-138[ref 2]

Table4-138 Human cremation rate by state

State Cremation Rate Michigan 54.9%
Alabama 23.1% Minnesota 57.2%
Alaska 66.3% Mississippi 18.2%
Arizona 66.1% Missouri 39.7%
Arkansas 32.7% Montana 72.8%
California 63.4% Nebraska 43.8%
Colorado 68.6% Nevada 76.9%
Connecticut 50.3% New Hampshire 70.3%
Delaware 46.2% New Jersey 40.6%
District of Columbia 40.0% New Mexico 58.9%
Florida 62.4% New York 39.6%
Georgia 37.1% North Carolina 39.8%
Hawaii 72.7% North Dakota 35.3%
Idaho 56.8% Ohio 42.3%
Illinois 42.8% Oklahoma 39.0%
Indiana 36.6% Oregon 74.1%
lowa 42.2% Pennsylvania 43.1%
Kansas 44.6% Rhode Island 46.6%
Kentucky 24.5% South Carolina 37.4%
Louisiana 26.3% South Dakota 35.4%
Maine 70.0% Tennessee 28.1%
Maryland 40.6% Texas 39.3%
Massachusetts 43.4% Utah 31.2%
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Vermont 67.3%
Virginia 36.1%
Washington 75.5%
West Virginia 27.3%
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The CDC provides estimates of the average weight of individuals in each age gr8upref number is
multiplied by the number of cremations in each countyacth age group and then summed across all age
groups to estimate the total amount of cremations in tons in each county.

0¢¢
01 Qa o0l 0i QCX(OOHQE(AEIP—‘v, (H5)
¢mmamwi
Where:
Cremations_tons The weight of humans cremated in coungyn tons
Cremations = The number of human cremations in countyrom equation H4
W, = The average weight of individuals from age graup

Animal Cremation

The Pet Loss Professionals Alliance (PLPA) deddaisurvey that estimated that there were 1,840,965 pet
cremations in 2012, and that 99 percent of deceased pets are crenfiagid]. In addition, the Humane Society

of the United States estimates that there are 2,700,000 addptdbgs and cats euthanized in animal shelters

each yealfref 5]. It is assumed that all of these shelter animals are cremated. Therefore, there are a total of
approximately 4,540,965 animal creations each year. Note that this estimate does not double count the number
of animal cremations, because the PLPA study cdimetmumber of cremations of petsi.e. animals that are

owned by people whereas the Humane Society estimates are for animals in shelters that were not adopted.

The population of cats and dogs is approximately p2isentcats and 48.percentdogs[ref 5]. Using this
percentage and the total number of pets and shelter animals cremated annually, a total number of cats and a
total number of dogs cremated annually can be calculated.

01 QA DOrRE EVDOFQE OB WO Ve ODI 01 Qa woi'WEA Qi (A1)
Where:

Cremationgy = Total catsg, or dogsd, cremated annually in the United States

Ratiayqg = Ratio of cats;, or dogsd, in the pet population

Cremations_petss = Total number of pets cremated annually in the United States

Cremations_sheltgrs = Total number of shelter animals cremated annually in the United States

The average weight of a domestiat is approximately 4.5 kg (9.9 pounflef 6]. The average weight of a dog is
difficult to determine due to large differences in breeds, bataverage across breeds is 48dunds[ref 7].

Note that thi is a straight average of the average adult weight for male and female dogs across breeds. It is not
a weighted average that takes into account the popularity of different breeds in the United States. To calculate
the weight, in tons, of both cats and dogremated annually, the average weight values are multiplied by the

total number of cats and total number of dogs cremated annually.

01 Qa wooGEEil 01 Q4 WOy QE@Q WG ——— (A2)

Where:

Cremations_tongus = Total weight, in tons, of cats, or dogsd, cremated annually in the United
States
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Cremationgaq,us = Total catsg, or dogsd, cremated annually in the United States
Weighty = Average weight per animal, in pounds, of catsyr dogsd

Once the weight of cats and weight of dogs cremated annually has been calculated, these values can be summed
to derive a total weight of animals cremated annually. The total weight of crematieddsin 2014 was
approximately 53,441 tons.

01 Qa wo0Geetii 01 Qa wOoCGeeEiio i Qa wodGEeeii (A3)
Where:

Cremations_tonsimai,us= Total weight of animals cremated annually in the UnB¢akes, in tons
Cremations_tonsys = Total weight of catx;, cremated annually in the United States, in tons
Cremations_tonsys = Total weight of dogsl, cremated annually in the United States, in tons

4.18.3.2 Allocation procedure

Human Cremation

Thenumber of deaths is reported by the CDC at the county level. Therefore, these data do not need to be
allocated. For counties with withheld data on the number of deaths, the total number of withheld deaths is
distributed to counties based on the proportiah population in those counties, as described in equations H1
H3.

Animal Cremation

TheestimatednationaHeveltotal weight of animals cremateare allocated to the county level based the
ratio of populationin each county to the total national populan.
Oi Q& wo0Geeeii  O01 Qa wooGEeeii 5 Eq (A1)

Where:

Cremations_tonsimaic = Total weight of animals cremated in counfyn tons
Cremations_tonsima,us= Total weight ofnimals cremated annually in the United States, in tons, from

equation A3
Pop = The total population of county
Popss = The total population of the United States

4.18.3.3 Emission factors

Human and Animal Crematiog Blood and Tissues

The emissions factors for human and animal cremation for CAPs are frai2 féf8], and a report by EPA on
emissions tests of a crematojref 9], and are in units of pounds of emissions per ton crematbd.éimissions
factors for most HAPs are a report from the California Air Resources Boat@|[raf well as from the EPA
emissions test of a crematory. The mercury emissions factor is from a review of multiple studig$. [Félese
emission factors do not include emissions from dental fillings. As shoWabin4-139, EPA uses the same
emissions factors for emissions from cremation of blood and tissues for both humans and animals.
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Tabk 4-139 Emissions factors for the cremation of human and animal blood and tissues

Emission
Pollutant Pollutant Code Factor Source
(Ibs/ton)
Carbon Monoxide (6{0) 2.947 8
Lead 7439921 0.009 9
Nitrogen Oxides NOX 3.560 8
PM10 Primary PM10PRI 3.036| 8(65% of total PM)
8 (43.3% of total
PM2.5 Primary PM25PRI 2.022 PM)
Sulfur Dioxide S0O2 2.173 8
Volatile Organic 8
Compounds VOC 0.299
Acenaphthene 83329 1.303E06 10
Acenaphthylene 208968 8.971E07 10
Acetaldehyde 75070 9.269E04 10
Anthracene 120127 2.389E06 10
Arsenic 7440382 5.097E04 10
Benzo(a)anthracene 56553 1.166E07 10
Benzo(a)pyrene 192972 4.720E07 10
Benzo(b)fluoranthene 205992 1.737E07 10
Benzo(g,h,i)perylene 191242 5.874E07 10
Benzo(k)fluoranthene 207089 1.486E07 10
Beryllium 7440417 1.760E05 10
Cadmium 7440439 2.940E03 9
Chromium (VI) 18540299 1.829E04 10
Chrysene 218019 2.880E07 10
Cobalt 7440484 8.869E05 10
Dibenz(a,h)anthracene 53703 1.349E07 10
Fluoranthene 206440 1.337E06 10
Fluorene 86737 3.760E06 10
Formaldehyde 50000 2.469E04 10
Hydrogen Chloride 7647010 3.595E+0C 9
Hydrogen Fluoride 7664393 8.651E03 10
Indeno(1,2,3cd)pyrene 193395 1.440E07 10
Mercury 7439976 1.324E04 10
Naphthalene 91203 7.520E04 10
Nickel 7440020 4.149E04 10
Phenanthrene 85018 1.531E05 10
Pyrene 129000 1.474E06 10
Selenium 7782492 4.971E04 10
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Human Crematiorc Dental Mercury

In addition to mercuryemitted from the cremation of blood and tissues, mercury is also emitted due to the

cremation of dental fillings. The Bay Area Air Quality Management District (BAAQMD) issued a report in 2012
estimating the average amount of mercury in teeth per personiif@y | 3S 3INRB dzLJasX ol aSR 2y
National Health and Nutrition Examination Suryesf 12]. Table4-140shows the estimated amount of material

in restored teeth by age group from the BAAQMD st[rdy/12], which is matched to the age groups used by the

CDC Wonder database, which is the source of data on deaths by age group.

The BAAQN? memorandum is used to estimate that 31.6 percent of filled teeth in tBd &ge groups contain
amalgam. According to the American Dental Association (ADA 1998) more than 75 percent of restorations
before the 1970s used dental amalgam, which declinesl@ercent by 1991. Using these numbers, it is
assumed that 50 percent of the filled teeth for-28 age groups contain amalgam, 62.5 percent of filled teeth in
the 4564 age group, and 75 percent of filled teeth for people over 65. The Food and Drugddtion has
discouraged the use of dental amalgam in children undeef6L3]. While EPA does not have data on the
percent of fillings containing dental amalgam for thd Age group, it is assumed that this age group has
approximately half the dental amalgam of the other age groups under 20 year#t iddalso assumed that
children under the age of 1 have no dental mercdrge analysis also assumes that 45 percent of all amalgam
containing fillings are mercury, based on infation from the Food and Drug Administratifref 13].

Table4-140: Estimated amount of material in restored teeth

Age Groups in CD({ Age Groups in BAAQMI  Avg. Material in % of Fillings
WONDER Databas Memorandum Restored Teeth (g) Containing Mercury
<1year 0.000 0.0%
1-4 years 0-4 years 0.160 15.8%
59 years 0
10-14 years 5-14 years 0.720 31.6%
1519 years 0
2024 years 1524 years 1.070 31.6%
25-34 years 25-34 years 2.230 50.0%
3544 years 3544 years 3.290 50.0%
4554 years 4554 years 4.310 62.5%
5564 years 5564 years 4.320 62.5%
65-74 years 65-74 years 3.780 75.0%
75-84 years 75-84 years 3.650 75.0%
85+ years 85+ years 2.960 75.0%

Theemissions factor for mercury in teeth is calculated by multiplying the average amount of material in restored
teeth per person by the percentage of fillings containing mercury in each age group and the proportion of
mercury in dental amalgam (approximatdl§ percent).

« QW
O"®@QQE Uwo Qi WE¥AE 0 QECAW 1 € 1N € TIBTQIEC% (H6)

Where:

EF_teethga = Emission factor for mercury emissions from teeth due to cremation for age gronp

Ibs. per cremation
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Materiala = The average amount of material in restored teeth for age geyup grams, fronTable
4-140

ContainHg = The proportion of people in age groapvith fillings that contain mercury, frorable
4-140

HgProportion =The proportion of dental amalgam that is mercury (approximately 45 percent)

4.18.3.4 Controls

There are no controls assumed for this source category.

4.18.3.5 Emissions

Human Cremation
To estimate the emissions of CAPs from human cremation, the total number of human cremations in each
county, in tons, is multiplied by the emissions factor for each pollutant, ffaivke 4-139.

OaQi i REBI QA wdVELEOO (H7)
Where:
Emissions. = Emissions of pollutapifrom human cremation in county, in pounds
Cremations_tonss The number of human cremations in countyn tons
ER = Emissions factor for pollutaptfrom human cremation, in Ibs. per ton

The emissions from mercury in teeth are estimated based on the number of cremations rather than the weight.
To estimate the emissions of mercury from teeth during human crematientumber of cremations in each
age group is multiplied by the emissions factor for each age group and then summed across age groups.

Oa Qi | @OV 01 Q& o QEED QQ ¢, (H8)
Where:
Emissions_teeth .= Emissions of mercury in teeth from human cremation in coanity pounds
Cremationga = The number of human cremations in couniy age grou@
EF_teethga = Emissions factor for mercury emissions from teeth due to cremation for age group

in Ibs. per cremation

The emissions from mercury from blood and tissues are estimated by multiplying the total number of
cremations in each county, in tons, by the emissifactor for mercury from blood and tissues.

Oa Qi | WOEiIHQ1 Qb WodEEEIIO® Qi | 6°Q (H9)

Where:

Emissions_tissug.= Emissions of mercury in tissues from human cremation in cayimypounds

Cremations_tons = The number of human cremations in countyn tons

EF_tissuga = Emissions factor for mercury emissions from blood and tissues due to cremation for
in Ibs. per ton
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The total emissions of mercury from cremation in each county is calculated by adding the emissions of mercury
from teeth and the emissions of mercury fnatissues.

OaQi | Qe E0AQI | WOBVYE OaQi | @OEiIHQ (H10)

Where:

Emissiongy,c = Emissions of mercury from human cremation in county pounds
Emissions_teeth .= Emissions of mercury in teeth from human cremation in counity pounds
Emissions_tissug.~= Emissions of mercury in tissues from human cremation in cazliypounds

Animal Cremation

OaQi i REBI QA wdVELEOO (A5)
Where:
Emissions. = Emissions of pollutapifrom animal cremation in county, in pounds
Cremations_tons The number of animal cremations in countyn tons
ER = Emissions factor for pollutaptfrom animal cremation, in Ibs. per ton

4.18.3.6 Sample calculations

Table4-141lists the sample calculations for estimating mercury emissions from human cremation in the 85+ age
group and animal cremationf@ats in Clark County, ID. To estimate the total emissions in Clark County, these
steps would be repeated to estimate emissions from all age groups and from cremation of dogs.

Table4-141 Sample calculations for mercury emissions from human cremation for the 85+ age group and
cremation of cats in Clark County, 1D
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Equation Valuesfor Clark County, 1D Result
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4.18.3.7 Updates in 2017 methodology

There is one slight change from the 2014 methodology for the estimation of emissions from human cremation.
In the 2014 methodology, the emissions factor for mey emissions from cremation of blood and tissues was

in units of per cremation. In the 2017 methodology, EPA uses the same emissions factor, but converted it to a
per-ton emissions factor. The péon emissions factor is multiplied by the number of tamemated in each

county.

The most significant difference from the 2014 methodology for the estimation of emissions from animal
cremation is that EPA now estimates emissions of pollutants other than mercury. In the 2017 methodology, EPA
uses the emissions€tors for cremation of human blood and tissues to estimate emissions from animals.

4.18.3.8 Puerto Rico and U.S. Virgin Islands

Since insufficient data exists to calculate emissions from human cremation for the counties in Puerto Rico and
the US Virgislands, emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto
Rico and 12087, Monroe County for the US Virgin Islands. The total emissions in tons for these two Florida
counties are divided by their respective populati@meating a tons per capita emissions factor. For each Puerto
Rico and US Virgin Island county, the tons per capita emissions factor is multiplied by the county population
OFNBY GKS alYS @SINIIa GKS Ay @Syl 2tBn@nese ba®e$ xshdA & RI
OKNRdzZAKLIzG ol OGA@AGE RFEGFO dzyAlG yR GKS SYAaaAirzya
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Emissions from animal cremation are based on county population; therefore, the emissions from animal
cremation in Puerto Rico and the Virgin Islandscaleulated using the method described for the rest of the
counties.
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4.19 Miscellaneous Non-Industrial NEC: Residential Charcoal Grilling

4.19.1 Sector description

Residential barbecue grilling emissions include emissions from the burning of charcoal (including the use of

lighter fluid) and emissions from all types of meat cooked on charcoal, gas, and eledsi€grihbustion

emissions from gas barbecue grédle notincluded. This source category (SCC=2810025000) is one of many
components in the Miscellaneous Nany Rdza G NA | £ aSOG 2N ¢KS {// RSaONR LI
Other Combustion; CharcoatifBng - Residential (see 282002EEE T2 NJ / 2YYSNODA L f 0T ¢ 2 |

4.19.2 Sources of data

This source category includes a mix of S/L/T data, where provided, angeBErated emissions. The agencies
listed inTable4-142 submittedemissions for residential charcoal grilling. Agencies not listed uses EPA estimates.

Table4-142 Agencies reportingResidential Charcoal Grilliegissions
Region| Agency S/ILT
1 | Massachusetts Department of Environmental Protection State
4 | Memphis and Shelby County Health DepartmeRobllution Control Local
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https://www.cdc.gov/nchs/data/series/sr_03/sr03_039.pdf
https://connectingdirectors.com/40088-pet-loss-professionals-alliance-releases-findings-of-inaugural-professional-survey
https://connectingdirectors.com/40088-pet-loss-professionals-alliance-releases-findings-of-inaugural-professional-survey
https://www.humanesociety.org/resources/pets-numbers
https://modernpuppies.com/breedweightchart.aspx
http://www.ejnet.org/crematoria/reindl.pdf
https://www.fda.gov/medical-devices/dental-amalgam/about-dental-amalgam-fillings

Region| Agency S/LIT
4 | Metro Public Health dNashville/Davidson County Local

5 | lllinois Environmental Protection Agency State

6 | Texas Commission on Environmental Quality State

9 | Maricopa County Air Quality Department Local

10 | Coeur d'Alene Tribe Tribe

10 | Idaho Department oEnvironmental Quality State

10 | Kootenai Tribe of Idaho Tribe

10 | Nez Perce Tribe Tribe

10 | ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho Tribe

4.19.3 EPAdeveloped emissions

Emissions from this source category include criteria pollutants, (CO, NOx;FRI1IBM2%RI and VOC) and

HAP emissions fromesidential barbecue grilling. Sources of emissions indhueieing charcoahndusing lighter

fluid in charcoal grillsand cookig meat on charcoabas, and electrigrills. To perform the relevant calculations
data are needed on activities and emissions factors for those activities. Activity data includes information about
total charcoal sold, total meat cooked, and total amoohtighter fluid used.

4.19.3.1 Activity data

There are three types of activity data for this source category: (1) amount of meat cooked on charcoal grills; (2)
amount of meat cooked on gas and electric grills; and (3) number of grilling events using light&dthicf
these types of activity data is discussed in the subsections below.

Meat cooked on charcoal grills

This source category includes emissions from the amount of charcoal burned and the amount of meat cooked.

The total amount of charcoal sold in the United States is based on data from the Heath, Patio, and Barbecue
Association (HPBA) [r&f, which is distributed to each county based on the proportion-dfunit homes in

each county, from the I$. Census Bureau [ref 2]. This distribution procedure is discussedérdetail in
Sectiord.19.3.2 We assumd¢hat all charcoal sold is burned.

The amount of meat cooked is determined based on assumptions about the amount of meatl gaoksound
of charcoal sold. This calculation assumes 17.64 charcoal briquettes per pound of charcoal 8pahftef.033
pounds of meat cooked pdariquette fref 4]. Thesenumbers are multiplied together to calculate a value of
0.588 pounds of meat cooked per pound of charcoal sold.

rmmwﬁindﬂbéé’ﬁm&m DT wE @ Q ) ) ) 1)
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Meat cooked on gas and electric grills

The amount of meat cooked on gas grills is calculated based on assumptions about the ratio of gas grilling to
charcoal grilling, including that charcoal grills represent 41% of grills and gas/electric grills represent 88% [ref
and that charcoal grills are used 27 times per year and gas/electric grills are used 45 times per ggartref
calculation results in an estimated ratio of 2.398, meaning that for every pound of meat cooked on a charcoal
grill an additional 2.398 pounds of meat are cooked on a gas or eledttic gr
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Thevalues from equations 1 and 2 are used with national data on the amount of charcoal sold from the HPBA
[ref 1] to estimate the total amount of meat cooked on chargagds, and electric grills. This national charcoal
sales data is distributed to the counties based on the number of homes in each county, as described in the
following section.

Grilling events using lighter fluid

This calculation is based on the percentaf@omes that have a grill (80%) [&f the percentage of grills that
are charcoal grills (41%) [r8f, the percentage of charcoal grills that use lighter fluid (37%)7]rednd the
number of times peyear that charcoal grills are used (27) [B&fThis results in a value of approximately 3.28
grilling events per household per year where lighter fluid is used.
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This number is multiplied by the number of occupied homes in each county to determine the total number of
grilling events in each county where lighter fluid iedisSeen Sectiof.19.3.20n allocationprocedure for
information on calculating the number of occupigéd-unit households.

€ r On o8 Y (4)
Where:
€ g = Number of grilling events in countwhere lighter fluid is used
Op = Total occupied households of4lunits in countyc
3.28 = Number of grilling events with lighter fluid per home, from equation 3

4.19.3.2 Allocation procedure

National data on the amourof charcoal sold is distributed to the counties based on the proportion of occupied
1-4-unit homes in each county. It is assumed that households in larger apartment buildings would not have the
space to have or use an outdoor grill. The data on the nurobeccupied 34 unit homes in each county is from
the U.S. Census Bureau American Community SurvE3][ Occupiechouseholds between 1 and 4 units are
estimated using the sum of totat4-unit households and the fraction of total occupied households in the US.

. . 0O &
(O Op 0 ¢ (5)
Oy O (6)
B O
Where:
H.o = Total occupied households of4lunits in countyc
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‘Or = Total households in county ¢

Huso = Total occupied households in the United States

Hus: = Total households in th&nited States

"'OY = Ratio of occupied households o#lunits in countycto total households of 4 units in United
States

The nationalevel data on charcoal sales is distributed to the counties using the ratio from equation 6.

6@ OE GAY 8@ wé g o] Qo € & @)
Where:
Charcoal = Amount of charcoal sold in courtyin pounds
HR = Ratio of households of4 units in countyc to total households of 4 units in United States

Charcoals= Amount of charcoal sold in the United States, in tons

The amount of charcoal sold in each county (from equation 7) is multiplied by the amount of meat cooked per
pound of charcoal (from equin 1) to estimate the amount of meat cooked on charcoal grills in each county.

0QWo FOOl 0E B Yy (8)
Where:
Meatcharcoa,c = Amount of meat cooked on charcoal grills in countiyn pounds
Charcoal = Amount of charcoal sold in countyin pounds
0.588 = Pounds of meat cooked per pound of charcoal, from equation 1

The amount of meat cooked on charcoal grills is usithl the ratio from equation 2 to estimate the amount of
meat cooked on gas or electric grills.

0Q0oy 5 0LQWO B & wyY (9)
Where:
Meatgaselecc =  Amount of meat cooked on gas or electric grills in cownin pounds
Meatarcoa,c=  Amount of meat cooked on charcoal grills in counyitin pounds
2.398 = Ratio of meat cooked on gas or electric grills to charcoal grills, from equation 2

The amaint of meat cooked on charcoal and on gas or electric grills is added together to determine the total
amount of meat cooked on grills in each county.

0 Qa0 0QWor 7 0QOO R (10
Where:
Meat,c = Total amount of meat cooked on grills in countyn pounds
Meatgaselecc =  Amount of meat cooked on gas or electric grills in cownin pounds
Meatarcoa,c=  Amount of meat cooked on charcoal grills in counitin pounds
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4.19.3.3 Emission factors

Theemissions factors arghown inTable4-143, including the atual emissions factor used in the calculations,

and the original emissions factor from the reference, i§ idifferent from the actual factor. The emissions

factors for CO, NOX, PMERI, PM2% wL > F YR *h/ | NBEnisiod®om Stiedt VeadorNCBokifgNI =
Devices (Charcoal Grillinggf 8]. There is also a separate emissions factor for VOC from lighter fluid, from the
South Coast Air Quality Management District, Rule 1178][r8fhe HAP emission factoare speciation factors

from the EPA SPECIATE database (Jiefvhich are speciation factors for charbroiling meat.

Table4-143 Emissions Factors for Residential Grilling (2810025000)

Pollutant Emissions Emission_s Emissions Emission_s Emissions
Pollutant Factor Factor Units Factor Units Factor
Code o . Factor (actual
(original) (original) (actual) Reference
CO CO 162.97a 325.93
NOX NOX 3.37a 6.74
PM1GPRI PM1GPRI 9.10a g/kg meat 18.19 |Ibs./ton meat| 6, Table 2
PM25PRI PM25PRI n/a 14.56b
0.94a 1.88
VOC VOC Ibs./grilling 6, section
0.02
event (©)(1)
1,3-Butadiene 106990 1.04E02
2,24
Trimethylpentane 540841 1.12E03
Acetaldehyde 75070 1.09E01
Anthracene 120127 1.09E05
Benzene 71432 8.26E03
Ethyl Benzene 100414 1.09E03
Fluoranthene 206440 3.98E05
Formaldehyde 50000 1.38E01
Hexane : 110543 43803 | PS/lIb- VOC 6
m-Xylene 108383 5.97E04
Naphthalene 91203 8.94E04
o-Xylene 95476 1.09E03
Phenanthrene 85018 1.20E04
Propionaldehyde 123386 5.01E02
p-Xylene 106423 5.97E04
Pyrene 129000 5.67E05
Toluene 108883 3.98E03

a. Based on average of test numbers MC1, MC2, MC3, MC6, MC7, and MC8 from the table showing
emissions factors for emissions per kg meat cooked. See T@hleReferenceo.
b. PM25PRI emission factor is based on assumption that RPRMRb= PM1@®RI x 0.8.

4.19.3.4 Controls

There are no controls assumed for this category.

4.19.3.5 Emissions

The emissions of PM1RRI, PM2#RI, and VOC for residential barbecue grilling are calculated by lyintip
the amount of meat grilled in each county (from equation 10) by the emissions factorsraible4-143
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Where:
Boc Emissions of pollutarg from grilling meat in countg, in pounds
Meat,c = Total amount of meat cooked on grills in counfyn pounds
ER.meat = Emissions factor for pollutamtfrom grilling meat

It is assumed that CO and NOX emissions are from charcoal combustion, and there are no significant emissions
of these pollutants fom gas or electric grills. Therefore, to estimate CO and NOX emissions, the emissions
factors for these pollutants are multiplied by the amount of meat cooked on charcoal (from equation 8), rather
than the total amount of meat cooked.

0 L R 11
T oh ot Q0 € & 7 (112)

Where:
Ecomoxc = Emissions of pollutant CO or NOX from grilling meat in caimyounds
Meatcharcoa,c = Total amount of meat cooked on charcoal grillsauntyc, in pounds
ERomo= Emissions factor for CO or NOX from grilling meat

For VOC, there is a separate calculation to account for emissions from lighter fluid use, in which the number of
grilling events per year where lighter fluid is used (frequation 4) is multiplied by an emissions factor of 0.02
Ibs. VOC/grilling evenTéble4-143).

O frn & r 00y (12)
Where:
Bocire = Emissions of VOC from lighter fluid use in coarity pounds
€ g = Number of grilling events in courtyvhere lighter fluid is used
ERocir = Emissions factor for VOC from lighter fluid use

These VOC emissions are added to the VOC iemésom grilling meat to determine the total VOC emissions
from residential grilling.

O n O fr O s & (13)
Where:
Broce = Total emissions of VOC from residential grilling in cotmtypounds
Biocire = Emissions of VOC from lighter fluid use in county pounds

Biocmeatc = Emissions of VOC from grilling meat in coenity pounds

Emissions of HAPs are calculated by multiplying the total VOC emissions by the speciation faatue}ih43.
O O 7 0O (14)
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Where:

Bnc = Emissions of HARIn countyc, in pounds
Boce = Total emissions of VOC from residential grilling in coanty pounds
ER = Emissions factor for HAP

4.19.3.6 Example calculations

Sample calculations for estimating VOC emissions from residential grilling in Ada County, ID, are Slatwen in
4-144. Note that equations 1, 2, and 3 result in constant values for each county, so these calculations are not
repeated here. See Sectidnl9.3.1for more information &out these equations.

Table4-144 Sample calculations for VOC emissions from residential grilling in Ada County, Idaho

Eq. # | Equation Values for Ada County, ID Result
o ofipc 131,795 occupied
i O O T WO& 00D QBE 6 0 & gomfl’s 'T[;*da
0 - pult THG GO MBADWRS QdE 6 ¢ | “OUW
0 ¢ Tp oy gyé 0@ d V0D QHE 6 0w
. . 0 cgy | POROEODS WADEDE 06E ot o 23;2tgng£!:g
o Qi "Qa'a il FNiE & Q County, ID
o 0 ofp wb 66 HEANWD Q&mE 6 & o 0-00148 ratio of
6 oY B0 B oG & JONEE homes in Ada
b & plo it G € County, ID
oW1 OE Ay 2,638,284.3

eI Pump dé LI O da

7 0@ Oé da T TidTE Q6 £ & pounds charcoal
¢ T ToTEdj Q0 € & < in Ada County, ID
1,551,311 Ibs.
0Qwo R - R S meat grilled on
8 i wéE B Yy Clp ol Y& o RHB T we Y charcoal grills in
Ada County, ID
3,720,044 Ibs.
0Qwoyr meat grilled on
9 DQdho plv Lip P @ AT QD XS WY gas or electric
& oY grills in Ada
County, ID
0 Quyo 5,271,355 Ibs.
10 0Qdor i plv vip p @ & QO ool ¢t @ & Q¢ ( meat grilled in
500 ; Ada County, ID
1 | On T Ut xipu o B 0G0 L s ¢ ¢ ?rfrisglr?lﬁhg(r)nceat
(X ¢ mTumd) Q0 € £ in Ada County, ID
15 O & T ofg PRI QEAURED i ﬁfrﬁslilgbrié\r/;)uci:d
€ p 00y @ & QNI "Qa'Q iR ¢

in Ada Conty, ID
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Eq. # | Equation Values for Ada County, ID Result

13,601 Ibs. VOC

O . ey w ow s ey from residential
. T O DUV O Yp T 0 ADU O grilling in Ada

County, ID

13

O
¢
¢

o
3¢
¢

4.19.3.7 Changes from the 2014 methodology

There is one change from the methodology used to estétiag 2014 v2 NEI. In 2014, emissions of CO and NOX
were estimated by multiplying an emission factor by the amount of charcoal burned. The EPA reference reports
emission factors both in terms of meat and charcoal grilled and in terms of justgri#atl [ref 8]. In orderto

maintain consistency with the emissions of other criteria pollutants, the 2017 methodology will use the emission
factors for meat grilled. As asalt, the CO and NOX emissions are estimated by multiplying the amount of meat
grilled (rather than the amount of charcoal burned) by the emission factor. EPA maintains the assumption that
CO and NOX are generated only by charcoal grills.

4.19.3.8 Puerto Ricand U.S. Virgin Islands

Emissions from Puerto Rico are calculated using the same method described above. Insufficient data exists to
calculate emissions for the counties in the US Virgin Islands, so emissions are based on a proxy county in Florida:
12087,Monroe County. The total emissions in Ibs. for this Florida County is divided by its population creating a

Ibs -per-capita emission factor. For each US Virgin Island County, the Ibs. per capita emission factor is multiplied

by the county population (fromkS al YS &SI NJ IFa GKS Ay@Syi2NEQa | OlGA D7
Ly KSasS OFasSas GKS GKNRAZAKLIzG oF OGA@AdGe RIEGFO dzyAd
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4.20 Miscellaneous Non-Industrial NEC: Portable Gas Cans

4.20.1 Source categorylescription

There are seeral sources of emissions associated with portable fuel containers (PFC) used for storage of
gasoline. These sources include vapor displacement and spillage while refueling the gas can at the pump,
spillage during transport, permeation and evaporatiomfirthe gas can during transport and storage, and vapor
displacement and spillage while refueling equipmaésapor displacement and spillage while refueling nonroad
equipment from PFCs are included in the nonroacdentory. This section describes how othgpes of PFC
emissions are accounted for in the NEI. This source category is one of many components in the Miscellaneous
Nonindustrial sector.

Table4-145shows the SCCGvered by tiis source category. The SCC level 3 and 4 descriptions are also
LINE A RSR® ¢KS fSIFRAYy3 {// RSAONALIIAZ2Y A& a{(2Nr 23S

Table4-145 PFCSCCs in the 2017 NEI
Description

SCC

2501011011

Residential Portable Gas Cans; Permeation

2501011012

Residential Portable Gas Cans; Evaporation (includes Diurnal losses)

2501011013

Residential Portable Gas Ca8gijllage During Transport

2501011014

Residential Portable Gas Cans; Refilling at the ROapor Displacement

2501011015

Residential Portable Gas Cans; Refilling at the RuBpilage

2501012011

Commercial Portable Gas Cans; Permeation

2501012012

Commercial Portable Gas Cans; Evaporation (includes Diurnal losses)

2501012013

Commercial Portable Gas Cans; Spillage During Transport

2501012014

Commercial Portable Gas Cans; Refilling at the PUviaypor Displacement

2501012015

Commercial Brtable Gas Cans; Refilling at the Pungpillage

4.20.2 Sources of data

The agencies listed ifable4-146 submitted PFC emissions; agencies not listed used EPA estimates for all PFC
sources.

Table4-146. Agencies reportin@FQGmissions

Region | Agency S/ILIT
2 | New Jersey Department of Environment Protection State
2 | New York State Department of Environmental Conservation State
3 | Delaware Department of Natural Resources and Environmental Contr| State
3 | Maryland Department of th&nvironment State
5 | lllinois Environmental Protection Agency State
9 | Maricopa County Air Quality Department Local

10 | Coeur d'Alene Tribe Tribe
10 | Idaho Department of Environmental Quality State
10 | Kootenai Tribe of Idaho Tribe
10 | Nez Perce Tribe Tribe
10 | ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho Tribe
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4.20.3 EPAdeveloped emissions

For the 2017 NEI, where states did not submit their own data, we relied on an inventory developed for the Tier 3
motor vehicle and fuel standardsle [ref1]. This mventory assumed all fuel dispensed from PFCs was E10, with

an average RVP of 8.7 psi. Use of ethanol in gasoline fuels can increase evaporative emissions from PFCs,
relative to EO, for several reasons. First, if E10 fuels have higher volatility thesmamding EO fuels, that can
increase evaporation and vapor displacement. Second, ethanol in gasoline increases permeation of fuel through
gas can materials. Finally, the lower energy content of ethanol fuels leads to more frequent refueling, and, thus,
greater emissions from spillage and displacement while filling the gas can at the pump.

The use of ethanol also changes the mix of hydrocarbons in the evaporated fuel. In particular, it can change the
fraction of several hazardous air pollutants as wekthanol.

As part of the 2007 regulation controlling emissions of hazardous pollutants from mobile sources (MSAT2 rule),
EPA promulgated requirements to control VOC emissions from gas cans. The methodology we used to develop
emission inventories for gas camwas developed for that regulation and is described in the regulatory impact
analysis for the rule and in an accompanying technical support documer® [reff3]. However, while that

regulation included estimates for spillage emissions occur when refueling equipmentpfribsse emissions is
already included in the nonroagbjuipment inventory. Thus, we did not include these emissions in the PFC
inventory for the NEI. Vapor displacement for nonroad equipment container refueling was also subtracted from
vapor displacement in the PFC inventory to avoid double counting thegssiems.

4.20.3.1 VOC allocation

For the NEI, emissions had to be separated into commercial and residential fuel container emissions. Total state
level PFC emissions were allocated to the categories by using national level residential and coramissiiah
splits from the MSAT2 rule for each of the categories using the following equations:

o

- | Res @

Eresidemiaxxxxw = c es+Comg 1)

~

o ~
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E commerciaxxxxyy = E g‘m 9 )

where E was the emissions of the category being split, XXXX was year, YY was state, ah@&asiaare the
national residential and commercial PFC emissions.

Permeation and evaporation were also separated as follows:
EAAAXXXX,YY, perm = EAAAXXXX,YY, perrr'&evap3 03387 (3)

EAAAXXXX,YY,evap = EAAAXXXX,YY, perrr&evap3 (1_ 0338D (4)

The fraction 0.3387 represents the fraction of combipedmeation and evaporative emissions attributable to
permeation, based on data from the California Air Resources Board.
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4.20.3.2 VOC emissions

Permeation and evaporation

These emissions are represented by the following SCCs

9 250101101X% Residential Portable Fuebfainers: Permeation

1 250101101%; Residential Portable Fuel Containers: Evaporation
1 250101201Xk Commercial Portable Fuel Containers: Permeation
1 2501012012, Commercial Portable Fuel Containers: Evaporation

Emissions from these SCCs are impacted by 20X Mule standards limiting evaporation and permeation

emissions from these containers to 0.3 gram&ydrocarbons per day [ref]. Inventory estimates developedifo

OFf SYRFNJ @8SIENJ unamy Ay 9t! Q& Giddddthe imgedSt thedd standiidzfaS Y 2 R
well as impacts of RVP and oxygenate use. These Tier 3 inventories were interpolated from earlier 2015 and

2020 MSAT2 rule inventories and assumed 100% E10. They were judged to be reasonable approximations of the
2014 inventory, altbugh increases in activity between 2014 and 2018 means emissions will be overestimated in

the 2014 NEI.

Vapor Displacement

Vapor displacement emissions occur while refueling containers at the pump. These emissions are represented
by the following SCCs:

1 2501011014 Residential Portable Fuel Containers: Refilling at the Pump: Vapor Displacement
1 2501012014 Commercial Portable Fuel Containers: Refilling at the Pump: Vapor Displacement

These emissions are not impacted by MSAT2 rule standards bimpaeted by RVP and oxygenate use.
LY@Syi2NE SadAYlFIiSa RSOSt2LISR F2NJ OFft SYRFNJ @SFEN HAM
judged to be reasonable approximations of the 2014 inventory, although increases in activity between 2014 and
2018 nreans emissions will be overestimated in the 2014 NEI.

Spillage

Spillage occurs during transport and refilling at the pump. These emissions are represented by the following
SCCs:

2501011013, Residential Portable Fuel Containers: Spillage During Transport
2501011015- Residential Portable Fuel Containers: Refilling at the Pump: Spillage
2501012013, Commercial Portable Fuel Containers: Spillage During Transport
2501012015- Commercial Portable Fuel Containers: Refilling at the Pump: Spillage

= =4 =4 =4

These emissits are not impacted by MSAT2 standards or RVP. However, composition of the emissions is
impacted by oxygenate. VOC emissions for these SCCs are carried forward from 2011.

4.20.3.3 Hazardous air pollutants

Hazardous air pollutants found in liquid gasoline will bespnt as a component of VOC emissions. These MSATs
include benzene, ethyl benzene, toluene, hexane, xylenes,-&j@dthylpentane, and naphthalene. For vapor
displacement emissions of benzene and naphthalene, toxic to VOC ratios were obtained froealceadspor
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profilesfrom EPAct test fuels [ré]. For permeation emissions of these pollutants, vehicle permeation
speciation data from Coordinating Research Cdy@RC) technical reports7E-2b and E77-2c were used [ref

7, ref8]. Werelied on threeday diurnal profiles from the CRC data. For evaporative emissions resulting from
changes in ambient temperatures, speciation data from the Auto/Oil program were used for EO and BJLO [ref
Table4-147lists the toxic to VOC ratios for each type of PFC emission.

Table4-147: Toxic to VOC ratios for benzene and naphtra from PFCs
Pollutant Process Speciation Surrogate E10

Vapor Disgicement| Vehicle Headspace | 0.0087

Benzene Permeation Vehicle Permeation | 0.0227

Evaporation Vehicle Evap 0.0340

Vapor Disgicement| Vehicle Headspace | 0.0000

Naphthalene| Permeation Vehicle Permeation | 0.0004

Evaporation Vehicle Evap 0.0004

Emissions of other air toxics for permeation, evaporation, and vapor displacement were all estimated from the
EPAct headspace vapor displacement profile for E10 (SPECIATE profile 8870). Toxic to VOC ratios are provided ir
Table4-148

Table4-148 Toxic to VOC ratios for Other HAPs (Vapor Displacement, Permeation, Spillage and Evaporation)

Pollutant Toxic to VOC Ratio
Ethylbenzene 0.0068
Hexane 0.0616
Toluene 0.0521
Xylenes (0,m,p) 0.0300
2,2,4Trimethylpentane 0.0540
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Federal Register. 200 ontrol of Hazardous Air Pollutants from Mobile Sour@2s(37)84288570.

U.S. EPA. 201Bmissions Modeling Technical Support Document: Tier 3 Motor Vehicle and Emission

and Fuel StandardsOffice of Air Quality Planning@dStandards, Research Triangle Park, NC, Report No.

EPA454/R13-003, February 2014.

»

o

4-254


https://www.epa.gov/mobile-source-pollution/final-rule-control-hazardous-air-pollutants-mobile-sources
https://www.epa.gov/mobile-source-pollution/final-rule-control-hazardous-air-pollutants-mobile-sources
https://nepis.epa.gov/Exe/ZyNET.exe/P1004LMT.txt?ZyActionD=ZyDocument&Client=EPA&Index=2006%20Thru%202010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5CZYFILES%5CINDEX%20DATA%5C06THRU10%5CTXT%5C00000009%5CP1004LMT.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&slide
https://www.federalregister.com/Browse/Document/usa/na/fr/2007/2/26/e7-2667?search=Control%2Bof%2BHazardous%2BAir%2BPollutants%2Bfrom%2BMobile%2BSources#74263093
https://nepis.epa.gov/Exe/ZyNET.exe/P100HX5N.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000009%5CP100HX5N.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P100HX5N.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000009%5CP100HX5N.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL

6. U.S. EPA. 201Hydrocarbon Composition of Gasoline Vapor Emissions frahogad Fuel Tank©ffice
of Research and Development and Office of Transportation and Air Quality. Report N2 ERAI-
018. EPA Docket EfHQOAR2011-0135.

7. U.S. EPA. 201Bvaporative Emissions fromUise Vehicles: Test Fleet Expansion (CRE2RB).

Prepared by Harold Haskew and Associates for Assessment and Standards Division, Office of
Transportation and Air Quality, October, 2010.

8. Coordinating Researdbouncil. 2010Study to Determine Evaporative Emission Breakdown, Including
Permeation Effects and Diurnal Emissions, Using E20 Fuels orEAbamced Evaporative Emissions
Certified VehiclesReport No. &7-2c.

9. Auto/Oil Air Quality Improvement Research Program. 1996. Phase | and Il Test Data. Prepared by
Systems Applications International, Inc.

4.21 Mobile — Commercial Marine Vessels

The 2017 NEhcludes emissions fromommercial marine vessel (CMV) activitythe 50 states, Puerto Rico, and
USVirgin Islesout to 200 nautical miles from the US coastline.

4.21.1 Sector description

The @AV sector includeboats(excluding pleasure craft covered by thEOVES/NONROAD modahd ships

used either directly or indirectly in the conduct of commerce or military actiMiyst vessels in this category

are powered by diesel engines that are either fueled with distillate or residual fuel oil blengievious Els,

we assumel that Category 3C3)vessels primarily uskresidual blends while Category 1 an(lC2l and C2)
vessels typically used distillate fudiwr the 2017 NEI, SCCs and fuel details, including emission factors, have
been updated.

The C3 inventory includes vessels which use C3 engines for propulsion. C3 engines are defined as having
displacement above 30 liters per cylinder. The resulting immgrincludes emissions from both propulsion and
auxiliary engines used on these vessels, as well as those on gas and steam turbine vessels. Geographically, the
inventories include port and interport emissions that occur within the area that extends 2Qzalamiles (nm)

from the official U.S. shoreline, which is roughly equivalent to the border of the U.S. Exclusive Economic Zone.
Only some of these emissions are allocated to states based on official state boundaries that typically extend 3
miles offshore

The C1 and C2 vessels tend to be smaller ships that operate closer to shore, and along inland and intercoastal
waterways. Naval vessels are not included in this inventory, though Coast Guard vessels are included as part of
the C1 and C2 vessels.

The CM\source category does not include recreational marine vessels, which are generally less than 100 feet in
length, most being less than 30 feet, and powered by either inboard or outboard. These emissions are included

in those calculated by the MOVES mode§#h NB&A RS Ay (KS y2yNPRI-RoRoad I OF
9 dzZA LIYSy Gi¢ aSOl2NR 2F GKS wnanmT b9LO®

The 2017 NEI CMV estimates no longer employethessions type (M=maneuvering, lkbtelling C=cruise,
Z=reduced speed zona$ed in previous NElIs. Alsor 2017, new SCCs were created for CMV as not&dbie
4-149below, to replaceSCCs, shown irable4-150, used in previous NEI versions. Emission factors vary by SCC.

In addition, the 2017 NEI does not utilize shape files in the same manner as earlier NEIs. Although the detailed
2017 files used for air quality modeling havadur emissions in detailed spatial grids, the NEI estimate are
annual and in ovewater-only shape file codes for port estimates and in county FIPs codes for underway
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https://nepis.epa.gov/Exe/ZyNET.exe/P100GPED.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000007%5CP100GPED.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/P100XCJC.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C06thru10%5CTxt%5C00000042%5CP100XCJC.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://crcsite.wpengine.com/wp-content/uploads/2019/05/E-77-2c-Final-Report-for-sure-1-28-11.pdf
http://crcsite.wpengine.com/wp-content/uploads/2019/05/E-77-2c-Final-Report-for-sure-1-28-11.pdf
http://crcsite.wpengine.com/wp-content/uploads/2019/05/E-77-2c-Final-Report-for-sure-1-28-11.pdf

emissions. The port shapes do not cross counties and can be readily summed to individuatgodumty.
Shape files are posted on tl2®17 NEI pagender the linkCommerciaMarine Vessel GIS Shape Files (port and
underway, current and retired)

Table4-149 NewCommerciaMarine Vessel SCCs and emission types in EPA estimates

SCC SCC Level On| SCC Level Two SCC SCC Level Four
Level
Three

2280002101 Mobile Marine Vessels, Diesel | C1C2 Port emissions: Main Engine
Sources Commercial

2280002102 Mobile Marine Vessels, Diesel | C1C2 Port emissions: Ay Engine
Sources Commercial

2280002201 Mobile Marine Vessels, Diesel | C1C2 Underway emissions: Main
Sources Commercial Engine

2280002202 Mobile Marine Vessels, Diesel | C1C2 Underwagmissions: Auxiliary
Sources Commercial Engine

2280002103 Mobile Marine Vessels, Diesel | C3 Port emissions: Main Engine
Sources Commercial

2280002104| Mobile Marine Vessels, Diesel | C3 Port emissions: Auxiliary Engine
Sources Commercial

2280002203 Mobile Marine Vessels, Diesel | C3 Underway emissions: Main Engin
Sources Commercial

2280002204 Mobile Marine Vessels, Diesel | C3 Underway emissions: Auxiliary
Sources Commercial Engine

2280003103 Mobile Marine Vessels, Residual| C3 Port emissions: Main Engine
Sources Commercial

2280003104 Mobile Marine Vessels, Residual| C3 Port emissions: Auxiliary Engine
Sources Commercial

2280003203 Mobile Marine Vessels, Residual| C3 Underway emissions: Main Engin
Sources Commercial

2280003204 Mobile Marine Vessels, Residual| C3 Underway emissions: Auxiliary
Sources Commercial Engine

Table4-150 Retired Commerical Marine Vessel SCCs

SCC SCC Level One | SCC Level Two SCC Level Three| SCC Level Four

2280002100 | Mobile Sources | Marine Vessels, Commercial | Diesel Port emissions

2280002200 | Mobile Sources | Marine Vessels, Commercial | Diesel Underway emissions

2280003100 | Mobile Sources | Marine Vessels, Commercial | Residual Port emissions

2280003200 | Mobile Sources | MarineVessels, Commercial | Residual Underway emissions

4.21.2 Sources of data
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Five states submitted CMV emissions to EIS (Calif@eilaware, New Jersey, and Washington). Texas supplied
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superior to their submittals.
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https://www.epa.gov/air-emissions-inventories/2017-national-emissions-inventory-nei-data
https://www.epa.gov/sites/production/files/2019-10/2017cmv_gisshapeid_currentandretired_21oct2019.zip
https://www.epa.gov/sites/production/files/2019-10/2017cmv_gisshapeid_currentandretired_21oct2019.zip
https://www.epa.gov/air-emissions-inventories/2017-national-emissions-inventory-nei-data

4.21.3 Quality assurance

The QA procedures on the EBé&veloped CM\éstimates are detailed in the CM3pecific documentation.
lf GK2dAK {[¢ adzoYAGaGlrfa 6SNBE NBOASESR FyR O2YLI NBR

4.22 Mobile — Locomotives (Nonpoint)
This section documents (rail) emissions in the nonpoint datagory. Refer to Sectigh3for information on
rail yard emissions in the point data category.

4.22.1 Sector description

The locomotive sector includes railroad looatites powered by diesadlectric engines. A dieselectric

locomotive uses -atroke or 4stroke diesel engines and an alternator or a generator to produce the electricity
required to power its traction motors. The locomotive source category is furthdeti up into categories:

Class | line haul, Class Il/lll line haul, Passenger, Commuter, andiatded-151below indicates locomotive

SCCs and whether they are included in EPA estimated emissions. If not in EPA estimates, then all emissions from
that SCC that appear in the inventory are from S/L/T agencies.

Table4-151: Locomotive SCCs, descriptions, and EPA estimation status

SCC Description EPA Estimated? Data Category
Mobile Sources Railroad Equipment Diesel Lin :
2285002006 Haul Locomotives: Class | Operations Yesc at countylevel Nonpant
Mobile Sources Railroad Equipment Diesel Ling .
2285002007 Haul Locomotives: Class Il / Il Operations Yesc at countylevel Nonpoint
Mobile Sources Railroad Equipment Diesel Ling .
2285002008 Haul Locomotives: Passengerins (Amtrak) Yesc at countylevel Nonpoint
Mobile Sources Railroad Equipment Diesel Ling .
2285002009 Haul Locomotives: Commuter Lines Yesg at countylevel Nonpoint
2285002010 | Railroad Equipment Diesel Yard Locomotives | No Nonpoint
28500201 In_ternal Combustion Engines Railroad Equipmé Yesc as point sources | Point
Diesel Yard

4.22.2 Sources of data

The locomotives sector includes data from SLT agprmyided emissions data, and an EPA dataset of
locomotive emissions. ERSstimated emissions from select locomotive SCCs as indical@ble4-151above.
The agencies listed ifable4-152also submitted emissions to locomotive SCCs.

Table4-152 Submitting SLT agencies with number of pollutants reported for each SCC

SLT dataset Agency ©
S | b | ® <] =]
o o o o ) =,
[aN) N N N N o
o o o o o (&)
o o o o o o
Lo Lo Lo Lo Lo o
e8] (e 0] (e 0] [e0] [e0] Lo
AN N N N N [e0]
N N N N N N
2017CARB California 7 7 7 7 7 7
2017ILEPA Illinois 7
2017Maricopa | Maricopa ©unty, AZ 7 7 7 7 7
2017MDDOE | Maryland 17 |17 |16 |17 17
2017MNPCA Minnesota 44
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SLT dataset Agency © ~
o > | 8 o
o o o o =) —
(V] AN AN (V] (V] o
o o o o o AN
o o o o o o
Lo Ln L0 L0 L0 o
[e0] (00} (00} 00} 00} Ln
AN AN AN AN AN o0}
N (q\] (q\] N N N
2017NCDAQ North Carolina 10
ShoshoneBannock Tribes of the Fort Hall
2017TR180 Reservation of Idaho 43
2017TR181 Coeur d'Alene Tribe 43 | 43
2017TR182 Nez Perce Tribe 43
2017TR183 Kootenai Tribe of Idaho 43
2017TXCEQ Texas 43 | 43 43 43
2017UTDAQ Utah 6 6 6 6
2017VADEQ Virginia 6 6
2017WADOE | Washington 6 6 6 6
2017WashoeCty Washoe Gunty, NV 6 5
2017ERTAC_R{ EPA 52 |52 |52 52 52

4.22.3 EPAdeveloped emissions

9t ! Qa HnamT NIAf SYAaairzya ¢gSNBE RSOSt2LISR o0& [!5/h |
states in acollaborative team called Easter Regional Technical Advisory Committee (ERTAC). ERTAC used
confidential linehaul activity data, in millions of gross ton (MGT) route miles per link, from the Federal Railroad
Administration (FRA) for 2016. Adjusted radlfoonsumption index values were used to allocate each Class 1

NI} Af NPl RQ& Fdz8f dzaS (G2 tAyla o0lQlaSR 2y aD¢d ¢KS ! aaz
locomotive fleet mix information for 2017 for emission factor application. Simeeail linkbased activity was
confidential, ERTAC provided cougyel emissions summaries to EPA.

Rail yard emissions were calculated based on supply fuel use and/or yard switcher counts provided by rail
companies. For Class Il and lll rail linegtion data is available online as part of Bureau of Transportation
{GFrGAAGA0EAQ blIGA2YLFE ¢NIYyaLRNIFdGA2Y ' dfFa 5FaGF0l &
available in theSpecification Sheet: Rail 2017 National Emissions Inveoiotlye 2017 Supplemental data FTP

site.

(V)]

The ERTAC effort developed emiasifor criteria pollutants andreenhousegases.

4.22.3.1 Hazardous Air Pollutant Emissions Estimates

1t SYraarzya oSNB SaGAYFGSR o0é LW @Ay3d alLISOALFGAZY
FNI OlAzyaé KIS peSibad adelibierehy Gifferert thakthese usad for 2014 NEI. These

profiles are posted y  KS @@ RRRib RAP JAugimentationProfileAssignmentFacBid00128xIsk¢ 2 Y

the 2017 Supplemental data FTP site

HAP estimates were calculated at the yard and link level, after the criteria emissions had been allocated. Where
submitting agencies did not supply HAP®se estimates were also derived via this VOC/PM speciation method.

4.22.4 Quality assurance

EPA and ageneubmitted values were compared to find instances where point and nonpoint rail yard SCCs may
duplicate. This occurs when agencies submitted nonpointerstime counties where EPA had point yards. In
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https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/point/2017Rail_main_21aug2019.pdf
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/point/
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/point/
https://gaftp.epa.gov/air/nei/2017/doc/supporting_data/nonpoint/

this case, where rail yard point locations existed within the county, SLT clauglyemissions were reassigned
to yards to avoid double counting point and county emissions estimates.

4.22.5 References

1. Reichle, L.J., R. Cook, C.A. Yanca, D.B. Sontag)20&mpment of organic gas exhaust speciation
profiles for nonroad sparignition and compressioimgnition engines and equipmendournal 6the Air
& Waste Management Association, Vol 65, 2015, Issue 10.

4.23 Solvents — Consumer and Commercial Solvent Use: Agricultural Pesticides

There are three sections in this documentation that discuss nonpoint sources of Consumer and Commercial
Solvent UseThis section discusses agricultural pesticides; the following section discusses asphalt paving, and
the third section discusses all other Solvent sources, including the remaining sources in the Consumer and
Commercial Solvent Use sector. The reason thesecgs are broken up within this EIS sector is because the EPA
methodologies for estimating the emissions are different.

4.23.1 Source categorglescription

While Agricultural Pesticide Application is part of Consumer and Commercial Solvents sector, the nature of its
methodology is significantly different from most of the other sources in this seletsticides are substances

used to control nuisance speciasd can be classified by targeted pest group: weeds (herbicides), insects
(insecticides), fungi (fungicides), and rodents (rodenticides). They can be further described by their chemical
characteristics: synthetics, neynthetics (petroleum products), ardorganics. Different pesticides are made
through various combinations of the pésilling material, also called the active ingredient, and various solvents
(which serve as carriers for the active ingredient). Both types of ingredients contain volaifdcocgmpounds
(VOC) that may be emitted to the air during application or after application as a regwapération[ref 1].

Approximately 68 to 75 percent of pésitles used in the United States are applied to agricultural lands, both
cropland and pasture. Agricultural pesticides continue to be a-effsttive means of controlling weeds, insects,
and other threats to the quality and yield of food production. Siapplication rates for a particular pesticide

may vary from region to region, the regional application rates should be considered when estimating potential
VOC emissions.

4.23.2 Sources of data

As seen imable4-153, this source category includdatafrom S/L/Tsand EPA for Agricultural application
(SCC=2461850000). New Jersey and Marland also reported emissions for Surface Application (2461800001) and
Soil Incorporation 246y nnnnHo® ¢KS fSIFRAYy3 {// RSEAONRLIIAZ2Y Aa ¢
LYRAZAGNRIFITY / 2YYSNOALFItE F2NI L& {// &ad

Table4-153 Pesticide application SCCs estimates generated by EPA and S/L/Ts

SCC Description EPA| S/LIT
2461800001| Pesticide Application: All Processes; Surface Applicatic MD, NJ
2461800002 Pesticide Application: All Processes; Soil Incorporation MD
2461850000 Pesticide Application: Agricultural; All Processes X X

The agencies listed ifable4-154submitted pesticide emissions; agencies not listed used EPA estimates.
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Table4-154 Agencies that submitted pesticide emissions in the 2017 NEI

Region | Agency S/LIT
1 | New Hampshire Department of Environmental Services State
2 | New Jersey Department of Environment Protection State
3 | MarylandDepartment of the Environment State
4 | Memphis and Shelby County Health Departmepollution Control Local
4 | Metro Public Health of Nashville/Davidson County Local
5 | lllinois Environmental Protection Agency State
9 | California Air Resources Board State
9 | Maricopa County Air Quality Department Local

10 | Coeur d'Alene Tribe Tribe
10 | Kootenai Tribe of Idaho Tribe
10 | Nez Perce Tribe Tribe
10 | ShoshoneBannock Tribes of the Fort Hall Reservation of Idaho Tribe

4.23.3 EPAdeveloped emissions

The USG@rovides countylevel estimates of pesticide application, in its preliminary cotetsel pesticide use
estimates [ref2]. These data provide information about thetal application of each active ingredient in a

pesticide product (e.g. 2B, atrazine, captan). There are often many different pesticide products with the same

I OGA GBS AYIANBRASYGd C2NJ SEF YL SE GKS /| fatabas2 N8BA I 5 S LI
lists 49 registered pesticide products with atrazine as the active ingredient, each with slightly different
formulations, including different propaiins of active ingredient and solvents. The CA DPR database includes
information on the mass fraction of active ingredient in each pesticide product. EPA uses this information to
calculate an average VOC emissions factor for each active ingredientriskedCA DPR database. This VOC
emissions factor is multiplied by the amount of active ingredient applied in each county, from the USGS report,
to estimate VOC emissions in each county. For active ingredients not in the CA DPR database, a weighted
emissiors factor is calculated by weighting the emissions factors from the CA DPR database with total pounds of
active ingredient reported in the USGS report. HAP emissions are calculated by multiplying the total pounds of
active ingredients applied in each coutty an emissions factor.

4.23.3.1 Activity data

The activity for pesticide application is the pounds of active ingredient applied per pesticide at the county level
for the years 2016 and 2017, from the USGS preliminary cdangf pesticide use estimatgief 2] which gives
county-level pesticide data in terms of kg of active ingredient applied. The data estimate prelimimarsl a
county-level pesticide use for 38Yerbicides, insecticides, and fungicides applied to agricultural crops grown in
the conterminous United States during 2016 and 2017. For all states except California, pestcibta are
compiled from proprietary surveys of farm operations located withiS. Department of Agriculture Crop
Reporting Districts (CRDs). Surveyed pestigg#edata are used in conjunction with county annual harvested
crop acres reported by the U.S. Department of Agriculture 2012 Census of Agriculture and the 2013 County
Agricultural Production Survey to calculate use rates per harve&t®2 LJ F ONB X 2NJ 'y aSaidaiyl
(EPest) rate, for each crop by year. Cowmg estimates are then calculated by USGS by multiplying EPest rates
by harvesteecrop acres for each p@iside crop combination. Use estimates for California in the USGS data are
obtained from annual CA DPR Pesticide Use Reports.
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The USGS report calculates both Ef@stand EPeshigh rates. The EPebigh rates are used here to estimate
VOC emissions. Bothethods incorporated surveyed and extrapolated rates to estimate pesticide use for
counties, but EPedbw and EPesghigh estimations differ in how situations are treated when a CRD was
surveyed and pesticide use was not reported for a pestibilerop @mbination. If use of a pesticide on a crop

is not reported in a surveyed CRD, ERestreports zero use in the CRD for that pestidigecrop combination.
EPesthigh, however, treats the unreported use for that pesticladecrop combination in the CRD as

unsurveyed, and pesticidey-crop use rates from neighboring CRDs and, in some cases, CRDs within the same
Farm Resources Region are used to calculate the pestigideop EPeshigh rate for that CRD.

Due to data limitations, the USGS report does nattain active ingredient usages for Alaska and Hawaii.
However, the Census éfgriculture [ref5] containsacres treated with pesticide by county for Alaska and Hawaii
and these values are used to estimate emissions.

4.23.3.2 Allocation procedure

The activity data are reported at the county level and do not need to be allocated.

4.23.3.3 Emission factors

The VOC emissions factors are derived for each active ingredient based on thiglpgstiiles database
maintained by the CA DPR [@f This database contains the chemical formulation for pesticide products
registered in the State dfalifornia and provides key inputs for the development of VOC emissions factors,
including the mass fraction of the active ingredient and the emission potential (EP) of registered pesticide
products. The EP value represents the VOC content of the pegticidact and it is determined empirically
through thermogravimetric analysis. Since the CA DPR database lists both agricultural augglicatural
pesticide products, it is necessary to screen out entries that were likely formulated as a consumer.product
Pesticide products that contained terms suggesting-agricultural applications are excluded. Terms used to
screen out likely consumer products are listed able4-155.

Table4-155 Termsused toscreenout consumerproducts

ALGAE DEODORIZING GERM MRSA STAIN
ANT DETERGENT | HAMSTER | ORNAMENTAL SWIM
BATHROOM | DISHWASHER HOME POND TICK
BEDBUG DISINFECT HORNET POTTY TURF
BEE DOG HORSE PRESCRIPTIO| WASP
CAT DRAIN HOUSE RAT WIPES
CATTLE EQUINE INDOOR ROACH YARD
CLEANER FLEA KLEEN RODENTICIDE

DECK FLY LANDSCAPE ROOF

DEGREASER FOGGER LAWN SANI

DEODORIZER GERBIL MOUSE SPA

Each record in the CA DPR database is for a specific pesticide product, and provides the product name, primary
active ingredient, mass percent of active ingredient, emission potential (EP), registration number, and method
used to estimate the EP. The pefdie-specific EP of reactive organic gases (i.e., the mass percentage of product
that contributes to VOC emissions) and the mass percent of active ingredient are used to calculate pesticide
specific VOC emissions factors.
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The CA DPR emission potentialatsse[ref 2] provides the pesticidspecific emissions potential of reactive
organic gases (i.e., the mass percentage of each pesticide product that contributes to VOC emissions) and the
mass percent of active ingredient. To determine the total amoumtssiticide product applied (i.e. both the

active ingredient and the solvent) the amount of active ingredient applied (from USG$rd&8])is divided by

the mass percent of active ingredient, which is divided by 100 to convert from percent to fraction.

. 00 j 1
N A (1)

Where:

TRestus = Total pesticide applied for each active ingredient in the United States, in Ibs.
Alestus = Total active ingredient applied of each pesticide type in the Urtitedes, in Ibs.
MPyest,us= Average mass percent of active ingredient in each pesticide type in the United States, in percent

Next, the total nationalevel VOC emissions from each pesticide type are estimated by multiplying the total
pesticide applied by the pesticiggpecific emissions potential of reactive organic gases (i.e., the mass
percentage of each pesticide that contiiies to VOC emissions), from the CA ORR@base [ref].

o [OX VI 2)

Where:

BE/ocuspest = Total nationallevel VOC emissions for each pesticide type, in Ibs.

TRest,us = Total pesticide pplied of each pesticide type in the United States, in Ibs.

ERoygpest = Emissions potential of reactive organic gases for each pesticide, expressed as % of pesticide
mass

The VOC emissions factor for each pesticide type is calculated by dividing the total Hatieh®lOC emissions
for each pesticide type by the total active ingredient applied for each pesticide type.

O hn (3)
00 —
0 0O j;
Where:
ERest = Pesticidespecific emissions factor, in pounds VOC / pound active ingredient
BE/ocuspest = Total nationallevel VOC emissions for each pesticide type, in Ibs.
Akestus = Total active ingredient applied of each pesticide type in the United States, in Ibs.

For active ingredients not in the CA DPR database, a weighted average emissions fagtes (Bleulated. This
weighted average is estimated by weighting the emissifattors from the CA DPR database using the total
L2dzy Ra 2F FOGAGS AYINBRASY(d NBLR2NISR Ay GKS | {D{
Use for Counties of the Conterminous United States, M[efe3]. A crossvalk between compound name in the
USGS database and the chemical name in the CA DPR database is provadidedii 56. Note that any

pesticide compound from the USGS database that is not in the CA DPR data are marked with the word
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active ingredients used to estimate VOC emissions for the application of that pestitigepesticidespecific
VOC emissions factors for all pesti@ddeom the CA DPR database are shownaible5 in the document
GAgricultural Pesticides NEMO 2017 FINAR update.do€¢ 2 Y2017 KB Supplemental FTP site

Table4-156. Crosswalk between USGS compound name and CA DPR chemical name

USGS Compound Name

CA DPR Compound Name

2,4D 2,4D

2,4DB 2,4DB ACID
6-BENZYLADENINE AVERAGE
ABAMECTIN ABAMECTIN
ACEPHATE ACEPHATE
ACEQUINOCYL ACEQUINOCYL
ACETAMIPRID ACETAMIPRID
ACETOCHLOR AVERAGE

ACIBENZOLAR

ACIBENZOLARMETHYL

ACIFLUORFEN

ACIFLUORFEN, SODIUM SALT

ALACHLOR

ALACHLOR

ALDICARB

ALDICARB

ALUMINUM PHOSPHIDE

ALUMINUM PHOSPHIDE

AMECTOCTRADIN

AMETOCTRADIN

AMETRYN AMETRYNE

AMINOPYRALID AMINOPYRALID, TRISOPROPANOLAMINE SALT
ASULAM ASULAM, SODIUM SALT

ATRAZINE ATRAZINE

AVIGLYCINE AVERAGE

AZADIRACHTIN

AZADIRACHTIN

AZINPHOBIETHYL

AZINPHOMETHYL

AZOXYSTROBIN

AZOXYSTROBIN

BACILLUSMYLOLIQUIFACIEN

BACILLUS AMYLOLIQUEFACIENS STRAIN D747

BACILLUS CEREUS

BACILLUS CEREUS, STRAIN BPO1

BACILLUS FIRMUS

BACILLUS FIRMUS (STRAES2)

BACILLUS PUMILIS

BACILLUS PUMILUS GHA 180

BACILLUS SUBTILIS

BACILLUS SUBTILIS GBO03

BACILLUS THURINGIEN

BACILLUS THURINGIENSIS (BERLINER)

BENFLURALIN

AVERAGE

BENOMYL BENOMYL

BENSULFURON BENSULFURON METHYL
BENSULIDE BENSULIDE

BENTAZONE BENTAZON, SODIUM SALT
BIFENAZATE BIFENAZATE

BIFENTHRIN BIFENTHRIN

BISPYRIBAC BISPYRIBASODIUM
BOSCALID BOSCALID
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USGS Compound Name

CA DPR Compound Name

BROMACIL BROMACIL

BROMOXYNIL BROMOXYNIL BUTYRATE
BUPROFEZIN BUPROFEZIN

BUTRALIN AVERAGE

CALCIUM POLYSULFIDE AVERAGE

CAPTAN CAPTAN

CARBARYL CARBARYL
CARBOPHENOTHION CARBOPHENOTHION
CARBOXIN CARBOXIN
CARFENTRAZOEEHYL CARFENTRAZONEHYL
CHINOMETHIONAT AVERAGE
CHLORANTRANILIPROLE CHLORANTRANILIPROLE
CHLORETHOXYFOS AVERAGE
CHLORFENAPYR CHLORFENAPYR
CHLORIMURON AVERAGE
CHLORMEQUAT CHLORMEQUAT CHLORIDE
CHLORONEB CHLORONEB

CHLOROPICRIN

CHLOROPICRIN

CHLOROTHALONIL

CHLOROTHALONIL

CHLORPROPHAM CHLORPROPHAM
CHLORPYRIFOS CHLORPYRIFOS
CHLORSULFURON CHLORSULFURON
CLETHODIM CLETHODIM
CLODINAFOP AVERAGE
CLOFENTEZINE CLOFENTEZINE
CLOMAZONE CLOMAZONE
CLOPYRALID CLOPYRALID
CLORANSULAMETHYL AVERAGE
CLOTHIANIDIN CLOTHIANIDIN

CONIOTHYRIUM MINITANS

CONIOTHYRIUM MINITANS STRAIN CON0g/91

COPPER

COPPER

COPPER HYDROXIDE

COPPER HYDROXIDE

COPPER OCTANOATE

COPPER OCTANOATE

COPPER OXYCHLORIDE

COPPER OXYCHLORIDE

COPPERXYCHLORIDE S

COPPER OXYCHLORIDE SULFATE

COPPER SULF TRIBASIC

COPPER SULFATE (BASIC)

COPPER SULFATE

COPPER SULFATE (PENTAHYDRATE)

CPPU AVERAGE

CRYOLITE CRYOLITE

CUPROUS OXIDE COPPER OXIDE (OUS)
CYANAMIDE AVERAGE
CYAZOFAMID CYAZOFAMID
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USGS Compound Name

CA DPR Compound Name

CYCLANILIDE CYCLANILIDE
CYCLOATE CYCLOATE
CYDIA POMONELLA AVERAGE
CYFLUFENAMID CYFLUFENAMID
CYFLUTHRIN CYFLUTHRIN
CYHALOFOP CYHALOFGEBUTYL
CYHALOTHRBAMMA AVERAGE
CYHALOTHRIMMBDA AVERAGE
CYMOXANIL CYMOXANIL
CYPERMETHRIN CYPERMETHRIN
CYPROCONAZOLE AVERAGE
CYPRODINIL CYPRODINIL
CYROMAZINE CYROMAZINE
CYTOKININ CYTOKININ
DAMINOZIDE DAMINOZIDE
DAZOMET DAZOMET
DCPA AVERAGE
DECAN-OL AVERAGE

DELTAMETHRIN

DELTAMETHRIN

DESMEDIPHAM

DESMEDIPHAM

DIAZINON DIAZINON
DICAMBA DICAMBA
DICHLOBENIL DICHLOBENIL
DICHLOROPROPENE AVERAGE

DICHLORPROP

DICHLORPROP, BUTOXYETHANOL ESTER

DICLOFOP DICLOFORIETHYL
DICLORAN DICLORAN
DICLOSULAM AVERAGE
DICOFOL DICOFOL
DICROTOPHOS DICROTOPHOS
DIENOCHLOR DIENOCHLOR
DIETHATYL DIETHATYETHYL

DIFENOCONAZOLE

DIFENOCONAZOLE

DIFLUBENZURON

DIFLUBENZURON

DIFLUFENZOPYR

DIFLUBENZURON

DIMETHENAMID

DIMETHENAMIB

DIMETHENAMIB

DIMETHENAMIB

DIMETHIPIN DIMETHIPIN
DIMETHOATE DIMETHOATE
DIMETHOMORPH DIMETHOMORPH
DIMETHYL DISULFIDE AVERAGE
DINOSEB DINOSEB
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USGS Compound Name

CA DPR Compound Name

DINOTEFURAN

DINOTEFURAN

DIQUAT DIQUAT DIBROMIDE
DISULFOTON DISULFOTON
DITHIOPYR DITHIOPYR

DIURON DIURON

DODINE DODINE
EMAMECTIN EMAMECTIN BENZOATE
ENDOSULFAN ENDOSULFAN
ENDOTHAL ENDOTHALL, DISODIUM SALT
EPTC EPTC
ESFENVALERATE ESFENVALERATE
ETHALFLURALIN ETHALFLURALIN
ETHEPHON ETHEPHON

ETHION ETHION
ETHOFUMESATE ETHOFUMESATE
ETHOPROPHOS ETHOPROP
ETOXAZOLE ETOXAZOLE
ETRIDIAZOLE AVERAGE
FAMOXADONE AVERAGE
FATTALCOHOLS AVERAGE
FENAMIDONE FENAMIDONE
FENAMIPHOS FENAMIPHOS
FENARIMOL FENARIMOL
FENBUCONAZOLE FENBUCONAZOLE
FENBUTATIN OXIDE FENBUTATIRXIDE
FENHEXAMID FENHEXAMID
FENOXAPROP FENOXAPREHTHYL
FENOXYCARB FENOXYCARB

FENPROPATHRIN

FENPROPATHRIN

FENPYROXIMATE

FENPYROXIMATE

FENTIN FENTIN HYDROXIDE
FERBAM FERBAM
FIPRONIL FIPRONIL
FLAZASULFURON FLAZASULFURON
FLONICAMID FLONICAMID
FLORASULAM FLORASULAM
FLUAZIFOP FLUAZIFGBUTYL
FLUAZINAM FLUAZINAM
FLUBENDIAMIDE FLUBENDIAMIDE
FLUCARBAZONE AVERAGE
FLUDIOXONIL FLUDIOXONIL
FLUFENACET AVERAGE
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USGS Compound Name

CA DPR Compound Name

FLUMETRALIN FLUOMETURON
FLUMETSULAM AVERAGE
FLUMICLORAC FLUMICLORARENTYL
FLUMIOXAZIN FLUMIOXAZIN
FLUOMETURON FLUOMETURON
FLUOPICOLIDE FLUOPICOLIDE
FLUOPYRAM FLUOPYRAM
FLUOXASTROBIN FLUOXASTROBIN
FLURIDONE FLURIDONE
FLUROXYPYR FLUROXYPYR
FLUTHIACEMETHYL AVERAGE
FLUTOLANIL FLUTOLANIL
FLUTRIAFOL FLUTRIAFOL
FLUVALINATEAU AVERAGE
FLUXAPYROXAD FLUXAPYROXAD
FOMESAFEN AVERAGE
FORAMSULFURON FORAMSULFURON
FORMETANATE FORMETANATE HYDROCHLORIDE
FOSETYL FOSETYAL
GALLEX METACRESOL
GAMMA AMINOBUTYRIC ACID AVERAGE

GIBBERELLIC ACID

GIBBERELLINS

GLUFOSINATE

GLUFOSINATAMMONIUM

GLYPHOSATE GLYPHOSATE
HALOSULFURON HALOSULFUR@MNETHYL
HARPIN PROTEIN HARPIN PROTEIN
HEXAZINONE HEXAZINONE
HEXYTHIAZOX HEXYTHIAZOX
HYDRAMETHYLNON HYDRAMETHYLNON

HYDRATED LIME

CALCIUM HYDROXIDE

HYDROGEN PEROXIDE

HYDROGEN PEROXIDE

HYMEXAZOL AVERAGE

IBA IBA

IMAZALIL IMAZALIL
IMAZAMETHABENZ IMAZAMETHABENZ
IMAZAMOX IMAZAMOX
IMAZAPIC IMAZAPIC
IMAZAPYR IMAZAPYR
IMAZAQUIN AVERAGE
IMAZETHAPYR IMAZETHAPYR
IMAZOSULFURON IMAZOSULFURON
IMIDACLOPRID IMIDACLOPRID
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USGS Compound Name

CA DPR Compound Name

INDAZIFLAM INDAZIFLAM
INDOXACARB INDOXACARB
IODOSULFURON AVERAGE
IPCONAZOLE IPCONAZOLE
IPRODIONE IPRODIONE
ISOXABEN ISOXABEN
ISOXAFLUTOLE AVERAGE

KAOLIN CLAY KAOLIN

KINOPRENE KINOPRENE
KRESOXHMIETHYL KRESOXHMIETHYL
LACTOFEN AVERAGE
L-GLUTAMIC ACID GLUTAMIC ACID
LINURON LINURON
MALATHION MALATHION

MALEIC HYDRAZIDE MALEIC HYDRAZIDE
MANCOZEB MANCOZEB
MANDIPROPAMID MANDIPROPAMID
MANEB MANEB

MCPA MCPA

MCPB MCPB, SODIUM SALT
MECOPROP MECOPRGP
MEFENOXAM MEFENOXAM
MEPIQUAT MEPIQUAT CHLORIDE
MESOSULFURON MESOSULFUR®MNETHYL
MESOTRIONE MESOTRIONE
METALAXYL METALAXYL
METALDEHYDE METALDEHYDE
METAM METAMSODIUM
METAM POTASSIUM METAMSODIUM
METCONAZOLE METCONAZOLE

METHAMIDOPHOS

METHAMIDOPHOS

METHIDATHION

METHIDATHION

METHIOCARB

METHIOCARB

METHOMYL

METHOMYL

METHOXYFENOZIDE

METHOXYFENOZIDE

METHYL BROMIDE

METHYL BROMIDE

METHYL BROMIDE

METHYL BROMIDE

METHYL IODIDE

METHYL IODIDE

METHYL PARATHION

METHYL PARATHION

METIRAM METIRAM
METOLACHLOR METOLACHLOR
METOLACHLER METOLACHLOR
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USGS Compound Name

CA DPR Compound Name

METRAFENONE METRAFENONE
METRIBUZIN METRIBUZIN
METSULFURON METSULFURGMETHYL
MEVINPHOS MEVINPHOS

MSMA MSMA

MYCLOBUTANIL

MYCLOBUTANIL

MYROTHECIUM VERRUCARIA

MYROTHECIUM VERRUCARIA, DRIED FERMENTATION §

NALED

NALED

NAPHTHYLACETAMIDE

AVERAGE

NAPHTHYLACETIC ACID

AVERAGE

NAPROPAMIDE

NAPROPAMIDE

NAPTALAM NAPTALAM, SODIUM SALT
NEEM OIL AVERAGE
NICOSULFURON NICOSULFURON
NORFLURAZON NORFLURAZON

NOSEMA LOCUSTAE CANN NOSEMA LOCUSTAE SPORES
NOVALURON NOVALURON
ORTHOSULFAMURON ORTHOSULFAMURON
ORYZALIN ORYZALIN

OXADIAZON OXADIAZON

OXAMYL OXAMYL
OXYDEMETGNMETHYL OXYDEMETOGMETHYL
OXYFLUORFEN OXYFLUORFEN
OXYTETRACYCLINE OXYTETRACYCLINE HYDROCHLORIDE
PACLOBUTRAZOL PACLOBUTRAZOL
PARAQUAT PARAQUADICHLORIDE
PARATHION PARATHION

PELARGONIC ACID AVERAGE
PENDIMETHALIN PENDIMETHALIN
PENOXSULAM PENOXSULAM
PENTHIOPYRAD PENTHIOPYRAD
PERMETHRIN PERMETHRIN

PETROLEUM DISTILLATE

PETROLEUM DISTILLATES

PETROLEUM OIL

PETROLEUM NAPHTHENIC OILS

PHENMEDIPHAM

PHENMEDIPHAM

PHORATE PHORATE
PHOSMET PHOSMET
PHOSPHORIC ACID PHOSPHORIC ACID
PICLORAM PICLORAM
PINOXADEN PINOXADEN

PIPERONYL BUTOXIDE

PIPERONYL BUTOXIDE

POLYHEDROSIS VIRUS

POLYHEDRAL OCCLUSION BODIES (OB'S) OF THE NUCI
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USGS Compound Name

CA DPR Compound Name

POLYOXORIM AVERAGE

POTASSIUM BICARBONATE POTASSIUM BICARBONATE
POTASSIUM OLEATE AVERAGE
PRIMISULFURON AVERAGE

PRODIAMINE PRODIAMINE
PROFENOFOS PROFENOFOS
PROHEXADIONE PROHEXADIONE CALCIUM
PROMETRYN PROMETRYN
PROPAMOCARB HCL PROPAMOCARE DROCHLORIDE
PROPANIL PROPANIL

PROPARGITE PROPARGITE

PROPAZINE PROPAZINE
PROPICONAZOLE PROPICONAZOLE
PROPOXYCARBAZONE AVERAGE

PROPYZAMIDE PROPYZAMIDE
PROSULFURON AVERAGE

PROTHIOCONAZOLE

PROTHIOCONAZOLE

PSEUDOMONAS FLUORESCENS

PSEUDOMONAS FLUORESCENS, STRAIN A506

PYMETROZINE

PYMETROZINE

PYRACLOSTROBIN

PYRACLOSTROBIN

PYRAFLUFEN ETHYL PYRAFLUFENHYL
PYRASULFOTOLE AVERAGE
PYRETHRINS PYRETHRINS
PYRIDABEN PYRIDABEN

PYRIMETHANIL

PYRIMETHANIL

PYRIPROXYFEN

PYRIPROXYFEN

PYRITHIOBASDDIUM

PYRITHIOBASDDIUM

PYROXASULFONE AVERAGE
PYROXSULAM PYROXSULAM
QUINCLORAC QUINCLORAC
QUINOXYFEN QUINOXYFEN
QUINTOZENE AVERAGE
QUIZALOFOP QUIZALOFGETHYL
RIMSULFURON RIMSULFURON
ROTENONE ROTENONE
SABADILLA SABADILLA ALKALOIDS
SAFLUFENACIL SAFLUFENACIL
SETHOXYDIM SETHOXYDIM
SILICATES SILICA AEROGEL
SIMAZINE SIMAZINE

SODIUM CHLORATE

SODIUM CHLORATE

SODIUM CHLORATE

SODIUM CHLORATE
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USGS Compound Name

CA DPR Compound Name

SPINETORAM

SPINETORAM

SPINOSYN

SPINOSAD

SPIRODICLOFEN

SPIRODICLOFEN

SPIROMESIFEN

SPIROMESIFEN

SPIROTETRAMAT

SPIROTETRAMAT

STREPTOMYCIN

STREPTOMYCIN

SULFCARBAMIDE AVERAGE
SULFENTRAZONE SULFENTRAZONE
SULFOMETURON SULFOMETUREGIETHYL
SULFOSATE AVERAGE
SULFOSULFURON SULFOSULFURON
SULFOXAFLOR SULFOXAFLOR
SULFUR SULFUR
SULFURIC ACID SULFURIC ACID
TCMTB TCMTB
TEBUCONAZOLE TEBUCONAZOLE
TEBUFENOZIDE TEBUFENOZIDE
TEBUPIRIMPHOS AVERAGE
TEBUTHIURON TEBUTHIURON
TEFLUTHRIN AVERAGE
TEMBOTRIONE TEMBOTRIONE
TERBACIL TERBACIL
TERBUFOS AVERAGE
TETRABOROHYDRATE AVERAGE
TETRACONAZOLE TETRACONAZOLE
TETRATHIOCARBONATE AVERAGE
THIABENDAZOLE THIABENDAZOLE
THIACLOPRID THIACLOPRID
THIAMETHOXAM THIAMETHOXAM
THIAZOPYR THIAZOPYR
THIDIAZURON THIDIAZURON
THIENCARBAZGNETHYL AVERAGE

THIFENSULFURON

THIFENSULFURGOIETHYL

THIOBENCARB

THIOBENCARB

THIODICARB THIODICARB
THIOPHANATHAETHYL THIOPHANATAETHYL
THIRAM THIRAM
TOPRAMEZONE AVERAGE
TRALKOXYDIM TRALKOXYDIM
TRIADIMEFON TRIADIMEFON
TRIADIMENOL TRIADIMENOL
TRIALLATE TRIALLATE
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USGS Compound Name

CA DPR Compound Name

TRIASULFURON AVERAGE

TRIBENURON METHYL TRIBENUROGMETHYL

TRIBUFOS AVERAGE

TRICLOPYR TRICLOPYR, BUTOXYETHYL ESTER

TRIFLOXYSTROBIN

TRIFLOXYSTROBIN

TRIFLOXYSULFURON

TRIFLOXYSULFURSINDIUM

TRIFLUMIZOLE

TRIFLUMIZOLE

TRIFLURALIN TRIFLURALIN
TRIFLUSULFURON AVERAGE
TRINEXAPAC TRINEXAPAETHYL
TRITICONAZOLE TRITICONAZOLE
UNICONAZOLE UNICONIZOLE
VINCLOZOLIN VINCLOZOLIN
ZETACYPERMETHRIN AVERAGE

ZINC ZINCCHLORIDE
ZINEB ZINEB

ZIRAM ZIRAM
ZOXAMIDE AVERAGE

The emissions factor is calculated for these active ingredients based on calculating a weighted average emissions
factor for all active ingredients. The weights are determined by dividing the active ingredient applied for each
pesticide type by the totaldiive ingredients applied for all pesticides types. These weights are multiplied by the
emissions factor for each pesticide (calculatedduation3), and then summed to determine the weighted

average emissions factor.

00 005 00 @
B 00 j
Where:
ERwy = Weighted average emissions factor, in pounds VOC / pound active ingredient
Abkestus = Total active ingredient applied of each pesticide type in the United States, in Ibs.
ERest = Pesticidespecific emissions factor, in pounds VOC / pound active ingredient

The HAP emissions factors are from EIIP and are based on vapor pressure of tHagretilient[ref 1].
Compounds with a vapor pressure between 1 #d@d 1 x 16 mm Hg at 20°C to 25°C have an emissions factor
of 700 Ibs./ton (or 0.35 Ibs./Ib.). Compounds with a vapor pressure greaterithah® mm Hg at 20°C to 25°C
have an emissions factor of 1,160 Ibs./ton (or 0.58 |bs./Ib.). The subset of HAPs is extracted from the list of
active ingredients and is shownTable4-157 along with the HAP emissions factolfthe calculated emissions
factor for any HAP is greater than the VOC emissions factor for that active ingredient, calcutjadtion3,

then the HAP emissions factor is segual to the VOC emissions factor.
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Table4-157 HAP Emissions Factors

Emissions
Vapor
Factor
Pollutant | Pressure
Compound (Ibs. per Ib. Source
Code (mm Hg at active
20°Cto 25°C) | . .
ingredient)
2,4D 94757 8 x10° 0.35| Referencel, Tables 9.4 and 9.44
Set equal to VOC emissions factor
CAPTAN 133062 8 x 10° 0.1441| calculated from the CA DPR. See
Table4-156.
Set equal to VOC emissions factor
CARBARYL 63252 1.2 x 16 0.3208| calculated from the CA DPR. See
Table4-156.
Vapor pressure: Referen@e
METHYL BROMILC 74839 1,420 0.58 | Emissions factor: ReferengéeTable
9.4-4
Vapor pressure: Referende
METHYL IODIDE | 74884 400 0.58 | Emissions factor: ReferengéeTable
9.4-4
PARATHION 56382 5x 10 0.35| Referencel, Tables 9.4 and 9.44
TRIFLURALIN 1582098 1.1 x 16 0.58 | Referencel, Tables 9.2 and 9.44

For Alaska and Hawaii, data from the conterminous United States is used to develop average emissions factors
by pollutant in terms of emissions per acre treated with pesticides. This is calculated by summing the total
emissions byollutant for the conterminous United States and dividing by the total acres treated in the
conterminous United States.

4.23.3.4 Controls

There are no controls assumed for this category.

4.23.3.5 Emissions

VOC and HAP emissions are calculated by multiplying the amount of active ingredient applied in each county,
from the USGS database, by the appropriate emissions factor. The emissions factor for VOC is calculated using
equations 14. The emissions factorsrfthe HAPs are listed ifable4-157.

The VOC emissions are calculated by multiplying the active ingredients applied in each county per year by the
corresponding emissions factor.

0€¢
O 00p OO P — = ®)
C TT TOTW
Where:
Biocec = Annual emissions of VOC from pesticide active ingredient applications in county c, in tons
Akestc = Active ingredient of each pesticide type applied in county pounds
ERest = Pesticidespecific emissions factor, in pounds VOC / pound active ingredient
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Note that if the active ingredien®(pes) is included in the CA DPR database, then the péstapiecific emissions
factor is usedEkesy; for all other active ingredients, the weighted average emissions factor is B&gg.(

The HAP emissions are calculated by multiplying the active ingredients applied in each county per year by the
corresponding emissions factor. The HAPs listéichirie4-157 correspond to the active ingredients in the USGS
database. For example, emissions of the HAP captan only occur from applications of the active ingredient
captan. Emissions are then summed across pesticide types to estimate thedotdi-level emissions for each
HAP.

‘ (6)
Oy 00R 0O7Q
Where:
B = Emissions of pollutarg from pesticide applications in countyin Ibs.
ERpest = Emissions factor for pollutaq, in pounds emissions / pound active ingredient
Akestc = Active ingredient of each pesticide type applied in cownty pounds

Note that the HAP emissions factors are from the E#&fL]. If the HAP emissions factor for a certain pesticide
type exceeds the VOC emissions factor calculated for that pesticide type as calculated in equations heand 2, t
the HAP emissions factor is set equal to the VOC emissions factor.

For Alaska and Hawaii, emissions are estimated by multiplying the acres treated with pesticides by pollutant
specific emissions per acre emissions factors.

4.23.3.6 Example calculations

Table4-158lists sample calculations to determine the VOC aned2gmissions from 2;Bichlorophenoxy
Acetic Acid (2,D). The sample calculations show the emission calonlsfior the pesticide 2:8 only. To
estimate the total countylevel emissions, the process would need to be repeated for each pesticide.

Table4-158 Sample calculations for VOC/HAP emissions froaD2gricultural pesticide application in Autauga

County, AL
E#?' Equation Values for Autauga County, AL Result
865,954,752 Ibs
NG 00y T fplcpamcgit OOGO Qd @ QY total 2,4D
1 e VR W OO OQE o pesticide
pTT pTIT applied in the
United States
34,638,190 Ibs
, ) 00 & Y olwuly v ADG QAT . ;/Oczezrlwligssions
- YO - oA X rom 2,4D in
A h A
T $DAOOE%—E€\TA the United
States
. 0 & i o 1p oy wit 60 # 0.826 Ibs. V_OC/
3 00 50 - w0505 05 @ g o 24D active
h T fple p ot ox wWwo 228 A ingredient
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Equation Values for Autauga County, AL Result

This calculation
e is not needed,
00 __ as 2,4D is
4 B 80 N/A included in the
00 CA DPR
database.

| o 6705 ©0 W TRt 0 & o Q% 0 0O’ grii;?gss\;g%

po € € @ ¢ @ — 2,4D in Autaugq
¢ TU TOTDO G Tt TOTWY County, AL
2,807 pounds
2,4-D emissions
from 2,4D in
Autauga County
AL

PTGt OO KMo QB TWQ QA
T U

4.23.3.7 Changes from the 2014 methodology

As discussed in Sectidr23.3.1 EPA developed an emissions estimation methodology for Alaska and Hawaii
counties that was not used for the 2014 NEI.

4.23.3.8 Puerto Rico and U.S. Virgin Islands

Since insufficient data exist talculate emissions for the counties in Puerto Rico and the US Virgin Islands,
emissions are based on two proxy counties in Florida: 12011, Broward County for Puerto Rico and 12087,
Monroe County for the US Virgin Islands. The total emissions in tonsefee two Florida counties are divided

by their respective populations creating a tons per capita emissions factor. For each Puerto Rico and US Virgin
Island county, the tons per capita emissions factor is multiplied by the county population (from theyeares

GKS Ay@Syiaz2NEQa OGAGAGE RIGFEFOL gKAOK ASNBSR a GKS
FYR GKS SYA&daAz2ya RSY2YAYLFG2NI dzyAld FNB a9! /1 éd

4.23.4 References

1. U.S. Environmental Protection Agency. 2001. Emissions Inventory Immeav@rogram, Vol. 3, Ch. 9,
Pesticides Agricultural and Nonagriculturg®ection 5.1, p. 9-8.

2. United States Geological Survey. 204ithived preliminary countievel pesticide use estimates

3. Personal communication from Pam Wofford, California Department of Pesticide Regulation to Jonathan
52Ny = ! 600G ! aa20Al GSa@Es5 lad!15a wapd iym A @ 20Apd RIS &R | Wy

4. U.S. Environmental Protection Agency. 2088alth Effects Notebook for Hazardous Air Pollutants

5. U.S. Department of Agricultur012,2012 Census of AgricultyrNational Agricultural Statistics
Service.

4-275


https://www.epa.gov/sites/production/files/2015-08/documents/iii09_jun2001.pdf
https://water.usgs.gov/nawqa/pnsp/usage/maps/county-level/
https://www.epa.gov/haps/health-effects-notebook-hazardous-air-pollutants
https://catalog.data.gov/dataset/2012-census-of-agriculture-web-maps

4.24 Solvents — Consumer and Commercial Solvent Use: Asphalt Paving

4.24.1 Source categorylescription

Asphalt paving is the process of applying asphalt concrete to seal or repair the surface of roads, parking lots,
driveways, walkways, or airport runwayssphalts for paving are mainly used in two ways. They are either mixed

with aggregates at plants and had to the paving site and then compacted on the road, or they are sprayed in
relatively thin layers with or without aggregates. Plant mixed asphalt products are called asphalt concrete mix.

As seen irfrigured-21, these can be produced and laid down hot, using asphalt cements, or cold, using

emulsions or cutbacks. These mixes usually contain about 5% asphalt and 95% aggregates by weight. Aggregates
give the mix most of its ability to carry or resist loads while the asphalt coats and binds the aggregate structure.

Hot laid mixes, also called hot mix asphalt (HMA), are produced by mixing heated aggregates and asphalt
cements in special mixing plants. Thegry strong, stiff mixes are usually used for surface and subsurface layers
in highways, airports, parking lots, and other areas which carry heavy orbigime traffic. HMA uses an

asphaltic binding agent which includes asphalt cement as well as aeyiah@added to modify the original

asphalt cement properties. Cold asphalt mixes are produced by mixing damp, cold aggregates with emulsions or
cutbacks at mixing plants either stationary plants or portable ones brought to the site. Although not asigtro

and stiff as hot mix, cold mixes may be more economical and flexible, and less polluting. They are used for areas
with intermediate and low traffic, for open graded mixes, and for patching. Sprayed asphalt applications include
asphaltaggregate applicains, usually called surface treatments or seal coats, and asphiglapplications

such as tack coat, prime coat, fog seal, and gusvention [refl].

Figure4-21: Types of Asphalt Paving processes

Asphalt Concrete Mix

N

HMA OR CMA
hot mix asphalt cold mix asphalt
asphalt binder + aggregate emulsions + aggregate
- asphalt cement - asphalt cement
- performance additives - water

- emulsifying agent

OR

cutback + aggregate
- asphalt cement
- petroleum solvents

A new, third type of mix, warmix asphalt (WMA), has become increasingly popular. In this type of mixture,
various methods are used to significantly reduce mix prodadiémperature by 30 to over 100°F. These
methods include (1) using chemical additives to lower the {eghperature viscosity of the asphalt binder; (2)
techniques involving the addition of water to the binder, causing it to foam; and (3stage proceses
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involving the addition of hard and soft binders at different points during mix production. WMA has several
benefits, including lower cost (since significantly less fuel is needed to heat the mix), lower emissions and so
improved environmental impact,ra potentially improved performance because of decreased age hardening
[ref 2.

Note that these source categories dot include emissions from the use of hot mix asphalt (HMA) or warm mix
asphalt (WMA)Estimates of emissions of volatile organic compounds (VOC), aaddaais air pollutants
(HAPs) from asphalt paving are based on the amount of cutback and emulsified asphalt used.

4.24.2 Sources of data

As sen in Table4-159, this source ategory includes data from the S/L/T agency submitted data and the default

EPA generated emissions. EPA estimates emissions for both cutback and emulsified asphalt paving. New Jersey
FYR alNBEfFYyR Ffa2 NBLER2NISR SyraSazZyazdRNya! alK{21L08
SHnecMAaHNAANO® ¢KS fSFERAY3I {// RSEAONAYRIRYNRIAL B {/22 OB
all SCCs.

Table4-159 Asphalt Paving SCCs in the 2017 NEI

SCC Description EPA| S/LIT
2461020000 Asphalt Application: All Processes; Total: All Solvent Typ X
2461021000 Cutback Asphalt; Total: All Solvent Types X X
2461022000 Emulsified Asphalt; Total: All Solvent Types X X

The agencies listed ifable4-160reported emissions for at least one of the above SCCs. Maryland, New Jersey
FYR 21 aK2S O2dzyié NBLR2NISRt{SYANBIBARPEGE2MNI (K5 IBYB bl
emissions were not covered by cutback and emulsified estimates.

Table4-160 Agencies that reported emissions for Asphalt application in the 2017 NEI

Region| Agency S/ILIT
1 | New Hampshire Department of Environmental Services State
2 | New Jersey Department of Environment Protection State
3 | Delaware Department of Natural Resources and Environmental Contr State
3 | Maryland Department of the Environment State
3 | Virginia Department of Environmental Quality State
4 | Memphis and Shelby County Health DepartmeRollution Control Local
4 | Metro Public Health of Nashville/Davidson County Local
5 | lllinois Environmental Protection Agency State
6 | TexasCommission on Environmental Quality State
8 | Utah Division of Air Quality State
9 | California Air Resources Board State
9 | Maricopa County Air Quality Department Local
9 | Washoe County Health District Local

10 | Coeur d'Alene Tribe Tribe
10 | IdahoDepartment of Environmental Quality State
10 | Kootenai Tribe of Idaho Tribe
10 | Nez Perce Tribe Tribe
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