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1.0INTRODUCTION

1.10VERVIEW

Sections 110(a)(1) and (2) of the Clean Air Act (CAA) require all statexpteaad submit to

the U. S. Environmental Protection Agency (EPA) any revisions to their infrastructure State
Implementation Plans (SIP) which provide for the implementation, maintenance and
enforcement of a new or revised national ambient air quality ded (NAAQSICAA section
110(a)(2)(D)(i)(I) requires each state to prohibit emissions that will significantly contribute to
nonattainment of a NAAQS, or interfere with maintenance of a NAAQS, in a downwind state.
The EPA revised the ozone NAAQS in M20€I8 and completed the designation process to
identify nonattainment areas in July 201Rnder this revision,ite 8hour ozone NAAQS form is
the three year average of the fourth highest daily maximuhmo8r ozone concentrations with

a thresholdnot to beexceededf 0.075 ppm(75ppb).

On October 1, 2015, EPA promulgated a revision to the ozone NAAQS, lowering the level of
both the primary and secondary standards to 70 parts per billion (ppb) (80 FR 65292).
Consequently, pursuant to CAA section 110(agpdgeeighbor SIPs for this revised NAAQS are,
due by October 1, 2018.

This documenprovides a technical support document fagkm air quality modelingandresults
recently conducted by Alpine Geophysics, LLC (Alpine) under contract to the Midwest Ozone
Graup (MOG) for purposes of individual state review and preparatidgttodur ozone modeling
analysis in support akvisiors of the 2008and 20158-hour ozoneGood Neighbo6tate
Implementation PlangGNS).

Thisdocumentdescribesupdatedmodeling activiies performedand results developeth order

for a stateto determine anddemonstratewhetherthey significantly contribute to

nonattainment or interfere with maintenance of the 2008 20150zone NAAQS in a

neighboring state Our initial modeling effor & RS @St 21LJSR dzaAy3 9t ! Q&
modeling domain (12US2) and further refinesl described in this repowtith two 4km

modeling domains over a Midtlantic region and Lake Michigan.

A comprehensivéraft ModelingProtocol forthe 12km8-hour ozone 8 revisionstudywas

prepared and provided to EPA for comment and review. Based on EPA comments, the draft
document was revise@Alpine, 2017ado include many of the comments and recommendations
ddz0 YAGUSRT Y2aid AYLRNII ya20238n nndeing plafaitERAA YA (1 S
2017 ¢ KA A HANnHOSY Y2RStAy3a LI GF2NY NBLNBaSy
for demonstraton of compliance with final CSAPR update seasonal EGU NOx budgets.

Thisdkm modeling exercise largely utilized tbeme platform configuration with new

meteorological data prepared for the 4km domains aah emissiongprocessed for the two

4km domains to support both attainmexemonstrationand source apportionment

simulations.

R
l.j
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1.2STUDY BACKGROUND

Section 110(a)(ZD)(i)(I) of the CAA requires that states address the interstate transport of
pollutants and ensure that emissions within the state do not contribute significantly to
nonattainment in, or interfere with maintenance by, any other state.

OnOctober 26, 206, EPA published in the Federal Regi¢8dr FR 7450 final update to the

CrossState Air Pollution Rule (CSAPR) for the 2008 ozone NAAQSfimathipdate EPA

outlines its fourtiered approach to addressing the interstate transport of pollutietated to

GKS 21 2yS bl!lv{X 2N aGrGSaQ D22R bSA3IKO62NJ NBa
states contribute significantly to nonattainment areas or significantly interfere with air quality

in maintenance areas in downwind states. EPAhasdéteyp6 R G KIF G AF | adl 6§SQ:
downwind air quality problems is below one percent of the applicable NAAQS, then it does not
O2YAARSNI GKIG adrdsS G2 6S aA3ayAaAFAOryidte 02y N
YFEAYUGSYl yOS O 2rgatrSd\dddiessing intérstate trand@ud has been shaped by

public notice and comment and refined in response to court decisions.

As part of thefinal CSAPR update, EPA released regional air quality motizkugport the

2008 ozone NAAQS attainment datie2017 indicating which states significantly contribute to
nonattainment or maintenance area air quality problems in other states. To make these
determinations, the EPA projected future ozone nonattainment and maintenance receptors,

then conducted statdevel ozone source apportionment modeling to determine which states
contributed pollution overaprd RSY G AFASR G O2yGNAROdziA2Yy (GKNBAK?2

A followrup technical memorandum was issued by EPA on October 27, 2017 (Page, 2017) that
provided supplemental infanation on interstate SIP submissions for the 2008 ozone NAAQS. In

this memorandum, EPA provided future year 2023 design value calculations and source

contribution results with updated modeling and included background on the-$tep process

interstate transport framework that the EPA uses to address the good neighbor provision for

regional pollutantsTheR 2 OdzY Sy G | f 42 SELX FAy&a 9t! Qa8 OK2A0S
F2NJ 0KS Hnny 21 2yS bllv{X AYGNRRdzOSR (KS ay?2
response factors (RRFs) at coastal sites, and confirmed that there are no monitoring sites,

outside of California, that were projected b innonattainment orhavemaintenance

problems with respect to the 2008 ozone NAAQS of 75 ppb in 2023.

Concurrend A G K 9t ! Qa Y2RSfAy3d R20dzyYSyGdSR Ay (GKS hOi
conducting good neighbor SIP modeling for the Commonwealth of Kentucky (Alpin®) 2017

dza&Ay3 9t! Q&4 HnHoSy Y2RStAy3 |dfolEbT AMaHiRRys OSK & ¢ v
and spefdically noted thatone of the problem monitora RSY G AFASR Ay 9t ! Qa TA
predicted to be in nonattainment or have issues with maintenance in 2023 and therefore

Kentucky(and by extension, any other upwind state) wad required to estimate its

contribution to these monitors.

On March 27, 2018, EPA released a technical memorar{@amgotis, 2018) providing
additional information on interstate SIP submissions for the 2015 ozone NAAQS. In this memo,
EPA provided incremental results of theiki modeling using a projection year of 2023,
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including updated source apportionment results, dy 2 & 0§ SNE 3INARndaStf ww
discussion of potential flexibilities in analytical approaches that an upwind state may consider

in developing GN®s discussed in greater detail in Section 1.38,2023 futureyear was

aSt SOGSR Fa GUKS FyFrftedAOo @SFNIAY 9t! Qad Y2RSft A
attainment year for Moderate ozone nonattainment aressd because it reflected the

timeframe for implementing further emission reductions

For many months, EPA has consatithe appropriateness of the use of its 1% significance test

to determine whether an upwind state significantly contributes to downwind-atiainment
orinterferenceg A 1 K R2YSAYR YIAYGSylyOS I NBIao 2 KAf S
to interstate transport state implementation plan submission involving the 2015 ozone NAAQS
andprovides a set of contributions by upwind states to downwind states, that data isasad

on a particular significance threshold. Indeed, that memo identifies the significance threshold

as one of the flexibilities that a state may wish to consider in the development of its Good

Neighbor SIP. Specifically, EPA offers the followingigéea of this flexibility:

Consideration of different contribution thresholds for different regions based on regional
differences in the nature and extent of the transport problem.

On August 31, 2018, EPA isspedposednew guidance (TsirigotisP28b) in which it analyzed
1 ppb and 2 ppb alternatives to the 1% significance level that it has historically used. In that
memo, EPA offers the following statement:

Based on the data and analysis summarized here, the EPA believes that a threshold of 1
ppb may be appropriate for states to use to develop SIP revisions addressing the good
neighbor provisions for the 2015 ozone NAAQS.

OnOctober 19, 2018, EPA issu@athl guidance(Tsirigotis, 2018dh the form of a

YSY2NI) yRdzY Sy dAlf Sdentifging MgliriehaR@ Récéptord f6rallse2iJlean

Air Act Section 110(a)(2)(D)(|)(I) Interstate Transport State Implementation Plan Submissions for
G§KS uwnmp hil2yS blFGA2y It 1 YOASY(d ! ANJ vdz fAGE {
alternative methodolo@ F2NJ YI {Ay3 GKS RSGSNX¥YAYILIGA2Y 2F UK
maintenance monitor.

9t ! Qa 3I2Fft Ay guUNI@AHRUMEdEs andidast S yWi2ge | aaArad adalkas
develop GNS for the 2015 ozone NAAQS.

PAAY3 9t! Q4 MHT Y nimPadRS dniydis in LIE dasteFn2UNElYwere found to
be in nonattainment of the 2015 ozone NAAQS with multiple states demonstratimgibution
to projecteddownwind nonattainmentarea air qualityoverthe 1%thresholdat EPAidentified
nonattainmentor mantenancemonitors. These EPAlentified monitors(Tsirigotis, 2018agre
provided in Table -l along with their 3yr design value for the period 282016.

As EPA found that multiple state contributions to projected downwind maintenance problems
at these monitors is above th&%threshold and thus significant, additional analyses are
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required to identify these upwind state responsibilities under the Good Neighbor Provisions for
the various ozone NAAQS.

Table 1. EPAidentified eastern U.S. nonattainm& and maintenance monitors
Ozone 8hr Design Value (ppb)

2023en| 2023en
2009 | 2009 | 2023en| 2023en| “ No| “ No
2013 | 2013 | “ 3 x ] “ 3 x{Wat ¢gWat e 2014
Monitor State | County Avg | Max Avg Max Avg Max | 2016

90010017 | CT | Fairfield 80.3 | 83 69.8 72.1 68.9 71.2 80

90013007 | CT | Fairfield 84.3 | 89 71.2 75.2 71.0 75.0 81

90019003 | CT Fairfield 83.7 | 87 72.7 75.6 73.0 75.9 85

90099002 | CT New Haven 85.7 | 89 71.2 73.9 69.9 72.6 76

240251001 MD | Harford 90.0 | 93 71.4 73.8 70.9 73.3 73

260050003 MI Allegan 82.7 | 86 69.0 71.8 69.0 71.7 75

261630019 MI Wayne 78.7 | 81 69.0 71.0 69.0 71.0 72

360810124 NY | Queens 78.0 | 80 70.1 71.9 70.2 72.0 69

360850067| NY | Richmond | 81.3 | 83 71.9 73.4 67.1 68.5 76

361030002 NY | Suffolk 83.3 | 85 72.5 74.0 74.0 75.5 72

480391004| TX Brazoria 88.0 | 89 74.0 74.9 74.0 74.9 75

481210034| TX Denton 84.3 | 87 69.7 72.0 69.7 72.0 80

482011024| TX Harris 80.3 | 83 70.4 72.8 70.4 72.8 79
482011034| TX Harris 81.0 | 82 70.8 71.6 70.8 71.6 73
482011039 TX Harris 820 | 84 71.8 73.6 71.8 73.5 67

484392003 TX Tarrant 87.3 | 90 72.5 74.8 72.5 74.8 73

550790085| WI Milwaukee | 80.0 | 82 65.4 67.0 71.2 73.0 71

551170006| WI Sheboygan| 84.3 | 87 70.8 73.1 72.8 75.1 79

1.2.2Purpose

This documenprimarily serves to provide the air quality modeliagd source apportionment
results fortwo 4km grid domaingn support of revisios that states may make to thex008or
20158-hour ozone Good Neighbor State Implementation R@@NS). Thislocument
establisheghat many of the eastern state receptors demonstrat@deled attainment using a
finer grid 4kmmodelingdomain (compared to 12km resultdjp addition, this document
demonstrateghe significance of international transpothat emissions activities withisome
stateswill not significantly contribute to nonattainment or interfere with mé&nance of the
20080r 20150zone NAAQS in a neighboring stated that there may be options available to
other states that do demonstrate significant contribution at air quality monitoring itas
gualify as nonattainment or maintenance

1.30VERVMY OF MODELING APPRA

TheGNS3-Hour ozone SIP modelimgthis technical support documeiricludesan ozone
simulationstudy usingthe 12 km gridd | & SR 2§23edmoHeld platformand
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preliminary source contributioassessmentEPA, 2016) supplemented with two additional
fully nesteddkm modelingdomains over the MieAtlantic region and Lake Michigan

1.3.1 Episode Selection

Episode selection is an important component of alnd8ir ozone attainment demonstration.
EPA guidance recommends thatddys be used to projectBour ozone Design Values at each
critical monitor. TheMay 1 through AugusB1 20110zone seasoperiodwasselected for the
ozone SIP modeling primarily duette following reasons:

T Itisaligned with the 2011 NEI yeawhichis the latest NEhodeled in a regulatory
platform.

It isnot an unusually low ozoneoncentrationyear.
Ambient meteorological and air quality data are available.

A 2011 12 km CAMx modeling platforvas availabldrom the EPAhat wasleveraged for
the GNSozone SIP modeling.

a2NB5 RSdOlFIAfa 2F GKS adzYYSNJ Hamm SLIA&2RS &aSt SO
modeling guidance are contained $&ction3.

1.3.2 Model Selection

Details on the rationale for model selection are provided in Sectiohh2 Weather Research
Forecast (WRF) prognostic meteorological model was selected for the GNS ozone modeling
using both the EPA 12US2 grid and two additional 4km modeling grids. Additional emission
modeling was not required for the 12km simulation as #@23en platform was provided to
Alpine in premerged CAMx ready format. For both the base and future years, 4km subgrids
were created using the ER¥ovided SMOKE emissions input files and the CONUS 4km spatial
surrogates developed by EPA for ith2014modelingplatform®.

Emissions processing was completed by EPA for the 12km domain and Alpine for the two 4km
domains using the SMOKE emissions model for most source categories. The exceptions are that
BEIS model was used for biogenic emissions and thierspeecial processors for fires,

windblown dust, lightning and sea salt emissions. The MOVES2&baadmobile source

emissions model was used with SMEMBVES to generate enoad mobile source emissions

with EPA generated vehicle activity data providethe NAAQS NODA. The same version of

the CAMx photochemical grid model was also used. The setup is based on the same
WRF/SMOKE/BEIS/CAMx modeling system used in the EPA 2023en platform nuathetime
exception that analysis nudging and cumulus pagtarization were not used for the 4km

domains

1.3.3 Baseand Future YeaEmissiondData

The2023future yearwasselectedfor the attainment demonstration modelinigasedupon
htvt{ S5ANBOGl2NI {(GSOSyYy t I 3SQ3 pagedioReghblIAFT I HAMT

1 https://lwww.epa.gov/airemissionsnodeling/2014version71-platform
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Directors.In this memo, Director Page identified the two primary reasthiesEPAseleced

2023 for thér 2008 NAAQSwodelingrT 6 M0 (G KS 5 &/ & / ANbddb @avafinay. 2 dzNI Q &
EPAin considering downwind attainment dates for the 2008 NAAS | YR O0HU 9t ! Q&
consideration of the timeframes that may be required for implementing further emission

reductions as expeditiously as possildlee 2011 base case a2@23future year emissions
werebasedup2 y 9t ! iv@ntodieS yithno adjustment This platform has been identified

by EPA as the base case for compliance with the final CSAPR update seasonal EGU NOx emission
budgets.

1.3.4 InputPreparation and QA/QC

Quiality assurance (QA) and quality control (QC) of the emissions datasets are sbmenobt

critical steps in performing air quality modeling studies. Because emissions processing is

tedious, time consuming and involves complex manipulation of many different types of large
databases, rigorous QA measures are a necessity to prevemsénremissions processing from
occurring. Th&NS3-Hour ozone modeling studytilized9t | Q& ! kIMB QR SYAaadAz2ya
platform that followed a multistep emissions QA/QC approafch the 12km domainAdditional

tabular and graphical review of the 4km emigs@avas conducted to ensure consistency with

the 12kmmodelingresults on spatial, temporal, and speciated levels.

1.3.5 Meteorology Input Preparation and QA/QC

The CAMx 2011 12 km meteorological inpatsbased on WRF meteorological modeling
conductedby EPA Details on th&PA2011 WRF application and evaluation are providgd
EPAEPA2014d). Additional WRF simulations were conducted to generate meteorological data
fields to support the 4knmodelingdomains. A performance evaluation of this incrertan
modelingwas prepared (Alpine, 20aB8and confirmed adequacy of the files for SIP attainment
and contribution analyses.

1.3.6 Initial and Boundary Conditions Development

Initial concentrations (IC) and Boundary Conditions (BC) are important inptlts €@AMXx
model. Weran 15 days ofmodel spinup before the first high ozone dagscurin the modeling
domainsothe ICsarewashed out of the modeling domain before the first high ozone day of
the May-August 2@1 modeling period.The lateral boundary ahinitial speciegoncentrations
are provided by a three dimensional global atmospheric chemistry model,-GEES
(Yantosca, 2004) standard versio®02 with8-02-01 chemistry.

The 4km domains wenmodeledas twoway interactive nests wiih the 12kmsimulationand
therefore were provided withupdatedboundary conditions at each integration time step and
provided upscale feedback from the 4km domains to the 12km domain.

1.3.7 Air Quality Modeling Input Preparation and QA/QC

Each step of the air qlity modelingwassubjected to QA/QC procedures. These procedures
included verification of model configurationgonfirmationthat the correct data were used and
processed correctlyand other procedures.
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1.3.8 Model PerformanceEvaluation

The Model Pedrmance Evaluation (MPElied on the 12kmCAMx MPE frorA t !aSsaciated
modelingplatforms® 9t ! Qa at9 NBO2YYSYRIGA2ya Ay GKSAN
2018) werefollowedin this evaluation Ml y & 2 F 9t ! Q& havdaleadydeBnO S R dzNEB &
performed by EPA in theifAMx 2011 modeling database being used inGiNSzone SIP

modeling. An additional MPE was prepared Alpine (Alpine, 2018) to supportthe 4km

domains and confirmed the adequacy of the analysis for SIP and contribution analyses.

1.3.9 DiagnosticSensitivity Analyses

{AyO0S y2 A&aadzSa 6SNBE ARBY (0 REA NRzyRY OQXYLF NENRA \i2
the same modeling platform and configuration, additional diagnostic sensitivity analyses were

not required.
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2.0 MODEISELECON

This sectiomocumentsthe models used in fls 8-hour ozone GNS Sihfbdeling study. The
selection methodology presented in this chapteirrors9 t ' YaR 2 iiedulStdtirdodeling
in support ofthe 20080zone NAAQS Preliminary Interstate Transpasessmen{Page, 2017;
Alpine, 2017EPA2016b) and technical memorandum providing additional information on the
Interstate SIP submissions for the 2015 Ozone NAAQS (Tsirigotig).2018

Unlike previous ozone modeling guidarthat specifieda particularozone modele.g., EPA,

1991that specified the Urban Airshed Model; Morris and Myers, 398 EPArow

recommends that models be selected firone{ Lt & (0 dzR A ByO I 21)5 £ Thél GlAZS
latestEPA ozonguidance(EPA2018 explicitlymentions theCMAQ and CAMRGMsas the
mostcommonhydzd SR t Daa GKI G ¢2dzZ R &l (hdtesthatthidisnoQa a St
Iy SEKFdzAGASGS tAa80G | YR R2 SaveroferiPGMgWdtifodd alscK | G K
be considered and used witippropriate2 dza G A F A O tuireht2ngdéling gidelin@saists

the following criteria for model selection (EPA, 801

It should not be proprietary

It should have received a scientific peer review

It should be appropriate for the specific application on aditetical basis;

It should be used with data bases which are available and adequate to support its

application;

It should be shown to have performed well in past modeling applications;

It should be applied consistently with an established protocol on metrardl procedures;

LG aK2dzZ R KIF@S | dzaSNNR& 3IdzARS FyR (G4SOKYyAOI €
The availability of advanced features (e.g., probing tools or science algorithms) is

desirable; and

1 When other criteria are satisfied, resource considerations may be important @a a
legitimate concern.

= =4 =4 =4

= =4 =4 =4

For theGNS3-hour ozone modeling, we udehe WRF/SMOKMOVES201BEIBCAMXOSAT

modeling systemvas usedas the primary tool for demonstrating attainment of the ozone

NAAQSt downwind monitorsat downwind problem monitors Theutilized modeling system
alGAaATASE FEf 2F 9t! Qa aStSOGA2Y ONAGNSNR | ¢ !
ozone SIP modeling follows.

WRFARW The Weather Research and Forecasting (WRB)lel is a mesoscale numerical

weather predictionsystem designed to serve both operational forecasting and atmospheric
research needs (Skamarock, 2004; 2006; Skamarock et al., 2005). The Advanced Research WRF
(ARW) vesion of WRRvasused in thisozone modeling study. It features multiple dynamical

cores, a 3dimensional variational (3DVAR) data assimilation system, and a software

architecture allowing for computational parallelism and system extensibility. WRF is suitable

2 http://www.wrf -model.org/index.php
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for a broad spectrum of applications across scales ranging from meters toatnds f

kilometers. The effort to develop WRF has been a collaborative partnership, principally among
the National Center for Atmospheric Research (NCAR), the National Oceanic and Atmospheric
Administration (NOAA), the National Centers for EnvironmentdiEtion (NCEP) and the
Forecast Systems Laboratory (FSL), the Air Force Weather Agency (AFWA), the Naval Research
Laboratory, the University of Oklahoma, and the Federal Aviation Administration (FAA). WRF
allows researchers the ability to conduct sintidas reflecting either real data or idealized
configurations. WREF provides operational forecasting a model that is flexible and efficient
computationally, while offering the advances in physics, numerics, and data assimilation
contributed by the researchommunity.

SMOKEThe Sparse Matrix Operator Kernel Emissions (SM@itEEling system is an

emissions modeling system that generates hourly gridded speciated emission inputs of mobile,
non-road, area, point, fire and biogenic emission sources for phaogcal grid models (Coats,
MdhpT | 2dzé2dzE | YR +dzl 2 0A OKZ mMddpdpO ® la sA0K Y
emission processing system and not a true emissions modeling system in which emissions
SAGAYFGSa | NB &AYdzZ MhisSnRangtia® with tieFekcidiian oflndbidley” OA LI S
and biogenic sources, its purpose is to provide an efficient, modern tool for converting an

existing base emissions inventory data into the hourly gridded speciated formatted emission

files required by a phatchemical grid model. SMOKEsusedby EPAo prepare2023en

emission inputs for nomoad mobile, area and point sourcehese files were adopted and

used ass for this analysis.

SMOKEMOVES SMOKBMOVES uses an Emissions Factor (EF)Wodlable fron MOVES,

gridded vehicle miles travelled (VMT) and other activity data and hourly gridded meteorological
data (typically from WRF) and generates hourly gridded speciatedamhmobile source

emissions inputs

MOVES2014MOVES2014A & 9t ! Q-foad mokil&sauirce enyissions model that was first
released in July 201EPA, 2014a,b,cMOVES2014 includes the latestroad mobile source
emissions factor informatiorEmission factors developed by ERére used in this analysis.

BEIS Biogenic emisenswere modeledby EPAisingversion 3.61 ofhe Biogenic Emission
Inventory System (BEISjirst developed in 1988, BEIS estimates volatile organic compound
(VOC) emissions from vegetation and nitric oxide (NO) emissions from soils. Because of
resourcelimitations, recent BEIS development has been restricted to versions that are built
within the Sparse Matrix Operational Kernel Emissions (SMOKE) system.

CAMx: The Comprehensive Air quality Model with Extensions (CpsIa stateof-science
GhyA8nodJKSNB¢ LIK20G20KSYAOFE 3INAR Y2RSt OFLIkofS
(PM), visibility and acid deposition at regional scale for periods up to one year (ENVIRON,

3 http://www.smoke-model.org/index.cfm
4 http://www.epa.gov/otag/models/moves/
5 http://www.camx.com
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2015°). CAMXx is a publicly available opssurce computer modeling system for thetégrated
FaasSaaySyd 2F 3IFrasS2dza yR LI NIAOdzE I §S AN LI2¢
quality issues are complex, interrelated, and reach beyond the urban scale, CAMx is designed to

(a) simulate air quality over many geographic scaledréh) a wide variety of inert and

chemically active pollutants including ozone, inorganic and organijg BiMi PMoand mercury

and toxics, (c) provide sourgeceptor, sensitivity, and process analyses and (d) be

computationally efficient and easy toeis The U.S. EPA has approved the use of CAMXx for

numerous ozone and PM State Implematndn Plans throughout the U.&nd has used this

model to evaluate regional mitigation strategies including those for most recent regional rules

(e.g., Transport RUIEAIR, NOSIP Calktc.). CAMx Version 80 wasused in ths study.

OSATTheOzone Source Apportionment Techniq@SAT)ool of CAMx was selected
develop source contribution and significant contribution calculatiand wasappliedfor this
analsis.

SMATCE: TheSoftware for the Modeled Attainment Tes€Community EditiofSMATCE} is
an EPA developeBCbased software tool that can perform the modeled attainment tests
particulate matter and ozoneand calculate changes in visibility a3l | areas as part of the
reasonable progress analysis for regional h&agsion 1.2 (Beta) was used in this analysis.

6 http://lwww.camx.com/files/camxusersgde_v620.pdf
7 https://lwww.epa.gov/scram/photochemicainodelingtools
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3.0 EPISODEELECTION

9 t !'nest recent8-hour ozone modeling guidance (ERA18 contains recommended

procedures for selecting modelj episodesTheGNSozone SliPevisionmodeling usd the May
throughend of! dz3dza i wHnmm Y2RSEAy3a LISNA2R 0SOFdzasS Al
modeling guidancepisode selection discussion

EPA guidance recommends that 10 days be used to gr@jecur ozone Design Values at each
critical monitor. The May through August 2011 period has been selected for the ozone SIP
modeling primarily due to being aligned with the 2011 NEI year, not being an unusually low
ozone year and availability of a 2012km CAMx modeling platform from tHePA NAAQS
NODA
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Thissectionsummarizes the modelgdomain definitions for th&GNS3-hour ozone modeling,
including the domain coverage, resoluti@nd map projection. It also dissges emissions,
aerometrig and other data available for use in model input preparation and performance

testing.

4.1 HORIZONTADROMAINS

TheGNSozone SIP modeling usa 12 km continentalU.S. {2U&) domainand two 4 km
subnested domains; one over the dAAtlantic region and another over Lake Michigan and

surrounding states

The 12 km nested grid modeling domain configuration is shown in Figlngith the two 4km
domains represented in FigureZ4 The 12km domain shown in Figuré& #depresents the 8Mx
12km air quality and SMOKE/BEIS emissions modeling domain. The WRF meteorological
modeling was run on larger 12 km modeling domains than used for CAMx as demonstrated in

9t ! Qa YSiS2NRf23A0If Y2RSf

LISNF2NXY I yOS S@I t dzl

meteorological modeling domains are defined larger than the air quality modeling domains
because meteorological models can sometimes produce artifacts in the meteorological
variables near the boundaries as the prescribed boundary conditions come intmayna
balance with the coupled equations and numerical methods in the meteorological model.
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Figure 41. Map of 12'.kmCAMx'modeIing domainsSource: EPA NAAQS NODA
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Figure 42. Maps of 4km CAMxnodeling domains. Lake Michigan (left) and Midtlantic
(right).

4.2 VERTICAMODELING DOMAIN

The CAMXx vertical structure is primarily defined by the vertayarsused in the WRF
meteorologicaimodeling. The WRF model employs a terrain following coordinate system
defined by pressure, using multiple layeterfacesthat extend from the surface to 50 mb
(approximately 19 knabove sea level EPAand Alpineran WRF using3vertical layes. A

layer averaging scheme is adopted for CAMx simulations whereby multiple WRF layers are
combined into one CAMXx lay&s reduce the air qualitynodelcomputational time. Table-4
displays the approach for collapsing the WASKertical layers to 25 vertical layers in CANIx
the 12km and 4km grid domains
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Table 41. WRF and CAMx layers and their approximate heighbve ground level

Approx.
CAMx WRF Pressure Height
Layer Layers Sigma P (mb) (m AGL)
25 35 0.00 50.00 17,556
34 0.05 97.50 14,780
24 33 0.10 145.00 12,822
32 0.15 192.50 11,282
23 31 0.20 240.00 10,002
30 0.25 287.50 8,901
22 29 0.30 335.00 7,932
28 0.35 382.50 7,064
21 27 0.40 430.00 6,275
26 0.45 477.50 5,553
20 25 0.50 525.00 4,885
24 0.55 572.50 4,264
19 23 0.60 620.00 3,683
18 22 0.65 667.50 3,136
17 21 0.70 715.00 2,619
16 20 0.74 753.00 2,226
15 19 0.77 781.50 1,941
14 18 0.80 810.00 1,665
13 17 0.82 829.00 1,485
12 16 0.84 848.00 1,308
11 15 0.86 867.00 1,134
10 14 0.88 886.00 964
9 13 0.90 905.00 797
12 0.91 914.50 714
8 11 0.92 924.00 632
10 0.93 933.50 551
7 9 0.94 943.00 470
8 0.95 952.50 390
6 7 0.96 962.00 311
5 6 0.97 971.50 232
4 5 0.98 981.00 154
4 0.99 985.75 115
3 3 0.99 990.50 77
2 2 1.00 995.25 38
1 1 1.00 997.63 19
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4. 3DATAAVAILABILITY

The CAMx modeling systems requires emissions, meteorology, surface characteristics, initial
and bowndary conditions (IC/BC), and ozone column data for defining the inputs.

4.3.1 EmissionPata

Without exception, he 2011base yeaand 2023 base cagamissions inventaesfor ozone

modelingfor this analysisvere basedon emission®btained from the EPA& S yhédeling

platform. This platform was obtained from EPA, via LADCO, in late September of 2017 and
NELINBaSyda 9t! Qa oSad SadAvyYlrasS 2F Fft LINRYdZ 3
strategies, including final implementation thfe seasonal EGNOx emission budgets outlined

in CSAPR

4.3.2 AirQuality

Data from ambient monitoring networks for gas species are used in the modelpance
evaluation. Table-2 summarizes routine ambient gaseous and PM monitonetyvorks
available in the U.S.

4.3.4 MeteorologicaData

The 12km mateorological datavere generatedby EPAIsing the WRF prognostic
meteorological mode(EPA, 2014 Alpineadjusted the physics options and configurations
EPA used for the 12km domain to be appropriate for the 4kmaomWRF vas run on a
continental U.S12 km gridfor the NAAQS NODA platforand for two subnested 4km domains
as described in earlier sectians

4.3.5 Initialand Boundary Conditions Data

The lateral boundary and initial species concentrations are@igeal by a three dimensional
global atmospheric chemistry mod&EOSChem (Yantosca, 2004) standaetsion 803-02
with 8-02-01 chemistry. The global GEGBem model simulates atmospheric chemical and
physical processes driven by assimilated meteorolodic 20 A SNl G A2y ad FNRY (K
Earth Observing System (GE®@dditional information available at:
http://gmao.gsfc.nasa.gov/GEOS/ ahtip://wiki.seas.harvard.edu/geos
chem/index.php/GEQOS). This model was run for 2011 with a grid resolutio®.6fdegrees x
2.5 degrees (latituddéongitude). The predictions were used to provide emay dynamic
boundary concentrations at onleour intervals and an initial concentration field for the CAMXx
simulations. The 2011 boundary concentrations from GE@®&nwill be used for the 2011 and
2023 model simulations

The 4km domains were run as tweay interactive nests within the 12km simulatiand
therefore provided with updated boundary conditions at each integration time step and
provided upscale feedback &m the 4km domains to the 12km domain.
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Monitoring Network

Chemical Species Measured

Sampling Period

Data Availability/Source

The Interagency
Monitoring of
Protected Visual
Environments
(IMPROVE)

Speciated PM25 and PM10
(see species mappings)

1in 3 days; 24 hr
average

Clean Air Status and
Trends Network
(CASTNET)

Speciated PM25, Ozone (se
species mappings)

Approximately 1
week average

http://www.epa.gov/castnet/data.html

National Atmospherig
Deposition Program
(NADP)

Wet deposition (hydrogen
(acidity as pH), sulfate,
nitrate, ammonium, chloride,
and base cations (such as
calcium, magnesium,
potassium and sodium)),
Mercury

1-week aveage

http://nadp.sws.uiuc.edu/

Air Quality System

(AQS) or Aerometric
Information Retrieval
System (AIRS)

CO, NO2, O3, SO2, PM25,
PM10, Pb

Typically hourly
average

http://www.epa.qgov/air/data/

Chemical Speciation
Network (CSN)

Speciated PM

24-hour average

http://www.epa.gov/ttn/amtic/amticom.html

Photochemical

Assessment
Monitoring Stations |Varies for eda of 4 station
(PAMS) types. http://www.epa.gov/ttn/amtic/pamsmain.html

National Park Servici
Gaseous Pollutant

Monitoring Network

Acid deposition (Dry; SO4,
NO3, HNO3, NH4, S02), O3

meteorological dea

Hourly

http://lwww?2.nature.nps.gov/ard/gas/netdatal.htm
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5.0 MODEINPUT PREPARATIONDREEDURES

This sectiorsummarizeshe procedures used in developing the meteorological, emissions, and
air quality inputs to the CAMx model for tl&NS3-hour ozone modeling on the 12 kamd 4

km grids for the May through August 24 period. Both the 12 kmand 4 kmCAMx modeling
databassarebased on theEPAY Sy ¢  LXEPA] D278#RNGe, 201)databass. While

some of the data prepareldy EPAor this platform are new, many of the files adsegely based

on the NAAQS NODA platforiore details on theNAAQS NOD2011CAMx database
developmentare provided irEPAdocumentationas follows:

1 Technical Suppt Document (TSD) Preparation of Emissions Inventories for the Version
6.3, 2011 Emissions ModeliRgatform(EPA, 2016a

Meteorological Model Performance for Annual 2011 WRF v3.4 Simul&#R& 2014d).

Air Quality Modeling Technical Support Documentthe 2015 Ozone NAAQS Preliminary
Interstate Transport Assessme(itPA, 20160

The modeling procedures used in the modeling are consistent with over 20 years of EPA ozone
modeling guidance documents (e.g., EPA, 1991; 1999; 2005a; 200¢€, 2014, other recent

8-hour ozone modeling studies conducted for various State and local agencies using these or
other stateof-science modeling tools (see, for example, Morris et al., 2004a,b, 2005a,b; 2007;
2008a,b,c; Tesche et al., 2005a,b; Stoeckenius et &9; ZNVIRON, Alpine and UNC, 2013;
Adelman, Shanker, Yang and Morris, 2014; 2015), as well as the methods used by EPA in
support of the recent Transport analysis (EPA, 2010; 2015b, 2016b, 2018).

5.1METEOROLOGICINPUTS
5.1.1 WRModel Science Configurain

For the 12km domairVersion 3.4 of the WRF model, Advanced Research WRF (ARW) core
(Skamarock, 2008) was used for generating the 2011 simulations. Selected physics options
include PleimXiu land surface model, Asymmetric Convective Model versioariefdry

boundary layer scheme, KainFritsch cumulus parameterization utilizing the meatuesetion

trigger (Ma and Tan, 2009), Morrison double moment microphysics, and RRTMG longwave and
shortwave radiation schemes (Gilliam and Pleim, 20M0¢. WRF modeonfiguration vas

prepared by EPAPA, 201d).

The 4km domains were prepared usiengested WRF 3.9 simulation with domains shown in
Figure 51. This domaiya 36km continental domaianda 12km domain that extends from the
western border of the Dakas off the eastern seaboaiftas twofocused 4km domains over

Lake Michigan and the Midtlantic states. The WRF configuration optiossd in the 4km
simulationwere the same as those used by EPA, with the exception that no cumulus
parameterizatiorand gid nudgingwas used on the 4km domains. A summary of the 4km WRF
application and evaluation are presentetsewhere (Alpine2018&).
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Figure 51. Map of WRF domains. The outer domain is the 36km CONUS domain, the large
domain is the 12kndomainand theinner are the Lake Michigan (left) and Midtlantic
(right) 4km domains.

5.1.2 WRHRnput Data Preparation Procedures

For the 4km domain aummary of the WRF input data preparation procedures thatewsed
arelistedA Yy 9t ! Qa REPN2A0) Alshininfa® ¢f the 4km WRF application and
evaluation are presentedisewhere (Alpine2018a).

5.1.3 WRF Model Performance Evaluation

TheWRHFNodel evaluation approach was basgpbn a combination of qualitative and
guantitative analyses. The quantitatimealysis was divided into monthly summaries @h2
temperature, 2m mixing ratio, and 10n wind speed using the boreal seasons to help
generalize the model bias and error relative to a set of standard model performance
benchmarks. The qualitative approasis to compare spatial plots of model estimated
monthly total precipitation with the monthly PRISM precipitatidhe WRF model performance
evaluationfor the 12km domain is provided Bt !dQ@camentation EPA, 201d). A separate
MPE for the 4km WRF sihations was prepared by Alpine (Alpine, 2018d)is evaluation is
comprised of a quantitative and qualitative evaluation of WRF generated figh@s.
guantitative model performance evaluation of WRF using surface meteorological
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measurements was performassingthe publicly available METSTATaluation tool. METSTAT
calculates statistical performance metrics for bias, error and correlation for surface winds,
temperature and mixing ratio and can produce time series of predicted and observed
meteorological ariables and performance statistigslpine also conducted gualitative
comparison of WRF estimated precipitation with the Climate Prediction Center (CPC)
retrospective analysis data.

5.14 WRFCAMx/MCIP Reformatting Methodology

The WRF meteorological meldoutput data was processed to provide inputs for the CAMXx
photochemical grid model. The WRFCAMXx processor maps WRF meteorological fields to the
format required by CAMX. It also calculates turbulent vertical exchange coefficients (Kv) that
define the rateand depth of vertical mixing in CAMx. The methodology used by EPA to reform
the meteorological data into CAMx format is provided in documentation provided wéh th
wrfcamx conversion utility.

The meteorological data generated by the WRF simulations prereessed by EPA using

WRFCAMXx v4.3 (Ramboll Environ, 2014) meteorological data processing program to create
modeltready meteorological inputs to CAMXhe 4km domains were processed using

WRFCAMx v4%6In running WRFCAMX, vertical eddy diffusivitied {#@re calculated using the

Yonsei University (YSU) (Hong and Dudhia, 2006) mixing seVignaeminimum Kv of 0.1

m2/sec except for urban grid cells where the minimum Kv was reset to 1.0 m2/sec within the
lowest 200 m of the surface in order to enhanceximi associated with the niglit A YS & dzNDb | y
KSI G A aft lIinadiidion Sllfidh&idsiusethe subgrid convection and subgrid stratoform
stratiform cloud options in our wrfcamx.

5.2EMISSIONNPUTS
5.2.1 AvailableEmissions Inventory Datasets

9t ! Qldbaseyearand 2023 future year emissionventoriest N2 Y (G KS aSyé¢ Y2RSt
platform (EPA, 2017a) weresedfor all categoriesvithout exception

5.2.2 Developmenbtf CAMxReady Emission Inventories

CAMxready emission input&ere generatedby EPAmainly by the SMOKE aREISmissions
models. CAMXx requires two emission input files for each day: (1) low level gridded emissions
that are emitted directly into the first layer of the model from sources at the surface with little
or no plume rise; and (2levated point sources (stacks) with plume rise calculated from stack
parameters and meteorological conditions. [as analysis CAMxwasoperated using version

6 revisiord of the Carbon Bond chemical mechanism (@B6r

Additional emission modelingas not required for the 12km simulation as the 2023en platform
was provided to Alpine in prmerged near CAMx ready format. For the base and future years,
4km subgrids were created using the Eitdvided SMOKE emissions input files and the CONUS
4km spaial surrogates developed by EPA for the 2014 platform modeling.

8 http://lwww.camx.com/download/supporisoftware.aspx
9 http://www.camx.com/getmedia/7f3ee9dal430-42d6-90d5dedb3481313f/wrfcamxl 1jul17.tgz

March 2019 19



ALPINE
GEOPHYSICS FinalTechnical Support Document

5.2.21 EpisodidBiogenic Source Emissions

Biogenic emissionsere generatedby EPAIsing theBEISiogenic emissions modalithin
SMOKEBEISuses high resolution GIS data on plant types lbiothass loadings and the WRF
surface temperature fields, and solar radiation (modeled or satell@aved) to develop hourly
emissions for biogenic species on the 12 km grBlsI)jenerates gridded, speciated,
temporally allocated emission files

5.22.2 PointSource Emissions

HamMm LIRAYG d2dz2NOS SYAaarzya 6SNBE FNRY (KS Hawm
developed in two categories: (1) major point sources with Continuous Emissions Monitoring

(CEM) devices; and (2) point sources without €EMr point sources with continuous

emissions monitoring (CEM) data, especific hourly NOx and SO2 emissions were used for the

2011 base case emissions scenario. The VOC, CO and PM emissions for point sources with CEM
data were based on the annual ersiisns temporally allocated to each hour of the year using

the CEM hourly heat input. The locations of the point sources were converted to the LCP

coordinate system used in the modeling. They were processed by EPA using SMOKE to

generate the temporally vaing (i.e., dayof-week and howof-day) speciated emissions

YySSRSR o0& /!laEX dzAAy3 LINRPTAfSaA o6& &2dzNDOS OFGS
Becausdhe elevated point source locations are allocated directly to the grid, rather than by

spatial surogate, rerunning the elevated emissions for the 4km grids was not required.

5.2.23 Areaand NorRoad Source Emissions

2011 area and nonoad emissionsvere from the 20114 S yhédeling platform The area and
non-road sourcesvere spatialy allocated to he grid using an appropriate surrogate
distribution (e.g., population for home heating, etc.). The area soweestemporally
allocated by month and by hour of day using #ReAsourcespecific temporal allocation
factors. The SMOKE souggecific CB6peciation allocation profilewere also used.

5.2.24 Wildfires Prescribed Burns, Agricultural Burns

Fire emissions in 2011NEIv2 were developed based on Version 2 of the Satellite Mapping
Automated Reanalysis Tool for Fire Incident Reconciliation (SMIRE3ystem (Sullivan, et al.,
2008). SMARTFIRE2 was the first version of SMARTFIRE to assign all firespasssithmesd
burning or wildfire categories. In past inventories, a significant number of fires were published
as unclassified, which impactéige emissions values and diurnal emissions pattern. Recent
updates to SMARTFIRE include improved emission factors for prescribed burning.
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5.2.2.5 OrARoad Motor Vehicle Emissions

Onroad motor vehicle emissions were processed using the SMIB¥ES moduleThe
MOVES emissions factors table for the 2014 @ad segments were combined with the 2011
4km meteorology and 4km spatial surrogates to create actual 4km resolution for theaoh
emissions.

5.2.2.6QAQC and Emissions Merging

EPA processedtheeridh 2y a o0& YIF 22NJ a2dzNOS OF §S32NE Ay
area sources, onoad mobile sources, neroad mobile sources, biogenic sources, fOBM

point sources, CEM point sources using-gdpgcific hourly emissions, and emissions from fires
Separate Quality Assurance (QA) and Quality Control (QC) were performed for each stream of
emissions processing and in each step following the procedures utilized by EPA. SMOKE
includes advanced quality assurance features that include error logs whessiens are

dropped or added. In addition, we generated visual displays that included spatial plots of the
hourly emissions for each major species (e.g., NOX, VOC, some speciated VOC, SO2, NH3, PM
and CO). Emissions for the 4km subgrids were reprocassad the same emissions streams,
lookup and cross reference tables, and adjustment factors as used by the EPA.

Scripts to perform the emissions merging of the appropriate biogenicpad, nonroad, area,
low-level, fire, and point emission files wereitien to generate the CAMready two
dimensional day and domaspecific hourly speciated gridded emission inputs. The point
source and, as available elevated fire, emissions were processed into thspeayic hourly
speciated emissions in the CAlvbady point source format.

The resultant CAMx modetady emissions were subjected to a final QA using spatial maps to
assure that: (1) the emissions were merged properly; (2) CAMx inputs contain the same total
emissions; and (3) to provide additional Q& @formation.

In addition, the 4km subgrid nest results were compared with the results from original EPA files
that had been windowed from the 12km to the 4km domains. This provided assurance that all
of the segments were being represented properlyhia new subgrids.

5.2.3 Useof the Plumein-Grid (PiG) Subgri@cale Plume Treatment

Consistent with the EPA 2011 modeling platform, no PiG sulgakt plume treatmenivas
used.

5.2.4 FutureYear Emissions Modeling

Futureyear emission inputa/ere gererated by processing the023emissions data provided
g A0 K 093 yhéeling platformwithout exception

QX

N
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5.3PHOTOCHEMICMODELING INPUTS

5.3.1 CAM)Science Configuration and Input Configuration

Version of CAMx (Versidh40) wasused in theGNSzonemodeling.The CAMx model setup

usedis definedby EPA in its air quality modeling technical support docus@RA, 2016,
2017, 2018.
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6.0 MODEIPERFORMANCE EVALIONT |

The CAMx 2011 base case model estimates are compared against the observed amdnent o
and other concentration$o establish that the mdel is capable of reproducing the current year
observed concentrationsoit is likely a reliable tool for estimating future year ozone levels.

6.1 MODEL PERFORMACE BVATION
6.1.1 Overviewof EPA Moel Performance Evaluation Recommendations

EPA current (EP2018 ozone modeling guidance recommendations for model performance
evaluation (MPE) describes a MPE framework that has four components:

1 Operation evaluation that includes statistical and graphanalysis aimed at determining
how well the model simulates observed concentrations (i.e., does the model get the right
answer).

1 Diagnostic evaluation that focuses on proces&nted evaluation and whether the model
simulates the important processesrfthe air quality problem being studied (i.e., does the
model get the right answer for the right reason).

1 Dynamic evaluation that assess the ability of the model air quality predictions to correctly
respond to changes in emissions and meteorology.

T Probabiistic evaluation that assess the level of confidence in the model predictions
through techniques such as ensemble model simulations.

9t ! Qa 3JdzA RI y OS ANBnDignYY SryoRediusad i lariattainment

demonstration should include a complete opaoatal MPE using all available ambient
Y2YAU2NRY3I REFEGE F2NJ 0KS o0HayR G255 W Sit2  &8A Ydza
practical, the MPE should also include some level of diagnostic evalaaiB@ notes that

there is no single definite test favaluation model performancdut instead there are a series

of statistical and graphical MPE elements to examine model performance in as many ways as
LI2aadAotS gKAES O0daAtRAY3I | aoSAIKG 2F SPARSYOS
well for the air quality problem being studied.

6.1.2 MPE Results

Because t1$2011 ozone modeling is usiagCAMx 2011 modeling database developedERA
we include by reference the air quality modeling performance evaluation as condogtE&A
(EPA, 201i6) on the national 12km domairAlpine additionally conducted an MPE on the 4km
domains (Alpine, 2018b) that generated results consistent with the 12km simulation and
configuration

In summary, EPA conducted an operational model performance evaluation for tzone
examine the ability of the CAMx v6.38d v.6.40modeling systerato simulate 2011 measured
concentrations. This evaluation focused on graphical analyses and statistical metrics of model
predictions versus observations. Details on the evaluation meilagy, the calculation of
performance statistics, and results are provided in Appendix A of that report.
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Overall, the ozone model performance statistics for the CAMx v6.32 2011 simulation are similar
to those from the CAMx v6.20 2011 simulation perfornbydEPA for the final CSAPR Update.

The 2011 CAMx model performance statistics are within or close to the ranges found in other
recent peerreviewed applications (Simon et al, 2012). As described in Appendix A of the AQ
TSD, the predictions from the 201Jodeling platform correspond closely to observed
concentrations in terms of the magnitude, temporal fluctuations, and geographic differences

for 8-hour daily maximum ozone.

Alpine conducted a separatgperationalmodel performance evaluation for the twdkeh
modelingdomains (Alpine, 20X} and found that 4km domairfer the 2011en platform

performed similarhi 2 9t | Qa that fel] Withireot c®ose to the ranges found in other

recent peerreviewed applications (Simon et al, 2012Zhusthe model perfemance results
demonstrate the scientific credibility of thevo 4km domains using th2011 modeling

platform chosen and used for this analysis. These results provide confidence in the ability of the
modeling platform to provide a reasonable projectioneapected future year ozone

concentrations and contributions over the two 4km grids.
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7.0 FUTUREEAR MODELING

This chapter discusses the future year modelisgd in the GNS-Bour ozone modeling effort

7.1FUTURKEAR TO BE SIMULATED

As discussed iSectionl, to support the2008and 2015%zone NAAQS preliminary interstate
transport assessment, EPA conducted air quality modeling to project ozone concentrations at
individual monitoring sites to 2023 and to estimate sthtestate contributions to thos 2023
concentrations. The projected 2023 ozone concentrations were used to identify ozone
monitoring sites that are projected to be nonattainment or have maintenance problems for the
two ozone NAAQS in 2028d for whichupwind stateshave been identifiedas significant
contributors.

7.2FUTURKEAR GROWTH AND CENLS

Ly {SLIWGSYOSNIHuAamMTZI 9t! NBf S| amatRvasth&sburctd®IA a SR a
the 2023future year emissionin this analysisThis platform has been identified by EPA as the

base case for compliance with the final CSAPR update seasonal EGU NOx emission budgets.
Additionally, herewere several emission categories and model inputs/options thate held

constant at 2011 levelss follows

Biogenic emissions.

Wildfires, Presébed Burns and Agricultural Burning (open land fires).
Windblown dust emissions.

Sea Salt.

36 km CONUS domain Boundary Conditions (BCs).

2011 12km meteorological conditions.

All model options and inputs other than emissions.

=A =4 =4 A4 4 A -4

The effects of climate changm the future yeameteorologicakconditionswere notaccounted.
It has been argued that global warming could increase ozone due to higher temperatures
producing more biogenic VOC and faster photochemical reactions (the so called climate
penalty). Howeer, the effects of inteiannual variability in meteorological conditions will be
more important than climate change given th& year difference between the base (20k)d
future (2023 years It has also been noted that the level of ozone being trarntsplonto the
U.S. from Asia has also increased.

7.3FUTURKEEAR BASELINE AIRAQIDY SIMULATIONS

A 2023future year base case CAMx simulatiwasconducted and20230zonedesignvalue i
projectioncalculationsvereYF RS o6+ &SR 2y 9t ! QfuidintelBPa,2®21 2y S
for the 12US2 and two 4kmmodelingdomains in this analysis

7.3.11dentification of Future Nonattainment and Maintenance Receptor

The ozone predictions from the 2011 and 2023 CAMx model simulations were used to project
20092013 arerage and maximum ozone design values to 2023 following the approach
RSAONAOSR Ay (KS 9t ! Qa 3IdzA Rl yOS ZFoagNUsingthe A y YSY

March 2019 25



ALPINE
GEOPHYSICS FinalTechnical 8pport Document

approach in the final CSAPR Update, the 2023 projected average and maximum design values
were evaluatedin conjunction with the most recent measured ozone design values (i.5; 201
2017) to identify sites that may warrant further consideration as potential nonattainment or
maintenance sites in 2023.

If the approach in the CSAPR Update is appties/aluate the projected design values, those

sites with 2023 average design values that exceed the NAAQS (i.e., 2023 average design values
of 71 ppb or greater) and that are currently measuring nonattainment would be considered to

be nonattainment recefors in 2023. Similarly, with the CSAPR Update approach, monitoring

sites with a projected 2023 maximum design value that exceeds the NAAQS would be projected
to be maintenance receptors in 2023. In the CSAPR Update approach, maintemyce

receptors intude both those monitoring sites where the projected 2023 average design value is
below the NAAQS, but the maximum design value is above the NAAQS, and monitoring sites
with projected 2023 average design values that exceed the NAAQS, but for which current

design values based on measured data do not exceed the NAAQS.

l'a R20dzYSYyiGSR Ay 9t! Q& al NOK Hn.nwvay,ERASLRKY A O f Y
results of CAMx v6.40 to model emissions in 2011 and 2023 to project base peric2 29

average and maxiom ozone design values to 2023 at monitoring sites nationwide. In

projecting these future year design values, EPA applied its own modeling guidance, which
NEO2YYSYR&a dzaAy3d Y2RSt LINBRAOGAZ2Yya FTNRY (KS a
location of themonitoring site. In response to comments submitted on the January 2017 NODA

and other analyses, EPA also projected 2023 design values based on a modified version of the
GoEO¢ I LIINRIFOK FT2NJ iK24S Y2yAG2NAyagThsA (iSa 20
modeling was intended as an alternate approach to addressing complex meteorological

monitor locations without having to rerun the simulations on finer grid scales.

lf LAY SQa LI ASR FLIINRFOK Ay RS@StzemyaalyR dz
JdzA R yOS NBO2YYSyRFEGA2Y (GKIFIG GaINARR NBaztdziazy
appropriate for areas with a combination of complex meteorology, strong gradients in

emissions sources, and/or lasdater interfaces in onear the nonattainment NS 6 a0 ®¢ 069t |
2018).

Thefiner grid resolution and the Software for the Modeled Attainment F&Sbmmunity

Edition (SMATE) toolvasusedd2y aAaidSyd ¢AGK 9t! Qa wmulY Fdadal )
Y2RStAy3a YS(iK2Ra Ol fOdz | {aydé NGEkx IR ODBKNBZARR V&
Alpine also prepared 2023 projected average and maximum design values in conjunction with

the most recent measured ozone design values (22A57) to identify sites in these 4km

domains that may warrant further considerati@s potential nonattainment or maintenance

sites in 2023.

After applying the approach outlined in the final CSAPR update (and described above) to

evaluate the projected design values from the 4km analysis, a list of nonattainment and

maintenance monitos located within these two 4km domains resulting from the approach

were develope® a2 RSt SR y2y Il GGFrAYYSYyld Y2yA(U2NR RSFAYS

March 2019 26



ALPINE

GEOPHYSICS FinalTechnical 8pport Document

provided in Table -4 along with their calculated 2023 average and maximum design values
frombothBE ! Qa ay2 6F G§SNE OF f Odzf | GA 2y (4keDdniNdost OK | Yy R
current 20152017 design values. Similarly, Tabl2 @gresents the modeled maintenance

monitors with their calculated average and maximum design values from both simulatidns a

the most current 20182017 design value data. Monitors originally designated as

Y2y lFGaGrAyYSyd 2N YFIAYyGdSylryOS o0& 9t! dzaAy3d (KS
YSAGKSNI y2y FGGFAYYSYG 2N YFEAYGSYFyOS a@zAiy3d ! f
A full list of monitor locations and modeled average and maximum ozone design values for the

4km domain modeling is provided in Appendix A of this report.

Table 71. Alpine 4km Modelingdentified nonattainment monitors in the 4km domains.

Ozme Design Value (ppb)
EPA "No Water" Alpine Updated
12km Modeling 4kei Modeling 2015
DVb | DVf(2023)| DVf(2023)| DVf(2023) | DVf (2023) 2017
Monitor State | County (2011) Ave Max Ave Max DV
551170006 | WI Sheboygan 84.3 72.8 75.1 715 73.8 80

Table 72. Alpine 4km Modelingidentified maintenance monitors in the 4km domains.

Ozone Design Value (ppb)

EPA "No Water" Alpine Updated

12km Modeling 4kei Modeling

DVf
Monitor State | County DVb (2023) DVf (2023) | DVf (2023) | DVf (2023) 2015

(2011) Ave Max Ave Max 2017 DV

90013007 | CT Fairfield 84.3 71.0 75.0 69.2 73.1 83
90019003 | CT Fairfield 83.7 73.0 75.9 68.3 71.0 83
90099002 | CT New Haven 85.7 69.9 72.6 68.9 71.5 82
240251001| MD Harford 90.0 70.9 73.3 70.9 73.3 75
26005008 | Ml | Allegan 82.7 69.0 71.7 70.0 72.8 73
340150002| NJ Gloucester 84.3 68.2 70.4 68.8 71.0 74
360850067 NY Richmond 81.3 67.1 68.5 69.6 71.0 76
361030002 NY Suffolk 83.3 74.0 75.5 70.6 72.0 76
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Table 73. Alpine 4km modelig-identified attainment monitors in the 4km domains
previously identified by EPA as nonattainment or maintenance.

Ozone Design Value (ppb)
EPA "No Water" Alpine Updated
12km Modeling 4kei Modeling 2015
. DVb | DVf(2023) | DVf (2023 DVf (2023 DVf (2023 2017
Monitor | State | County (2011) A(ve : M(ax ) A(ve ) M(ax ) DV
90010017 CT Fairfield 80.3 68.9 71.2 66.8 69.0 79
90110124 | CT New London 80.3 67.3 70.4 66.0 69.1 76
360810124 | NY Queens 78.0 70.2 72.0 68.5 70.2 74
421010024 | PA | Philadelphia 83.3 67.3 70.3 67.5 70.5 78
550790085 | WI Milwaukee 80.0 71.2 73.0 67.1 68.8 71

The procedures for calculating projected 2023 average and maximum design values are
RSAONAOSR Ay {SOGA2Y odH 2F 9t! Q& FANJI ljdzr £ AG@
noted differer0Sa I NB GKIF G ! fLIAYS dzZaSR nlY Y2RStAy3 NJ
compared modeled design values with 3yr design values from-2013, and did not remove

Gy 2 o 0SNE 4dknchldulatiorfasl@rifier dekc8bed in the March 2018

memorandum.
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8.0 0ZONE CONTRIBUTIONDNELING

Alpine further performed regioandsource categoryevel ozone source apportionment
modelingusing the CAMx Ozone Source Apportionment Technology (OSAT) technique to
provide information regarding the expectedntribution of 2023 base case NOx and VOC
emissions from each category within each region to projected 2023 concentrations at
downwind air quality monitorsThis OSAT modeling was conducteddoth the Lake Michigan
andthe Mid-Atlantic 4km domaia

The source apportinment model run tracked the ozone formed from each of the following
O2yiNROdziA2Y OF(GSIA2NRASE O6APSPT adGlFIasoy

1 RegiongNOx and VOC emissions from each state or state group tracked individually

dzaAy3a GKS OFGiS3I2NE aidl 3a¢ tAAGSR 0St26T
o Biogenic/Fires;
0 Anthropogenic Emissions;

1 Boundary and Initial Concentratioqgoncentrations transported into the modeling
domain (e.g., international transport, stratospheric intrusion, domain initialization
conditions);

1 Canada, Mexico, and over water domagenthropogenic enissions from sources in
the portions of Canada and Mexico included in the modeling domain and from sources
in the Pacific and Atlantic Oceans or from the Gulf of Mexico or Great hagesiated
with offshore or ocean going (C3) commercial marine vessalittes.

The contributionrmodelingconducted for this analysis provided contribution to ozone from
sourceregiod = AY F2N)XSR 0 & maedelibgind displaypdvifrigurgs-1gfor each

noted source category individually. In contrasttd ! cé€néribution modelingusing the
OSATAnthropogenic Precursor Culpability Analysis (APCA) techBique £ LAY SQa h{! ¢
assignozone formed from biogenic VOC and Ngdxissionghat reacts with anthropogenic

NOx and VO® thed A 23Sy A O OI { Sqaedidsidg OBATIAQGA assigr o yha
anthropogenic emission total theombinedozone formed from reactions between biogenic

VOC and NOx with anthropogenic NOx and VOICLIA Yy SQ& LI AAGAZ2Y 2y (KS |
technique has been documented elsewh®re

10

http://midwestozonegroup.com/files/SourogpportionmentScenarioModelingResultsandComparisontothe2017Cr
ossStateAirPollutionRuleModelingPlatform.pdf
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Figure8-1. OSAT regionfor 4km source contributionrmodeling.

/] 2y&aArAaiGSyd 6AGK 9t! Q& FLILINRIOKE GKS nlyY /! akE
May 1 through September 30 using the projected 2023 base case emissions and 2011
meteorology forthis time period. The hourly contributions from each tag were processed to
calculate an &our average contribution metri¢. f LJA Yy S dza SRE t9dhand®pter{ a! ¢
future yearmodeS R Rl 8 & ¢ | OneighBodoodi fér Sachinmoiitorfo develop souce
apportioned concentration files from which contribution metrics were calculated.

The following approactvasused in preparing the SMATJEiInput files, running the SMATE
software, and analysing the results:

1. OzoneSMATwasrun for the 203 future ca® usingbase cas011 anduture year
2023 full model SMAT input files. This prepares the 20dtput files whichwere used
Fa 0KS ol aira T2N O2YLIOmEud gescibkdbélowi KS a G 33

2. Alpine then creatd future year, tagspecific SMATEInput files by subtracting the 2@
hourly tags from the hourly full model concentration files. This simple arithmet&c w
implemented using standard IOAPI utility programs and gendnaggional,source
categorybased tagged SMAT input fileafter the hourly filesvere created, the same
processing stream as was used in Stepatused create the tagged SMATENnput files
from the hourly model concentration files.

3. SMATCEwas thenrun (in batch mode) for each future year tagecific input file
generded in Step 2 using thiease cas€011 SMAICENput file as the base year. In
these runs, SMATEwasconfigured identically as in Step 1 except for using the future
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@SEFNJ aldl 33SRE Ay Lizi T A ESSMATCEoKtRUEfi®S thay RA @A R dzl
contain the forecastezonedata absent the tagged contribution.
4. Theozone concentratiorfon the 10 highestmodeled daysfor the future yea) for each
tagwas calculated from the SMAJHEuture year base caseutput file and each of the
tag output files. Th@zone contributionmpacts of each tag will be computed by
subtracting the SMATEoutput absent the tag (created in Step 3) from the full model
SMAT output file (created in Step 1).
5, ¢KS 33aINB3IALGS 2F Lt GKS AYRA Odiefedzdédtol y i K NP
develop a stateotal contribution concentration to compare against significant
contribution thresholds (e.g., 1% of NAAQS).

Thisprocess for calculating the contribution metric uses the contribution modeling outputs in a

G NBf I (i A @éppoitiéhythé Srdjectéd 2023 average design value at each monitoring

location into contributions from each individual tagd isconsistent with the updated

methodologyR 2 OdzYSY 4 SR Ay 9t ! Q& .dtishipditanttainetg haty SY 2 NI y R
I £ LJA y Seniibutioh Mésults utilize the approach described by EPA in basing the average

future year contribution on future yeanodelked values.

8.1 OZONE CONTRIBONIMODELING RESULTS

The contributions from eactaggeda (i I 1 SQa& | y i K N2 LJ2 3 ddadlyddeifted ( NR 6 dz
4km domain nonattainmenand maintenanceeceptorsare provided in Tab8-1 and 82,

respectively

TheEPAhas historically found that the 1 percent threshold is appropriate for identifying
interstate transport linkages for statesllectively contributing to downwind ozone

nonattainment or maintenance problems because that threshold captures a high percentage of
the total pollution transport affecting downwind receptors.

Based on the approach used in CSAPR and the CSAPR Updatd,stgtes that contribute

ozone in amounts at or above the 1 percent of the NAAQS threshold to a particular downwind
Y2YFEOGGFEAYYSY(d 2N YIEAYGSYylyOS NBOSLII2N) g2dzf R ©
step 2 of the CSAPR framework for purposefsidher analysis in step 3 to determine whether

and what emissions from the upwind state contribute significantly to downwind nonattainment

and interfere with maintenance of the NAAQS at the downwind receptors. For the 2008 ozone
NAAQS, the value of gokrcent threshold would be 0.75 ppb. For the 2015 ozone NAAQS the

value of a 1 percent threshold would be 0.70 ppb.
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Table 81. Ozonecontribution (ppb) from regionspecific anthropogenic emissions to 4km determined nonattainment monitor.

4km (4kei)Modeling—Ozone Concentrations and Contribution (ppb)

2023 | 2023 Can/

2011 | DVf | DVf VA/ Mex/
Monitor State | County DVb | (Avg) | (Max) | CT | MD | NJ NY | PA | DC| IL | IN | M | OH| Wl | W | KY | MO | TX | Water | BC
551170006 | WI | Sheboygan | 84.3 | 71.5 | 73.8 [0.00| 0.06 | 0.01 | 0.11 | 0.31 | 0.13| 6.53 | 0.32 | 2.97| 0.37 | 9.50 | 0.17 | 0.22 | 1.39 | 2.73 | 1.22 | 15.39

Table 82. Ozonecontribution (ppb) from regionspecific anthropogenic emissions to 4km determinethintenance monitors

4km (4kei) Modeling- Ozone Concentrationand Contribution(ppb)

2023 | 2023 Can/
2011 | DVf DVf VA/ Mex/
Monitor Stae | County DVb | (Avg) | (Max) | CT | MD | NJ NY PA | DC| IL IN | MI | OH | WI | W | KY | MO | TX | Water | BC
90013007 CT Fairfield 843 | 69.2 | 731 |3.77| 180 | 571 | 9.73 | 5.04 | 0.93| 0.88 | 0.85| 0.73| 1.83| 0.18| 0.52 | 0.43 | 0.27 | 0.64 | 1.28 | 14.64
90019003 CT Fairfeld 83.7 | 68.3 710 | 247| 2.16 | 7.28 | 10.19 | 554 | 1.32| 069 | 065|056 | 1.64| 0.18| 0.61| 0.35| 0.17 | 0.45| 1.26 | 14.38
90099002 CT New Haven | 85.7 | 68.9 715 | 6.25| 1.18 | 4.56 9.26 436 | 0.74| 0.76 | 0.70| 0.96| 1.49| 0.24| 0.43| 0.37| 0.21 | 0.45| 1.52 | 13.51
240251001 MD Harford 900 | 70.9 73.3 | 0.00| 18.82| 0.02 0.00 278 | 366 | 1.07 | 1.88| 0.27 | 3.09| 0.08 | 257 | 2.13| 0.41| 0.86| 0.42 | 11.64
260050003 | Ml Allegan 827 | 700 | 728 | 0.00| 0.01 | 0.01 | 0.02 | 0.03 | 0.03| 14.97| 6.23| 3.38| 0.70| 0.97 | 0.03 | 0.13 | 1.23 | 1.55| 0.48 | 13.64
340150002 | NJ Gloucester | 84.3 | 688 | 71.0 |0.04| 1.78 | 7.45 | 0.66 | 10.20| 0.92| 1.56 | 2.01| 0.69 | 4.05| 0.23| 0.94| 1.20 | 0.52 | 1.17| 0.89 | 12.98
360850067 NY Richmond 81.3 | 69.6 710 | 0.13| 1.75 | 10.70| 4.61 505 |162| 1.09 |092| 116|188 | 051|0.66| 0.60| 0.37]| 099 | 229 | 1401
361030002 NY Suffolk 83.3 | 70.6 720 | 055| 1.33 | 749 | 11.08 | 5.85 | 1.31| 1.06 | 090|092 | 2.23| 0.24| 0.74| 055| 0.31| 0.76 | 0.96 | 15.61
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9.0 SELECTHIP REVISIONPPROACHES

EPA has established a festep framework to address the requirements of the good neighbor
provision for ozone NAAQS preparingSIP revisions

1. Identify downwind air quality problems;

2. ldentify upwind states that contribute enough to those downwind air quality problems
to warrant further review and analysis;

3. ldentify the emissions reductions necessary (if any), considering costiagdality
factors, to prevent an identified upwind state from contributing significantly to those
downwind air quality problems; and

4. Adopt permanent and enforceable measures needed to achieve those emissions
reductions.

EPA alsootes (Tsirogotis, 20ED,c) that in applying this framework or other approaches
consistent vith the CAA, various analytical approaches may be used to assess each step. EPA
also notes that, in developing their own rules, states have the flexibility to follow the familiar
four-step transport framework or alternative frameworks, so long as their chosen approach has
adequate technical justification and is consistent with the requirements of the CAA. EPA then
goes on to provide a list of potential flexibilities that states may a®@rsiluring the SIP revision
process.

This sectiondentifiescertain alternateapproachesusing the 4km data generated in this

modeling analysiser other 12km data generated by EBY¥at states may wish to consider in the
development of their GNS revisiofas the 2008 or 2015 ozone NAA@=rtain of these

approaches are based on the 4km data generated in this modeling analysis. In cases in which 4

1Y RFEGF Aa y2G F@FAtlFofSY (KS | fro8aNdgdatar S a LIN.

9.1 RELIANCE OR ALTERNATIVE, EQUA CREDIBLE, MODIELDATA

9t ! Qa al NMé&moramdama $damy T2NIK 020K GKS | 3SyoeQa a
LJdzo f AAKSR AY A& YSY2NYYyRdzY 2F hOG206SNI HTZ HnA
approach. In addition to thessvo EPA data sets, this document provides 4km modeling results

6dza Ay 3 (KS §MOGhassbspdnsdieiNI2WSBEdeling dataconsistent with

EPR&@o E o0¢ Y2RStAy3 0ol avdssugdesiedyby EPA m itslproposeiA R 6 K A
approval of the 208 ozone NAAQSGood Neighbor SIP for Kentucky.

{K2dzf R 9t! RSUGSNNYAYS (GKIFIG SIFIOK 2F (G4KS&aS RIFGL
requirements necessary to be used by a state in demonstrating attainment with the NAAQS, a
state should be permiéd to select from among these data to represent conditions best
representative of the current statef-science.
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to the 4km data documented in this repait & n {isprovédéd Looking at the list of
nonattainment and maintenance monitors in the New York metro area (specifically New York
and Connecticut)pne canobservethat selection of the finer grid resolution 4km results shows
a demonstrated attainmenf2023 averag DV < 71 pphb)f the 2015 ozone NAAQS at all
monitors in these two statedt is recognized that the three monitors identified by EPA as
nonattainmentwould become reclassified as maintenance using the 4km results.

Table 91. Alternate modeling results amparison for New York and Connecticut monitors.

Ozone Design Value (ppb)
EPA "No Water" Alpine
12km Modeling 4kei Modeling
DVf
DVb (2023) DVf (2023)| DVf (2023) | DVf (2023) 2015-
Monitor State | County (2011) Ave Max Ave Max 2017 DV
90010017 | CT Farfield 80.3 68.9 71.2 66.8 69.0 79
90013007 | CT Fairfield 84.3 71.0 75.0 69.2 73.1 83
90019003 | CT Fairfield 83.7 73.0 75.9 68.3 71.0 83
90099002 | CT New Haven 85.7 69.9 72.6 68.9 71.5 82
90110124 | CT New London 80.3 67.3 70.4 66.0 69.1 76
360850067| NY Rchmond 81.3 67.1 68.5 69.6 71.0 76
361030002| NY Suffolk 83.3 74.0 75.5 70.6 72.0 76

In this instance, the selection of an equally credible modeling platform and projected design
values would demonstrate modeled attainment of the NAAQS and prevenpaind state

from having to go beyond Step 1 of the featep frameworkThe uncertainty involved with
selecting a single modeling simulation to base such significant policy decisions, such as Good
Neighbor demonstrations, should be weighed against the oppoty to select other platforms

and simulations with consideration given to state methods that rely on multiple sources of data
when found to be of technical merit.

9.2 NORTH AMERICANTERNATIONAL ANTHRIBENIC CONTRIBUTION

EPA includes in its March 2018 memorandum:

OEPA recognizes that a number of AdrS. and nomnthropogenic sources contribute to
R26YSAYR Y2yl GGFAYYSYd FYR YIAYGSYylFyOS NBO

In source contribution modeling conducted both by Alpine and EPA, the relative impact
contributionsof anthropogenic emissions located within the 36km modeling domain are

explicitly tracked and reported. Using these values provided in the OSAT or OSAT/APCA source
contribution results, stateseeking to avoid prohibited ovaontrol may wish to consider

removng that portion of the projected design value that is explicitly attributed to international
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anthropogenic contribution. At multiple monitors in the eastern U.S., this value may be enough
to demonstrate attainment with the 2008 or 2015 ozone NAAQS.

As an example, see the calculations below for3heboygan, Whonitor using 4km OSAT
results from this analysis.

Table 92. Sheboygan, Winonitor (551170006 design values for 2011 base case aiOG
4kei 2023 projection year scenario with and without Gadiar/ MexicanInternational CMV
contribution.

2023Can / Mex/ CMV| 2023 DV (ppb)
Scenario MDAS8 DV(ppb) Contribution (ppb) w/o Can/Mex
2011 Base Year 84.3
2023MOG 4lei OSAT] 715 1.22 703

Using this air quality monitor as an exampt canbe observedthat by accounting for the
anthropogenic contribution of emissions from Canalliexicq and international CMVs
(tracked as a single taghis scenario demonstratgattainment with the 2015 ozone NAAQS
(<71 ppb)This step would allow a state stop at Step 1 of the fodactor process

9.3 RELIEFROMADDITIONAPERCENTAGE OF BOURDAONDITIONS

The EPA, in its March 2018 memorandumotes thatin an effort to fully understand the role of
background ozone levels and to appropriately accdoninternational transport 9 t !
recognizes that a number of ndn.S. and normanthropogenic sources contribution to
downwind nonattainment and maintenance receptdrkinder Step 3 of the foustep process,
states could take the opportunity to request iflifrom a portion of the source apportioned
amounts from the boundary condition category.

It is recognized thathe boundary conditiorcategory is nobnly reflective of international
anthropogenic emission contribution to modeled nonattainment or maiatece monitor
concentrationsand is additiondy comprised of international biogenic emissions, stratospheric
concentrations of ozone, ozone from methane, and even emissions created within the U.S.
boundaries that leave the modeling domain and are reent&diduring the modeling episode
However assuminghat some grcentageof theseboundaryconditions are from international
anthropogenic sources state may reasonabbpnsideraccountngfor these contributions

using the same mechanism for relief as désd in the previous section.

As an example, considag someselectedmonitors designated by EPA in its March 2018
memorandum as nonattainment (Table3). Using OSAT/APCA contribution residt the

three noted monitors,contributions from Mexico an€anada range between 0.44 and 1.24 ppb
andboundary conditions have modeled contribution of betwe&h02and 24.67ppb. Should a
state request relief fronthe Mexican and Canadian contribution (as noted above) and request
relief from a reasonable propodn of the boundary condition values (presumed to be of
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Table 93. International Contribution toSelectNonattainment Monitors and Anticipate

Average Ozone Design Values (ppb) with Reasonable Proportion of Boundary Condition

Relief.

2023 Avg| Mex/Can|Boundary 2023 DV| 2023 DV| 2023 DV | 2023 DV
Site ID  |State County DV Contrib. | Contrib. | 2% Relie] 5% Reliel 7% Relief| 11% Relie
48039100{Texas Braoria 74.0 0.44 24.02 73.0 72.3 71.8 70.9
48439200]Texas Tarrant 72.5 1.24 24.38 70.7 70.0 69.5 68.5
48201103{Texas Harris 71.8 0.47 24.67 70.8 70.0 69.6 68.6

In this particular example, assuming a reasonable 2% of the boundary conditions as
international anthropogenic contribution, two of the thréeexasnonitors show demonstrated
attainment with the 2015 NAAQ®Vith an assumption that 11% of the contribution from
modeled boundary conditionsould be attributed to international anthropogenic contritorm
to the Texas monitors, dlhree of the selectedEPAIdentified nonattainmentmonitorswould
show attainment with the 70 ppb NAAQS.

9.4 ALTERNATE SIGNIFICENFTHRESHOLD

Some states argue that significant contribution threshold of 1% of NAAQS (M 70rg015

ozone NAAQS) value is arbitrary and has never been supported by any scientific argument.
Concerns have been raised that this value is more stringent than current 2016 EPA Significant
Impact Level (SIL) guidance of 1.0 ppb which is designediagiadual source or group of
a2dzNDOSaQ O2BoyWR ZHRGI A2y fAYALD o

In its August 31, 2018 memo (Tsirogitis, 2018b), EPA compared two additional ozone
concentration contribution thresholds; 1 ppb and 2 ppb. The purpose of the analysis described
in the memo was to determine alternate, appropriate screening thresholds for states to
O2yaARSNIAY LINBLINAY3I GKSANI {Lt NBGAAAZ2YAEAD
threshold of 1 ppb may be appropriate for states to use to develop SIP revisidrssaing the

 f

322R YSAIKO2NI LINPPA&AAZ2Y FT2NJ 0KS wnmp 212yS b!
As a result of this guidance provided by EPRArd is a potential for states to submit SIP revision

citing 1 ppb or 2 ppb oEIL as acceptable for total state anthropogenic contributioeghold.

In these casesinder Step 2 of the foustep processstates maywish to review their

contribution to downwind receptors and request relief from the 1% threshold in lieu of using an
alternate value. In the example below, we reviéaxas nonattainmnt and maintenance
Y2YAG2NBR |a RSTAYSR 0@ TPablé 9 ive mebEdincludehmy YSY2 o

OSAT/APCA contributions documented by EPA in that memo.
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Table 94. BPA 12km OSAT/APCA contributions to Texas nonattainment and maintenance
monitors. Blue + orange- redcells indicate states contributing with 1% threshold. Orange
red cells indicate states contributing with > 1ppb thresholRedcells indicate states
contributing with > 2 ppb threshold.

Ozone DV (ppb) EPAOSAT/APCA Contriltion (ppb)
2023 Avg| 2023 Max
Site ID State County DV DV
480391004 [Texas Brazoria 74.0 74.9
484392003 [Texas [Tarrant 72.5 74.8
482011039 [Texas Harris 71.8 73.5
482010024 [Texas Harris 70.4 72.8
481210034 [Texas Denton 69.7 72.0
482011034 [Texas Harris 70.8 71.6

As can be seen in this example, should the Baarit contribution threshold be raised from 1%

of NAAQS (0.70 ppb) to a greater than 1.0 ppb limit, Arkansas, lllinois, Mississippi, and Missouri
would all have their contribution linkages broken to all six monitord the only state linked to

the monitor with the highest design value (Brazoria) would be Louisiaith significant

contribution (3.80 ppb) greater than all other 1% linked states combined (3.68 $pblld the
threshold be raised to 2 ppb, the linkage from Oklahoma to all of the notedsTrekaptors

would be broken as would the linkage from Louisiana to two of the Texas monitors.

9.5 PROPORTIONAL C®OL BY CONTRIBUTIONRED LI NES”)

Ly 9t! Qa al NOK Hnmy YSY2N} yRdzyz GKS 3Syoe
to states basd on their relative significant impact to downwind air quality monitors compared
to other significant contributing states and whether the contribution values are sufficiently
different enough that each state should be given a proportional responsibilitggsisting in
downwind attainmentUnder an analysis like thissductionsshouldbe allocated in proportion

to the size of the contribution to downwind noattainment

Using theSheboygan, WbB51170008§ monitor and theOSATderived significant contrilstion
results from the 4km modeling from Tablel8we see the following calculations based on the
required 06 ppb reduction necessary for this monitor to demonstrate attainment with the
2015 ozone NAAQS.

In the examplefor Sheboyganeachsignificantlycontributing (based on 1% NAAQ®wind
State musi(1) achieve less than 0.70 ppb significant contributiorf2)the monitor must
achieve attainment (70.9gb). From these assumptions, the reduction necessary for
attainment is 06 ppb from 715 ppb 2023 lase case average design value.
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Table9-5. Proportional contribution and reductions associated with significantly contributing
upwind states toSheboygan, W(55117000¢ monitor in 4km modeling domain.

Required

Relative Contribution Reduction
Region ppb % ppb
IL 6.53 47.9% 0.29
MI 2.97 21.8% 0.13
X 2.73 20.0% 0.12
MO 1.39 10.2% 0.06
Total 13.62 100% 0.60

Using this monitor as an examptae can see that as a result of the proportional reduction
requirement associated with the relatisgnificant contribution from each upwind state, a
range of 0.8 ppb (fromMissour) to a 029 ppb reduction (from Illinois) would be calculated
using this method. From these results, each upwind state would then need to craft a GNS

revision to generate r@uctions associated with this proportional amount.

Similarly, using the Brazoria, ®80391004 monitor and the OSAT/AP&@rived significant
O2yiNROdziA2Y NBadzZ G&a FTNRY 8, brletafiseavthe folowing2 RSt A y 3
calculationgTable9-6) based on the required 3.1 ppb reduction necessary for this monitor to
demonstrate attainment with the 2015 ozone NAAQS.

Table 96. Proportional contribution and reductions associated with significantly contributing
upwind states to Brazoria, T80391004)monitor in 12km modeling domain.

Required

Relative Contribution Reduction
Region Ppb % ppb
LA 3.80 51% 1.57
IL 1.00 13% 0.41
AR 0.90 12% 0.37
OK 0.90 12% 0.37
MO 0.88 12% 0.36
Total 7.48 100% 3.10

In this example, each signifidggncontributing (again based on 1% NAAQS) upwind State must
also (1) achieve the 0.70 ppb significant contribution or (2) the monitor must achieve
attainment (70.9 pb). From these assumptions, the reduction necessary for attainment is 3.1
ppb from 74.0 pb 2023 base case average design value.

Using this monitorpne can see that as a result of the proportional reduction requirement
associated with the relative significant contribution from each upwind state, a range of 3.80
ppb (from Louisiana) to a 0.&fb reduction (from Missouri) would be calculated using this
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method. From these results, each upwind state would then need to craft a GNS revision to
generate reductions associated with this proportional amount.

9.6 ALTERNATE CONSIDHRATIN IDENTIFYINNBAINTENANCHKEONITORS

On October 19, 2018, EPA issued a memorandum (Tsirigotis, 2018c) to allow states to evaluate
the status of monitoring sites initially identified as potential maintenance monitors and to
determine if observed ozone concentrations, reetological conditions, and emission

projections meet parameters that would allow classification of these receptors as attainment.

Ny

Per9t ! Qa4 YSY23 | Y2RSf SR RSY2yadNlGA2y g2dz R Yy
year period would lead to a pragéed future year design value at or below a concentration of

70.9 ppb which is necessary to demonstrate modeled attainment of the 2015 70 ppb ozone

NAAQS. If that demonstration is successful, EPA would expect states to include with their SIP
demonstrationsubmission technical analyses showing that:

1. meteorological conditions in the area of the monitoring site were conducive to ozone
formation during the period of clean data or during the alternative base period design
value used for projections;

2. ozone concatrations have been trending downward at the site since 2011 (and ozone
precursor emissions of nitrogen oxide (NOx) and volatile organic compounds (VOC) have
also decreased); and

3. emissions are expected to continue to decline in the upwind states out to the
attainment date of the receptor.

EPA has provided meteorological déiairigotis, 2018dp support #1 above and elsewhere

has also proded historical emission trendfsand emission projectio$that demonstrate

continued decline of ozone precursors ¢tlugh 2023 to support #3. Modeled ozone

O2y OSYuUNY GA2Y RFEGIF FNRY 9t! Q& mMH]lY YR ahDQa
observed concentrations to support investigating the #2 condition are identified.

Presentedbelowis anexampleanalysisofcMB y & RI GF NBfFGSR G2 ONRGSH
memo for determining whether it is appropriate for a monitor to be classified as a maintenance
monitor. AmoreiRRS LG K |yl ftedaAra O20SNAY3I | RRAGAZ2YIE Y2
0 A 0t SR ingNaRterid&é Monitor Flexibilities Using the 2023 Gisge Air Pollution

Rule Closeout Modeling PlatformvS @A 8 SR 5SOSYO0 SN vamyé 6! f LIAYSS

11 https://www.epa.gov/airemissionsinventories/airpollutant-emissiongrends-data

12 https://www.epa.gov/airemissionsmodeling/additionalupdates2011-and-2023emissionsversbn-63-platform-technical
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9.6.1 Utilization of alternative base period design values results in a projection of clean data
for all monitors.

As a first step in demonstrating whether a monitor should be properly characterized as a
maintenance receptor, 2023 ozone design values using alternate base year concentrations
(from the three, threeyear time periods between 20092013) br examplemonitor 90013007
(Fairfield, CT) resented in the following table. These data demonstrate tha& monitor has

at least one alternate base year period design value that results in a 2023 projection equal to or
lower than the 70.9 ppb threshad satisfying this condition.

Table 97. Alternate Base Year Projections of 2023 ozone Design Values (ppb) from Alpine
4km Modeling forFairfield, CT Monitor 90013007

2023 Ozone Design Value (ppb)

DVb DVf DVf | DVf(Max| DVf(Max | DVf(Max
Monitor State County (2011) | (Ave) (Max) 2009/11) 2010/12) 2011/13)

90013007 | Connecticut | Fairfield 84.3 69.2 73.1 64.8 69.8 73.1

9.6.2 Meteorological conditions of the monitors were conducive to ozone formation.

hyS 2F GKS ONARGSNAI Sad | (ostights, RELRc)oA apprading!a® & 3 dzA
FfGSNYFGAGS RSY2yadNXdGA2y 2F | Y2yAG2NDa Yl A
conditions in the area of the monitoring site were conducive to ozone formation during the

period of clean data or during the altern@tiS o6+ aS LISNA 2R RSaiAday @I f dzS

EPA goes on to offer the following general comment on meteorological conditions:

LY 3ISYSNYXftsx o0St26 FBSNIFIAS GSYLISNI GdzNBa | N
conditions are unconducive for ozone fotiom, whereas above average

temperatures are an indication that meteorology is conducive to ozone

formation. Within a particular summer season, the degree that meteorology is

conducive for ozone formation can vary from region to region and fluctuate with

time within a particular region.For example, the temperatumelated

information presented below suggests that summer meteorology was generally

conducive for ozone formation in 2010, 2011, 2012 and 2016 in most regions. In

contrast, the summer of 2009 wagenerally unconducive for ozone foriat

overall, in most regions.

Significantly,the alternative demonstration set forth in thisxamplecan bebased uponan
alternative base year period involving the years 2010 throug220EPA has recognizeliat
the meteorology in these years was conducive to ozone formatidhe northeast
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By basing model projections for the attainment year of 2023 on alternative base period design
values for ozone conducive ye@0102012) this monitor meesthe meteaological threshold
of the memorandum.

9.6.3 Ozone concentrations are trending downward.

As an additional supporting case to the flexibility in identifying maintenance monitors, EPA

3dzZA RFyOS LINP@ARSA GKFG | adrdaS g2awebeeny SSR (2
GNBYRAY3I R26Y 6 NR Tallie9-8 theldw piesentS ¥ high of D& H A MME O
concentration datd® measured athe noted receptor and a calculated slope between 2011 and

the most recently ERApproved 4" high concentrations from 201 Table 9-9 presents a count

of the number of ozone exceedance ddégysthe monitor per year relative to the 2015 70 ppb

ozone NAAQS. Ftiris example negative slopg indicating the necessary downward trends,

are demonstrated for both of these metrics which stis the required condition of trending
downward concentrations.

Tabk 9-8. 4™ High Ozone Concentrations (ppb) and Slope CalculattsrFairfield, CT Monitor
90013007

4th High Ozone Concentration (ppb)

Slope (2012017)
Monitor State County 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 (ppblyr)

90013007 | Connecticut | Fairfield 87 90 90 74 86 83 81 -1.29

Table 99. Daily Ozone Exceedance Counts and Slope CalculédioRairfield, CT Monitor
90013007

Daily Ozone Exceedance Counts

Monitor State County 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | Slope (20122017

90013007 | Connecticut | Fairfield 13 19 17 8 15 14 11 -0.64

9.6.4 Emissions of ozone precursors have been trending downwards since 2011 and are
expected to continue to decline out to the attainment date of theceptor.

NOx and VOC emissions across the CSAPR region have been dramaticaly reduced in recent

years. These emission reductiom® expectedtd 2 Yy i A y dzS | & -ihekoS2 2\{Baagdzt G 2 F
regulatory programs already required by states on tlosin sourcesgt 2-tffe-g | @ ¢ NB I dzt | { 2 |
programs that have already been identified by state regulatory agencies as efforts that they

must undertake as well as from the effectiveness of a variety of EPA programs including the

CSAPR Update Rule.

13 https://www.epa.gov/airtrends/air-quality-designvalues
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Presented below are tableteveloped from EPA modeling platform summaftiékistrating the

estimated total anthropogenic emission reduction emission reduction in the several eastern
states.

As can be seen in thi&ble 9-10, total annual anthropogenic NOx emissions are preditbed
decline by 29% between 2011 and 2017 over the CSAPR domain and by 43% (an additional 1.24
million tons) between 2011 and 2023.

Table 910. Final CSAPR Update Modeling Platform Anthropogenic NOx Emissions (Annual
Tons).

Annual Anthropogenic Emissions Delta Emissions Delta
NOx Emisi®ns (Tons) (20172011) (20232011)
State 2011 2017 2023 Tons % Tons %
Alabama 359,797 220,260 184,429 139,537 | -39% 175,368 | -49%
Arkansas 232,185 168,909 132,148 63,276 | -27% 100,037 | -43%
llinois 506,607 354,086 293,450 152,521 | -30% 213,156 | -42%
Indiana 444,421 317,558 243,954 126,863 | -29% 200,467 | -45%
lowa 240,028 163,126 124,650 76,901 | -32% 115,377 | -48%
Kansas 341,575 270,171 172,954 71,404 | -21% 168,621 | -49%
Kentucky 327,403 224,098 171,194 103,305 | -32% 156,209 | -48%
Louisiana 535,339 410,036 373,849 125,303 | -23% 161,490 | -30%
Maryland 165,550 108,186 88,383 57,34 | -35% 77,167 | -47%
Michigan 443,936 296,009 228,242 147,927 | -33% 215,694 | -49%
Mississippi 205,800 128,510 105,941 77,290 | -38% 99,859 | -49%
Missouri 376,256 237,246 192,990 139,010 | -37% 183,266 | -49%
New Jersey 191,035 127,246 101,659 63,789 | -33% 89,376 | -47%
New York 388,350 264,653 230,001 123,696 | -32% 158,349 | -41%
Ohio 546,547 358107 252,828 188,439 | -34% 293,719 | -54%
Oklahoma 427,278 308,622 255,341 118,656 | -28% 171,937 | -40%
Pennsylvania 562,366 405,312 293,048 157,054 | -28% 269,318 | -48%
Tennessee 322,578 209,873 160,166 112,705 | -35% 162,411 | -50%
Texas 1,277,432 1,042,256 869,949 235,176 | -18% 407,482 | -32%
Virginia 313,848 199,696 161,677 114,152 | -36% 152,171 | -48%
West Virgnia 174,219 160,102 136,333 14,117 | -8% 37,886 | -22%
Wisconsin 268,715 178,927 140,827 89,788 | -33% 127,888 | -48%
CSAPR States 8,651,264 6,152,990 4,914,012 2,498,274 | -29% 3,737,252 | -43%

As can be seen in thEble9-11, total annual anthropogenic VOC emissions are predicted to

decline by 9% betweeP011 and 2017 over the CSAPR domain and by 15% (an additional 1.43

million tons) between 2011 and 2023.

1483 Fed. Reg. 7716 (February 22, 2018).

March 2019

42




ALPINE
GEOPHYSICS FinalTechnical Support Document

Table 911. Final CSAPR Update Modeling Platform Anthropogenic VOC Emissions (Annual
Tons).

Annual Anthropogenic Emissions Dedt Emissions Delta
VOC Emissions (Tons) (20172011 (20232011)
State 2011 2017 2023 Tons % Tons %
Alabama 393,465 328,996 306,583 64,468 | -16% 86,882 | -22%
Arkansas 342,779 312,750 295,210 30,029| -9% 47,569 | -14%
lllinois 372,137 320,543 294,087 51,594 | -14% 78,049 | -21%
Indiana 284,378 226,734 200,827 57,644 | -20% 83,551| -29%
lowa 191,201 158,520 144,326 32,681 -17% 46,875 -25%
Kansas 461,871 457,042 388,734 4,828 | -1% 73,137| -16%
Kentucky 273,603 236,383 214,051 37,220| -14% 59,551 | -22%
Louisiana 692,238 647,568 586,378 44,670 -6% 105,860| -15%
Maryland 125,468 105,316 95,511 20,152 | -16% 29,957 | -24%
Michigan 450,276 350,937 301,599 99,339 | -22% 148,677| -33%
Mississippi 274,537 236,316 213,200 38,221 | -14% 61,338 -22%
Missouri 377,268 331,054 307,386 46,214 | -12% 69,882 | -19%
New Jersey 183,091 152,805 141,113 30,286 | -17% 41,978 -23%
New York 417,438 337,078 301,794 80,361 | -19% 115,645| -28%
Ohio 391,315 306,215 303,144 85,101 | -22% 88,172 -23%
Oklahoma 607,943 561,947 538,770 45,996 -8% 69,172 | -11%
Pennsylvania 376,322 317,876 293,703 58,446 | -16% 82,618| -22%
Tennessee 290,998 231,537 207,178 59,461 | -20% 83,820| -29%
Texas 2,194,868 2,324,259 2,244,343 (129,391) 6% (49,475) 2%
Virginia 295,360 254,049 235,605 41,311| -14% 59,755| -20%
West Virginia 139,516 173,841 172,511 (34,324)| 25% (32,995)| 24%
Wisconsin 288,296 231,988 204,074 56,308 | -20% 84,222 -29%
CSAPR States 9,424,368 8,603,753 7,990,125 820,614| -9% 1,434,242| -15%

9t ! Qa4 hOl20SNI mpZ Hnanmy 3IFdZARIFYyOS YSY2 2FFSNE a
of identifying maintenance mators to be addressed in their Good Neighbor SIPs related to the

2015 ozone NAAQS. Teramplepresentedaboveillustrates that when current data is applied

to the various criteria identified by EPA, states are provided with the basis for requesting EPA to
determine that it is no longer necessary to consider any of the subject monitors as maintenance
monitors for purposes related to the 2015 0zoNAAQS.

9.7 ADRESSING MAINTENANEITH 10 YEAR EMISS PROJECTION

Asan alternative to maintenance monitorelng accorded the same weight as nonattainment

monitors, statesnay choose to indicate thato additional control would be needed to address

a maintenance monitor if the upwind state can show that either the monitor is likely to remain

in attainmentforalJSNA 2R 2F wmn &SINBR 2N GKFG GKS dz2Ll Ay R
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10 years after the attainment date. Such an approach is consistent with Section 175A of the
Clean Air Act which provides:

(a) Plan revision

Each State which submits a requestar section 7407 (d) of this title for redesignation

of a nonattainment area for any air pollutant as an area which has attained the national
primary ambient air quality standard for that air pollutant shall also submit a revision of
the applicable Statenplementation plan to provide for the maintenance of the national
primary ambient air quality standard for such air pollutant in the area concerned for at
least 10 years after the redesignation. The plan shall contain such additional measures, if
any, asmay be necessary to ensure such maintenance.

It is also consistent with th@ohn Calcagni memorandumh September, 1992 (Calcagni,
1992) entitedd t N2 OSRdzZNBEa FT2NJ t N2POSaaAy3a wSldzSada G2
which contains the following statent on page 9:

OA State may generally demonstrate maintenance of the NAAQS by either showing that
future emissions of a pollutant or its precursors will not exceed the level of the
attainment inventory, or by modeling to show that the future mix of sewand emission
rates will not cause a violation of the NAAQS. Under the Clean Air Act, many areas are
required to submit modeled attainment demonstrations to show that proposed
reductions in emissions will be sufficient to attain the applicable NAAQtheBerareas,

the maintenance demonstration should be based upon the same level of modeling. In
areas where no such modeling was required, the State should be able to rely on the
attainment inventory approach. In both instances, the demonstration shouior lze
periodof 10yeatr F2ff 2gAy3 (KS NBRSaAIYylIGAZ2Yy D a

Usingthe Harford, MD (240251001) monitor as an examplee would look at the upwind
states that were determined to contribute significantly to this receptor in the 2023 model
simulation(Table 82).

As seen in Table-B2, any of the followinginkedstates may then make the claim that as their
emissions are projected to decrease over a ten year pettalfbllowing example is illustrative

AY yIFGdz2NB yR dzasSa | (6 S ferSodeling platdri dBnfakédo I 4 SR
and woulddemonstrate maintenance of the NAAQS by showing theit future emissions of a

pollutant or its precursors will not exceed the level of the attainment inventory

15 ftp://ftp.epa.gov/Emislinventory/2011v6/v3platform/reprts/2011en_and_2023en/2023en_ch6v2_v6_11g_state_sector_totals.xlsx
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Table 912. Emission trend of annual anthropegic NOx emissions (tons) for 1% linked
states to Harford, MD monitor.

Annual Anthropogenic NOx Emissions

State 2011 (Tons 2023 (Tons Change (Ton: Change (%
District of Columbig 9,404 4,569 -4,834 -519
lllinois 506,601 293,45( -213,15¢6 -429
Indiana 444,421 243,954 -200,461 -459
Kentucky 327,404 171,194 -156,20¢ -489
Ohio 546,541 252,824 -293,714 -549
Pennsyania 562,36 293,048 -269,318 -489
Texas 1,277,43] 869,944 -407,48 -329
Virginia 313,844 161,677 -152,171 -489
West Virginia 174,214 136,337 -37,886 -229
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TableAl. 4km and EPA “No Water” 12km Desi gn-At\nmttc anclLake BishighntMedelingDomaihe.n i t ¢
Ozone Design Value (ppb)
EPA "No Water" 12km Modelin 2015
DVb 2017
Monitor State County (2011)| DVf (2023) Ave DVf (2023) Max DVf (2023) Avg DVf (2023) Max DV
90010017 Connecticut Fairfield 80.3 68.9 71.2 66.8 69.0 79
90011123 Connecticut Fairfield 81.3 66.4 67.8 65.2 66.6 77
90013007 Connecticut Fairfield 843 71.0 75.0 69.2 73.1 83
90019003 Connecticut Fairfield 83.7 73.0 75.9 68.3 71.0 83
90031003 Connecticut Hartford 73.7 60.7 61.7 60.3 61.3 72
90050005 Connecticut Litchfield 70.3 57.2 57.8 56.8 57.3 72
90070007 Connecticut Middlesex 79.3 64.7 66.1 63.8 65.2 79
90090027 Connecticut New Haven 74.3 61.9 65.0 61.8 64.9 77
90099002 Connecticut New Haven 85.7 69.9 72.6 68.9 71.5 82
90110124 Connecticut New London 80.3 67.3 70.4 66.0 69.1 76
90131001 Connecticut Tolland 75.3 61.4 62.8 61.3 62.7 71
100010@2 Delaware Kent 74.3 57.6 60.5 58.4 61.4 66
100031007 | Delaware New Castle 76.3 59.2 62.0 59.8 62.7 67
100031010 | Delaware New Castle 78.0 61.2 61.2 61.7 61.7 74
100031013 | Delaware New Castle 77.7 60.8 62.6 61.6 63.5 71
100051002 | Delaware Sussex 77.3 59.7 62.6 60.5 63.4 65
100051003 | Delaware Sussex 77.7 61.1 63.7 61.7 64.3 67
District Of District of
110010041 | Columbia Columbia 76.0 58.7 61.7 60.5 63.6 N/A
District Of District of
110010043 | Columbia Columbia 80.7 62.3 64.8 65.2 67.9 71
170310001 | lllinois Cook 72.0 63.2 64.9 60.3 62.0 73
170310032 | lllinois Cook 77.7 66.6 69.5 57.7 60.1 72
170310064 | lllinois Cook 71.3 61.1 64.3 55.1 58.0 N/A
170310076 | lllinois Cook 71.7 62.7 64.7 61.1 63.0 72
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TableAl. 4km and EPA “No Water” 12km Desi gn-At\nmttc anclLake BishighntMedelingDomaihe.n i t ¢

Ozone Design Value (ppb)
EPA "No Water" 12km Modelin_lw

DVb 2017
Monitor State County (2011)| DVf (2023) Ave DVf (2023) Max DVf (2023) Avg DVf (2023) Max DV
170311003 | lllinois Cook 69.7 62.4 64.4 59.7 61.7 67
170315601 lllinois Cook 71.3 61.5 63.9 62.2 64.5 69
170314002 | lllinois Cook 71.7 62.3 64.3 62.3 64.3 68
170314007 | lllinois Cook 65.7 58.0 60.0 55.7 57.6 71
170314201 | lllinois Cook 75.7 66.8 68.8 62.6 64.5 72
170317002 | lllinois Cook 76.0 66.8 70.3 59.7 62.8 73
170436001 | lllinois DuPage 66.3 57.9 59.4 58.6 60.1 70
170890005 | lllinois Kane 69.7 62.8 63.9 60.5 61.6 69
170971007 | lllinois Lake 79.3 63.4 65.6 60.2 62.2 73
171110001 | lllinois McHenry 69.7 61.8 62.9 59.8 60.9 69
171971011 | lllinois Will 64.0 55.6 56.5 54.7 55.5 65
172012001 | Illinois Winnebago 67.3 57.5 58.0 57.5 58.1 66
180390007 | Indiana Elkhart 67.7 54.6 56.5 55.0 56.9 64
180890022 | Indiana Lake 66.7 58.3 60.3 55.2 57.1 68
180890030 | Indiana Lake 69.7 61.9 64.8 55.6 58.2 N/A
180892008 | Indiana Lale 68.0 60.4 60.4 56.8 56.8 N/A
180910005 | Indiana LaPorte 79.3 67.2 70.4 65.4 68.4 N/A
180910010 | Indiana LaPorte 69.7 58.9 60.9 57.7 59.6 67
181270024 | Indiana Porter 70.3 61.8 63.3 59.3 60.8 69
181270026 | Indiana Porter 63.0 54.4 55.3 53.2 54.0 69
181410015 Indiana St. Joseph 69.3 56.9 59.9 57.6 60.7 70
181411007 | Indiana St. Joseph 64.0 52.5 52.5 52.5 52.5 N/A
240030014 | Maryland Anne Arundel 83.0 63.4 66.4 64.9 68.0 N/A
240051007 | Maryland Baltimore 79.0 63.9 66.3 61.6 64.0 N/A
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TableAl. 4km and EPA “No Water” 12km Desi gn-At\nmttc anclLake BishighntMedelingDomaihe.n i t ¢
Ozone Design Value (ppb)
EPA "No Water" 12km Modelin 2015
DVb 2017
Monitor State County (2011)| DVf (2023) Ave DVf (2023) Max DVf (2023) Avg DVf (2023) Max DV
240053001 | Maryland Baltimore 80.7 65.3 67.9 63.9 66.5 73
240090011 | Maryland Calvert 79.7 63.2 65.9 64.0 66.7 67
240130001 | Maryland Carroll 76.3 58.8 60.9 59.4 61.5 69
240150003 | Maryland Cecill 83.0 64.5 66.8 65.2 67.5 74
240170010 | Maryland Charles 79.0 61.6 64.7 63.2 66.4 69
240199991 | Maryland Dorchester 75.0 59.4 59.4 59.7 59.7 65
240210037 | Maryland Frederick 76.3 59.6 61.8 60.4 62.5 69
240251001 | Maryland Harford 90.0 70.9 73.3 70.9 73.3 75
240259001 | Maryland Harford 79.3 62.2 64.3 62.4 64.5 73
240290002 | Maryland Kent 78.7 61.2 63.7 61.2 63.8 70
240313001 | Maryland Montgomery 75.7 60.0 61.0 60.0 61.1 68
240330030 | Maryland Prince George's 79.0 60.5 62.8 61.0 63.3 70
240338003 | Maryland Prince George's 82.3 63.2 66.8 64.0 67.7 71
240339991 | Maryland Prince George's 80.0 61.0 61.0 61.9 61.9 69
245100054 | Maryland Baltimore (City) 73.7 59.4 60.4 59.2 60.2 69
250051002 | Massachusetts Bristol 74.0 61.2 61.2 60.8 60.8 N/A
250070001 | Massachusetts Dukes 77.0 64.1 66.6 64.8 67.4 N/A
250130008 | Massachusetts Hampden 73.7 59.3 59.5 60.4 60.7 71
260050003 | Michigan Allegan 82.7 69.0 71.7 70.0 72.8 73
260190003 | Michigan Benzie 73.0 60.6 62.3 60.3 61.9 68
260210014 | Michigan Berrien 79.7 66.9 68.8 66.3 68.2 73
260270003 | Michigan Cass 76.7 62.0 63.1 61.5 62.6 72
260810020 | Michigan Ken 73.0 59.8 61.4 60.0 61.7 68
261010922 | Michigan Manistee 72.3 60.5 61.9 59.6 61.0 67
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261050007 | Michigan Mason 73.3 60.7 62.1 60.6 62.0 68
261210039 | Michigan Muskegon 79.7 65.8 67.7 66.7 68.6 74
261390005 | Michigan Ottawa 76.0 62.3 64.0 63.0 64.7 68
340010006 | New Jersey Atlantic 74.3 58.6 60.0 60.2 61.5 64
340030006 | New Jersey Bergen 77.0 64.1 65.0 65.5 66.4 74
340071001 | New Jersey Camden 82.7 66.3 69.8 65.9 69.3 68
340110007 | New Jersey Cumberland 72.0 57.0 59.4 57.1 59.5 66
340130003 | New Jersey Esex 78.0 64.3 67.6 63.4 66.7 68
340150002 | New Jersey Gloucester 84.3 68.2 70.4 68.8 71.0 74
340170006 | New Jersey Hudson 77.0 64.6 65.4 65.3 66.2 70
340190001 | New Jersey Hunterdon 78.0 62.0 63.6 60.8 62.4 72
340210005 | New Jersey Mercer 78.3 63.2 65.4 62.7 64.9 71
340219991 | New Jersey Mercer 76.0 60.4 60.4 58.5 58.5 73
340230011 | New Jersey Middlesex 81.3 65.0 68.0 64.5 67.4 75
340250005 | New Jersey Monmouth 80.0 64.1 66.5 65.4 67.9 68
340273001 | New Jersey Morris 76.3 62.4 63.8 62.6 64.0 69
340290006 | New Jersey Ocean 82.0 65.8 68.2 64.8 67.2 73
340315001 | New Jersey Passaic 73.3 61.3 62.7 59.9 61.3 68
340410007 | New Jersey Warren 66.0 54.0 54.0 50.9 50.9 65
360050133 | New York Bronx 74.0 63.3 65.0 63.8 65.6 70
360270007 | New York Dutchess 72.0 58.6 60.2 57.0 58.6 67
360610135 | New York New York 73.3 64.2 66.5 62.9 65.2 70
360715001 | New York Orange 67.0 55.3 56.9 54.2 55.8 65
360790005 | New York Putnam 70.0 58.4 59.2 56.7 57.5 70
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360810124 | New York Queens 78.0 70.2 72.0 68.5 70.2 74
360850067 | New York Rchmond 81.3 67.1 68.5 69.6 71.0 76
360870005 | New York Rockland 75.0 62.0 62.8 63.7 64.5 72
361030002 | New York Suffolk 83.3 74.0 75.5 70.6 72.0 76
361030004 | New York Suffolk 78.0 65.2 66.9 63.8 65.4 76
361030009 | New York Suffolk 78.7 67.6 68.7 66.5 675 69
361192004 | New York Westchester 75.3 63.8 64.4 64.6 65.2 73
420110006 | Pennsylvania Berks 71.7 56.2 58.8 55.8 58.4 66
420110011 | Pennsylvania Berks 76.3 58.9 61.0 59.9 62.1 70
420170012 | Pennsylvania Bucks 80.3 64.6 66.8 64.4 66.6 80
420290100 | Pennsyvania Chester 76.3 58.7 60.8 59.9 62.0 73
420430401 | Pennsylvania Dauphin 69.0 54.7 54.7 54.9 54.9 65
420431100 | Pennsylvania Dauphin 74.7 58.3 60.1 59.1 61.0 66
420450002 | Pennsylvania Delaware 75.7 60.3 62.1 60.7 62.6 71
420710007 | Pennsylvania Lancaste 77.0 60.1 62.4 60.6 63.0 70
420710012 | Pennsylvania Lancaster 78.0 60.2 63.3 60.6 63.7 66
420750100 | Pennsylvania Lebanon 76.0 58.6 58.6 59.0 59.0 69
420770004 | Pennsylvania Lehigh 76.0 59.5 61.1 59.4 61.0 70
420890002 | Pennsylvania Monroe 66.7 52.9 55.6 52.6 55.2 67
420910013 | Pennsylvania Montgomery 76.3 61.0 62.4 62.0 63.4 72
420950025 | Pennsylvania Northampton 76.0 58.5 60.6 58.8 59.6 70
420958000 | Pennsylvania Northampton 69.7 54.8 55.9 54.7 55.7 69
421010004 | Pennsylvania Philadelphia 66.0 53.9 57.1 54.2 57.5 N/A
421010024 | Pennsylvania Philadelphia 83.3 67.3 70.3 67.5 70.5 78
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421011002 | Pennsylvania Philadelphia 80.0 64.7 64.7 65.3 65.3 N/A
421330008 | Pennsylvania York 72.3 56.9 58.3 58.3 59.7 66
421330011 | Pennsylvania York 74.3 58.0 60.1 58.8 61.0 70
440030002 | Rhode Island Kent 73.7 60.4 60.7 59.5 59.7 72
440071010 | Rhode Island Providence 74.0 59.5 61.1 59.9 61.6 70
440090007 | Rhode Island Washington 76.3 62.6 64.0 62.3 63.7 71
510130020 | Virginia Arlington 81.7 64.9 68.3 66.1 69.6 71
510330001 | Virginia Caroline 71.7 56.0 57.6 55.2 57.0 61
510360002 | Virginia Charles 75.7 59.4 62.0 61.1 63.7 61
510410004 | Virginia Chesterfield 72.0 56.8 59.2 55.6 58.0 62
510590030 | Virginia Fairfax 82.3 65.1 68.1 66.2 69.1 71
510850003 | Virginia Hanover 73.7 56.9 58.6 55.3 57.1 63
510870014 | Virginia Henrico 75.0 58.8 61.2 57.7 60.0 65
511071005 | Virginia Loudoun 73.0 57.8 59.4 58.7 60.3 68
511530009 | Virginia Prince William 70.0 56.2 57.8 54.8 56.3 66
511790001 | Virginia Stafford 73.0 57.1 59.4 57.0 59.4 62
515100009 | Virginia Alexandria City 80.0 63.4 65.8 64.7 67.1 N/A
516500008 | Virginia Hampton City 74.0 56.9 58.4 54.8 56.3 65
518000004 | Virginia Suffolk City 71.3 56.2 57.5 56.5 57.9 61
550290004 | Wisconsin Door 75.7 63.3 65.2 63.8 65.7 73
550590019 | Wisconsin Kenosha 81.0 64.8 67.2 59.6 61.8 78
550610002 | Wisconsin Kewaunee 75.0 64.5 67.1 64.6 67.2 69
550710007 | Wisconsin Manitowoc 78.7 67.6 68.7 66.6 67.7 74
550790010 | Wisconsin Milwaukee 69.7 60.6 62.6 60.2 62.2 65
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550790026 | Wisconsin Milwaukee 74.7 66.5 69.4 65.2 68.1 67
550790085 | Wisconsin Milwaukee 80.0 71.2 73.0 67.1 68.8 71
550890008 | Wisconsin Ozaukee 76.3 67.2 70.5 65.0 68.2 71
550890009 | Wisconsin Ozaukee 74.7 63.6 65.5 63.3 65.2 73
551010017 | Wisconsin Racine 77.7 62.2 64.8 58.2 60.7 N/A
551170006 | Wisconsin Sheboygan 84.3 72.8 75.1 71.5 73.8 80
551330027 | Wisconsin Waukesha 66.7 58.1 60.1 57.8 59.8 65
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