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Executive Summary

This report documenS ESARM6s VI STAS | I Regi onal Haze Ai
multi-state, multijurisdictional effort to develop air quality work products to support member states in
their development of State Implementation Plans (SIPs). As required in the 201iieRefgive Rule,
states must develop strategies to control anthropogenic emissions affecting visibility in Mandatory Class
| Federalareas. Within SESARM, there are eighteen Mandatory Class | Federal Areas across the ten
member states. Specifically, this ogpcoalesces eleven defined task areas designed to provide technical
wor k products that can be tailored for each SES

Emissions (Sections 2 and 9.cross the ten VISTAS member states, criteria pollutant

emissions from 2011 to 202&ill significantly decreased. Of particular note:

1 Oxides of Nitrogen (N§) total anthropogenic emissioase project to decreag®m
approximately 3.34 million tons per year (tpy) to approximately 1.53 million tpy, which is a 54%
reduction. For point sources, the emissions from elé@gtgenerating units (EGUsxe
projected to decreasmm approximately 498,000 tpy to approxtaly 214,000 tpy (57%
reduction). Emissions from neBGUsare expected to decredsem approximately 388,000 tpy
to approximately 349,000 tpy (10% reduction).

1 Sulfur Dioxide (SQ) total anthropogenic emissioage projected to decreagem 1.63 million
tpy to approximately 0.45 million tpy, which is a 73% reduction. For point sources, the
emissions from EGUare projected to decreasem approximately 1.20 million tpy to
approximately 183,000 tpy (85% reduction). Emissions fromiBGk/sare projecteda
decreasérom approximately 286,000 tpy to approximately 187,000 tpy (35% reduction).

Monitoring Data (Section 4)Within the VISTAS modeling domain, ambient air monitoring,
meteorological observations, and deposition fluxes were obtained, standaadz@depared for the

years 2011 through 2016. These datasets were used for the model performance evaluations.

Modeling (Section 6)Seven benchmark comparisons were conducted to evaluate the CAMx
modeling system and protocols implemented, and to demtmnsatisfactory confidence when
projecting visibility metrics.

Y Benchmark Confirmation Run #lcompares EPA 2011 with CAMx 6.32 (CONUS3}. Alpine

2011 with CAMx 6.32 (CONUS);

1 Benchmark Confirmation Run #2compares EPA 2028 with CAMx 6.32 (CONUS) vépiAe
2028 with CAMx 6.32 (CONUS);

1 CONUS: Continental U.S.
il
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1 Benchmark Confirmation Run #3compares Alpine 2011 with CAMx 6.32 (CONUS) vs.
Alpine 2011 with CAMx 640 (CONUS);

1 Benchmark Confirmation Run #4compares Alpine 2028 with CAMx 6.32 (CONUS) vs.
Alpine 2028 with CAMx 640 (CONUS);

1 Benchmark Confirmation Run #5compares Alpine 2011 with CAMx 6.40 (CONUS) vs.
Alpine 2011 with CAMx 6.40 (VISTAS modeling domain);

1 Benchmark Confirmation Run #6compares Alpine 2ZZBwith CAMx 6.40 (CONUS) vs.
Alpine 2@8 with CAMx 6.40 (VISTAS modeling domain);

1 Benchmark Confirma@n Run #7I compares Alpine 2028elv3 with CAMx 6.40 (VISTAS
modeling domain) vs. Alpine 2028elv5 with CAMx 6.40 (VISTAS modeling domain).

Model Performance Evaluations (Section Wlodeled 201lozone and PMoncentrations and
wet and drydeposition fluxesvere compared to observed concentrations and deposition fluxes. The

statistical metrics presented suggest satisfactory model perforfioamegulatory applications

Area Of Influence and PSAT Analysis (Sections 5 and 8\t each Class | area in the VIBS
domain, 72hour back trajectories for multiple time segments and vertical layers were generated for the
six-year base period from 2011 through 20Estinctionweighted residence times were then applied to
stationary source Nand SQ emissions and jr@d with distance from the Class | area to source
locations to select facilities for PSAT modeling. Based on this anadysital of 209ndividual source
geographic region, and boundary condition tags were created for evaluation of sulfate ansbnitcate
contributions. Sulfate and nitrate contributions were assessed for 87 individual sources. This information

was used to help identify facilities that might need to perform affator analysis.

Visibility Projections Metrics (Section 10Xhe EPA SMAT-CE? tool was used to calculate
2028 deciview values on the 20% most anthropogenically impaired and 20% clearest days at each Class
| area in the VISTAS domairt all Class | sies,the decivew values are projected to decrease from
2011 to 202&n the 20% clearest and 20% most anthropogenically impaired days. Within the SESARM
states, the expected visibility improvement is generally large. Additionally, with the exception of the
Everglades, the projected visibility is below the modeled unadja$itizpath. Visibility in 2028 at the
Everglades National Park, the southernmost Mandatory Class | Federal area within VISTAS, is
projected to be below the modeled adjusted glidepath when taking into account international emission

visibility impacts.

2 PSAT: Particulate Source Apportionment Technology
3 SMAT-CE: Software for the Modeled Attainment TésEommunity Edition

v
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1.0 INTRODUCTION AND OVERVIEW

This report documents SESARMO6s Regi o-yearlmuli# a 2
jurisdictional effort evaluating emissions, monitoringdanodeling data for the ten southeastern
states. This project was funded under SESARM Grant NOOKRA3517.

Southeastern States Air Resource Managers, Inc. (SESARMM)een designated by the United
States Environmental Proteatid\gency (EPA) as the entity responsifde coordinatingegional haze
evaluationdor theten Southeastestatesof Alabama, Florida, Georgia, Kentucky, Mississippi, North
Carolina, South CarolindennessegVirginia, and West VirginiaThe Eastern Band of Cherokee Indians
and the Knox County, Tennessee local air pollution control agency are also participating agjeesies
parties are collaborating through tRegional Planning @anization known as Visibility Improvement
State and TridaAssociation of the Southeast (VISTAS) in the technical analyses and planning activities
associated with visibility and related regional air quality issues. VISTAS analyses will support the
VISTAS states in their responsibility to develop, adopt, andemgint their State Implementation Plans

(SIPs) for regional haze.

As authorized under the Clean Air ActstaeCAA)
and local air pollution control agencies in the Southeast are mandated to protect humamdhétadth a
environment from the impacts of air pollutants. They are responsible for air quality planning and
management efforts including the evaluation, development, adoption, and implementation of strategies
controlling and managing all criteria air pollutafincluding fine particles and ozohas well as regional
haze. This project will focus on regional haze and regional haze precursor emissions. Control of regional

haze precursor emissions will have the additional benefit of redaent@jncriteria polutants as well.

The 1999 Regional Haze Rule (RHR) identifiedM&ndatoryClass | Federal areas (hational
parks greater than 6,000 acres and wilderness areas greater than 5,000 acres) in the VIST&&iregion
required states to define loigrm strategieto improve visibility intheseFederal Class | national areas.
States were required to establish baseline visibility conditions for the perioe2Q0@0natural visibility
conditions in the absence of anthropogenic influences, and an expected ratgexyio reduce
emissions and incrementally improve visibility to natural conditions by 2064. The original RHR required

states to improve visibility on the 20% most impaired days and protect visibility on the 20% least
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impaired day$.The 1999 rule defines these values as the average of the 20% of the monitored days with
the highest or lowest light extinction values, expressed in deciviews (dvRHReequires states to
evaluate progress toward visibility improvement goals every fivesyaal submit revised SIPs every ten

years.

EPA finalized revisions to various requirements of the RHR in January 2017 (82 FR 3078) that
were designed to strengthen, streamline, and cl

including:

A. Strengthening the Federal Land Manager (FLM) consultation requirements to ensure that
issues and concerns are brought forward early in the planning process.

B. Updating the SIP submittal deadlines for the second planning period from July 31, 2018 to
July 31, D21 to ensure that they align where applicable with other state obligations under the
CAA. The end date for the second planning period remains 2028; that is, the focus of state
planning will be to establish reasonable progress goals for each Classdainsa\&hich
progress will be measured during the second planning period. This extension will allow states
to incorporate planning for other federal programs while conducting their regional haze
planning. These other programs include: the Mercury and @ic$ Standards, the 2010 1
hour sulfur dioxide (Se) National Ambient Air Quality Standard (NAAQS); the 2012 annual
fine particle (PM.5) NAAQS; and the 2008 and 2015 ozone NAAQS.

C. Adjusting interim progress report submission deadlines so that seconalbeedsent progress
reports will be due by: January 31, 2025; July 31, 2033; and every ten years thereafter. This
means that one progress report will be required midway through each planning period.

D. Removing the requirement for progress reports to taktheof SIP revisions. States will be
required to consult with FLMs and obtain public comment on their progress reports before
submission to the EPA. EPA will be reviewing but not formally approving or disapproving
these progress reports.

The2017RHR defnes fAcl earest dayso as the 20% of mo
| owest deciview index values. fAMost I mpaired da
calendar year with the highest amounts of anthropogenic visibility impairPenious rule
requirements used haziest days defined as the 20% of monitoring days in a calendar year with the worst
visibility. The change to fimost i mpairedo days
emissions that impact visibility rather thaatural episodic events such as wildfires and dust storms that

impair visibility but are not controllabl@he longterm strategy and the reasonable progress goals must

4 RHR summary data is available http://vista.cira.colostate.edu/ImproveAswummarydata/
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provide for an improvement in visibility for the most impaired days and ensure rexddégn in

visibility for the clearest days since the baseline period.

Under SESARM Contract No.-¥018030 1 t o support the fARegional
Eastern Research Group, Inc. (ERG) and its subcontractor, Alpine Geophysics, LLC (Alpinegtedmpl
eleven umbrella tasks, as specified by the original Request for Proposal (RFP). These tasks are

summarized throughout the remainder of this report.

1.1  Project Motivation

To adheeto the SIP requirements of tiRHR, SESARM was authorizdyy the southeastern
statedo developapplicabledata productto support the states. At project incept{®farch 2018)
SESARM chose t o us eemEsiisingent@rindtte cdirespoadingrageated 2028
base yeaemissions inventgr(projected off the 2011 emissions inventoag the basis for emissions
modeling asat the timethis was the lategmissions inventorgnd modeling platfornavailable to
support regional haze modelifgowever, the full use of therojectedEPA 2028 base yeamissions
inventory without adjustments were problematic for several reasmhsding

1. The electridy-generating unit (EGU) emissions for the projed&th 2028 base year

assumed control requirement benefits (e.g., fuel switching from coal to natsiralf glae
Clean Power Plan, thereby resulting in lower ESO, and SQ emissions.

2. Significant new sources &fOx and SQ emissions were not included in thejected EPA
2028base yeaemissions inventory.

3. Significant emission sourcéisatwereshutdown oprojected to shutdown prior to 2028 were
still present in the projected EPA 2028 base year emissions inventory.

4. One state, North Carolina, submitted projected 2028 emissions inventory data adjustments for
nonEGU sources to EPAyhichwere not included ithe projected EPA 2028 base year
emissions inventory.

SESARM concluded that developing an updated projected 2028 base year emissions inventory
was necessary to support its member states in meeting SIP requirements for the RHR.

1.2  Project Timeline
SESARM released an RFP for this project in December 2017, and an award was made in February

2018to the ERG contracting team. The initial contract began on March 1, 2018 authorizing Task 1

activities related to project management, work plan developmehthamuality assurance project plan
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(QAPP developmentTable 11 presents each task/subtask, including authorization dete¢lse project

continued, additional tasks were authorized.

Table 1-1. SESARM Tasks and Authorizations

analysis

Task Subtask Description Authorized
Task 1i Management Develop Work Plan, QAPP, mqnthly 3/1/2018
progress reports, and contract items.
Task 2i Emissions Inventory Develop the 2028 point source EGU af 4/20/2018
non-EGU emissions inventories
Convert the Task 2 emissions inventor
Task 3i Emissions Processing ggggs g/ln?igslfofr?srrgzg?giﬁgaagv.:.fg]er 6/29/2018
domain.
. : Retrieve andgtandardize pollutant,
I\isﬁiilitic?r?ta Gathering and meteorological, and deposition data 4/20/2018
q within the VISTAS domain
Identify sources of interesising back
Task 5i Area Of Influence trajectories, source locations, and 6/29/2018
emissions.
. . Develop theModeling Protocol. 4/10/2018
Task 6 Modeling Prepare Benchmark Comparison Runs  6/29/2018
Task 7i PSAT Tagging gsgsg;ignngsources/categorles of interest f( 3/14/2019
Task 8i Model Performance Compare modeled output results to
. ) . " 4/20/2018
Evaluations ambientmonitoring and deposition datal
Run future year modeling to evaluate
Task 9i Future Year Modeling | glidepathand estimate future year 10/23/2019
deposition.
Provide a mechanism for data storage
. and transfer of work prodts between
Task 101 Data Storage the contracting team, SESARM, and th 4/20/2018
state/local stakeholders.
Prepe_lr_e Inl_tlal Condition and Boundary 4/20/2018
Condition files.
Review, prepare, and update the 2028
Task 117 Additional requests point sources emissiotirsventory for re 11/21/2019
modeling.
Prepare Daypy-Day results for PSAT 2/18/2020

1.3  Organization of the Report

Thisreportis divided into B sections andneappendk.

1 Section lintroduces the Regional Haze Air Quality project and provides a description of
management activities, and the developments of the Work PlaQARB.
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T Section 2 presents an overview of the emissions inventory develgpnudunding differences
b et we e norigihdd 2088emissions inventory and the revised 2028 emissions inventory
call ed nAel v3o0

1 Section 3 chronicles the conversion of the 2028 point sources emissions inventory to Sparse
Modeling Operator Kernal Emissions (SMOKE) format for both SESARM aneBESARM
states.

T Section 4 summarizes the information on the data acquisition and gathering of ambient
monitoring and deposition datasets to support model performance evaluations (MPES).

T Section 5 discusses the Area of Influence (Aol) Analysis, and hovaBESised these
results for key stakeholder discussions.

T Section 6 documents ti@mprehensive Air quality Model with eXtensiai@AMX)
modeling benchmarking activities, demonstrating confidence in the modeling framework.

T Section 7 presents an overview lo¢ MPEsfor ozone, particulate matter less than or equal to
2.5 microns in aerodynamic diameter (P and the deposition data.

T Section 8 provides an overview of the Particulate Source Apportionment Technology (PSAT)
tagging activities, results, and us#ghe data results.

T Section 9 discusses the rationale for updating the original 2028 point sources emissions
inventory for remodeling activities, as well conversion of the 2028 point sources remodeled
emissions inventory for SESARM and RBESARM states the VISTAS domain.

T Section 10 presents an overview of the future year modeling activities, including methodology
and a summary of thguideslope calculations.

T Section 11 summarizes activities related to development of dry and wet deposition
calculations
1 Section 12 presents overview of additional requests authorized under this contract.

9 Section 13 summarizes the projectbés data ar

T Appendix A supportshis report by providing a comprehensive list of deliverables generated
underthis contract.

As tasks and subtasks were completed, BR&AIlpineprepared standlone reports documenting
the procedures, approaches, and assumptions for generation of the applicable dataset23In total,
technical reports and memoranda were prepatedg with several thousand Excel, Accepdf, and

image files.
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1.4 Work Plan

Under Task 1, ERG prepared the project work péproved April 18, 2018putlining the
technical stepsschedule of deliverables, and proposed staffing Houesach task.Elements of the
Work Plan, include: technical overview of the tasks and subtasks; project schedule; and project staffing.

As the project progressed, the Work Plan was not updtatedhnical procedures nor project

calendar updates

1.5 QAPP

Prior to initiationof technical work, approval of the QAPP by SESARM and EPA was required.
The QAPP addresses quality requirements for modeling projects and is responsive to all applicable
elements specified by EPX:® Under Task 1, ER@nd Alpineprepared th@APPwhich was approved
on April 4, 2018? Elements of the QAPP include: technical overview of the tasks and subtasks; project
schedule; quality objectives; documentation and records; air quality modeling information; data

management; and assessments and oversight

The QAPP was developed to accommodate changes in the project scope (e.g., additional

remodeling). Therefore, it was not necessary to update the QAPP durprgjdct

5> ERG. iwor k Pl an: Southeastern VI STAS 1|1 Regi onal Haze A
https://www.metrodsesarm.org/sites/default/files/VISTAS%20Work%20Plan%20Final%20180419.pdf

6 U. S. Environment al Protect i on AssgranoedPyoject Fldasy BPA RABROflice af me nt s
Environmental Information, Washington, DC, EPA/24@B/003, March 2001Reissued May 2006.

T U.S. Environment al Protection Agency, fGuSpDficecfe f or Qua
Environmental Information, Washington, DC, EPA/24@R/009, December 2002.

8 U. S. Environment al Protection Agenc yarMdigingiERAAQAGEMO or Qu a
Office of Environmental Information, Washington, DC, EPA/24Q/R007, December 2002.

® ERG. fdARevised Quality Assurance Project Plan: Southeast
File located athttps//www.metro4sesarm.org/sites/default/files/VISTAS%20QAPP%20Final%20180404.pdf
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2.0 VISTAS Il EMISSIONS INVENTORY DEVELOPMENT

This section summarizes the development of the projected 2028 emissions inventory for the ten
SESARM states. Activities related to Task 2 are presentbti@zd!//www.metro4
sesarm.ora/content/taskemissioninventories

ERG was directed by S EbSsédavqualiocy madslieag pathwdish 2 01 1
includes emissions, meteorology, and other inputs for 201k dsate year for the modeling described in
EPAGs TSD entitled "Preparation of Emissions 1In
Platform", dated August 2028 EPA projected the 2011 base year emissions to a 2028 future year base
case scena described in EPA$echnical Support Document$D) entitled, "Documentation for the
EPA's Preliminary 20208 Regional Haze Modeling", October 20This 2028 inventory c al | ed fiel
was used as the foundation for review and revising the 2028 enssssed for the Aol analysis and
PSAT modeling. As noted in EPAOGs TSD, the 2011
emissions to 2028 are in large part similar to the data and methods used by EPA in the firalaleoss
Air Pollution Ruk (CSAPR) Updaté and the subsequent notice of data availability (NOD#) support
ozone transport modeling for the 2015&ur ozone NAAQS.

2.1  Study Area of Interest

The area of interest for this study is the VISTAS 12 domain. As presented in Figuree2).S.

EPA continental U.S. (CONUS) modeling domain is divided into three sections:

1 VISTAS_ 12 Domain, VISTAS states: Alabama (AL), Florida (FL), Georgia (GA), Kentucky
(KY), Mississippi (MS), North Carolina (NC), South Carolina (SC), Tennessee (TN)nMirg
(VA), and West Virginia (WV).

T NonVISTAS States/Areas in VISTAS 12 Domain

o States Arkansas, Colorado (partial), Connecticut, Delaware, lllinois, Indiana, lowa,
Kansas, Louisiana, Maine, Maryland, Massachusetts, Michigan, Minnesota, Missouri,
Montana (partial), Nebraska, New Hampshire, New Jersey, New Mexico (partial), New
York, NorthDakota, Ohio, Oklahoma, Pennsylvania, Rhode Island, South Dakota, Texas,
Vermont, Wisconsin, Wyoming (partial).

o Areasi District of Columbia, Gulf of Mexico (U.S.), Northeastern Mexico, Southern
Canada (Manitoba province through New Brunswick), imternational offshore areas off
the Atlantic Ocean.

https://www.epa.gov/aiemissionsmodeling/2013version63-technicalsupportdocument

1 hitps://www3.epa.gov/ttn/scram/reports/2028 _Regional Haze ModEHmypdf

12 hitps://www.epa.gov/airmarkets/finatossstateair-pollution-rule-update

https://www.epa.gov/airmarkets/notidataavailability-preliminaryinterstateozonetransportmodelingdata20150zone
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1 States/Areas Outside of VISTAS 12 Domain:
o States Arizona, CaliforniaColorado (partial), Idaho, Montana (partial), Nevada, New
Mexico (partial), Oregon, Utah, Washington, and Wyon{peytial)
o Areasi Northwestern and Southern Mexico, Southwestern Canada (Alberta through
Saskatchewan), andternational offshore areas tfffe Pacific Ocean.

—2412.0 2340.0
246 18320
<00 Non-VISTAS [~
states/areas
StateS/areaS in VISTAS 12
150 outside of domaln
VISTAS_12
domain
100 = VISTAS
y states
o0 ' AN . -
A b
-y
0 — 1620
0 50 100 150 200 291) 300 350 396

Figure 2-1. Geographic Areas for the VISTAS Il Regional Haze Analysis Project
2.2 Pollutants of Interest

The pollutants of interest are the following criteria pollutants: carbon monoxide (CO); oxides of
nitrogen (NQ); particulate mattefPM) less than 10 microns (RMPRI); PM less than 2.5 microns
(PM25-PRI); sulfur dioxide (S@); and volatile organic compounds (VOCs). Additionally, ammonia

(NHs) was of interest as a precursor pollutant for PM.
2.3  Sectors and Years of Interest

For emissios modeling, all sectors were compiled for base year 2011 and projected year 2028.
These include:
1 Point SourcesEGU, norEGU sources, railyards, and aircrafts activities (e.g.,

landing/takeoffs; groundupport equipment, and idling);
1 PointFires Fires data with emission release point locations;
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2.4

T Nonpoint SourcedNonpoint area sources, locomotives (outside the railyards), and commercial

marine vessels (CMVs);

T Onroad Source<Cars, trucks, buses, motorcycles, and Stage 2 refueling;
1 NonroadSourcesOff-road engines, such as for construction, lawn and garden, and

recreational marine vessels; and

1 Biogenics

Data Processing

Bi ogenic
Inventory System (BEIS) software.

e mi

ssions from vegetation ar

After consutation with the SESARM states, it was decided that only point sources emissions were

to be reviewed and updated for thi®ject thus, there were no emissions updates for the other sectors,

and the projected 2028 EPA emissions would be used without excepo facilitate stateeview of the

point sources data, ERG obtained the following emissions inventory data:

Access. The data were then extracted for the ten VISTAS states for the pollutants of interest. ERG
reviewed the data fields for completeness. The datasetsiveerenergedo provide sideby-side analysis
of emissions. ERG matched the emissions summaries published BStBER#e extracted emissions for

g 2011
site*

g 2023

g9 2028

A

n
A

el

en
el

0

0
0

e mi

S S

ons

i nventory datasets

(i nc

emi ssionseidnyeommo EPAdat ETIPt Sitetr

e mi

S S

ons

i nvent or ytamdat aset s

T 2028 emissions inventory data for EGUs generated bdktern Regional Technical
Advisory Committe ERTAC) EGU projection todPfrom the CONUS 2.7 m

retr

All 2011, 2023, and 2028 emissions data were uploaded into Microsoft SQL Server and Microsoft

the ten VISTAS states.

2011 Base Year Emissions

The emissions data in the 2011 platform are primarily bas&tmsion 2 of th&2011National

Emissions Inventory (NEHpr point sources, nonpoint sources, CMVs, nonroad mobile sources, and fires.

The onroad mobile source emissions are similar to those in the 2011NEIv2 but were generated using the
released 2014a véos of the Motor Vehicle Emissions Simulator (MOVES2014a). Fugitive dust

emissions from anthropogenic sources (i.e., agricultural tilling and unpaved roads) are included in the

14
15

16

Data obtained fromftp://ftp.epa.gov/Emisinventory/2011v6/v3platform/2011lemissions

Data obtained with permission from J. McDMjd-Atlantic Regional Air Management AssociatiddARAMA ). More
information on this data is presentedtdtp://www.marama.org/2018rtaceguforecastingtool-documentation

Statelevel pollutant emissions by SCC were retrieved from:
ftp://newftp.epa.gov/air/lemismod/2011/v3platform/reports/2011el_and 2023el/2011el 2011ek 2017ek 2023el_state fullS

CC_summary.xlsx
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nonpoint sector of the inventory, but wibtbwn dust from natural sources istraccounted for in the

inventory?’

CAMx-ready emission inputs for 2011 were generated by EPA mainly by the SMOKE and BEIS
emissions models. CAMx requires two emission input files for each day: (1) low level gridded emissions
that are emitted directly iatthe first layer of the model from sources at the surface with little or no plume
rise; and (2) elevated point sources (stacks) containing stack parameters from which the model can

calculate plume rise.

To conserve resour ces, miBeMiarad fOorhaivasusecewithogts i o n

exceptiont®

2028 Projection Year Emissions

For traditional countyevel source emissions, EPA projecal1 emissiosito 2028 using
various secterdependent methodologies. Onroad and nonroad mobile source esissie created for
2028 using the MOVES and NONROAD models, respectively. Nonpoint area source emissions were
prepared using growth and control factors simulating changes in economic conditions and environmental

regulations anticipated to be fully implented by calendar year 2028.

For projected year 2028 EGU point sources, states considered the EPA 2028el, the EPA 2023en,
or 2028 emissions from the ERTAC EGU projection tool from the most recent CONUS 2.7 run. The EPA
2028el emissions inventory for EGUsnsidered the impacts of tiidean Power PlaCPB, which was

17 Wind-blown dust emissions are included astpf the CAMx model.

18 VA Department of Environmental Quality (VADEQ) noted vianil and attachments to ERG on 6/7/2018 that four
sources in the 2011 NEI did not match their internal emissions inveillagyto time and resource constraints, these
updaes were not made for the 2011 modeling
1) Meadwestvaco Covington (EIS Facility ID = 5798711): EPA's 2011 NEI facility summary spreadsheet shows 356.2 tons
of SO, from this facility in 2011. Emissions reported to VA DEQ for 2011 are 7,850 to&8&0f
2) Chemical Lime Company (EIS Facility ID 4184511): The 2011 NEI data reflect values submitted by the facility (514.9
tonsNOx, 896.8 tonsS(Q,). The facility has since submitted updated emissions factors such that 2011 emissions for this
facility are estimated to be 1,395 tdi®x and 5,710 tonSO,.
3) Old Virginia Brick Company (EIS Facility ID = 8517811): EPA's 2011 NEI facility data sh@®Bltons oNOx
emitted from this facility. Virginia's internal database shows 5.8 toh&gfin 2011 from this facility. The facility has
since permanently shut down.
4) Celanese (EIS Facility ID = 4004311)/Duke Energy of Narrows (EIS Facility ID8M189: VADEQ noted tha®0, and
NOx emissions from the steam plant at Celanese Acetate (EIS Facility ID = 4004311) were not included in the EPA 2011
modeling inventory. These emissions are included in the 2011 NEI under EIS Facility ID = 1069871 1thimictnae¢ the
steam plant was under separate ownership and therefore was considered a separate, support facility. In 2012 ownership of
the steam plant reverted to Celanese, and from 2012 on, emissions from the steam plant were included with Celanese's
emissions. The 2011 modeling inventory for VA does not appear to account for 3,540 td@g ahd 6,540 tons B30,
from EIS facility # 10698711.
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later vacated. Impacts of the CPP assumed thafficedlEGUs would be shutdown and replaced by
natural gadired EGUs. Thus, the EPA 2028el projected emissions for EGU emissions aeélettive

of probable emissions for 2028. The ERTAC EGU emissions did not consider the impacts of the CPP.
Details on state decisions are presented in the Task 2A report.

For projected year 2028 ndtGU point sources, most states considered the EPA 2@2@BPA
2028el emissions, as well as providing their own emissions. For exahgdNgrth CarolinaDepartment
of Environmental Quality (NCDEQJevelopedts own 2028 norEGU point source emissions inventory
by applying growth and control factors and f#giclosures to the data in EPA's 2016 modeling platform.
Georgia used 2016 emissions (or 2014 emissions if 2016 was not available) to represent 2028 emissions
for the 33 norEGU facilities with over 100 tons per year (tpy) of .S®2011 (does not includ

Hartsfield Jackson Atlanta International AirporDetails on state decisions are presented in the Task 2A

report.
2.5 Comparison of Revised EGU and NofEGU Inventories to the EPA 2028 el Inventory

Tables 21 through 210 present statkevel emissions comparisons by pollutant of the original
projected EPA 2028 base year emissions and the revised SESARM 2028 base year €oalstbns
el v30)

Table 21 summarizes the revised 2028 point EGU andBGh emissions for Alabama.

Table 2-1. Alabama 2028 Point EGU and NorREGU Emissions Comparison

Revised 2028 EPA 2028el Revised 2028 EPA 2028el| % Diff

EGU EGU % Diff Non-EGU Non-EGU for
Emissions Emissions for Emissions Emissions | Non-
Pollutant (tpy) (tpy) EGU (tpy) (tpy) EGU
CO 11,845 27,988 -57.7% 65,588 63,285 3.6%
NH3 862 2,007 -57.0% 1,522 1,399 8.8%
NOy 27,964 23,699 18.0% 52,426 53,438 -1.9%
PMio-PRI 3,836 6,495 -40.9% 18,496 18,336 0.9%
PMz.s-PRI 2,679 4,999 -46.4% 15,246 15,104 0.9%
SO 17,031 28,892 -41.1% 70,670 72,276 -2.2%
VOC 1,266 2,422 -47.7% 24,976 23,958 4.2%
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Table 22 summarizes the revised 2028 point EGU andiBGi) emissions for Florida.
Table 2-2. Florida 2028 Point EGU and NorREGU Emissions Comparison
Revised 2028/ EPA 2028el Revised 2028 EPA 2028el| % Diff
EGU EGU % Diff Non-EGU Non-EGU for
Emissions Emissions for Emissions Emissions | Non-
Pollutant (tpy) (tpy) EGU (tpy) (tpy) EGU
CO 26,658 65,259 -59.2% 100,250 94,837 5.7%
NH3 3,520 4,129 -14.8% 1,177 2,440 -51.8%
NO« 27,659 44,775 -38.2% 40,347 38,233 5.5%
PMio-PRI 9,716 10,231 -5.0% 13,646 12,585 8.4%
PM2.5-PRI 8,478 7,917 7.1% 11,802 10,777 9.5%
SO 29,220 54,015 -45.9% 34,281 35,648 -3.8%
VOC 1,406 2,811 -50.0% 26,536 25,669 3.4%
Table 23 summarizes the revised 2028 point E&1d noREGU emissions for Georgia.
Table 2-3. Georgia 2028 Point EGU and NofEGU Emissions Comparison
Revised 2028| EPA 2028el Revised 2028 EPA 2028el| % Diff
EGU EGU % Diff Non-EGU Non-EGU for
Emissions Emissions for Emissions Emissions | Non-
Pollutant (tpy) (tpy) EGU (tpy) (tpy) EGU
CO 9,986 25,058 -60.1% 57,245 67,860 -15.6%
NH3 1,178 1,508 -21.9% 5,595 5,678 -1.5%
NO« 25,927 13,163 97.0% 41,270 45,540 -9.4%
PMio-PRI 5,227 3,876 34.8% 12,382 15,695 -21.1%
PM25-PRI 4,340 3,374 28.6% 9,653 12,502 -22.8%
SO 18,474 27,533 -32.9% 18,591 23,519 -21.0%
VOC 1,062 885 19.9% 24,524 27,198 -9.8%

Table 24 summarizes the revised 2028 point EGU andBGh emissions for Kentucky.
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Table 2-4. Kentucky 2028 Point EGU and NorREGU EmissionsComparison

Revised EPA 2028el Revised 2028 EPA 2028el| % Diff
2028 EGU EGU % Diff Non-EGU Non-EGU for

Emissions Emissions for Emissions Emissions | Non-

Pollutant (tpy) (tpy) EGU (tpy) (tpy) EGU
CO 11,851 24,801 -52.2% 85,720 86,082 -0.4%
NH3 681 705 -3.4% 449 508 -11.5%
NOy 37,019 43,411 -14.7% 29,221 31,048 -5.9%
PMio-PRI 8,293 12,180 -31.9% 15,902 16,253 -2.2%
PM2.5-PRI 6,475 9,409 -31.2% 10,458 10,619 -1.5%
SO 56,319 81,304 -30.7% 18,821 19,083 -1.4%
VOC 1,271 1,212 4.9% 43,373 46,814 -71.4%

Table 25 summarizes the revised 2028 point EGU andiBG emissions for Mississippi.

Table 2-5. Mississippi 2028 Point EGU and NofEGU Emissions Comparison

Revised | EPA 2028el Revised 2028 EPA 2028el

2028 EGU EGU % Diff Non-EGU Non-EGU % Diff

Emissions | Emissions for Emissions Emissions | for Non-
Pollutant (tpy) (tpy) EGU (tpy) (tpy) EGU
CO 4,939 18,160 -72.8% 36,787 34,061 8.0%
NH3 614 1,288 -52.3% 1,925 1,784 7.9%
NOy 18,735 11,210 67.1% 33,880 32,503 4.2%
PMio-PRI 1,483 1,923 -22.9% 9,169 9,184 -0.2%
PM.5-PRI 1,181 1,777 -33.5% 7,749 7,765 -0.2%
SO 6,530 6,253 4.4% 14,250 19,255 -26.0%
VOC 473 2,183 -78.3% 27,102 25,389 6.7%

Table 26 summarizes the revised 2028 point EGU andBGih) emissions for North Carolina.

Table 2-6. North Carolina 2028 Point EGU and NorEGU Emissions Comparison

Revised EPA 2028el Revised 2028| EPA 2028el| % Diff
2028 EGU EGU % Diff Non-EGU Non-EGU for
Emissions Emissions for Emissions Emissions Non-
Pollutant (tpy) (tpy) EGU (tpy) (tpy) EGU
CO 12,053 22,086 -45.4% 46,358 33,823 37.1%
NH3 105 1,284 -91.8% 1,356 1,271 6.7%
NOy 27,811 18,528 50.1% 38,053 30,418 25.1%
PMio-PRI 4,127 3,203 28.9% 12,838 8,590 49.4%
PM.5PRI 3,568 2,763 29.1% 8,875 5,866 51.3%
SO 19,734 11,548 70.9% 15,498 21,407 -27.6%
VOC 640 1,075 -40.4% 47,066 29,129 61.6%
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Table 27 summarizes the revised 2028 point EGU andBGih) emissions for South Carolina.

Table 2-7. South Carolina 2028 Point EGU and No+EGU Emissions Comparison

Revised EPA 2028el Revised 2028 EPA 2028el| % Diff

2028 EGU EGU % Diff Non-EGU Non-EGU for
Emissions Emissions for Emissions Emissions | Non-
Pollutant (tpy) (tpy) EGU (tpy) (tpy) EGU
CO 13,676 11,181 22.3% 89,997 89,363 0.7%
NH3 913 657 38.9% 1,704 1,657 2.8%
NOy 11,458 12,303 -6.9% 24,594 22,613 8.8%
PMio-PRI 3,486 6,611 -47.3% 6,441 6,322 1.9%
PM.5PRI 2,751 4,159 -33.9% 4,638 4,530 2.4%
SO 10,774 18,231 -40.9% 18,827 17,885 5.3%
VOC 1,864 1,847 0.9% 20,763 22,387 -7.3%

Table 28 summarizes the revised 2028 point E&id noREGU emissions for Tennessee.

Table 2-8. Tennessee 2028 Point EGU and NaBGU Emissions Comparison

Revised EPA 2028el Revised 2028 EPA 2028el| % Diff
2028 EGU EGU % Diff Non-EGU Non-EGU for
Emissions Emissions for Emissions Emissions | Non-
Pollutant (tpy) (tpy) EGU (tpy) (tpy) EGU
CO 4,403 5,837 -24.6% 48,950 45,967 6.5%
NH3 189 419 -54.8% 991 1,019 -2.7%
NOy 10,086 10,025 0.6% 35,793 36,007 -0.6%
PMio-PRI 3,860 5,608 -31.2% 11,074 10,755 3.0%
PM.5-PRI 3,398 3,919 -13.3% 8,171 7,892 3.5%
SO 12,114 28,429 -57.4% 11,333 8,781 29.1%
VOC 635 416 52.6% 33,238 33,717 -1.4%

Table 29 summarizes the revised 2028 point EGU andlBGi) emissions for Virginia.

Table 2-9. Virginia 2028 Point EGU and NorREGU EmissionsComparison

Revised EPA 2028el Revised 2028 EPA 2028el| % Diff

2028 EGU EGU % Diff Non-EGU Non-EGU for
Emissions Emissions for Emissions Emissions | Non-
Pollutant (tpy) (tpy) EGU (tpy) (tpy) EGU
CO 5,949 31,807 -81.3% 33,899 32,019 5.9%
NH3 444 1,379 -67.8% 1,396 1,400 -0.3%
NOx 13,338 10,207 30.7% 29,872 31,321 -4.6%
PM;o-PRI 2,979 853 249.2% 5,764 5,849 -1.5%
PM.s-PRI 1,568 747 109.7% 4571 4,607 -0.8%
SO 3,389 2,335 45.2% 16,450 16,967 -3.0%
VOC 1,016 650 56.2% 17,400 17,498 -0.6%
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Table2-10 summarizes the revised 2028 point EGU andEGk emissions for West Virginia.

Table 2-1. West Virginia 2028 Point EGU and NorREGU Emissions Comparison

Revised 2028 EPA 2028el Revised 2028 | EPA 2028el| % Diff
EGU EGU % Diff Non-EGU Non-EGU for

Emissions Emissions for Emissions Emissions Non-

Pollutant (tpy) (tpy) EGU (tpy) (tpy) EGU
CO 12,968 11,894 9.0% 33,399 33,581 -0.5%
NH3 70 840 -91.7% 187 215 -12.9%
NOy 46,722 27,315 71.0% 18,332 22,530 -18.6%
PMio-PRI 11,499 11,311 1.7% 3,214 4,292 -25.1%
PM2.5-PRI 9,574 7,604 25.9% 2,217 2,963 -25.2%
SO 57,829 46,075 25.5% 5,575 15,151 -63.2%
VOC 1,100 779 41.3% 7,596 8,046 -5.6%

Pollutant emission bubble maps highlighting emission changes for the poinak&GhbREGU
sector from the EPA 2028el inventory to the revised VISTAS 2028 inveatergresented in the Task

2A report

2.6

Under the direction of SESARM, ERG replaced the EPA 2028el EGU emission with the 2028
ERTAC EGU emissionfom the CONUS 2.7 rufor the noRVISTAS states in the VISTAS 12 domain.

Revisions to the NoRVISTAS States in the VISTAS_ 12 Dorain

No other emission changes were considered for this part of the VISTA®M#Nn. Summary emissions

for the NonrVISTAS states in the VISTAS_12 domain are presented in Chapter 3 of this report, as well as

the Task 3A report for Emissions Processing.

2.7

Table 211 summarizes the Base Year 2011 Tier 1 emissions by pollutant for the ten VISTAS

Tier 1 Emissions Comparison

states, while Table-22 summarizes the revised 2028 Tier 1 emissions by pollJtable2-13 presents

the percent change by pollutant from the 20k 1 emissions to the revised 20Z&r 1 emissions.

Statelevel summaries are presented in the Task 2A report.
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Table 2-11. 2011 Tier 1Pollutant Emissions(except Biogenic) for the Ten VISTAS Statg®

PMio- PM2 5
Tier 1 Description . N NE PRI PRI =02 oe

tpy
Chemical & Allied Product Mfg 34,883 6,762 17,238 5,022 3,837 39,482 20,714
Fuel Comb. Elec. Util. 151,802 6,471 488,453 | 85,656 61,846 | 1,191,386 10,576
Fuel Comb. Industrial 264,348 2,696 250,349 | 120,862 | 97,403 | 177,103 | 19,668
Fuel Comb. Other 277,771 7,390 70,985 39,401 38,003 27,359 47,920
Highway Vehicles 7,549,047 | 32,263 | 1,574,943| 88,017 47,390 8,027 791,993
Metals Processing 163,506 123 12,501 15,160 12,650 33,405 9,833
Miscellaneou¥’ 3,953,133 | 633,365| 106,762 | 3,732,801| 827,631 | 41,197 | 740,642
Off-Highway 3,710,940 604 626,217 | 49,059 46,279 34,422 | 541,514
Other Industrial Processés 105,113 8,737 98,400 | 194,381 | 78,734 44,820 | 148,394
Petroleum & Relatethdustries 95,162 120 73,588 2,963 2,459 33,046 | 145,163
Solvent Utilization 318 190 367 910 796 48 668,718
Storage & Transport 2,886 284 497 7,448 3,462 89 323,577
Waste Disposal & Recycling 576,851 2,177 22,864 85,381 75,021 3,971 48,995

Totals | 16,885,761| 701,183 | 3,343,164| 4,427,062| 1,295,512| 1,634,354 3,517,706
19 Totals for PM¢-PRI and PMsPRI include the unadjusted RWPRI and PMs-PRI emissions for source categotiess c | uded i n t3eeApfieadixdCust 0 sec

for the list of source categories and comparison of adjusted and unadjusted emissions by state
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Table 2-12.2028 Tier 1Pollutant Emissions(except Biogenic) for the Ten VISTAS States, el¢3

PMio- PM2.s-
Tier 1 Description . N NE PRI PRI =02 oe

tpy
Chemical & Allied Product Mfg 28,357 4,987 10,592 5,300 3,708 35,496 20,707
Fuel Comb. Elec. Util. 115,627 7,608 244,706 | 49,625 40,397 | 229,708 9,434
Fuel Comb. Industrial 274,608 3,075 207,420 | 127,056 | 107,579 | 79,113 18,126
Fuel Comb. Other 262,447 7,318 67,126 36,710 35,651 16,893 43,053
Highway Vehicles 2,371,974 | 21,976 | 341,421 | 63,604 16,147 3,117 192,413
MetalsProcessing 162,305 143 12,403 14,572 12,095 32,729 9,245
Miscellaneou¥ 3,778,975 | 675,213 | 99,091 | 4,362,444| 890,359 | 37,923 | 727,086
Off-Highway 3,676,988 742 349,374 | 23,899 22,227 7,646 301,285
Other Industrial Processés 104,406 8,478 97,274 | 192,736 | 76,665 41,408 | 149,490
Petroleum & Related Industries 144,989 122 101,783 6,207 5,864 46,286 | 233,019
Solvent Utilization 337 165 379 919 819 25 687,863
Storage & Transport 990 219 509 6,711 3,275 91 219,387
Waste Disposal & Recycling 577,013 2,107 22,922 85,386 75,052 3,828 49,596

Totals | 11,499,015| 732,154 | 1,555,000| 4,975,169| 1,289,838, 534,264 | 2,660,703
20 Totals for PMe-PRI and PMs-PRI include the unadjusted RWPRI and PMs-PRI emissions for sourcecategos i ncl uded in the fAafdusto s

for the list of source categories and comparison of adjusted and unadjusted emissions by state
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Table 2-13. Percent Change in Emissionsy Tier 1 Level, All Sectors Combined (except Biogenidpr the Ten VISTAS

States?!
PMio- PM2.5
Tier 1 Description co N N PRI PRI S0z VeIe
% Difference
Chemical & Allied Product Mfg -19% -26% -39% 6% -3% -10% -0.04%
Fuel Comb. Elec. Util. -24% 18% -50% -42% -35% -81% -11%
Fuel Comblndustrial 4% 14% -17% 5% 10% -55% -8%
Fuel Comb. Other -6% -1% -5% -7% -6% -38% -10%
Highway Vehicles -69% -32% -78% -28% -66% -61% -76%
Metals Processing -1% 16% -1% -4% -4% -2% -6%
Miscellaneos'® -4% 7% -7% 17% 8% -8% -2%
Off-Highway -1% 23% -44% -51% -52% -78% -44%
Other Industrial Processés -1% -3% -1% -1% -3% -8% 1%
Petroleum & Related Industries 52% 1% 38% 109% 138% 40% 61%
Solvent Utilization 6% -13% 3% 1% 3% -48% 3%
Storage & Transport -66% -23% 2% -10% -5% 2% -32%
WasteDisposal & Recycling 0.03% -3% 0.25% 0.01% 0.04% -4% 1%
Totals -32% 4% -53% 12% -0.4% -67% -24%
21 Totals for PM¢-PRI and PMs-PRI include the unadjusted RWPRI and PMs-PRI emissions for source categp e s i ncl uded i n t he

for the list of source categories and comparison of adjusted and unadjusted emissions by state

2-12
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3.0 VISTAS Il EMISSIONS PROCESSING

This section summarizes the procedures to prepare the 2028 point sources inventory i
CAMxready files, and to integrate with other emission sources within the VISTAS dom|
Activities related to Task 3 are presentedtdtps://www.metro4esarm.org/content/task
3-emissiongprocessing

ERG tasked Alpine with preparing SMOKEady input files for processing poirdsce
emissions to support the 2028 regional haze base case. For these tasks, Alpine created SESARM state
inputs (based on ERG provided data), as well asSEEBARM state files to generate national modeling
inventories for these categories consistent Wiéh2011 meteorology associated with the base year

modeling platform.

On June 30, 2018, ERG provided Alpine, via project File Transfer Protocol (FTP), with two
emissions inventory files for use in this task:
T VISTAS 2028 FF10 EGU.zip EGU emissions estins for the 2028 regional base case.

T VISTAS 2028 FF10 NON_EGU.zipNon-EGU emissions estimates for the 2028 regional
base case.

These files represent the SESARM state EGU aneEtd point source emissions, respectively,
and replace the EGU and nr&GU saurce files for the SESARM states from the EPA 2028el modeling
platform. No 2028 adjustments were made to the other sector files (e.g., nonpoint, nonroad, onroad,

biogenic, etc.) used in modeling the future year.

Upon receipt of these files, Alpine firstrdirmed that the files were in the documented Flat File
2010 (FF10) format and that all states in the SESARM region were represented in each file. As a second
step, Alpine compared the emission files with the summary files by Federal Information Processing
System (FIPS) code, source classification code (SCC), and pollutant that were provided by ERG and
confirmed that the annual emission totals of both files matched the summary file totals. A finse pre
guality assurance/quality control (QA/QC) step wasdnfirm that all required fields for modeling were
populated and that all sources had latitude and longitude data within the boundaries of the SESARM state

domain.
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Additionally, Alpine obtained the ERTAC EGU forecast tool, version 2.7, emission projgttio
2028 that were prepared by the ERTAC EGU workgfbapd made available through a FTP transfer to
Alpine from ERG on May 1, 2018. These EGU projections were used feSB8ARM states.

3.1 File Preparation: Non-EGU Point Sources

Since noissueswereiden f i ed i n Al pinebds cursory QA/ QC r
AVI STAS 2028 FF10_NON_EGUO fil e pr ov-iorhattddfley ERG
with new header information indicating what emissions were included in the file and that it was to be used
in the SESARM 2028 regional haze modeling analysis. The resulting file was preparedsindmed
Affl0 point_nonegu_sesarm_2028.csvo. Alpine con

emissions totals.

As a second stepp complete the 2028 inventory fdret remainder of the VISTAS modeling
domain,Alpine developed noBSESARM state noEGU point source emissions filesnsistent with the
formatting ofthe SESARMonly file prepared by ERG. For this purpose, Alpine reviewed the EPA list of
non-EGU point soure emissions for SMOKE processfi¢p determine which files were necessary for us
to review and extract neBESARM state data. From these files, Alpine determined that the following
files were needed to extract R@ESARM state data to fully represent ABGU point sources consistent

with EPAG6s 2028el model ing platfor m:

2023el_from_refueling_2011NEIv2_POINT_20140913 20sep2016 vl.csv

2023 _MARAMA _Point_Offsets 2016 08 24 04o0ct2016 vl.csv
Biodiesel_Plants 2018 ff10_ 11apr2013_v0.csv
2023el_from_ethanol_plantsOPINEIv2_POINT 20141123 20sep2016_v0.csv
lllinois_WV_new_sources_NODA 29aug2016_v2.csv

MARAMA 2028 ptnonipm_2011NEIv2_POINT 20140913 revised 20150115 mar_18nov2
016_v3.csv

MARAMA_2028el_refueling_2011NEIv2_POINT_20140913 18nov2016_vl.csv

MARAMA 2028el_pt_olgas_2011NEIv2_POINT_20140913 mar_21nov2016_vl.csv

T 2028el_pt_oilgas_2011NEIv2_POINT_20140913 02dec2016_vl.csv

=A =4 -4 -4 -4 -4

= =4

22 SESARM received permission from J. McDill of MARAMA on April 27, 2018 to allow SESARM to use the ERTAC E
forecast tool, version 2.7 emission projections for year 2028 for this project. As such, ERG downloaded this data from a
North Carolina Division of Air Quality (NCDAQ) secure FTP sitip(dag.ncdenr.ofgfor Task 2 activities and provided
the data to Alpine for Task 3 activities.

22 T h eptinvi_ptnonipm_2028el_cb6v2_v6_11gdsindfiptinv_pt_oilgas_2028el_cb6v2_v6_1llglst wer e extr act ec
ftp://ftp.epa.gov/Emisinventory/2011v6/v3platform/2028emissi@d&8el_cb6v2_v6_11g_inputs_point.zip
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These files were concatenated to develop a singlée@lu point source file of national coverage
and to be consistent with tERG-provided SESARMonly norEGU point source files. From this single
file, Alpine removed all records associated with SESARM state sources. The remaining file was
reconfigured as a new FF10 formatted input file and is named
Affl0_ point_nomeBged .nenwvsoes a&Srimc2xe0 these emi ssions
use by EPA in their modeling platform, no additional QA/QC beyond removal of SESARM state records
was conducted by Alpine.

Both norEGU point source files were prepared with annual emmssamd no additional temporal
file preparation (daily or hourly input format)

configuration.
3.2  File Preparation: EGU Point Sources

Alpine obtained the ERTAC EGU forecast tool, version 2.7, emission pmjsdid 2028 that
were prepared by the ERTAC EGU workgrédtand made available through an FTP transfer to Alpine
from ERG on May 1, 2018. As a first step, Alpine concatenated the individual region input files and
created a single, national file of EGU esims as included in each of the following ERTAC v.2.7 files:
FsS_WESTAR_WAORWYIDMTNDSDCANVAZUTNMCO_ff10_future.csv
FsS_CENSARA_ARIAKSLAMOOKNETX_ff10_future.csv
FsS_SESARM_ALFLGAKYMSNCSCTNWV_ff10_future.csv

FsS_LADCO_INILMIMNOHWI_ff10_future.csv
FsS_MANEVUVA_CTDEDCMEMDMANHNJINYPARIVTVA_ff10_future.csv

=A =4 =4 -4 4

From this single file, Alpine removed all records associated with SESARM state sources (no
matching to EPAO6s Integrated Planning Model (1P
these files to deteine if there were units missing in the RBESARM states}® The remaining file was
reconfigured as a new FF10 formatted input file and used as a working file f@E®ARM state EGU
file development. Similar to the ndeGU cursory QA/QC, Alpine confired that all required fields for
modeling were populated and that all sources had latitude and longitude data within the boundaries of the
modeling domain and outside of SESARM states.

24 SESARM received permission from J. McDill of MARAMA on April 27, 2018 to allow SESARM to use the ERTAC EGU
forecast tool, version 2.7 emission projens for year 2028 for this project. As such, ERG downloaded this data from a
NCDAQ secure FTP sitdtp.dag.ncdenr.ofgfor Task 2 activities and provided the data to Alpine for Task 3 activities.

25 Since we did nbprepare the original ERTAC files, we included all obtained files in the case that the ERTAC group may
have included/excluded SESARM sources in any one of the other files.
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For ease of data management, processing, and resulting QA/QC, Alpiretitatenated the
SESARMonly EGU file provided by ERG to the working file to create a single, national, annual
emissions file for all EGU emission sources (both SESARM aneSEBARM states). The file is called
Aptegu_2028_12july2018.csvo.

This file wasthen configured with new header information to indicate the national coverage of the

i nputs and documented to note the fileds use in
3.3  Additional Data for Small EGUs

The ERTAC tool i ncludes EGUs that burn fossi
capacity or 0250 million British ther mal uni ts
for the power grid. EPAGOGs ilfuePudits hsahose mausidd inIERTAC,u d e s
plus small EGUs with <25 MW of generation capacity or <250 MMBtu/hr of heat input and may or may
not produce electricity for the power grid. Therefore, it was necessary to develop a 2028 projection year
inventory br the small EGUs that are included in IPM but not in ERTAC to include in the VISTAS Il
modeling platform to ensure complete accounting of emissions from small EG&documentation for
developing the small EGU inventory and the QA/QC steps conductevébop the small EGU inventory
are included in the Task 3A Repdtt

The small EGU FF10 files were finalized in eaNpvember’ and sent to ALPINE for emissions

processing. Processing concluded on December 9, 2018.

3.4 Hourly Scaling for EGU Point Sources

The next step was to create hourly emission files consistent with the temporal distribution of
EPAGs 2011el modeling platform for EGUs that re
EPA. Thepurpose of this step was to ensure that emissionsaieauin 2028 occur in the same timelines
as the emissions were simulated in the 2011 modeling, preventing fabricated emissions increases or
decreases between the two years simply as a result of the temporal profile. For example, Alpide ensure
that a unitoperating during hour 14 of June™ia the 2011 simulatiowasalso operating at a
comparable level on hour 14 of Jund'12 the 2028 simulation with the only difference being in the

absolute level of emissions between the two years.

% Memorandum: fASoutheastern VISTAS 1| Rlasg Endssians Invehéoy or Pr oj e
Smal | Electricity Generating Units (EGUs) for States no
Carolina Division of Air Quality (NCDAQ). December 7, 2018.

27 Final data files submitted to SESARM by NCDAQ oovémber 12, 2018.
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In ordertoaccompi sh this step, Alpine first obtaine:
based EGU emissions from the 2011/2028el modeling platforms. These files present hourly emissions of
NOyx and SQ emissions, as well as provide an hourly distribution of heat fioptihe annual episode

simulated (e.g., the 2011 calendar year).

Using these files, Alpine generated an hotiohannual ratio of N@ SQ, and heat input for each
unit identified by EPA within the VISTAS 12 domain. Alpine used ratio preparation methgdsaty
identified and applied for VISTAS in past regional haze studi@aese ratios were then matched to the
new annual EGU file fAptegu_2dlid&8verdudqd tolscal® andudl,N@ s v 0
emissions, the S{atios were used to d4eaSQ emissions, and heat input was used to scale all other
poll utant emissions from annual to hourly distr
associated N©or SG ratios (because of missing or incomplete data), Alpine used heat inputsasitre

for all pollutants.

For cases where ORIS facility and unit ID were not provided in either the SESARM EGU file or
the nonRSESARM ERTAC EGU file, no hourly emission distribution was calculated, and default

temporal profiles will be used in tlenissions processing of these sources.

The sole exception to this procedure wasRbeer PlanScherer facilityin Georgia (GA) In
20112014, Plant Scherer installed selective catalytic reduction (SCREdi@rols on Units 4. These
SCR controls are only required to be run from May 1 to September 30. GA Department of Natural
Resources (GA DNR) provided episodic (Jantidgrch, ApritSeptember, and OctobBrecember)

emission aggregates for each of fourldsi at this facility

3.5 Addendum to the elv3 Emissions Processing
Since the completion of the elv3 emissions processing and subsequent modeling efforts (October
2019), SESARM concluded that the 2028 point EGU andEB emissions needed to be reviewed and

updated for selected sources. These include data review from:

Point source emissions updates identified inAbkreport;

Updated2028EGU emissiongrojectionsdeveloped by ERTAC;

EPAGs 2028 poi nbasedoa the 2016 medelingspatformnnasd

Additional facility emission updates after PSAT analysis from other regional planning
organizations with states in the VISTAS modeling domain, such as the Central Regional Air
Partnership (CenRAP); the Lake Michigan Air Directors Consortium (LADCO); tide M

=A =4 =4 =4

28 ftp://ftp.epa.gov/Emisinventory/ei_conference/El14/sessionl1/stella.pdf
35
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Atlantic and Northeast Visibility Union (MAN&/U); and the Western Regional Air
Partnership (WRAP).

Specific updates related to development of the 2028 emissions inventory updateaddeliag
are documented in the Task 2B report for SESARM staJ ask 3B for nofSESARM statesThe

remodel ed emi ssions® are referred to as fiel v5090.

When comparing emissions processing results from the elv3 modeling and the subsequent
modeling (ehb), several problems were identified within the elv3 modeling framleviocluding
differences in modeled emissions besignificantly differentthan expected emissiofis., the mass
emissions ERG provided to Alpine for processing through the SMOKE emissions processor vs. after
processing Table 31 presents these diffences for states in the VISTAS domakppendix B of the
Task 3A report is a memorandum summarizing the problems with the elv3 modeling, which include:
Differences in model sptap days
Molecular weight differences in CAMx Reporting
Stack characteristic aeimges

Temporal variability configuration and processing of small boiler files
EGU boiler unit double count in 2028

=A =4 =4 -4 4

Table 3-1. Comparison of Modeled Emissions vs. Expected Emissioimsthe elv3 Inventory.

Modeled Modeled | Expected | Expected Percent Percent
State l\_lO)_( SOz I\_IO>_( SOZ Difference, | Difference,
Emissions | Emissions | Emissions | Emissions NOXx SO,
(tpy) (tpy) (tpy) (tpy) (%) (%)
SESARM States
Alabama 84,809 89,233 80,528 87,896 4% 2%
Florida 71,763 63,344 68,110 63,596 5% 1%
Georgia 84,069 89,233 80,528 87,896 1% <1%
Kentucky 71,763 64,344 68,110 63,596 1% <1%
Mississippi 67,854 37,270 67,309 37,121 1% <1%
North Carolina 67,070 75,281 66,321 75,197 7% 3%
South Carolina 52,978 20,831 52,709 20,815 5% 2%
Tennessee 70,746 36,441 65,949 35,270 1% <1%
Virginia 37,834 30,119 36,117 29,652 8% 2%
West Virginia 46,470 23,524 45,976 23,480 <1% <1%
SESARM Totals| 46,940 20,260 43,283 19,883 3% 1%
2 Anfiel v4o modeling platform was developed for SESARM mode

Specific details are presented in the Tasks 3A and 3B final reports.
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Table 3-1. Comparison of Modeled Emissions vs. Expected Emissioimsthe elv3 Inventory.

Modeled | Modeled | Expected | Expected | Percent Percent
State l\_lO)_( SOz I\_IO>_< SOz Difference, | Difference,
Emissions | Emissions | Emissions | Emissions NOx SO,
(tpy) (tpy) (tpy) (tpy) (%) (%)
Non-SESARM States in the VISTAS Domain
Arkansas 75,165 89,284 74,454 87,557 1% 2%
Colorado 87,539 17,040 88,107 17,742 -1% -4%
Connecticut 4,337 463 5,032 504 -14% -8%
Delaware 4,787 4,757 4,152 3,531 15% 35%
District of Columbia 556 21 556 21 0% 0%
lllinois 112,950 | 169,260 | 106,617 144,967 6% 17%
Indiana 151,208 | 195,574 | 138,970 188,159 9% 4%
lowa 44,962 54,514 43,846 51,396 3% 6%
Kansas 43,991 30,445 43,299 30,429 2% <1%
Louisiana 167,539 137,710 | 160,058 141,305 5% -3%
Maine 14,000 2,845 11,711 2,504 20% 14%
Maryland 27,710 44,692 27,481 44,667 1% <1%
Massachusetts 18,213 2,706 13,421 1,930 36% 40%
Michigan 99,760 86,580 93,486 80,950 7% 7%
Minnesota 64,221 32,872 55,909 28,319 15% 16%
Missouri 67,880 180,622 65,162 171,837 4% 5%
Montana 22,796 17,468 23,639 19,588 -4% -11%
Nebraska 46,813 76,573 46,829 76,569 <-1% <1%
New Hampshire 3,876 2,402 3,693 2,383 5% 1%
New Jersey 17,688 4,305 17,081 4,131 4% 4%
New Mexico 70,497 26,630 70,476 26,628 <1% <1%
New York 60,432 39,786 52,641 32,272 15% 23%
North Dakota 51,689 55,279 51,268 55,007 1% <1%
Ohio 110,479 189,262 107,788 172,265 2% 10%
Oklahoma 120,411 53,571 116,468 49,591 3% 8%
Pennsylvania 124,445 190,614 | 111,502 180,793 12% 5%
Rhode Island 1,667 895 1,666 895 <1% 0%
South Dakota 13,462 1,199 13,426 1,195 <1% <1%
Texas 364,551 | 413,170 | 359,997 | 411,482 1% <1%
Vermont 1,079 130 731 128 48% 2%
Wisconsin 48,486 47,217 47,295 46,153 3% 2%
Wyoming 118,851 60,990 115,810 60,985 3% <1%
Non-SESARM Totals| 2,159,040 2,228,876| 2,072,571| 2,135,883 4% 4%
Totals 2,769,877| 2,689,607 2,663,981| 2,592,218 4% 4%
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4.0 VISTAS Il DATA ACQUISITION

This section summarizes the ambient monitoring and deposition data collected for mod
performance evaluations and wet/dry deposition. Activities related to Task 3 are prese
at: https://www.metrodesarm.org/content/tagkdata-acquisitiorand-analysis

ERG used existing data sets to develop databases containimggbelity, deposition, and
meteorological data for use in the study. The air quality, deposition, and meteorological data are provided
in three separate Microsoft Access databases. A data dictionary containing descriptions of the fields in

each Access tébis provided in Excel format.

These databases cover the VISTAS Il study period of-2008 for concentrations and deposition
data, and 202016 for wind information (wind speed and wind direction). At a minimum, databases
include data all the statesatifall within the VISTAS 1Zilometer km) modeling domainKigure 41).
When not inhibited by file size limitations, additional states have beardedlin the database. These
databases provide a permanent record of the set of data used to support the model performance evaluatic
(MPE) and the regional haze calculations conducted throughout the study.

These databases also have a use beyond this atutiye ambient air quality, meteorological and
deposition data can fulfill the data gathering phase of any additional studieE$#eRMpartneramight
wish to conduct. For example, the weekly wet deposition and weekly dry depositiovedatallected
under Subtask 4.fbr potential use by SESARMpartnergo support other projecthat evaluat acid
deposition in watershedblaving this data set in hand will facilitate astherevaluation, sang time and
resourcesAdditionally, states could use theneteorology and air quality database for a multivariate
regression model @tlassification And Regression Tree (CART) analygsiexamine the meteorological
conditions that lead to impair visibility and high concentrationBMfor other pollutants.
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Legend
[ ] VISTAS 12km Domain [7777] States Included in Database (at a minimum)

Figure 4-1. States Included in Task 4 Databases

The primary goal of Task 4 was to collect ambient air quality information for use across the
VISTAS Il projects and other analsassociated with the SESARM partners regional BéRe
submittals. ERG devel@pla comprehensive ambient air quality database to serve as a master database of
available ambient data for the2Dto 2016studyperiod.Additionally, concentration data from 2009 and
2010 were obtained for calculation of RelatResponse Factors (RRFs) for Taski®edatabase
includes data from the following monitoring networks:

1 Interagency Monitoring of Protected Visual Environments (IMPROVE),

T U.S. EPA Air Quality System (AQS)

These networks are discussedhe following sections. The data was retrieved from the
Cooperative Institute for Research in the Atmosphere (CIRMP ROVE websi tQ& and EP
Figure 42 presents monitoring site locations gathered for this task.
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Legend
e IMPROVE e AQS[ |VISTAS 12km Domain

Figure 4-2. Air Quality Monitorin g Sites Included in the Database

4.1  Monitoring Networks

4.1.1 IMPROVE

TheIMPROVE networkis overseen by collaborative association of state, tribal, and federal
agencies, and international partn&BA is the primary funding source, with contracting and research
support from the National Park Servi€ollectively, this group is known as CIRAhe Air Quality
Group at the University of California, Davis is the central analytical laboratory, with ion analysis
provided by Research Triangle Institute, and carbotysisgprovided by Desert Research Institute.

During the implementation of tiRHR, IMPROVE was designated as the visibility network to
fulfill the monitoring requirements of the RHR. The existing network expanded to 110 monitoring sites
representative of3b of the 156 mandatory Class | areas. The IMPROVE network also includes protocol
sites to expand the spatial coverage of the netwidr&.IMPROVE monitoring network has a rigorous

guality assuranc@A) program and extensive quality cont(@QIC) and assesnent procedure3his
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includes requiring adherence to the network QXRRd standard operating procedures (S€Rs)
monitoring equipment. Each member of the analytics team submits quality assurancé sapustsly to
affirm adherence to the qualitlocumentation, compliance with the Quality Assurance Plans and Data
Quality Objects.

IMPROVE monitorscollect 24hour samples every three days. Filters from the monitoring sites
are analyzed for tot&M. s mass/mass of individual Pis species (e.g., organic carh@temental
carbon(EC), sulfate ion, nitrate ion}ight absorptionand PMo mass. Seledites also include a
nephelometer for optical monitoringable 41 provides a detailed list of IMPROVE monitoring network

measurements included in the database for the VISTAS Il project.

Table 4-2. IMPROVE Monitoring Network Measurements

AQS Parameter

Code Parameter Description Units?

42401 Sulfur Dioxide ug/mé LC
81103 Mass, PMs - PMio (Coarse) ug/mé LC
85101 Mass, PMo (Total) ug/mé LC
88101 Mass, PMs (Fine) ug/mé LC
88103 Arsenic (Fine) ug/mé LC
88104 Aluminum (Fine) ug/m? LC
88109 Bromine (Fine) ug/mé LC
88111 Calcium (Fine) ug/m? LC
88112 Chromium (Fine) ug/m? LC
88114 Copper (Fine) ug/meé LC
88115 Chlorine (Fine) ug/m? LC
88126 Iron (Fine) ug/meé LC
88128 Lead (Fine) ug/m? LC
88132 ManganesgFine) ug/meé LC
88136 Nickel (Fine) ug/mé LC
88140 Magnesium (Fine) ug/mé LC
88152 Phosphorus (Fine) ug/meé LC
88154 Selenium (Fine) ug/m? LC
88161 Titanium (Fine) ug/meé LC
88164 Vanadium (Fine) ug/m? LC
88165 Silicon (Fine) ug/mé LC
88167 Zinc (Fine) ug/mé LC
88168 Strontium (Fine) ug/m? LC
88169 Sulfur (Fine) ug/meé LC

30 http://vista.cira.colostate.edu/improveAgpntent/uploads/2017/01/IMPROVBAPP Signed_3 2016.pdf
31 Available at:http://vista.cira.colostate.edu/Improve/sops/
32 IMPROVE quality assurance documentation can be fourtutat//vista.cia.colostate.edu/Improve/qualigssurance/
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Table 4-2. IMPROVE Monitoring Network Measurements

AQS Parameter

Code Parameter Description Units?

88176 Rubidium (Fine) ug/m? LC
88180 Potassium (Fine) ug/mé LC
88184 Sodium (Fine) ug/mé LC
88185 Zirconium (Fine) ug/mé LC
88203 Chloride (Fine) ug/mé LC
88301 Ammonium lon (Fine) ug/m? LC
88306 Total Nitrate (Fine) ug/mé LC
88307 Carbon, Elemental Total (Fine) ug/m? LC
88320 Carbon, Organic Total (Fine) ug/mé LC
88329 Carbon, Elemental Fraction 1 (Fine) ug/m? LC
88330 Carbon, Elemental Fraction(Eine) ug/m? LC
88331 Carbon, Elemental Fraction 3 (Fine) ug/mé LC
88332 Carbon, Organic Fraction 1 (Fine) ug/m? LC
88333 Carbon, Organic Fraction 2 (Fine) ug/mé LC
88334 Carbon, Organic Fraction 3 (Fine) ug/mé LC
88335 Carbon, Organi€raction 4 (Fine) ug/mé LC
88336 Carbon, Organic Pyrolized (Fine), by Reflectar] ug/m®LC
88337 Hydrogen (Fine) ug/mé LC
88338 Nitrite (Fine) ug/mé LC
88339 Ammonium Sulfate (Fine) ug/m?® LC
88344 Ammonium Nitrate (Fine) ug/mé LC
88348 Sail (Fine) ug/mé LC
88350 Carbon, Organic Mass (Fine) (1.8*OC) ug/meé LC
88395 Sea Salt (Fine) ug/mé LC
88401 Mass, PMs Reconstructed (Fine) pg/mé LC
88403 Sulfate (Fine) ug/meé LC

2] C: local conditions

For the database, total and speciated kgtinction (in inverse megameteidrg)) and
meteorological measurements from the IMPROVE monitoring location were collected via the IMPROVE
website®® The initial measurements are made in micrograms per cubic meter and converted to local
conditions (LC), meaning the volumetric measurements are adjusted based on the temperature and
humidity conditions at the observation site. These measurements acreshend i n t he Al MPR(

E g u a £*to estindat light extinctionat each site.

33 IMPROVE data is available atttp://views.cira.colostate.edu/fed/DataWizard/Default.aspx
34 http://vista.cira.colostate.edu/ImproveAineprovealgorithm/ retrieved on May 1, 2018. Filename =
SIA daily _budgets 04 18 2.ziprchived at:
http://vista.cira.colostate.edu/DataWarehouse/IMPROVE/Data/SummaryDataZRH&)
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412 EPAG6s Air Quality System (AQS)

The AQSP®contains ambient air pollution data collected by EPA, state, local, and tribal air
pollution control agencies from thousandsrainitors across the United StatE®RG pulled ambient
concentrations for all the criteria pollutants (e.g., COzN¥Dx, PMio, PMz 5, O3, and SQ), as well as
the PM2.s component species information from these sitdschwere aggregated into the air ¢jta

databases.

Overall,nearly 1,800monitors throughout the United States were active during the VISTAS I
study period of 2002016 and are include in the ambient monitoring database. Fglshows the
location of these within the VISTAS-km domaincollected from the AQS systeamd included in the

database. Data were collected from the AQS system.
4.2  Database Development

Due to its size, the ambient air quality datasplit between several databases based on monitor
type. The databases are furtherdided by whet her the monitor was i
jurisdictions (SESARM) or outside (NEBESARM).

The primary data source for the database was from AQS, which contains data from multiple
programs, including IMPROVE and Clean Air Status areh@is Network (CASTNET). As such, the
IMPROVE and CASTNET data were subsequently removed from the AQS data and placed into their own

separate databases.
The SESARM AQS data were split into six zipped Access databases:

TASK_4_0_AMBIENT DATABASE_SESARM_2008ip

TASK_4_0_AMBIENT _DATABASE_SESARM_2010.zip
TASK_4_0_AMBIENT DATABASE_SESARM_2011.zip
TASK_4_0_AMBIENT _DATABASE_SESARM_2012.zip
TASK_4_0_AMBIENT DATABASE_SESARM_2013.zip
TASK_4_0_AMBIENT _DATABASE_SESARM_2014.zip
TASK_4_0_AMBIENT DATABASE_SESARM_2015.zip
TASK_4_0_AMBIENT _DATABASE_SESARM_2016.zip

=A =4 =4 =4 -4 -4 -8 A

Each database includes a single table, AMBIENT _DATABASE_SESARM_STATES, that include
all the AQS ambient monitoring data for the ydair AQS data for NONSESARM states, there are

eighteen zipped Access databasdsctvis made up of three files for each year:

35 https://www.epa.gov/ags
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TASK_4_0_AMBIENT_DATABASE_NON_SESARM_2009_1.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM_2009 2.zip
TASK_4_0_AMBIENT_DATABASE_NON_SESARM_2009_3.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM 2010 1.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM_2010_2.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM_2010_3.zip
TASK_4_0_AMBIENT_DATABASE_NON_SESARM_2011_1.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM 2011 2.zip
TASK_4_0_AMBIENT_DATABASE_NON_SESARM_2011_3.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM 2012 1.zip
TASK_4_0_AMBIENT_DATABASE_NON_SESARM_2012_2.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM 2012 3.zip
TASK_4_0_AMBIENT_DATABASE_NON_SESARM_2013_1.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM_ 2013 2.zip
TASK_4_0_AMBIENT_DATABASE_NON_SESARM_2013_3.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM 2014 1.zip
TASK_4_0_AMBIENT_DATABASE_NON_SESARM_2014 _2.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM_2014 3.zip
TASK_4_0_AMBIENT_DATABASE_NON_SBARM_2015_1.zip

TASK_4_0_AMBIENT DATABASE_NON_SESARM 2015 2.zip
TASK_4_0_AMBIENT_DATABASE_NON_SESARM_2015_3.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM 2016_1.zip
TASK_4_0_AMBIENT_DATABASE_NON_SESARM_2016_2.zip
TASK_4_0_AMBIENT DATABASE_NON_SESARM _2016_3.zip

= =4 =4 =4 -4 -4 -4 8 -f -a A hof o oa Ao oa e e

File #1 include the data for January 1 through April 30. File #2 include data for May 1 through
August 31. File #3 includes data for September 1 through December 31. Each database includes a single
table, AMBIENT _DATABASE_NON_SESARM_STATES, which includiktae AQS ambient
monitoring data for the calendar period.

The supplemental databases include:

1 CASTNET databases (2 zipped database)

o TASK 4 0 AMBIENT DATABASE CASTNET NON_SESARM_SUPP.zip
o TASK 4 0 AMBIENT DATABASE_CASTNET_SESARM_SUPP.zip

1 IMPROVE Data (Zipped databases)

o TASK 4 0 AMBIENT DATABASE_IMPROVE_SESARM_SUPP.zip
o TASK 4 0 AMBIENT DATABASE_IMPROVE_NON_SESARM_SUPP.zip

The CASTNET databases contain one table, which holds all the data for the specified area for the
entire study period. Similarly, th&IPROVE databases contain one table, which holds all the data for the

specified area for the entire study period.
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Consistent with the project QAPP, a data definitions tables that describes the contents of each field
and unit, where applicable has been pitedi AQ_Data_Dictionary.xlsk ERG also provided a site list,
(Air_Quality_Monitoring_Site_Descriptions.xIgxwhich includes station metadata such as location
information (e.g., latitude, longitude, elevation), site duration, and type. The site listegaclso
information on the neareblational Weather Servic®&{VS) site for coupling meteorological and air

guality data. The field names and descriptions of the site list are detailed in Table 4
4.3 Database Quality Assurance

Since CIRA may not have the staecent IMPROVE data uploaded to AQS, ERG download the
| atest information from CIRAGs | MPROVE website
was screened to ensure no duplicative IMPROVE values were included in the database. Furtremore, e
data record has primary keys assigned to ensure that no duplication of data is permissible or that record
growth occurs when running queries and assure that there are no duplicate entries. That is, the primary
keys prevent erroneous eteemany pairs thiacould create extra rawn the data table that are not actual
observations. Data entered into these systems have passed QA/QC procedures employed by EPA and the

data owners.

All data retrieval will follow data acquisition and handling procedures outlmétke project
QAPP.
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Table 42 . Field Names a AidQualiysMonitoripg Site Descriftionso

Field Name Description
Unique site identifier consisting ofdigit Federal Information
AMA_SITE_CODE Processing SystenkIPS code and 4igit siteidentifier (ID)
STATE_FIPS 2-digit FIPS code for the state
COUNTY_FIPS 3-digit FIPS code for the county
STATE COUNTY FIPS Combineds-digit FIPS code for State and County
COUNTY_NAME Name of the county where the monitor is located
LOCAL SITE ID Site ID designated by the agency maintaining the monitor
SITE_NAME Site name
ADDRESS Street address for the site
CITY City where thesite is located
STATE ABBR State postal abbreviation
ZIP_ CODE Zip Code where the site is located
EPA REGION EPA region (1 through 10) where the monitor is located
SUPPORT_AGENCY_CODE Code for the Support Agency
SUPPORT_AGENCY Name of the agenayaintaining the monitor
MONITOR _LATITUDE Site latitude (decimal degrees)
MONITOR_LONGITUDE Site Longitude (decimal degrees)
DATUM Coordinate data system
ELEVATION Elevation of the monitoring site, in meters
LOCATION TYPE Type of location
LAND USE Land Use Type
DATE_SITE_ESTABLISHED Date in which the site began operation
DATE_SITE_CLOSED Date in which the site ceased operations
CBSA NAME CoreBased Statistical Are@CBSA) name
CBSA_TYPE CBSA type (metropolitan anicropolitan)
CLOSEST NWS_STATION zzz?oenof closediational Weather Servic®&l{VS) meteorological
Weather Bureau Army NavyA(BAN) ID of closest NWS
CLOSEST_NWS_STATION_WBAN meteorological station
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Table42 . Fi el d Names a AidQualéysMonitoripg Site Descriftionso
Field Name Description

CLOSEST NWS_STATION_DISTANCE_MILES

Distance to closest NWS station in miles

CLOSEST_NWS_STATION_BEARING_FROM_EAST

Bearing angle from the east of titm®nitoring site and the closest
NWS station

SECOND_CLOSEST_NWS_STATION

Name ofsecondclosest NWS meteorological station

SECOND_CLOSEST_NWS_STATION_WBAN

Second bsest NWSstation identifier

SECOND_CLOSEST_NWS_STATION_DISTANCE_MILES

Distance tasecondclosest NWS station in miles

SECOND_CLOSEST _NWS_STATION_BEARING_FROM_EAS

Bearing angt from the east of the monitoring site and the second
closest NWS station

COMMENT

General comment
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4.4  Deposition Database

Under Subtask 4.1 weekly wet deposition and weekly dry deposition data were organized into a
databaséor potential use by SESARM statesother parties (e.gFLMs) to support other projects such
as evaluation of acid deposition in watershédss folloving section provides a summary of the

monitoring networks and data included in the database.

4.4.1 Monitoring Networks
ERG aggregated deposition information from the various monitoring networks into a single
database for SESARM states. This data can be uses$éss the deposition of various pollugamt land
and waterways. The primary source for deposition data is the National Atmospheric Deposition Program
(NADP).3¢ The NADP consists of the following monitoring networks:
National Trends Network (NTN)
Atmospheric Integrated Research Monitoring Network (AIRNI0
Mercury Deposition Network (MDN)

Atmospheric Mercury Network (AMNet)
Ammonia Monitoring Network (AMoN)

=A =4 =4 -4 4

Additional dry deposition information is available fralASTNET. This data was also collected
and is available in the deposition database. FigtBehbws the spatial distribution of these deposition
networks across the United States. All the NADP sites iarEig3 were included in the VISTAS Il
database. Table3dsummarizes the measurements available from each deposition monitoring network

Each network is discussed separately in the following sections.

36 National Atmospheric Deposition Program (NR$)?2018. NADP Program Office, Wisconsin State Laboratory of
Hygiene, 465 Henry Mall, Madison, WI 537Q8tp://nadp.slh.wisc.edu/
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Legend
CASTNET NADP Networks e AMNet e MDN I:l VISTAS 12km Domain
& AIRMoN * AMON NTN
Figure 4-3. Deposition Monitors Included in the VISTAS Il Database
Table 4-3. Wet and Dry Deposition Monitoring Network Measurements
Wet Deposition Dry Deposition
Measurement NTN | MDN | AIRMoN | AMNet | AMoN | CASTNET
Free acidity (H as pH) \Y Vv
Conductance V V
Calcium (C&") \Y Vv \
Magnesium (M§") Y \Y Vv
Sodium (N&) V V V
Potassium (K) V V V
Sulfate (SQ?%) Y \Y Vv
Nitrate (NGQ) V V V
Chloride (CI) V V V
Ammonium (NH") \Y/ V
Total mercury (Hg) total commtration V V
Total mercury (Hg) total degsition V
Ammonia (NH) V
Particulate Bound/lercury(HgP)
concentration V
Average Gaseous Oxidized Mercury V
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4.4.1.1National Atmospheric Deposition Program (NADP)

The NADP is alearing house for national deposition data. All networks have quality assurance
plans’and SOP¥in placeto help ensure data comparability and representativeliasis.network is
reviewed annually to note operation and equipment changes, as weloas@QA/QC review to
ensure compliance with the Quality Assurance Plans and Data Quality Objects laid out for each network.
These QA reports are published on NADP webSite.

National Trends Network (NTN)

The NTN provides a longerm record of wet degition across the United States. The earliest
NTN monitors were brought online in the summer of 1978, with new monitors installed almost every year
since. There were 285 active monitors throughout the United States and Canada for at least part of the
VISTAS Il study period of 2022016. All 285 of the monitors were included in the VISTAS Il database.
Data were collected frfom the NADPG6s NTN website

NTN sites are located away from urban areas and point sources of pollution. Each site has an
automated prepitation chemistry collector, which ensures that the sample is exposed only during
precipitation (weonly-sampling). Samples are collected on Tuesday mornings and are sent to the Central
Analytical Laboratory (CAL) at the lllinois State Water Survey (IS analysis, data entry,
verification, and screeninyleasurements collected incluftee acidity (H as pH), conductance, calcium
(C&*), magnesium (Mg), sodium (N&), potassium (K), sulfate (S@), nitrate (NQ"), chloride (Cl),
andammonium (NH"). The CAL conducts additional review of field and lab notes, and flags samples
that were mishandled, compromised, or contaminated. Once the data is delivered to NADP, a final review

is conducted before data are made available.
Atmospheric Integrated Research Monitoring Network(AIRMoN)

AIRMoN*?was incorporated into NADP in 1992. The AIRMoN sites have the same equipment
used at NTN sites. Samples are analyzed by CAL and follow similar handling procedures. The main
difference is low volume ARMoN samples are not diluted to accommodate complete analysis like NTN.

37 QAPP is available ahttp://nadp.slh.wisc.edu/lib/gaPlans.aspx

%8 SOPs are available dtttp://nadp.slh.wisc.edu/lib/manualsSOPs.aspx

39 Quality assurance reports are availabléntift://nadp.slh.wisc.edu/lib/gaReports.aspx
40 http://nadp.slh.wisc.edu/NTN/

41 Data is available for download diitp://nadp.slh.wisc.edu/data/NTN/

42 http://nadp.slh.wisc.edu/AIRMoN/
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The AIRMoN sites collects weekly wet deposition data, inclirée acidity (H as pH),
conductance, calcium (€3, magnesium (M§), sodium (N&), potassium (K), sulfate (S@), nitrate
(NO3), chloride (Ci), and ammonium (NH). Data were downloaded from the AIRMoN page on the
NADP website* Therewere 7active monitors throughout the United States and Canada during the study

period, which are included in the deposition database.
Mercury Deposition Network (MDN)

The MDN* provides weekly dry and wet deposition measurement of mercury. MDN site utilize
an automated collector similar to the NTN sites, but that has been modified to preserve Mercury. Samples
are collected on Tuesdays,within 24-hours of the start of a precipitation event. Samples are analyzed
by theMercury Analytical Laboratory (HAL) at Eurofins Frontier Global Sciences, Inc., Seattle,
WashingtonMDN sites follow stringent sampling protocols that enable sites twtreyercury
concentrations below 1 part per trillion (<1 nanogram/litBne analysis includes all forms of mercury,

which is reported as total mercury concentration.

After analyzing the samples, the H&bnducts additional review of field and labtes, and flags
samples that were mishandled, compromised, or contaminated. Once the data is delivered to NADP, a
final review is conducted before data are made avaitabtee NADP websité&

Atmospheric Mercury Network (AMNet)

AMNet*® collects atmospleric mercury fraction data to estimate dry and total deposition of
mercury. Automated continuous measuring system calt@atentrations of atmospheric mercury species,
total mercury in precipitation, and meteorological measuremieata are collected usy standardized

instrumentation, methods, and QA proceddfd3ata are made available on the NADP welfSite.

There were3 active monitors throughout the United States and Canada for at least part of the
VISTAS Il study period of 201-2016.

43 Data are available for download http://nadp.slh.wisc.edu/data/AIRMoN/

44 http://nadp.slh.wisc.edu/MDN/

45 Data are availdb for download athttp://nadp.slh.wisc.edu/data/MDN/

46 http://nadp.slh.wisc.edu/AMNet/

47 Quality documents and SOPs are availabléti://nadp.slh.wisc.edu/AMNet/docs.aspx
48 Data are available atttp://nadp.slh.wisc.edu/data/AMNet
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Ammonia Monitoring Network (AMoN)

NADP deployedAMoN.*® sites at most CASNET sites, which record biweekly concentrations of
ambient ammonia gas (NH. With monitoring sites established in 2007, AMoN provides {terg
ammonia gas. AMoN utilizes passive samplers, which are deployed for two weeks atfdviohe.
samples are prepared, ext r afolovend strattSOPs4Datadreynmaded at
available on the NADP websité AMoN site collect multiple, or replicate, samples for each sampling
period. The database includes the individual replicate values and the NADP processed average of the

samples.
There were 105 active monitors thghout the United States and Canada between-2016.
4.4.1.2Clean Air Status and Trends Network (CASTNET)

CASTNET*?is a longterm rural monitoring network with 95 sites located throughout the United
States and Canada. The network was established tned&891CAA Amendments to assess the trends in
acidic deposition due to emission reduction prograrhe. FJASTNETprovides weekly measurements of
sulfur dioxide (S@), nitric acid (HNQ), particulate sulfate (S63), nitrate (NQ), ammonium (NH"),
base ations MagnesiumN1g*?], calcium [Ca™?], potassiumK™), andsodium Na']), and chloride ion
(CI" for deposition analysis, as well as several ambient concentrations on an hourly basis. Data collection
and analysis follow QAPP and SOPs, which are availablthe CASTNET websifé.Data are available
through AQS and the CASTNET webstfe.

There weré8 active monitors throughout the United States and Canada for at least part of the
VISTAS Il study period of 201:2016, which are all included in the database

4.4.2 Database Development

Thedeposition database (DepositionData_2@016.accdb) consists of eight tables:

T AIRMoN_2011-2016 Weekly AIRMoN data collected between 2011 and 2016

T AMNet 20112016 Weekly AMNet data collected between 2011 and 2016

T 2016AMoN_AVE 20112016 Weekly average of replicate sample from AMoN sites
collected between 2011 and 2016

49 http://nadp.slh.wisc.edu/AMoN/

50 Available at:http://nadp.slh.wisc.edu/AMoN/amestandardoperatingprocedures.pdf
51 Dataavailable athttp://nadp.slh.wisc.edu/data/AMoN/

52 https://www.epa.gov/castnet

53 Quality documents are available dnitps://java.epa.gov/castnet/documents.do

54 Data are available atttps://java.epa.gov/castnet/clearsession.do
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T AMoN_REP 201312016 Weekly individual replicate samples collected at AMoN sites
between 2011 and 2016

MDN_20112016 Weekly MDN data collected betwe011 and 2016
NTN_20112016 Weekly NTN data collected between 2011 and 2016

CASTNET_ 20112016 data collected between 2011 and 2016
Deposition_Sitescomprehensive list of the sites in each monitoring network.

=A =4 -4 =4

All data were downloaded directly from tNADP and CASTNET website and uploaded into an
Access database. The fAstarto and Astopo dates o

2016 VISTAS Il study period.

Consistent with the project QAPP, a data dictionary containing desospifdhe fields in each
table is provided@eposition_Data_Dictionary.xI3xThe field names and descriptions of the site list are
detailed in Table 4.

Table 4-4. Field Names and Descriptions for Tablé&Deposition_Site®

Field Name Description

network Monitoring network name. (e.g., NTN, MDN)
4-digit site ID (first two digits are the state abbreviation, followg
by atwo-digit number).
siteName | Site name

siteid

county County name
state State postal abbreviation
latitude Site latitude (decimal degrees)

longitude Site Longitude (decimal degrees)
elevation site elevation (in meters)

status Operational Status (A= Active, | = inactive)
Start date for the site, reported in Greenwich Mean Time (GM]

startdate | vy yy \MM-DD hh:mm format

stopdate End date for the site, reported in Greenwich Mean Time (GMT|
YYYY -MM-DD hh:mm format

start Start date, without time

stop End date, without time

4.4.3 Database Quality Assurance

Consistent with the QAPPIl ariginal files (i.e., datalownloaded from network websijesere
sequestered from thproject working filego preserve the original data. Data sheet were imported into
Access for filtering. When additional fields were added (i.e., start, stop), tthengyalatabase preserved
the queries used to generate the fields for QA/QC review. Review was conducted by a second analyst, no

part of the deposition field gathering and database development.
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Fields from the original source were preserved throughouirtieess and are present in the final
data table. Additionally,ach data record has primary keys assigned to ensure that no duplication of data

is permissible or that record growth occurs when running queries.
4.5 Meteorological Database

Hourly meteorologicameasurementsbtained from the National Centers for Environmental
Information (NCEI) for theVBAN sites, which include NW8utomated Surface Observing Systems
(ASOS) and Federal Aviation Administration (FAAutomated Weather Observing SystehfWOS)

stes Hourly data from EPAG6s AQS sites are al so i

Meteorological datareprovided to support additional analysis by states that may arise when
developing regional haze SIPs. Figuré dhows the spatial distribution of the meteoratagnetworks
across the Unite8tatesTable 45 summarizeshe measuremenpsovided from each meteorological

monitoring networkEach network is discussed separately in the following sections.

Legend

Type e AWOS AQS [ | VISTAS 12km Domain
® ASOS e OTHER WBAN

Figure 4-4. Meteorological Monitoring SitesIncluded in the VISTAS Il Database
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Table 4-5. Meteorological Monitoring Network Measurements Included

Observation

Parameter Code

AQS* | NWS* | TAMIS*

Wind Speed (mph or kts)

61101

Vv Vv

Wind Direction (degrees)

61102

Vv Vv

Resultant Spee@ph or kts)

61103

Resultant Directiorfdegrees)

61104

< < <<

Sky Condition

Visibility

Weather Type

Temperature (F)

Dew Point (F)

Station Pressure (in Hg)

Sea Level Pressure (mb)

Hourly precipitation (in)

< <K<K KKK

* Air Quality System (AQS), National Weather Service (NWS), Texas Air Monitoring Information System (TAMIS)

4.5.1 Monitoring Networks
4.5.1.1Air Quality System AQS)

I n addition

t o

ambi ent

concentrations,

EPAOS

towers. These data are reported by the agency operating the monitor to AQS. Operators adhere to

collection and quality standards established by EPA. There6@&ractive AQS meteorological monitors

throughout the United States during the study period.

4.5.1.2Weather Bureau ArmyNavy (WBAN) Sites

TheWBAN numbeing systemwasthe first attempt at a standardized station numbering system

across various weather reporting agencies. The WBAN site list is comprised of ASOS, AWOS, and

various other observation sites. For the database, only hourly data was included form the vafibus WB

networks. For summary purposes, the ASOS and AWOS sites were identified separately from the other

networks and are described below.

Automated Surface Observing SystemgASOS)

ASOS sites are managed by the National Weather Service and serve meteoiaogicdation

observing needs. Sites are typically collocated with airports but can be sited at other strategic locations.

ASOS sites report hourly observations and special observations during ragichshétther and for
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changing aviation needs. Thevere 30%ctive monitors throughout the United States during the study

period. Hourly data was obtained from NCEI.
Automated Weather Observing SystenfAWOS)

AWOS sites are operated by the FAA, and generally fulfill observational needs for aviation.
AWOS provides a similar suite of measurements as the ASOS sites, but repemiau®® intervals.
There were/ 77 active monitors throughout the United States during the study period. Hourly data was
obtained from NCE?®

Additional Weather Bureau Army-Navy (WBAN)

The additional WBAN sites include théS. Historical Climatology Network (USHCINY.S.
Climate Reference Network (USCRNJ.S. Regional Climate Reference Netw@USRCRN, and other
various Military, Weather Service, Airwaggtes®’ In all, there vere 660 additional WBAN active

monitors throughout the United States during the study period. Hourly data was obtained frof§ NCEI.

4.5.2 Database Development

Due to its size, the meteorological data is split between several databases. Similar to the ambient
databases, the meteorological databases are divided by network (i.e., NW3hAQ8xas Air
Monitoring Information SystemIJAMIS]) and then further divided by whether the monitor was in one of
the SESARM partneros juri s&SE®RM).ons (SESARM) or

For the NWS data, the data within the SESARM states are presented in six zipped Access

databases:

NWS_SESARM 10 States 2011.zip
NWS_SESARM_10_States _2012.zip
NWS_SESARM 10 States 2013.zip
NWS_SESARM_10_States_2014.zip
NWS_SESARM 10 States 2015.zip
NWS_SESARM_10_States _2016.zip

=A =4 -4 -4 -4 -4

5 Data available ahttps://www.ncdc.noaa.gov/dagecess/landhasedstationdata/landbaseddatasets/automatesiirface
observingsystemasos

5% Data are available atitps://www.ncdc.noaa.gov/dasecess/landhasedstationdata/landbaseddatasets/automated
weatherobservingsystemawos

57 https://www.ncdc.noaa.gov/homr/

58 https://www.ncdc.noaa.gov/homr/reports/platforms
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Each database includes one tabl&/S SESARM_ 10 STATESvhich holds all the
meteorological data for the year. For NWS data for NONSESARM states, there are eighteen zipped
Access databases, whichmade up of three files for each year:

NWS_VISTAS_NON_SESARM 2011 1.zip
NWS_VISTAS_NON_SESARM_2011_2.zip
NWS_VISTAS_NON_SESARM_2011_3.zip
NWS_VISTAS_NON_SESARM_2012_1.zip
NWS_VISTAS_NON_SESARM 2012 2.zip
NWS_VISTAS_NON_SESARM_2012_3.zip
NWS_VISTAS_NON_SBARM_2013_1.zip

NWS_VISTAS_NON_SESARM 2013 _2.zip
NWS_VISTAS_NON_SESARM 2013 3.zip
NWS_VISTAS_NON_SESARM_2014 1.zip
NWS_VISTAS_NON_SESARM_ 2014 2.zip
NWS_VISTAS_NON_SESARM_2014 3.zip
NWS_VISTAS_NON_SESARM_2015_1.zip
NWS_VISTAS_NON_SESARM_2015_2.zip
NWS_VISTAS NON_SESARM_2015_3.zip
NWS_VISTAS_NON_SESARM_2016_1.zip
NWS_VISTAS_NON_SESARM_2016_2.zip
NWS_VISTAS_NON_SESARM_2016_3.zip

=4 =4 =4 =4 4 -4 -4 - - a8 - -a 8o s

Each database includes a single talll@S NON_SESARM_VISTAS DOMAINwhich include
all the meteorology data for the calendar perkatk #1 include the data for January 1 through April 30.
File #2 include data for May 1 through August 31. File #3 includes data for September 1 through
December 31For the AQS Data, all states, that is SESARM and NONSESARM, are contained in
separate zipgd Access databases for each year:
TASK_4 0_MET_DATABASE_AQS_2011.zip
TASK_4 0 MET_DATABASE_AQS 2012.zip
TASK_4 0_MET_DATABASE_AQS_2013.zip
TASK_4 0 MET_DATABASE_AQS_ 2014.zip

TASK_4_0_MET_DATABASE_AQS_2015.zip
TASK_4_0_MET_DATABASE_AQS_2016.zip

=A =4 =4 =4 A -4

All database contains a single tabET _DATABASE_AQS_VISTAS DOMAIN with all the

data for the year.

The TAMIS dataseprovides additional meteorological data for the state of Texas. This additional
Texan data is provell in a separate zipped Access database file,
TASK 4 0_MET_DATABASE_TAMIS 2011 2016p. The database has a single table,
MET_DATABASE_TAMIS 2011 2016which holds all the data for the 202016 for all the TAMIS

4-20



VISTAS Il Regional Haze Air Quality Project Final

sites. Lastly, Florida DEP provided relaitiumidity (RH) data at the St. Marks, FL IMPROVE site
(SAMAL.txt).

Consistent with the project QAPP, a data dictionary containing description of the fields in each
table is providedNJJETEOROLOGY _Data_Dictionary.xlgxAdditionally, the spreadsheet
(Meteoological_Site_list.xIsxcontains information on all the meteorological sites included in the

databaseslhe field names and descriptions are the same as those presented inZlable 4

4.5.3 Database Quality Assurance

Consistent with the QAPPIl ariginal files (i.e., datadownloaded from original sourgesere
sequestered from thproject working filedo preserve the original data. When additional fields were
added (i .e., alternate units), ERG6s comparehens
QA/QC review. Review was conducted by a second analyst who was not part of the deposition field
gathering and database developmeathdata record has primary keys assigned to ensure that no

duplication of data is permissible or that record growttuccwhen running queries.
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5.0 VISTAS Il AREA OF INFLUENCE

This section summarizes the development of the Area of Influence analysis. The result
this analysis helped identify specific sources/source categories for PSAT Analysis.
Activities related to Task 5 are presentedtdtps://www.metro4esarm.org/content/task
5-areainfluenceanalysis

Under this task, ERG ideniid the 20% most impaired days for each Class | area in the
VISTAS 12 modeling domain over the 202216 period based on the IMPROVE monitoring website
RHR summary of the 20% meishpaired visibility days?® Due to the presence of large S&nission
reductiors during this sixyear period, the Aol analysigasset up to look at: 19ach year individually
(2011, 2012, 2013, 2014, 2015, and 2029}wo separate periods of 202013 and 201-2016; and 3)
for all years combine(2011-2016) Final results for théol analysis relied upon data from 2011 through
2016.

51 Identification of Sites

In addition toidentifying the areas influencing visibility in Class | aréaside SESARM states,
this analysisdentifiesareas from SESARM states that might have an influencasibility in Class |
areautsidethe SESARM statesAnalysis started by examining teghty-three 83) Interagency

Monitoring of Protected Visual Environments (IMPROVE) monitor positions in Class | areas within the

VISTAS 12km modeling domainThe final number of Class | areas was reduced from 83 to 45 due to:

Exclusion ofCentral andWestern States IMPROVE monitof® simplify the potential number of

trajectories to be generated, SESARM approviomh Carolina Division oAir Quality

recommadation which demonstratehat trajectories originating in Class | areas in several western states
do not pass over a SESARM state and could be excluded from further analysis. These Skaasage
NebraskaNorth Dakota South DakotaColoradg Wyoming; and Montana. With the exclusion of these
states, theumber of IMPROVE monitors in the VISTAR-km domain reduces tiirty-eight(38).

Class | Areas With No IMPROVE Monitdrhere are six (6) Class | areas in the VISTI&&Km
modeling domain that deot have an IMPROVE monitor. Of the six, three are located in the SESARM
states (Wolf Island, GA; Joyce Kilm&lickrock, NC/TN; and Otter Creek, WV) and three are located

59 http://vista.cira.colostate.edu/ImproveAimeprove-algorithm/ retrieved on May 1, 2018. Filename =
SIA daily _budgets 04 18 2.ziprchived at:
http://vista.cira.colostate.edu/i2&Varehouse/IMPROVE/Data/SummaryData/RHR_2p16/
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outside the SESARM states (Carlsbad Caverns, NM; Pecos Wilderness Area, NM; atehiaes

RangeDry River Wilderness, NH). For these Class | areas, the trajectory origin will be the centroid of the
Class | area. Visibility data will be based on an appropriate IMPROVE monitor, as previously determined
by the FLMs. This increased the niben of trajectory origins téorty-four (44).

IMPROVE Monitor RelocatiarAdditionally, the IMPROVE monitor for the Lye Brook

Wilderness, VT area moved in 2012. Separate trajectory analysis was completed for each monitoring

location. This increased the nber of trajectory origins téorty-five (45).

One final adjustment was made to the origin of trajectoriethfeeClass | areaBreton Island,
LA; Guadalupe Mountains National Pailk; and Isle Royale National Park, MFor these areas, the
IMPROVE maitor liesjustoutside the Class | areBhus, he origirs of the trajectaesweremoved to
the centroid of the Class | area to better represent theTdnisaesulted in 36 trajectories originating from
the Class | Area IMPROVE monitor (including baththeLye Brook Wildernessnonitors) and nine (9)
originating from the Class | area centroids (6 with no monitor, plus three relocated for monitors outside

the Class | areas).

Table 51 presentshe trajectory origins for eadblass | area, noting whether the origin is the
centroid or IMPROVE monitor locatioffrigure 51 presentshe location of the trajectory originghile
Figure 52 presents closer view of the SESARM states. Both figures disnote which Class | areas

have trajectories originating from IMROVE monitors or centroids.
5.2  Identification of Dates for Analysis

To identify the 20% most impaired days for analysis, ERG downloaded the RHR Symmary
ADai ly | mpair ment e¥a |Va@®acenthal018 vedsionjlgtasdtrant tieeh
IMPROVE websité® IMPROVE is a collaborative association of state, tribal, and federal agencies, and
international partner§.he EPAIs the primary funding source, with contracting and research support f
the National Park Service. The Air Quality Group at the University of California, Davis is the central
analytical laboratory, with ion analysis provided by Research Triangle Institute, and carbon analysis
provided by Desert Research Institute. The RE{tRhmary data provides the means for the best, middle,

and worst 20% visibility dayS.he data also provide the 20% most impaired day vakres this

O fpDaily I mpairment Values Including Patched Val w2610 unde
(posted December 2 0da8inparerd ddily mudgety & il9.¢entemenhaddress:
http://vista.cira.colostate.edu/DataWarehouse/IMPROVE/Data/SummaryData/RHR_2017/
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dataset, ERG was able to identify the 20% most impaired days for each Class | area in the MRTAS
modeling domain over the 2032016 period for Aol analysi§.he RHRdata set contaiftagsonthe

data to indicate which group (i.e., best, wocttarest, most impairgd=or consistency with the revised

EPA guidance on tracking visibilt}; days were naked based on the anthropogenic contribution tmly
determine those that most impairdthe RHR Summary provides this ranking in the

fi hpairment Group c ol umn. Simil arl y, t hanthmondarnm pofwwdg e ni c
sulfate anthro_eamm_sQ4vere used for trajectory weighting described in Sedién

In instances where all years are not available at an IMPROVE monitoring site, the 20% most
impaired days from the yga) availablewereanalyzed. For example, Shining Rock Wilderness area does
not have data for 2011, as a regthle trajectories fothe Aol analysis only covadthe 2012 to 2016

period.
Table 51. IMPROVE Monitors in the VISTAS 12 Domain
FIPS | IMPROVE Trajectory Origin
Cless e SIEl Code | Site Code | Latitude | Longitude Description

Acadia National Park ME 23009 ACAD1 443771 | -68.2610 | IMPROVE Monitor
Bandelier Wilderness Area NM 35028 BAND1 35.7797 | -106.2664| IMPROVE Monitor
Big Bend NP X 48043 BIBE1 29.3027 | -103.1780| IMPROVE Monitor
Bosque del Apache Wilderness Area| NM 35053| BOAP1 33.8695 | -106.8520| IMPROVE Monitor
Boundary Waters Canoe MN | 27075| BOWA1 | 47.9466 | -91.4955 | IMPROVE Monitor
Area Wilderness Area
Breton Wilderness LA 22075 BRIS1 29.8895 | -88.8524 Class | Centroiél
Brigantine Wilderness Area NJ 34001 BRIG1 39.4650 | -74.4492 | IMPROVE Monitor
Caney Creek Wilderness Area AR 05113| CACR1 34.4544 | -94.1429 | IMPROVE Monitor
Cape Romain Wilderness SC 45019| ROMA1 32.9410 | -79.6572 | IMPROVE Monitor
Carlsbad Caverns NP NM 48109 GUMO12 32.1409 | -104.5529 Class | Centroid
Chassahowitzka Wilderness Area FL 12017| CHAS1 28.7484 | -82.5549 | IMPROVE Monitor
CohottaWilderness Area GA 13213 COHU1 34.7852 | -84.6265 | IMPROVE Monitor
Dolly Sods Wilderness WV 54093( DOSO1 39.1053 | -79.4261 | IMPROVE Monitor
Everglades NP FL 12086 EVER1 25.3910 | -80.6806 | IMPROVE Monitor
Great Gulf Wilderness Area NH 33007 GRGU1 44,3082 | -71.2177 | IMPROVE Monitor
Great Smoky Mountains NP NC/TN | 47009 GRSM1 35.6334 | -83.9416 | IMPROVE Monitor
GuadalupeéMountain NP TX 48109| GUMO1 31.9236 | -104.8846| Class | Centroid
HerculesGlades Wilderness Area MO 29213 HEGL1 36.6138 | -92.9221 | IMPROVE Monitor
Isle Royale NP Ml 26083 ISLE1 48.0109 | -88.8284 Class | Centroiél
James River Face Wilderness VA 51163 JARI1 37.6266 | -79.5125 | IMPROVE Monitor
Joyce KilmerSlickrock Wilderness NC/TN | 47009] GRSMZF 35.4047 | -83.9762 Class | Centroid
Linville Gorge Wilderness Area NC 37011 LIGO1 35.9723 | -81.9331 | IMPROVE Monitor
Lye Brook Wilderness VT 50003 LYBR1 43.1482 -73.1268 | IMPROVE Mon?tor

50025 LYEB1 42.9561 -72.9098 | IMPROVE Monitor

61 US EPA, 2018. Technical Guidance on Tracking Visibility Progress for the Second Implementation Period of the Regional
Haze Program. EPA54/R18-010. December 2018 available &ttps://www.epa.gov/sites/production/files/2618
12/documents/technical_guidance_tracking_visibifiypgress.pdf
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Table 51. IMPROVE Monitors in the VISTAS 12 Domain

Class | Area State FIPS IM.PROVE - Trajgctory Origin _
Code | Site Code | Latitude | Longitude Description

Mammoth Cave NP KY 21061 MACA1 37.1318 | -86.1479 | IMPROVE Monitor
Mingo Wilderness Area MO | 29207| MING1 36.9717 | -90.1432 | IMPROVE Monitor
Moosehorn Wilderness EDM ME 23029 MOOS1 44,8362 | -67.2276 | IMPROVE Monitor
Okefenokee Wilderness Area GA 13049 OKEF1 30.7405 | -82.1283 | IMPROVE Monitor
Otter CreelWilderness WV 54093 DOSOF 38.9969 | -79.6460 Class | Centroid
Pecos Wilderness Area NM 35055| WHPE1? 35.8944 | -105.6453 Class | Centroid
Presidential RangBry NH | 33007| GRGUF | 44.1775 | -71.3226 | Class I Centroid
River Wilderness

Salt CreekWilderness Area NM 35005| SACR1 33.4598 | -104.4042| IMPROVE Monitor
San Pedro Parks Wilderness Area NM 35039 SAPE1 36.0139 | -106.8447| IMPROVE Monitor
Seney Wilderness Area Ml 26153| SENE1 46.2889 | -85.9503 | IMPROVE Monitor
Shenandoah NP VA 51113 SHEN1 38.5229 | -78.4348 | IMPROVE Monitor
Shining Rock Wilderness Area NC 37087| SHRO1 35.3937 | -82.7744 | IMPROVE Monitor
Sipsey Wilderness Area AL 01079 SIPS1 34.3433 | -87.3388 | IMPROVE Monitor
St Marks Wilderness Area FL 12129| SAMAl 30.0926 | -84.1614 | IMPROVE Monitor
Swanquarter Wilderness Area NC 37095| SWAN1 35.4510 | -76.2075 | IMPROVE Monitor
Upper Buffalo Wilderness Area AR 05101 UPBU1 35.8258 | -93.2030 | IMPROVE Monitor
Voyageurs National Park MN 27137 VOYAZ2 48.4126 | -92.8286 | IMPROVE Monitor
Wheeler PeakVilderness NM 35055| WHPE1 36.5854 | -105.452 | IMPROVE Monitor
White Mountain Wilderness Area NM 35027 WHIT1 33.4687 | -105.5349| IMPROVE Monitor
Wichita Mountains Wilderness OK 40031 WwWIMO1 34.7323 | -98.7130 | IMPROVE Monitor
Wolf Island Wilderness GA 13049| OKEF2 31.3451 | -81.3058 Class | Centroid

@ No IMPROVE Monitor is located at this Class | Area. As such, the nearby IMPROVE monitor was used as a surrogate.
b This Class | Area does have a dedicated IMPROVE Monitor. However, it is located outsitlashéArea boundary. The trajectory
origin was altered to the Class | Area centroid.
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Legend
Trajectory Origin
® (Class | Centroid
* |MPROVE Monitor

/7| States Omitted From Trajectory Analysis
[ ] VISTAS 12km domain

Figure 5-1. IMPROVE Monitor Locations and Starting Points for Hybrid Single-Particle
Lagrangian Integrated Trajectory (HYSPLIT ) Trajectories in the VISTAS 12-km Domain
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Figure 5-2. IMPROVE Monitor Locations and Starting Points for HYSPLIT Trajectories in the

VISTAS States
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53 Emissions Data Collection

The 2028 emissions data used in the Aol analysis éametheTask A emissions inventory,
which was prepared in August 2018 and was used for the PSAT tagging. Emissions were split into two
distinct groups, by source category: Point and colewgl (e.g., nonpoint, onroad, nonroad, prescribed

fires, and ttal point emissions).

NOyx and SQ point source emissions were aggregated at the facility level. The aggregated
emissions also included facility latitude and longitB&iehich was used to calculate the distance between
the point source and Class | areaeTite also included additional informatiamcluding state and county
FIPS codeEmission Inventory Syste(IS) Facility ID, Facility Name, primariorth American
Industry Classification Syste(NAICS) code, Tier 1 description, a®€CCs (i.e., all SCCsrpsent at the
facility). After initial review of the data, the SESARM partners provided a list of revised facility
emissions based on updated information. This included facilities that are scheduled to cease operations (ir
whole or part) before 2028, orhar emissions adjustments that were not included in the original
emissions inventory effort. TableBlists the facilities whose emissions were revised for the Aol

analysis.

For source categories within the nonpoint, onroad, nonroad, and prescribedtfire®s the
emissions were calculated at the codetyel by summing the emission inventory databases by the state
and county FIP$ode Similarly, the point emissions were summed by the state and countg&deS
reported for each facility. The pointusee files included airport and other nonroad emission sources
reported to a specific latitude and longitude. These sources were separated into two distinct point source
categories: INONROAD_MAR for marine, air, and railroad source, and 2) NONROAD_OTHER
those sources with traditional nonroad SCC descriptions (e.g., construction). This was done to better
separate the nonroad sources, in which NONROAD_MAR might require different federal actions for
controls, as opposed to NONROAD_OTHER.

62 Emission estimates are often provided at the fadiityel (often a facilitycentroid), but can also be reported for separate
emission release points. In cases where the fatdlitgl coordinates are not reported, the latitudelanditude coordinates
by facility emission release points are averaged.

63 Note that agricultural fires are included in the nonpoint inventory. Additionally, wildfires are not included in thissatealysi
be consistent with the Second Improve Algorithm (SiApairment data, which excludes the impact of wildfires.
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Table 5-2. Revised Facility Emissions for the Aol Analysis
NOx SO,
Reason for 2028 NOx 2028 SO, 2028
FIPS EIS Emissions 2028 Revised 2028 Revised
Code State | Facility 1D Facility Name Adjustment (tpy) (tpy) (tpy) (tpy)
01053 AL 7440211 | Escambia Operating Company LLC Permit Limit 349.3 349.3 18974.4 | 7,963.0
01053 AL 985111 | Escambia Operating Company LLC Facility Shutdown | 149.6 0.0 8,589.6 0.0
01127 AL 7917311 | Alabama Power Gorgas Facility Shutdown | 3,976.4 0.0 1,410.9 0.0
01129 AL 1028611 | PowerSouth Energy Coepd.owman Partial Shutdown | 2,910.8 300.0 3,805.2 0.0
05059 AR 658911 | Lake Catherine Facility Shutdown | 125.0 0.0 0.4 0.0
05069 AR 893911 | White Bluff Facility Shutdown | 16,179.2 0.0 31,997.1 0.0
12047 FL 769711 | White Springs Agricultural Chemicall)c Permit Limit 112.4 112.4 3,197.8 2,745.0
12057 FL 716411 | Mosaic Fertilizer, ILC Permit Limit 159.7 159.72 3,034.1 1,890.0
12105 FL 717711 | Mosaic Fertilizer ILC Permit Limit 310.4 310.2 7,900.7 3,581.0
12105 FL 919811 | Mosaic Fertilizer, ILC Permit Limit 141.0 141.¢ 4,425.6 3,614.0
13103 GA 3711211 | GA Power Co PT Mclintosh Facility Shutdown | 447.1 0.0 127.3 0.0
13115 GA 3713211 | GA Power Company Plant Hammond Facility Shutdown | 864.9 0.0 772.5 0.0
21059 KY 5891711 | Owensboro Municipal Utilities EImer Smith Station Facility Shutdown 23.4 0.0 6.7 0.0
21177 KY 5196711 | Tennessee Vallexuthority - Paradise Fossil Plant Facility Shutdown | 2,927.4 0.0 2,990.2 0.0
24001 MD 7763811 | Luke Paper Company Permit Limit 3,607.0 | 3,6070* | 22660.0 | 9,876.0
28059 MS 8232011 | Mississippi Phosphates Corporation Facility Shutdown | 325.7 0.0 1,330.6 0.0
28073 MS 7154411 | South Mississippi Electric Power Association, R D Morrow PI Fuel Switch 4,219.3 652.6 3,827.5 101.4
28121 MS 7288911 | Pursue Energy Corporation Thomasville Gas Plant Facility Shutdown 3.9 0.0 8,933.5 0.0
28141 MS 17942211 | Mississippi Silicof New Source 0.0 836.0 0.0 648.0
31055 NE 6732411 | Omaha Public Power DistrietNorth Omaha Power Station Units Shutdown | 6,961.2 50.0 14,5300 5.0
39081 OH 8190811 | W. H.Sammis Plan{0641160017) Facility Shutdown | 3,740.0 0.0 3,1840 0.0
42007 PA 3853711 | FIRSTENERGY GEN LLCBruce MansfieldPLT Facility Shutdown | 10,707.0 0.0 19,0740 0.0
47001 TN 6196011 | TVA Bull Run Fossil Plant Facility Shutdown | 964.2 0.0 622.5 0.0
47105 TN 4129211 | Tate & Lyle,Loudon Fuel Switch 883.3 252.5 472.8 110.2
48161 TX Full_3497 | Big Brown Facility Shutdown | 4,407.0 0.0 52,307.0 0.0
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Table 5-2. Revised Facility Emissions for the Aol Analysis

NOx SO,
Reason for 2028 NOx 2028 SO, 2028
FIPS EIS Emissions 2028 Revised 2028 Revised
Code State | Facility 1D Facility Name Adjustment (tpy) (tpy) (tpy) (tpy)
48331 TX 13408411 | Sandow 5 Generating Plant Facility Shutdown 0.8 0.0 0.0 0.0
48331 X 4204811 | Sandow Steam Electric Station Facility Shutdown | 1,055.0 0.0 20,013.0 0.0
48331 TX | Full_52071| Sandow 5 Facility Shutdown | 1,0420 0.0 1,255.0 0.0
48449 TX Full_6147 | Monticello Facility Shutdown | 7,199.0 0.0 44,2870 0.0
48487 TX 7927311 | Oklaunion Power Station Facility Shutdown | 5,5130 0.0 1,6790 0.0
RevisedTotals 79,305.0| 6,771.0 | 281,408.4| 30,533.6

a

b

No emission changes.
New facility added for this analysis, and not included in the final Task 2A point source emissions inventory.
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5.4  Trajectories

For this study, the HYSPLIT modéideveloped by the National Oceanic and Atmospheric
Admini strationds (NOAA) Air Resources Laborator

influencing visibility.

5.4.1 Meteorological Data

The analysis started by collecting the meteorological and aittyjdalia needed to complete the
task. For the meteorology data, ERG downloadedNtiveh American Mesoscale forecast data at the
12-km level(NAM-12) hybrid sigmapressure data from NOAA ARL FTP Server

(ftp://arlftp.arlhg.noaa.gov/namsThe extent of the domain is presenteéigure 53.

The meteorological files include 40 pressure levels in the vertical, and output for every hour of the
day. The files avéable from NOAA ARL are in a HYSPLIT ready format for individual dates starting in
March 2010. ERG downloaded December 29, 2010 through December 31, 2016 for use in the back
trajectoriesDue to theotal size of all the meteorology fil€8.23 TB), thesedata were providetb the
SESARM statesia hard drive transfer

64 Stein, A.F., Draxler, RR., Rolph, G.D., Stunder, BJ.B., Cohen,MD. , and Ngan, F., (2015). N
atmospheric transport and dispersion modeling system, Bull. Amer. Meteor. §d0592077,
http://dx.doi.org/10.1175/BAM$-14-00110.1
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Figure 5-3. NAM 12-km (Sigma-PressureHybrid) Modeling Domain

5.4.2 Trajectory Set up

The HYSPLIT runs included starting heights of 100 meters (m), 500 m, 1,00@irh,%00 m.
Trajectories were run 72 hours backwards in time for each height at each |écatid011 through
2016 Trajectories were run with start times of 12AM (midnight of the start of the day), 6AM, 12PM,

6PM, and 12AM (midnight at the end of theyflocal time. ERG converted these times from local time
of the Class | area tdniversal Time CoordinatedTC), adjusting the data as necessary, and accounting

for the shift from daylight saving time to standard time.

While several packages exist to tdNSPLIT fromR (e.g., SplitR, opentraj), all were designed to

work with reanalysis datdand not daily meteorological data files, ahd tlaily NAM 12-km hybrid was

notan option for the meteorological filesany of the packages available lieu ofrunningHYSPLIT

with R, ERG developed a python script that created all the necessary control files to run HYSPLIT.

HYSPLIT was then run outside iGraphical User InterfacgUI) via a batch script. The pyth@ode and

batch script used to run HYSPLIT are availabléne Task 5 Report (#pendices A and Bespectively,

85 The reanalysis data is the NOAA data reformatted for HYSPLIT.
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and include instruction on how to run thehhis scripted method was necessary for running the 148,468
(37,117 start times modeled, at 4 diéfiet heights) trajectories for each site for the Aol analysis.

Rwas used to combine the HYSPLIT output files (tdump files) into a singlé>fiés ofthe
trajectories byneight byyear Figure 54) andheight byseasonKigure 55) were generated usirig(via
the openaff® package)

Class1 site: 16 Year: 2011-2016 Height: 100.00

Figure 5-4. Example Trajectory Plot, 100m Trajectoriesby Y ear, for Great Smoky Mountain
National Park. (Created with R)

66 CarslawD.C. and RopkinsK.( 2012 ) . 8 AohPpackage forargal i ty data analysis. o
& Software, 2728(0), pp. 5261. ISSN 1364152, doi: 10.1016/j.envsoft.2011.09.008.
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Class1 sitel 16 Year: 2011-2016 Height: 100.00
spring (AR} i . I
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Figure 5-5. Example Trajectory Plot, 100m Trajectoriesby Season, for Great Smoky Mountain
National Park. (Created with R)

Thefiles of the trajectory endpoints for each starting hewggre alsaconverted to ArcGIS and
plotted using ArcGISKigure 56), and all shapefile anohse layers were delivered to SESARMese
back trajectories for the 20% most impaired days were then used to develop residence time (RT) plots
multiple time segments (annual [2011, 2012, 2013, 2014, 2015, and 2016], specific time peried [2011
2013 aml 20142016], and entire period [2042016])
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Figure 5-6. Example Trajectory Plot for Great Smoky Mountain National Park.
Plot wasCreated with GIS, for the 20% Most Impaired Days.

Residence Time

The RT plots define thgeographic areas with the highest probability of influencing the monitor

on the 20% most impaired visibility days. ThedRadr point sources werealculated as the number of

trajectory hours that pass through eatthe12-km modeling domaimgrid cell(i.e., the number of hourly

trajectory end points in each cell) usiR@nd custom geographic information system (GIS) scripts. The

anal ysi s

was expanded to the EPAG6s 12US2

domai

from the VISTAS12-km domain This ensured the analysis for western Class | areas took into account

their entire sourceegion andlid not artificially weight results on sources within the VISTAEEkm

domain only.

TheR script was used to look at the various breaks of the dataigawéor any outlying years, or

if emission controls installed midway through the review period affected, extinggmhted residence

5-14
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time (EWRT) as discussed in Section 5.bijgure 57 shows an example RT pl@gtumber of trajectory

counts)produced byheR code.

ArcGIS was used to develop final RT and EWRT values that were exported to shapefiles and
joined with the emissions data for the Aol analysis spreadsheets. bifgleows a similar residence
time plot as the R filegsplotted in GIS versin, with a wide view of the modeling domain at the top, and

aclose up of the Class | area atthe botfoms fAper @wents of tot al

The RTs for countyevel source sectors were calculated as the number of trajectory hours that
passed through the county,@sposed to grid cells. This was completed in GIS using a custom script.

5-15
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Hours by hexbin; Class | site: 16; Year: 2011-2016; all heights

Figure 5-7. Example ResidenceTime, Per 12-km Modeling Grid Cell, Plot for Great Smoky
Mountain National Park. (Full view (top), Class | zoom (bottom);Plot wasCreated with R)
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Figure 5-8. Example ResidenceTime, Per 12-km Modeling Grid Cell, Plot for Great Smoky
Mountain National Park, zoomed in on Class | area(Full view (top), Class | zoom (bottom);Plot

was Created with GIS)
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5.6  Extinction-Weighted Residence Time

Thetrajectory residence time was also weightgebxtinction attributable tammonium sulfate
and ammonium nitraten the arrival date of each traject@yd used to produce separate sulfate and
nitrate EWRT plots. This allows separate analysis for sulfate and nitrate that is weighted toward the days
influenced most by those constituents and not days most influenagbdrconstituents, like organic

carbon.

In this project, the Concentration Weighted Trajectory (C¥&pproactwasused to develop the
EWRT, substituting the extinction valufor the concentration. The extinction attributable to each
pollutant is paird with the trajectory for that dayhe mean weighted extinction of the pollutant species
for each grid celis calculated according:to

0O Ow'Y"Y OQ b

B ¥
Where

i andj are the indices of grid

k the index of trajectory

N the total number of trajectories used in analysis

bextkis the 24hour extinction attributed to the pollutant measured upon arrival of trajectory
k, and

Gk the number of trajectory hours that pdsstough each grid cel | (]
row and fAj 0%®is the column).

The higher the value of the EWRDdyo the more likely that the air parcels passing over cell (i, j)
would cause higher extinction at the receptor site for thatdigiimction species. Since this method uses
the extinction value for weighting, trajectories passing over large sources are more discernible from those

passing over moderate sources.

67 Hsu,Y-K., T. M. Holsen and P. K. Hopke (2003). AComparison
Ch i c dngAtndospheric Environment 37.4, pp. 5462, DOI: 10.1016/S1352310(02)0088&

68 Carslaw, D.C. (2015). The openair man&labpensource tools for analyzing air pollution data. ManuaMersion 1.14,
Kingbs Col htte:dwsvw.bpenaiproject.org/PDF/OpenAir_Manual.pdf
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Figure 59 presents the EWRfbr anmoniumnitrate extinction for the Grat Smoky Mountain
National Park for the 20% most impaired days from 2011 to 2016. The figure provides a view of the full
modeling domain (top) and an image focused on the Class | Area (bottom). Fiushéw the EWRT
for ammoniumnitrate extinction as apercentage of the total ammonium nitrate, with a full domain view
and Class | area view. Figureld shows the weighted ammonium sulfate EWRT, and Figd ghows

the weighted ammonium sulfate EWRS a percent of the total ammonium sulfate.
5.7  Contributor Identification

Thefinal phase of the analysis combihthe EWRT values with the emission data to determine
the sources most likely contributing to elevated extinction lexets51S was used to spatially join the
emissions data with the gridded EWRT dat@btain the EWRT value corresponding to each point
source. This new layer was extracted from ArcGIS and brought into an Access database to be paired with

other data elements.

In the database, the data were further joined with idtartte (dfrom the pint sourcgaverage of
all emission release points) the trajectory origin in kilometersvhich was calculated using Rhe
facility emissiongQ, in tons per yeawyere therdivided by the distance (d, in kilometers) to the
trajectory originjfor afinal value (Q/d)T hi s was t hen mul dulfate brnittate EWRT t h e
grid values (i.e., EWRT *(Q/d)Next, the sulfate and nitraEBNVRT *(Q/d) values were summed for all
point sources at each Class | area and used to normalize the sulfateaa contributions from each
individual source. This information allows the individual facilities to be ranked from highest to lowest

based on sulfate and/or nitrate contributions.
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Figure 5-9. Example EWRT for Ammonium Nitrate Extinction, Per 12-km Modeling Grid Cell,
Plot for Great Smoky Mountain National Park. Based on All Years. Full view (top), Class | zoom
(bottom); Plot was Created with GIS)
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Figure 5-10. ExampleEWRT, as a percentage of the totafor Ammonium Nitrate Extinction, Per
12-km Modeling Grid Cell, Plot for Great Smoky Mountain National Park. Based onAll Years.
(Full view (top), Class | zoom (bottom);Plot wasCreated with GIS)
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Figure 5-11. ExampleEWRT for Ammonium Sulfate Extinction, Per 12-km Modeling Grid Cell,
Plot for Great Smoky Mountain National Park. Based onAll Years. Full view (top), Class | zoom
(bottom); Plot wasCreated with GIS)
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Figure 5-12. ExampleEWRT, as a percentage of the totafor Ammonium Sulfate Extinction, Per
12-km Modeling Grid Cell, Plot for Great Smoky Mountain National Park. Based onAll Years.

(Full view (top), Class | zoom (bottom);Plot wasCreated with GIS)
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This data was further paired with additioqedint source metadathat defined the facilityi.e.,
Facility ID, Facility Name, StatBlame CountyName FIPScode NAICS, and industry descriptipn
Spreadsheéi$for individual Class | areas were then exported from the database for further analysis by
the states. Plots of tHE@NVRT *(Q/d), as a percentage of the total, were generated based on the grid total
emissions and distance to the class | &g&pires 5-13 (ammonium nitrate) and-54 (ammonium sulfate)
show examplgof these plots for the Great Smoky Mountain National Park. The figure includes a wide

view of the entire continental United States, and a closer view in the vicinity of the Glaas | a

Users of the data should note that while point sources account for most of the sulfate extinction,
these sources only account for a portion of the nitrate extinction. Much of the nitrate extinction can be
attributable to the onroad and nonpaattos. As such, a similar analysis for county level data was
conducted, that included county total point source contributions. This allows the point source contribution
to be directly compared to the other source categories.

Similar analysisvasconducted toank SQ and NG emissions contributions fahe countylevel
sources (nonpoingnroad nonroad fires, and total poirgource sectojsThe proceswassimilar to the
process for point sources previously described, except calculations of RT andkbmpleted at

the countylevel as opposed to grids.

The analysis also added new columns to normalize the EWRT*(Qftietarea of eactounty to
develop a metric to compare the contributions from counties relative basidhe existing calculation
hada propensity to attribute higher contributions to larger counties simply because they typically
contained moremission sources and more hourly trajectory end padiasnalizing thecontribution by
the area of the county (i.&EWRT*(Q/d) per square kilogtel) provides a sense of tkeurce emission
density within the county. This allows county contributions to be directly compared, without large
counties beingveighted more heavily bgimply having more@missionsourcesand more hourly

trajectory end poits.

This analysis was completed @IS using the same calculation methodrespoint sourceslhe
calculation ofido wasfrom the centroid of the county to the trajectory origin,nm Similar to point

sources, the final spatial jomas made between tlkeuntylevel EWRT, emissions, and source

69 Spreadsheets containing the results and field descriptions are posted on the Metro 4/SESARM website
(https://www.metrodsesarm.org/content/tagkareainfluenceanalysi$, and are also catalogued in Appendix A of this
Final Report.
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Figure 5-13. Example EWRT*(Q/d) for Ammonium Nitrate Extinction for 2028, Per 12-km
Modeling Grid Cell, Plot for Great Smoky Mountain National Park. Based onAll Years. Full view
(top), Class | zoom (bottom);Plot wasCreated with GIS)

5-25



Final

VISTAS Il Regional Haze Air Quality Project

<0.1%

EWRT*Q/d for 051%- 1% 2.1% -3% 41% - 5%

2028 SO, as I o:11%-0s% 1.1%- 2% a1%-4 [ >5+

Percent of Total

x\ ‘t{

2 1; -]

EWRT*Q/d for <0.1% 0.51% - 1% 21%-3% [ +1%-s% 7_«3

2028 SO, as - e - ]

Dercont of Total B o -os 11% - 2% arw-on [ -5 i __,__7—\;‘[ 1\
— | N

Figure 5-14. Example EWRT*(Q/d) for Ammonium Sulfate Extinction for 2028, Per 12-km
Modeling Grid Cell, Plot for Great Smoky Mountain National Park. Based onAll Years. Full view
(top), Class | zoom (bottom);Plot wasCreated with GIS)
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information for eachexctor. All county and emissions source identifying informati@as joined in an
Access database with calculationsQstl and Q/dvalues, EWRT, EWRT*(Q/d), fraction and sum
contributions, and any otheourceinformation.The database was then used to generate individual
spreadsheets (referenced above) for each Class | area.
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6.0 VISTAS Il AIR QUALITY MODELING

This section summarizes the development of the Modeling Protocol, the 2011 benchm
conformaiton runs, and the 2028 benchmark confirmation runs. Activities related to Tag
are presented ahttps://www.metrodesarm.org/content/tagkair-quality-modeling

Under this taskERG authorizd Alpine to initiate modeling activitiefOne of the first project
deliverables was the Modeling Protocol (Subtask 6.1), which underwent SESARM, TAWG, CC, and EPA

Region 4 review. A final version of theARP was approved in June 2018.

The next two Subtasks consisted of evahgatonfidence in the air quality modeling through
benchmark conformations of the 20ddse year air quality modeling (Subtask 6.2) and the 2028 base
year air quality modeling (Subta$.3).

6.1 Modeling Protocol

The Air Quality Modeling Protocol for the VISTAS |l Regional Haze modeling analyass
developed by ERG and Alpiveith the purpose of estimating regional haze and progress at southeastern
state Class | areas mojection year 2028 This informationwasused by SESARMarticipating states

in the regional haze SIP development process

The VISTAS Il modeling includgPM simulations and source apportionment studies using the
12kmgr i d based on EPAG6Gs 2011/ 2028el model ing pla
assessment (EPA, 2017b) updated to inclutiz kem subdomain over the VISTAS region and augmented

with revisons to EGU and ne&EGU point sourcemissiongrojectionsfor 2028
6.1.1 Episode Selection

Episode selection is an important component of any modeling analysis. EPA guidance
recommends ch@ingtime periodgeflecive of the variety of meteorological conditisthatrepresent
visibility impairment on the 20%learestand 20%amost impairedays in the Class | areas being
modeled. This is best accomplished by modeling a full year. For this antigsisll 2011 calendar year

wasmodeledwith 10 days of model sp-up in 2010.

“fHRegional Haze Modeling for Southeastern VISTAS |1 Regi
Report. 6/27/2018.
6-1


https://www.metro4-sesarm.org/content/task-6-air-quality-modeling

VISTAS Il Regional Haze Air Quality Project Final

6.1.2 Model Selection

The Weather Research Forecast (WRF) prognostic meteorological model was selected for the
VISTAS Il modeling. Emissions processimgscompleted using the SMOKE model for most source
categories. The exceptions are ti#BEIS model was used for biogenic emissions and there are special
processors for fires, windblown dust, lightning and sea salt emissions. The N2OVA&#nodel was
used by EPA with SMOKEMOVES to generate onroad mobile source emissions with EPA generated
vehicle activity data provided in the 2028 regional haze analysis. The CAMx photochemical grid model,
which supports twavay grid nestingvasalso used. The setup is based on the same
WRF/SMOKE/BEIS/CAMx modeling system used in the EPA 2011/2028el platform mgdel

A newer version of CAMX, Version 6.50, was released (April 30, 2018). After discussions with
SESARM, the CC, and the TAWG, it was decided to not use the newer version due to insufficient testing

and application history necessary to ensure confidencedelling results.

6.1.3 Baseand Future Year Emissions Data

A 2011 base year ara2028 future yeawereused for the VISTAS Il modeling to be consistent
with the requirements of EPAO&s RHR. TroneE P2A001sl b a
i e | Oeling platformwere used as the starting poinb Bidjustmentsveremade to 2011rmaissions For
i e | vpslaiesveramade to EGU and neBGU point source data within the VISTAS states for 2028
and the ERTAC EGU v.2.7 outputgereused for noWISTAS EGUs in the projection year.

6.1.4 EmissionInput Preparation and QA/QC

Quiality assurance (QA) and quality control (QC) of the emissions datasets are critical steps in
performing air quality modeling studies. Because emissions processauoiss, time consuming and
involves complex manipulation of many different types of large databases, rigorous QA measures are a
necessity to prevent errors in emissions processing from occurring. The VISTAS Il modeling study
utilized methods applied to éhemissions platform that follows a multistep emissions QA/QC approach

including:

1 Visualizing the modeteady emissions with the scale of the plots set to a very low value,
Alpine determind whether there are areas omitted from the raw inventory origseons
sources are erroneously located in water cells;

T Spotchecking the holiday emissions files to confirm that they are temporally allocated like
Sundays;

1 Producing pie charts emission summaries that highlight the contribution of each emissions
source omponent (e.g. nonroad mobile); and

1 Normalizing the emissions by population for each state will illustrate where the inventories
may be deficient and provide a reality check of the inventories.
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State inventory summaries prepared prior to the emissionsgziagwereused to compare
against SMOKE output report totals generated after each major step of the emissions generation process.
To check the chemical speciation of the emissiortsdd/ersion 6 Carbon Bon€B6) species, Alpine
compare reports genetad with SMOKE to target these specific areas of the processing. For speciation,
the inventory state import totalferecompared against the same state totals with the speciation matrix

applied

6.1.5 Meteorology Input Preparation and QA/QC

The CAMx 201112 km meteorological inputsverebased on WRF meteorological modeling
conducted by EPA. Details on the EPA 2011 WRF application and evaluation are provided by EPA (EPA
2014d).

6.1.6 Initial and Boundary Conditions Development

Initial Conditions(IC) and Boundary Conddns (BCs) are important inputs to the CAMx model.
Alpine ran10 days of model spinp before the first daysccuredin the modeling episode so the ICs are
washed out of the modeling domain before the first day of the annual 2011 modeling period.rdhe late
boundary and initial species concentrations are provided by adimeasional global atmospheric
chemistry model, GEGEhem (Yantosca, 2004) standard versiegdB®2 with 802-01 chemistry.

6.1.7 Air Quality Modeling Input Preparation and QA/QC
Each stemf the air quality modelingvassubjected to QA/QC procedures. These procedures
included verification of model configuratiorendconfirmation that the correct data used were processed

correctly.

6.1.8 Model Performance Evaluation

An operational model performance evaluatimsperformed foPM (PM..s species components
and coarse PM) and regional haze to examine the ability of the CAMx v6.40 modeling system to simulate
2011 measured concentrations. This evaluation tmbms graphtal analyses and statistical metrics of

model predictions versubservationgindare described in detail in Secti@rf this report

6.1.9 Future Year Significant Contribution Modeling
PM predictions from 2011 and 2028 CAMx model simulatimeseused to project 2002013
| MPROVE visibility data to 2028 f ol |I.eamdragpnat he a
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haze modeling guidandéThe guidance describes the recommendedetiraylanalysis used to help set
reasonable progress godRRG9 that reflect emissions controls in a regional haze SIP. The CAMx PSAT

method will be utilized for this effort.

6.2 Benchmark Confirmation Runs

The simulations on the Alpine computer cluster dr@BEPA computewerebased on hourly
differences in ozone, PM, primary organic carborPOQ), particulatenitrate andparticulatesulfate. The
metric for comparison will be thebsolute difference (Equation 1) goercent differencéEquation 2)

definedas:

(Equation 1) 0 0

(Equation 2)

Where Gpais the concentration at each grid cell hour for the EPA simulation agdi€the

concentration at each grid cell hour for the simulation on the Alpine computers.

The comparisomasdone both graphicallfe.g., scatter density plotahd quantitativiy (e.g.,
residual distributionsfior reviewed concentrations. Analysis produgesehourly spatial plots of the
absolutedifferences. Shouldignificantd i f f er ences be noted between th
original simulations, spatial plotseregeneratednd discussdwith SESARM and others as requested.

For this study, six benchmark confirmation runs were initially approiiee following

confirmation runsvereperformed:

1 BenchmarkConformationRun #1- EPA 2011 with CAMx_6.32 (CONUS) vs. Alp2011
with CAMx_6.32 (CONUS)

1 Benchmark ConformatioRun #2- EPA 2028 with CAMx_6.32 (CONUS) vs. Alpine 2028
with CAMx_6.32 (CONUS)

1 Benchmark ConformatioRun #3- Alpine 2011 with CAMx_6.32 (CONUS) vs. Alpine 2011
with CAMx_6.40 (CONUS)

1 Benchmark ConforationRun #4- Alpine 2028 with CAMx_6.32 (CONUS) vs. Alpine 2028
with CAMx_6.40 (CONUS)

“"AModeling Guidance for Demonstrating Air Quality Goal s
2018. Internet addressttps://www3.epa.gv/ttn/scram/guidance/guide/eBM-RH-Modeling_Guidance2018.pdf
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T Benchmark ConformatioRun #5- Alpine 2011 with CAMx_6.40 (CONUS) vs. Alpine 2011
with CAMx_6.40 (VISTAS)

T Benchmark ConformatioRun #6- Alpine 2028 with CAMx_6.40CONUS) vs. Alpine 2028
with CAMx_6.40 (VISTAS)

Unlike the Work Plan or the QAPP, the Modeling Protocol underwent revisions and updates
throughout the study, on anraseded basis. This included the decision tmoelel the emissions
inventory (discusseith Section of this report). As a result, d7enchmark confirmation run was
includedto compare the original modeled emissions to the revised modeled emissions

T Benchmark ConformatioRun #7- Alpine 2028elv3 with CAMx_6.40 (VISTAS) vs. Alpine
2028elv5 vith CAMx_6.40 (VISTAS)

6.2.1 Benchmark Confirmation Run #1

The first benchmark confirmation run compares the EPA 2011 modeling results for the continental
U.S. using the CAMx 6.32 modeling platform. Details on this comparison are presenteterhtheal
report’?The purpose of this comparison run was to de¢
results for the 2011 fAel 6 base year. This repl:.

scripts operated in a consistentmamm as EPAOGSs procedures.

The data fothis analysisre paired in space and time, meaning that each plot represents a
comparison of the two simulations at the same monitor on the sam@laarvations were made ftbre
following modeledpollutants:

1 Ozone The maximum positive fference is 3.1parts per billion ppb) falling to 2.01 ppb for
the 1¢" high. The maximum negative difference2s65 ppb falling to1.79 for the 18 high.
The highest differences are occurring on relatively low orangswith concentrations
ranging from 30 ppb to 51 ppb for the EPA simulation. The maximum positive and negative
percent differences are both 7.4%.

f PMzs The maximum positive difference is 6.J8/nr falling to 2.21ng/n? for the 1" high.
The maximummegative difference i5.41 pg/n? falling to -1.97 ng/m? for the 1" high. The
maximum positive percent difference from these days is 44Th#negative percent
differencefrom these days i81.7% Both maximum percentages ocaur low PM 5
concentrabn days

f Sulfate The maximum positive difference @s31pg/m falling to 0.19ug/m? for the 1¢
high. The maximum negative difference@s40ug/m? falling to -0.14ug/m? for the 1" high.
The maximum positive percent difference from these days.186, and the maximum
negativepercent differencéom these days i€18.5%

” ARegional Haze Modeling for Southeastern VISTAS |1 Regi
Benchmar king Report, Task 6 Benchmar k HFrheal Baportt8/1#2020Cov er i n

6-5



VISTAS Il Regional Haze Air Quality Project Final

f Nitrate The maximum positive difference 5634 pg/m falling to 1.93ug/m? for the 1" high.
The maximum negative fierence is-4.20pug/n?, falling to -1.65 pg/m? for the 1¢" high. The
maximum positive percent difference from these dagd 0%, andthe maximummegative
percent differencéom these days i54.3%, both on lownitrate concentration days

f Organic CarbonThe maxmum positive difference is 0.38y/m? falling to 0.09ug/n? for the
10" highest value The maximum negative difference i8.33pg/m?, falling to -0.08 ng/m? for
the 1" highest valueThe maximunpositive percent fierence from these days2s0%,and
the maximummegadive percent differencBom these days i2.89%.

6.2.2 Benchmark Confirmation Run #2

The second benchmark confirmation run compares the EPA 2018 modeling results for the
continental U.Susing the CAMx 6.32 modeling platform. Details on this comparison are presented in the
technicalreport>The purpose of this comparison run was t
EPAG6s results for the 2 0efdtalsoedsdres that theEPA dataymodel§,hi s

and scripts operated in a consistent manner as

Similar to Benchmark Confirmation Run #hetdata fothis analysisre paired in space and time,
meaning that each plot represents a compaa$ohe two simulations at the same monitor on the same
day.Observations were made for the followimgpdeledpollutants:

f Ozone The maximum positive fference i2.24 ppb falling to 1.74pb for the 18 high. The
maxmum negative difference i2.25 p falling to-1.60ppbfor the 1¢" high. The highest
differences are occurring on relatively low ozdwirswith concentrations ranging from 30
ppb to ® ppb for the EPA simulation. The maximum positpercent difference is 28 and
the maximum negative percent differenceri£%.

f PM2s The maxmum positive difference is 5.18y/n?, falling to 2.84mg/m?* for the 1¢" high.
The maximum negative difference i4.61 pg/nv, falling to -2.45nmg/m? for the 1¢" high. The
maximum positive percentftirence from these days is 48%4andthe maximunmegdive
percent differences -32.9%6, both on low PMs concentration days

f Sulfate The maximum positive difference @s31nmy/m?, falling to 0.17 ng/n?® for the 14"
high. Themaximum negative difference 18.14ng/m?, falling to -0.08ng/m? for the 1"
high. The maximum positive percent difference from these days.86, andthe maximum
negdive percent differences -6.8%.

f Nitrate The maximum positive difference4s13ug/n?, falling to 2.23ug/m? for the 18" high.
The maximum negative difference-&28ug/n?, falling to-1.92 pg/me for the 1" high. The
maximum positive percent difference from these dayd&7%, andthe maxmumnegative
percent differences -52.6%, both on lownitrate concentration days

" ARegional Haze Modeling for Southeastern VISTAS |1 Regi
Benchmarking Report, Task 6 Benchmark Report #1 Coverin
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f Organic CarbonThe maxmum positive difference is 0.17g/m? falling to 0.09ug/n? for the
10" high. The naximum negative difference i6.30ug/m® falling to -0.08 mg/n~® for the 1
high. The maximum positive percentfidirence from these days is 2%Jlandthe maximum
negdive percent difference 6£.86%.

6.2.3 Benchmark Confirmation Run #3

EPA 2011el and 2028el platform simulations were performed with CAMXx version 6.32. Since that
time the CAMx modeWasupdated to version 6.40 which include better physical treatment and corrects
model flaws that were discovered after the release of B&2third benchmark confirmation run
compares the Alpine 2011 modeling results for the continental U.S. using the CAMx 6.32 modeling
platform versus thenodeling results using tt@AMx 6.40modeling reportDetails on this comparison
are presented in the tatical report’* It is noted that while CAMx 6.50 was released during this study, it

had not been tested sufficiently for use in this project.

The purpose of this comparison run wasate differences between the two modelingeays
whichinclude:

1 Model DifferencesMany updates to the CAMx model were implemented between the 6.32
and 6.40 release. According to the CAMx 6.40 release notes, the significant changes included:
0 Updates to the chemistry to include a condensed halogen mechanredaborne
inorganic reactive iodine, hydrolysis of isopreferived organic nitrate and 20
oxidation on primary crustal fine particulate matter (PM). This update includes the
changes to the Ozone and Particulate Source Apportionment Technology
(OSAT/PSAT) algorithms;
o Inclusion of irline inorganic iodine emissions to support halogen chemical
mechanisms;
0 A major revision to the secondary organic aerosol portioning (SOAP) chemistry/
partitioning algorithm;
o Updates to the Regional Acid Deposition Motlegueous chemistry (RADMQ)
algorithm; and
o A major revision to the wet deposition algorithm to identify assumptions or processes
that were unintentionally or otherwise unreasonably limiting gas and PM apuate
precipitation. The wet deposition algorithwas simplified and improved in several
ways, resulting in the increased scavenging of gases and PM.
1 ConfigurationDifferencesIn addition to the model version, the CAMx 6.32 and 6.40
simulations contained differences in the EPA modeling platform thabdwa made
subsequent to the 2011el/2028el model release:

i Re g iHaze Mddeling for Southeastern VISTAS Il Regional Haze Analysis Project. 2011el CAMx Version 6.32 and
6. 40 Benchmarking Report, Task 6 Benchmark Report #2 Co
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o Inthe most current 2023en simulation, EPA developed new photolysis rates and ozone
column data. These updates were included in the updated modeling platform and
resulting CAMx 6.40 simulation andese used in the VISTAS Il 2011el simulations;

o Another configuration difference is how the boundary conditions were mapped for
speciation in the two versions of the model. EPA and the VISTAS CAMx 6.32 and
6.40 simulations all used the same boundary comdiiies. However, when CAMXx
was updated from 6.32 to 6.40 the species in the secondary organic aerosol (SOA)
scheme changed. The SOA5, SOAG6, and SOA7 were removed and SOA3 and SOA4
were redefined. Neither EPA nor this study remapped the boundary conthtions
account for this change.

The results are presented for the hours with the largest difference between the EPA and VISTAS

simulations Observations were made for the followimgdeledpollutants:

T

Ozone The maximum positive fference is14.48ppb falling to 10.47ppb for the 1th

highest The maxnum negative difference 43.74ppb falling to-9.61for the 1@h highest

The highespositivedifferences are occurring on relativéligh ozonehourswith

concentrations ranging from 80 ppb to 113 ppblier€AMx 6.32simulation.The maximum
negative difference days generally are on hours with more modest concentrations of 51 to 72
ppb, except for a July #8day with a 150 ppb estimafEhe maximum positive percent

difference is 18.9% and the maximum négapercent difference i4.8.5%

PM. s The maximum positive difference 6g.76micrograms per cubic metarg/m?) falling
to 52.61ng/m? for the 10th highst The maximum negative difference-85.09ng/m?, falling
to -18.42ng/m? for the 10th higkst The maximum positive percent difference from these
days is 1445%, and the maximum negative percent differenrs8.4&%. On the day of the
maximum positive difference (September 24 at 0400), the maximum difference i PM
concentrabn was 64.76g/m® ug/nv°. At this hour the difference in the sulfate, nitrate, and
OM concentrations werk0.26ng/m*> 28.08nmy/n, and9.28 ng/m?, respectively, with the
difference dominated by the differences in the nitrate estimates

Sulfate The maxinum positive difference i23.32pug/m?3, falling to 14.77ug/m? for the 10th
highest The maximum negative difference-i&7.77ug/m?, falling to-5.76 ug/m? for the 10th
highest The maximum positive percent difference from these day/81%, and the maximum
negdive percent difference i€£6.9%.

Nitrate The maximum positive difference 28.08ug/m?, falling to 21.00pug/m? for the 10th
highest The maximum negativéifference is-7.05ug/nv, falling to-6.16ug/m?® for the 10th
highest The maximum positive percent difference from these da®51&%, and the
maximumnegative percent differenie-80.7%

Organic CarbonThe maxmum positive difference is 30.28y/m?, falling to 25.25mg/m® for
the 10th higkest The naximum negative difference i28.67ng/m?, falling to-16.60ng/m?
for the 10th highst The maximum positive percentfidirence from these days is 8@land
the maximunmegadive percent differences+80.3%.
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6.2.4 Benchmark Confirmation Run #4

Similar to Benchmark Confirmation #3eéfourth benchmark confirmation run compares the
Alpine 28 modeling results for the continental U.S. using the CAMx 6.32 modeling platform versus the
modeling results usindné CAMx 6.40 modeling report. Details on this comparison are presented in the

technical report?

In addition to the model and configuration differences noted in Section 6.2.3, there are notable
emissions inventory differences used in the modeling by SB8AR o mpar ed t o EPAGs 2
platform.Observations were made fmodeledPM. s Design Values

1 Annual PM s Design Value The maximuncalculated increase is 0.5f/m? at monitor
510590030 in Fairfax, Virginia (7% increase between 6.3%af@) and maximum decrease
is 0.43ng/m? at monitor 210290006 in Bullitt County, Kentucky (4% decrease going from
6.32 to 6.40)The average change in annual design value for all monitors in the VISTAS states
is an increase of 0.2/m?, with an averagermual percent increase of 3% at these same
locations

f 24-Hour (daily) PM s Design Value The maximum calculated increase is iglm® at
monitor 510030001 in Albemarle, Virginia (9% increase going from CAMx 6.32 to 6.40) and
maximum calculated decreasig pg/m? at monitor 130210007 in BibBounty, Georgia
(3% decrease going from CAMXx 6.32 to 6.40). The average change in daily design value for
all monitors in the VISTAS states is 0.29/n7, with an average daily percent difference of
2% at these samedations.

6.2.5 Benchmark Confirmation Run #5

The VISTAS Il air quality modeling is being performed on a smaller computational grid than EPA
used in developing the 2011el platform. The use of the smaller domain is designed to allow SESARM to
moreefficiently look at air quality issues in the southeastern U.S. The fifth benchmark confirmation run
compares the EPA 20 modeling results for the continental U\S. the EPA 1zZkm continental grid
using the CAMx 640 modeling platform. Details on thi®mparison are presented in the technical
report/® Observations were made for the following pollutants:

1 Ozone The maximum positive fference isL7.75parts per billion gpb) falling to 9.16 ppb

for the 10" highest The maxinum negative difference i47.41 ppb falling to-12.19for the
10" highest Generally he highespositive and negativeifferences are occurring on relatively

" ARegional Haze Mode ITASIRedional Ha Analydis ®mject. 2028CANXIVErsion 6.32 and 6.40
Comparison Report, Task 6 Benchmark Report #4 Covering

" ARegional Haze Modeling for Sout heas20Ee GAMYVeBDM6SH0 RN Re g i
VISTAS and EPA 1xm Continental Grid Comparison Report, Task 6 Benchmark Report #3 Covering Benchmark Run
#5. 0 Final Report. 8/17/2020.
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high ozonehourswith concentrations up to 145.94 ppb for the VISTASih2ulation The
maximum positiveand negativ@ercentifferences are 28.1% antl6.0%, respectively

1 PM.s The maximum positive difference 383.55micrograms per cubic metarg/n?) falling
to 211.10mg/m? for the 10th highst The naximum negative difference i297.25nmg/m?
falling to -174.08ng/m" for the 10th higkst The maximum positive percent difference from
these days i$01.8% and negve percent difference 683.4%

{ Sulfate The maximum positive difference 376 nmy/n? falling to 3.39ng/m" for the 10th
highest The maximum negative diffence is-4.58ng/m? falling to -2.34ng/m? for the 10th
highest The maximum positive percent differenmethese days i189.3% and negive percent
difference 0+32.6%

f Nitrate The maximum positive difference 7s62ng/m? falling to 5.55nmy/m? for the 10th
highest The maximum negative difference-&37my/n? falling to -3.14ng/m? for the 10th
highest The maximum positive percent difference from these day29s®26 and negative
percent difference 6#49.16%.

f Organic CarbonThe maxmum positivedifference is 296.08g/n? falling to 161.79g/m’
for the 10th highst The nmaximum negative difference i888.20ng/m? falling to -134.56
mg/m? for the 10th highst The maximum positive percenftfidirence from these days is
97.4% and negive percent difference 683.7%

6.2.6 Benchmark Confirmation Run #6

Benchmarkcomparisorrun #6compare the modeling results using CAMx 6.40 performed on the
Alpine computer systerasing the SESARM 2028elv3 modeling platform over the VISTAS12 and 12US2
domains Details on this comparison are presented in the technical régbiservations were made for

the followingmodeledpollutants:

1 Ozone The maximum positive fference is18.00ppb falling to11.76ppb for the 1€h high.
The maxmum negative difference +47.43ppb falling to-12.19for the 1@h high. Generally
the highespositive and negativeifferences are occurring on relativédigh ozonehourswith
concentrations up to 144.19 ppb for the VISTASIKRulation The maximum positivand
negativepercentdifferences are 82.1% anti6.0%, respectively

1 PM.s The maximum positive difference 383.37ng/m? falling to 211.49vy/n?® for the 10th
high. The naximum negative difference i296.69ng/m? falling to -174.08ng/m? for the 10th
high. The maximum positive percent difference from these dai82s%6 and negtive
percent difference 683.5%

{ Sulfate The maximum positive difference 376 nmg/n? falling to 3.43ng/m?" for the 10th
high. The maximum negatidifference is-4.57 ng/m? falling to -2.34ng/m® for the 10th
high. The maximum positive percent differermethese days i94.3%6 and negave percent
difference 0t32.7%

"fARegional Haze Modeling for Sout heast28evB CAMK \%liarss.4012 Regi
km VISTAS and EPA 1&m Continental Grid Comparison Report, Task 6 Benchmark Report #5 Covering Benchmark
Run #6. 0 Final Report. 8/17/2020.
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f Nitrate The maximum positive difference 7s21ng/m? falling to 4.22nmg/m? for the 10th
high. The maximum negative difference4s63ng/m? falling to -2.96 ng/m® for the 10th
high. The maximum positive percent difference from these day30sPb6 and negative
percent difference 6#9.2%.

f Organic CarbonThe maxmum positive diference is 296.06g/n? falling to 161.83g/m’
for the 10th high. The aximum negative difference i8€28.07ng/m? falling to -134.62my/m®
for the 10th highThe maximum positive percentfidirence from these days is 9%4nd
negdive percent differereo0f-33.7%

6.2.7 Benchmark Confirmation Run #7

Since the completion ohé original round of emissions inventory development, emissions
processing, modeling, and PSASESARM concluded that the 2028 point EGU and-B&U emissions
needed to beeviewed andipdated for selected sourc&pecific updates related to development of the
2028 emissions inventory updates d e nt i f i aredpresested in¢he VaSk®B and Task 3B

updated reports

This seventhbenchmarldocuments the differencesnmodel estimates between CAMx 6.40
2028elv3 and 2028elvietails on this comparison are presented in the technical ré@irservations

were made for modeled PMDesign Values:

f Annual PM sDesign Value The maximuncalculated decrease is 0.6§/m® at monitor
211010014 in Hendersd@ounty, Kentucky (7% decrease between 2028elv3 and 2028elv5).
No increases are calculated at any FRM monitor in the VISTAS states because of the move
from 2028elv3 to 2028elv5. The average change in annual design vaallenfonitors in the
VISTAS states is a decrease of O)&Bm?, with an average annual percent decrease of 4% at
these same locations

1 24-Hour (daily) PM s Design Value The maximum calculated decrease isigy4n® at
monitor 010732003 in Jeffers@ounty, Alabama (11% decrease going from 2028elv3 to
2028elv5). No increases are calculated at any FRM monitor in the VISTAS states because of
the move from 2028elv3 to 2028elv5. The average change in annual design value for all
monitors in the VISTAS states isdacrease of 0.jdg/m?, with an average annual percent
decrease of 4% at these same locations.

" ARegional Haze Modeling for Sout heast28Emissivhs \&emiarsv3and Re g i
V5 Comparison Report, Task 6 Benchmark Report #6 Cover.i

6-11



VISTAS Il Regional Haze Air Quality Project Final

This page is intentionally blank.

6-12



VISTAS Il Regional Haze Air Quality Project Final

7.0 VISTAS Il MODEL PERFORMANCE EVALUATIONS

This section summarizes the [insert]. Activities related to Task 7 are presented at:
https://www.metrodgesarm.org/content/modperformanceevaluations

Model performance evaluations (MPES), which compare modeled concentrations to observed
concentrations, are important for demonstrating confidence in the air quality masleiagy Under this
task, ERG directed Alpine to perform MREtivities for ozone€oncentrationgparticulate matter
concentrationsand regional hazealues (e.qg., light extinctionThedeposition MPE was conducted by
ERG.

MPE metrics for the abowsere developed from tHdodel Performance Evaluation, Analysis,
and Plotting Software (MAPS) todP For this evaluatiosthe mean bias, mean error, normalized mean
bias, and normalized mean ermgre selectetb characterize model performanteesestatistics are
consistent with the recommendations in Simon et allZp% the photochemical modeling guidance

(US.EPA, 208)8'and EPAOds recent performance evaluati on

Mean bias (MB) is the average difference between predicted (P) and observed (O) concentrations
for a given number asamples (n):

CA
C

06A /O

™| O

Mean error (ME) is the average absolute value of the difference between predicted and observed
concentrations for a given number of samples:

Oonno O Us

™| O

Normalized mean bias (NMB) is tlsem of the difference between predicted and observed values
divided by the sum of the observed values:

7 McNally, D. and T. W. Tesche. 1998lodel Performance Evaluation, Analysis, and Plotting Software (MARIB)ne
Geophysicsl.LC. Arvada, CO.

80 Simon, H., K. Baker and S. Phillips. 2012. Compilations and Interpretation of Photochemical Model Performance Statistics
Published between 2006 and 20APnos. Env61 (2012) 124139. December.

81 EPA, 2018Modeling Guidance for Demofrating Air Quality Goals for Ozone, P\ and Regional Haze. Internet
addresshttps://www3.epa.gov/ttn/scram/guidance/guidefM-RH-Modeling_Guidance018pdf
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Normalized mean error (NME) is the sum of the absolute value of the difference between
predicted and observed values deddoy the sum of the observed values:

B o P

00 0P
These data are presedtas

1 Tables and plots;

f Scatter (with linear regression arfdzalue), bugle, and soccer plots;

1 the individual dayby-day and sitéoy-site stacked bar plots of tota¢taextinction pexi
and speciated components of bext for these most impaired and clearest days

7.1 Ozone MPE

The model performance statistics indicate that the@ daily maximum ozone concentrations
predicted by th&/ ISTAS12 modeling platfornelosely reflect the correspondingh®ur observed ozone
concentrations in each regionthe modelinglomain. The accegbility of model performance was
judged by considering the 2011 CAMx performance results in light of the range of performance found in
recent regional ozone model applicatiofi&®38485868788 Thege other modeling studies represent a wide
range of mdeling analyses that cover various models, model configurations, domains, years and/or

episodes, chemical mechanisms, and aerosol modules.

82 NRC, 2002. National Research Council (NRC), 2002. Estimating the Public Health Benefits of Proposed Air Pollution
Regulations, Washington, DC: National Academies Press.

83 Phillips et al., 2007. Phillips, S., K. Wang, C. Jang, N. Possiethim, T. Fox, 2007. Evaluation of 2002 Mgtllutant
Platform: Air Toxics, Ozone, and Particulate Matter, 7th Annual CMAS Conference, Chapel Hill, NC, Oe&ber 6
2008.

84 EPA. 2M5. Guidance on the Use of Models and Other Analyses in Attainment Dawaooss for the &hr Ozone NAAQS
-- Final. U.S. Environmental Protection Agency, Atmospheric Sciences Modeling Division, Research Triangle Park, N.C.
October.

8 EPA.2009 U.S. Environmental Protection Agency, Proposal to Designate an Emissions CortidbANitrogen Oxides,
Sulfur Oxides, and Particulate Matter: Technical Support Document-42BA&R-007.

8 EPA. 20D. U.S. Environmental Protection Agency, 2010, Renewable Fuel Standard Program (RFS2) Regulatory Impact
Analysis. EPA420-R-10-006. Februgy 2010. Sections 3.4.2.1.2 and 3.4.3.3. Docket HRAOAR-20090472
11332.

87 EPA. 205. Air Quality Modeling Technical Support Document for the 2015 Ozone NAAQS Preliminary Interstate
Transport Assessment. U.S. Environmental Protection Agency, Offisi Qfuality Planning and Standards. December
2016

88 EPA. 20B. Air Quality Modeling Technical Support Document for the Updated 2023 Projected Ozone Design Values
Office of Air Quality Planning and Standards, United States Environmental Protection Adeney2018.
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Overall, the ozone model performance results foMiIST AS12 modelingare within the range
found in other recent peeeviewed and regulatory applications. The model performance results, as
described in this document, demonstrate that the predictions from the VISTAS12 modeling domain using
theE P A 20%1el modeling platform corresponds closely to observed concentriatii@nsis of the

magnitude, temporal fluctuations, and geographic differencestouBdaily maximum ozone

The 8hour ozone model performance bias and error statistics for the months of May through
September for the region and VISTAS states in the VISTAmodeling domain are provided in Tables
7-1 and7-2, respectively. The statistics shown in Tallldsand7-2 were calculated using data pairs on
days with observedBour ozone of O 60 ppb. Spati al pl ot s
normalzed mean bias and error for individual monitors are shown in Figetdbrough7-4. Time series
plots of observed and predictetiximum daily MDA) 8-hour ozone during the period May through
September at select sites listed in Tabteare provided irfFigures?7-5 through7-14.

Overall, model performance for MDA8 ozone concentratifam the VISTAS12 modeling is
similar to what was found in EPAG6s model perfor

CAMx v6.40 simulation performed isupport of the 2008 and 2015 ozone NAAQS reviews.

7.1.1 Performance Statistics by States and Month

As indicated by the statistics in Tablel 7bias and error for-Bour daily maximum ozone are
relatively low in the region. Generally, MB forf8Bo u r 0 z o mderin@eadh onth pf the May
through September period, demonstrating wittbrppb at AQS sites in VISTAS states, ranging from
0.13 ppb (September) to 3.79 ppb (July). The ME is less than 10 ppb in all months. NMB ig®ithin
percent for AQS sites irllanonths except July (5.63%). The mean bias and normalized mean bias
statistics indicate a tendency for the model to overpredict MDA8 ozone concentrations in month of May
through August and slightly underpredict MDA8 ozone concentrations in SeptemB&Josites. The
NME is less than 15 percent in the region across all months.

Table 7-1. PerformanceStatistics for MDA8 Ozone 60 ppb by
Month for VISTAS StatesBased onData at AQS Network Sites.

# of MB ME NMB NME
Region | Month | Obs | (ppb) (ppb) (%) (%)
VISTAS | May | 838 2.48 6.11 3.79 9.34
VISTAS Jun | 2028 | 1.73 7.11 2.57 10.55
VISTAS Jul 1233 | 3.79 8.88 5.63 13.21
VISTAS | Aug | 1531 | 2.38 6.94 3.59 10.48
VISTAS Sep | 681 | -0.13 6.09 -0.19 9.08
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Looking at12-km model performance for individual states located within the VISTAS12 domain
(Table7-2) indicates that mean bias is within + 5 ppb for the majority of the months and states for all but
July in Alabama (6.18ppb), July in Florid® 32 ppb)August in Georg (5.67 ppb), July in Kentucky
(5.04 ppb), May in Virginia (5.57 ppb), and July in West Virginia (5.27 ppb). The mean error is less than
10 ppb for nearly all months and states, with exceptions occurring in July (Alabama, Florida, and
Georgia) and AugugFlorida). The normalized mean bias is within £10 percent in all months and states.
The normalized mean error is within 15 percent for all months and states with again exceptions occurring
in July (Alabama, Florida, and Georgia) and August (Florida).

Table 7-2. PerformanceStatistics for MDA8 Ozone 60 ppb by

Month and VISTAS State Within VISTAS12 Domain Based on
Data at AQS Network Sites.

MB ME NMB NME
Month # of Obs| (ppb) (ppb) (%) (%)
Alabama
May 75 2.55 4.89 3.89 7.47
Jure 235 3.30 7.53 4.95 11.29
July 83 6.18 10.64 9.12 15.71
August 241 3.56 6.77 5.30 10.09
Segember 80 1.67 5.83 2.61 9.11
Florida
May 241 2.47 6.44 3.72 9.72
Jure 137 1.23 7.59 1.83 11.30
July 20 -5.32 14.73 -8.21 22.74
August 62 3.17 10.49 4.74 15.67
Sepgember 78 0.98 7.52 1.48 11.40
Georgia
May 130 3.91 5.87 5.85 8.78
Jure 251 2.07 8.43 3.05 12.41
July 111 2.89 11.09 4.19 16.06
August 218 5.67 7.95 8.44 11.84
Segember 97 1.22 5.03 1.81 7.48
Kentuck
May 25 3.93 6.03 6.30 9.66
Jure 227 0.68 6.86 1.03 10.37
July 170 5.04 9.83 7.57 14.76
August 167 -0.32 7.30 -0.49 11.03
Sepgember 78 -0.82 6.60 -1.20 9.62
Mississippi
May 33 -2.97 5.50 -4.49 8.30
Jure 64 1.38 8.80 2.07 13.23
July 24 2.42 8.18 3.74 12.64
August 74 2.25 9.02 3.39 13.60
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Table 7-2. PerformanceStatistics for MDA8 Ozone 60 ppb by
Month and VISTAS State Within VISTAS12 Domain Based on
Data at AQS Network Sites.

MB ME NMB NME
Month # of Obs| (ppb) (ppb) (%) (%)
Sepgember 37 2.19 8.12 3.35 12.39
North Carolina
May 117 4.44 6.52 6.99 10.27
Jure 473 2.36 6.22 3.46 9.12
July 299 4.29 7.41 6.39 11.03
August 257 2.68 5.65 4.10 8.66
Sepgember 129 -1.35 5.36 -2.00 7.96
South Carolina
May 46 3.34 4.56 5.30 7.23
Jure 148 0.34 5.25 0.50 7.82
July 74 0.94 7.52 1.42 11.38
August 86 2.15 6.81 3.32 10.53
Sepgember 49 -0.44 4.34 -0.66 6.56
Tennessee
May 108 -1.18 5.38 -1.82 8.32
Jure 237 1.98 7.96 2.93 11.77
July 158 4.28 9.39 6.41 14.08
August 295 -0.03 6.04 -0.04 9.09
Segember 99 -2.67 6.83 -3.87 9.91
Virginia
May 41 5.57 9.47 8.01 13.62
Jure 200 0.55 7.40 0.82 10.99
July 225 2.82 8.63 4.12 12.59
August 90 2.93 7.27 4.50 11.18
Segember 17 1.32 6.53 2.07 10.25
West Virginia
May 22 0.40 7.54 0.63 11.90
Jure 56 0.95 5.00 1.44 7.56
July 69 5.27 6.96 8.03 10.60
August 41 2.61 5.91 4.01 9.08
Sepgember 17 0.21 5.78 0.28 7.82

7.1.2 Spatial Performance Evaluation
Figures7-1 through7-4 show the spatial variability in bias and error at monitor locations. Mean
bias, as seen from Figurel, is within+5 ppb at most sites across WS TAS12domain witha
maximumunderprediction 0f23.44ppb at one siteAQS monitor 550030010n AshlandCounty, WI
and a maximum oveprediction of 17.95 ppb in York County, SC (AQS mon#&6091000§ Both of
these sites hav@mall sample sizes (n=1 and n=7, respectivély)ositive mean bias is generally seen in
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the range of 5 to 10 ppb witkgionsof 10to 15 ppb oveprediction seescattered throughout the

domain The model has a tendency to underestimate in the western portion of the domain and

overestimate in the eastern portion of the domain.

ElPaso

Torreén Monterrey

New York
Columbus ; Philadelphia
Washington
Richmond

Norfolk
Greensk

Memphis fég.w,
Greenvill®

5010
Raleigh

Mean Bias (ppb)

Figure 7-1. Mean Bias (ppb) of MDA80Ozone 60 ppbOver the Period May-September 2011 at
AQS Monitoring Sites in VISTAS12Domain.

Figure7-2 indicates that the normalized mean bias for days with obseriedr8aily maximum

ozone 60 ppb is within £ 10 percent at the vast majority of monitoring sitessatiie¥ISTAS12

modeling domainMonitorsin Ashland County, WI and York County, SC again bookend the NMB range

with 38.03% and 27.44%, respectivelhere are regional differences in model performance, as the

model tends toverpredictat mostsites ineagern region of the VISTAS18omain and generally

underpredictat sites in and around tinestern and north western borders ofdbenain.
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Figure 7-2. Normalized Mean Bias (%) of MDA80Ozone 60 ppbOver the Period May-September
2011 at AQSMonitoring Sites in VISTAS12Domain.

Mean error (ME), as seen from Figuk8, is generally 10 ppb or less at most of the sites across
the VISTAS12 modeling domain although the Ashland, WI and York, SC monitors show rghehn hi
ME of 23.44 and 17.95 ppb, respectively. VISTAS states show lesd@aaf their monitors above
10 ppb model error, with the majority of those within this value. Figudendicates that the normalized
mean error (NME) for days with observedh8urdaily maximum ozone 60 ppb is less than ¥%at the
vast majority of monitoring sites across the VISTAS12 modeling domain. Noted exceptions seen are
monitors 450910006 (Yor&ounty, SC), 470370011 (Davidsdounty, TN), and 120713002 (Lee
County, FL) with NMEs of 27.44%, 25.4%, and 23.07%, respectively. Somewhat elevated NMEs (>
15%) are seen in and around many of the VISTAS state metro areas.



VISTAS Il Regional Haze Air Quality Project Final

. Quebec
@
h Ottawa
Minfjeapolis o)
e . ’,l
3] Toront;)orhm9 ~ ®a
mwaukee Grand Buffalo €
Rapids yivalo Albany
‘. V Detroit ’
® Chicago N certend N Provldence
v €]
@ New York
[5) spurah
) EC S A S < H
OBy, UNITEL TATES indian apolf) Columbus @ Philadelphia
Kansas City . ‘ Cinannati ‘Vashington
Louisville
& ® Richmond
PY (%}
Norfolk
Naghville Knowi% eensl;orb
@ Oklahoma City meéffBhis 'ﬁﬂo"e ?@b
Greenvil
Birmingham Atlanta € Mean Error (ppb)
Dallas L
ME
El'Paso .
g 9 o | B
Austin o " J@sonville
Hot ew Orleans e
San Antonio sl (] 3 >10-15%
Chihuahua hodando 5_10
= -
Tampa - 2
@0
Torreén Monterrey MEx
Culiacan

Figure 7-3. Mean Error (ppb) of MDA8 Ozone 60 ppbOver the Period May-September 2011 at
AQS Monitoring Sitesin VISTAS12 Domain.
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Figure 7-4. Normalized Mean Error (%) of MDA8 Ozone

60 ppb Over the Period May

September 2011 at AQS Monitoring Sites in VISTAS12 Domain.

7.1.3 Time Series Plots by Monitor

In addition to the above analysis of overall maakstformance, we also examined how well the
modeling platform replicates day to day fluctuations in observeou8 daily maximum concentrations.
Table 73 presents data for the highest 203yledr design value sién each VISTAS state.
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Table 7-3. Monitoring SitesIncluded in the OzoneTime SeriesAnalysis.

20092011 Ozone
AQS Monitor Design Value
ID State County (ppb)
010731005 | Alabama Jefferson 75
121130015 | Florida Santa Rosa 74
131210055 | Georgia Fulton 80
211110051 | Kentucky Jefferson 78
280470008 | Mississippi Harrison 75
371190041 | North Carolina Mecklenburg 79
450830009 | South Carolina Spartanburg 74
470090101 | Tennessee Blount 76
510590030 | Virginia Fairfax 82
540690010 | West Virginia Ohio 73

For this sitespecific analysis we present the time series of observed and predicted @aily

maximum concentrations by site in theld® simulation over the period of May through September. The

results, ashown inFigures7-5 through7-14, indicatethat the modeling platform generally replicates the

day-to-day variability in ozone during this time period at these sites. That is, days with high modeled

concentrations are generally also days with high measured concentrations and, conversely, days with |

modeled concentrations are also days with low measured concentrations in most cases.

For example, model predictions at several sites not only accurately capture-tbeddgay
variability in the observations, but also appear to have relatively lovobiaslividual daysSanta Rosa
County, FL and Harrison County, Mgch track closely with the observations, but there is a tendency to
overpredicton several of the observed high ozone dayseste coastal stalecations.Of particular note
are the overpredictions at the Mecklenburg County, NC monitor early in the ozone s¢dserairfax
County, VA monitor during a late season episad® at the Ohio County, WV monitor rsgason
Converselythere areunderpredictios of MDAS8 at the Fulton County, GA monitor during an early ozone
season episode and multiple days at the coastal monitors in Florida and Mississippi.
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Figure 7-5. Time Series ofObserved Green) andPredicted (Red) MDA8 Ozone for May through
September 2A1 atSite 010731005 in Alabama.
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Figure 7-6. Time Series ofObserved Green) andPredicted (Red) MDA8 Ozone for May through
September 2011 aGite 121130015 in Florida.
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Figure 7-7. Time Series ofObserved Green) andPredicted (Red) MDA8 Ozone forMay through
September 2011 afite 131210055 in Georgia.
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Figure 7-8. Time Series ofObserved Green) andPredicted (Red) MDA8 Ozone for May through
September 2011 aGite 211110051 in Kentucky.
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Figure 7-9. Time Series ofObserved Green) andPredicted (Red) MDA8 Ozone for May through

September 2011 afite 280470008 in Mississippi.
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Figure 7-10. Time Series ofObserved Green) andPredicted (Red) MDA8 Ozone for May through

September 2011 afite 371190041 in North Carolina.
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Figure 7-11. Time Series ofObserved Green) andPredicted (Red) MDAS8 Ozone for May through
September 2011 aSite 45830009 in South Carolina.

Figure 7-12. Time Series of Observed (Green) and Predicted (Red) MDA8 Ozone for May through
September 2011 at S& 470090101 in Tennessee.
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