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Executive Summary

The main purpose of this report is to assist statedeveloping effective solutions
to regional visibility and fine particle problemsdacomply with requirements under the
Regional Haze Rule. NESCAUM has utilized in-hoasequality modeling capabilities
that include emission processing, meteorologigaliranalysis, and chemical transport
modeling to conduct regional air quality simulasdor calendar year 2002 and several
future periods. This work has been directed asfyatg a number of compliance goals
under the Haze State Implementation Plan (SIP)dimtg a contribution assessment, a
pollution apportionment for 2018, and the evaluawd visibility benefits of control
measures being considered for achieving reasopabigess goals and establishing a
long-term emissions management strategy for MANE@&/BS | areas.

The modeling tools utilized for these analysesudelMM5, SMOKE, CMAQ
and REMSAD, and incorporate tagging features thavefor the tracking of individual
source regions or measures. These tools havedvaémted and found to perform
adequately relative to USEPA modeling guidance.

Results show that sulfate aerosol — the dominamiribwitor to visibility
impairment in the Northeast’s Class | areas or2thpercent worst visibility days — has
significant contributions from states throughowt dastern U.S. that are projected to
continue in future years from all three of the eastegional planning organizations
(RPOs).

An assessment of potential control measures thatdaadress this future
contribution has identified a number of promisitigtegies that would yield significant
visibility benefits beyond the uniform rate of pregs and, in fact, significantly beyond
the projected visibility conditions that would résuom “on the books/on the way” air
quality protection programs. These “beyond onvilag” measures include the adoption
of low sulfur heating oil, implementation of Best#ilable Retrofit Technology (BART)
requirements, and additional electric generating(&GU) controls on select sources.
The combined benefits of adopting all of these ot could lead to an additional
benefit of between 0.38 and 1.1 deciviews at MANB-®lass | areas on the 20 percent
worst visibility days by 2018.

viii
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1. INTRODUCTION

1.1. Background

This report presents information intended to asseges in developing effective
solutions to regional visibility and fine partigheoblems and comply with requirements
under the 1999 U.S. Environmental Protection AggltSEPA) “Regional Haze Rule”
[64 Fed. Reg. 35714 (July 1, 1999)]. NESCAUM halized in-house air quality
modeling capabilities that include emission prorgganeteorological input analysis,
and chemical transport modeling to conduct regiairauality simulations for calendar
year 2002 and several future periods.

This work has been directed at satisfying a numlbeompliance goals under the
Haze State Implementation Plans (SIPs), includingrdribution assessmerseé
NESCAUM, 2006a), a pollution apportionment for 20aBd the evaluation of benefits
of control measures being considered for achiex@agonable progress establishing a
long-term emissions management strategy for MANEMBss | area5. NESCAUM
has employed several tools to achieve all of tlgesés, but the primary tool described
and detailed here consists of a regional air qualibdeling platform using
meteorological fields developed by the Universityaryland using the MM5 platform
(Penn State, 2007), emission inventories develbgddANE-VU (MARAMA, 2007a)
and processed through the SMOKE emissions progessah (SMOKE, 2007), and air
quality simulations conducted jointly by multipleoneling centers utilizing USEPA’s
Community Multi-scale Air Quality (CMAQ) model (Byuand Ching, 1999). Sulfate
apportionment was also carried out using the REM$#ddlel (SAI, 2005) with SO
tagging capabilities and control strategy evaluati@s conducted utilizing a beta version
of CMAQ-PPTM (ICF, 2006).

This report describes these efforts that form tumélation upon which MANE-
VU states will base their haze SIP submissionderAhe MANE-VU RPO considers the
results provided here and consults with neighbostates and federal land managers, we
anticipate that a final model simulation will benclucted to serve as a basis for
calculating final reasonable progress goals.

This introduction provides a basic descriptionha modeling platform and the
input data that we used for regional air qualitygiations. Chapter 2 provides a model
performance evaluation for both the meteorologigalit data as well as the chemical
transport model for the base year 2002. Chaptémso8gh 5 present results from 2018
simulations with respect to the projected “beyondte way” scenario that we take as a
starting point for the haze program, pollution apippament for 2018, and haze control
strategy evaluation.

! There are seven designated Class | areas in tiibddst and Mid-Atlantic States. They include Aeadi
National Park and Moosehorn Wilderness Area in iaRoosevelt Campobello International Park in New
Brunswick and Maine; the Lye Brook Wilderness Ame&ermont; the Great Gulf and Presidential Range-
Dry River Wilderness Areas in New Hampshire; arelBnigantine Wilderness Area in New Jersey.
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1.2. Meteorology

Professor Dalin Zhang’s group from University of iland (UMD) provided the
2002 annual meteorological field for air quality deting. Meteorological inputs for
CMAQ are derived from the Fifth-Generation Pennagia State University/National
Center for Atmospheric Research (NCAR) Mesoscaldd@igMM5)? system
meteorological fields. MM5 is a model with limitedea primitive equations of
momentum, thermodynamics, and moisture with theopf hydrostatic and non-
hydrostatic physics. It is designed to simulatsoseale atmospheric circulation.
Domains are uniform rectangular grids represerttinge-dimensional regions of the
atmosphere.

MANE-VU has adopted the Inter-RPO domain descripfir its modeling rung.
This 36-km domain covers the continental Unitede3tasouthern Canada and northern
Mexico. The dimensions of this domain are 145 B0@ cells in the east-west and north-
south directions, respectively. A 12-km inner domaas selected to better characterize
air quality in MANE-VU and surrounding RPO regionBhis domain covers the eastern
region, which includes the northeastern, central, southeastern U.S., as well as
southeastern Canada. It extends frofWs&94°W in longitude and ZN~5(N in
latitude with 172x 172 grid cells (Figure 1-1).

Figure 1-1. Modeling domains used in MANE-VU air qality modeling studies with
CMAQ. Outer (blue) domain grid is 36 km and inner(red) domain is 12 km grid.
The gridlines are shown at 180 km intervals (5 x 86 km cells/15 x 15 12 km cells).
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% The modeling system for 2002 annual simulatioapiglied with a Lambert Conformal Conic projection
with parallels at 33N and 45N. A spherical easttlius of 6370km is used for all elements of theesys
(MM5/SMOKE/CMAQ).
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The UMD MM5 model runs are made on these two nedtedains with the inner
(12 km) domain using finer resolution terrain dakaitially, we conducted a set of test
runs for the period of August 6 to 16, 2002.

The horizontal coordinated system is equally spassgjraphically and uses the
Arakawa-B gridding scheme. The resolution candkigh as 1 km. Sigma)is a
terrain-following vertical coordinate that is a @iion of pressure at the point (for
hydrostatic) or reference (non-hydrostatic) staiesgure (P), the surface pressurg) (P
and the pressure at the top,gPof the modelp = (P-Rop) / (Pso-Prop). The model utilizes
a terrain-following sigma coordinate with 29 layei&he first level is at 10 m and a
radiative upper-boundary condition is at 50 hPg(Fe 1-2).

Based on test run results, the boundary layer peasewere determined using the
Blackadar high-resolution planetary boundary Igyaameterization. Physics options
also included explicit representations of cloud gty with simple ice microphysics (no
mixed-phase processes) and the Kain-Fritsch cunpatemeterization. UMD ran the
non-hydrostatic MM5 v3.5.3 with three planetary bdary layer (PBL) schemes; (1)
modified Blackadar [BL], (2) the Pleim-Xiu scheméwthe soil module [P-X], and (3)
modified Blackadar with soil module [SSIB].The modas initialized with the analyses
of the National Center for Environmental Predict{&ta Model). TDL data are used for
MMS5 nudging. A modeled wind field map (Figure 1sBjows typical prevailing
mesoscale flows from the midwest U.S. to the EastsC
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Figure 1-2. Vertical Structure of Meteorological and Air Quality Modeling
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The simulated meteorological fields were compaceithé measurements from
Techniques Development Laboratory of National Wea8ervice (TDL NWS) and
Clean Air Status and Trends Network (CASTNET). Tid data are reflective of
urban/suburban settings, while the CASTNET sitesnaore representative of rural areas.
There are 48 CASTNET sites and about 800 TDL svidgn Domain 2 (as shown in
Figure 1-4). Overall, the BL scheme shows a betterespondence to the measured data
than the other two schemes, although it poorlywastthe diurnal pattern of humidity.
While the P-X scheme shows a better correspondsitiehe observed diurnal pattern
for humidity, it fails to perform well for wind spel and temperature (Hao et al., 2004).
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Figure 1-3. MM5 modeled wind field map at 12:00 UTGn August 8, 2002
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1.3. Emissions Preparations

We simulated emission scenarios using the Sparsex\@perator Kernel
Emissions (SMOKE) Modeling System. SMOKE is priitygan emissions processing
system designed to create gridded, speciated,jhennissions for input into a variety of
air quality models, such as CMAQ and REMSAD. SMO#{pports area, biogenic,
mobile (both onroad and nonroad), and point soeneessions processing for criteria,
particulate, and toxic pollutants. For biogenidassions modeling, SMOKE uses the
Biogenic Emission Inventory System, version 2.3 I8 and version 3.09 and 3.12
(BEIS3). SMOKE is also integrated with the onresissions model MOBILEG.

The sparse matrix approach used throughout SMOKRitserapid and flexible
processing of emissions data. Flexible processomges from splitting the processing
steps of inventory growth, controls, chemical satan, temporal allocation, and spatial
allocation into independent steps whenever possibhe results from these steps are
merged together in the final stage of processimggugector-matrix multiplication. It
allows individual steps (such as adding a new obstrategy, or processing for a
different grid) to be performed and merged withioawting to redo all of the other
processing stepsiitp://cf.unc.edu/cep/empd/products/smoke/versih#nl/).

The emission processing for CMAQ for the 36 kmaradi domain and 12 km
eastern domain (Domain 2) has been performed biéweYork State Department of
Environmental Conservation (NYS DEC) (for base y2202 and future year 2009) and
by NESCAUM (for future year 2018) using SMOKE vZdmpiled on a Red Hat 9.0
Linux operating system with the Portland Group fesrtcompiler version 5.1. They use
the 2002 static emission inventory, CEM data, amdogates data based on the 2002
RPO data. Biogenic emissions are calculated BEI§3 with BELD3 data. Mobile
source emissions are processed using MOBILEG6. pslated 2000 inventory for Canada
and a 1999 inventory for Mexico inventory were ugadorocessing.

The emissions processing was performed on a mopthdmth and RPO-by-RPO
basis, i.e., SMOKE processing was performed foh @d¢che RPOs (MANE-VU,
VISTAS, CENRAP, MRPO, WRAP) individually as well & Canada and Mexico.
Note the processing of WRAP and Mexican emissioas mecessary for use with the
36 km grid modeling only. For each month/RPO carabon, a separate SMOKE
ASSIGNS file was created, and the length of the@ge in each of these ASSIGNS files
was set to the entire month. Specific data soumrasdividual source categories are
listed below and the examples of processed emissiotputs are shown in Figure 1-5.
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Figure 1-5. Examples of processed model-ready emisss:
(a) SO from Point; (b) NO, from Area; (c) NO, from Onroad; (d) NO, from
Nonroad; (e) ISOP from Biogenic; (f) SQ from all source categories

Layer 1-16 Sum SO2f

f=pgts3d_|.20020812 1 EASTERN12km eastem_2002 ncf

Layer 1 NO2¢
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1.3.1.Emissions Processing Files

The profile and cross reference files listed betwerheld constant for all
modeling years unless stated otherwise.

Temporal Allocation
MANE-VU:
Area and Nonroad sources:
amptpro.m3.us+can.manevu.030205.txt and amptraharevu.012405.txt
Mobile source: MANEVU_2002_mtpro_02022006_addCT.txt
MANEVU_2002_mtref 02022006 _addCT.txt
Point sources: Based on the same files as for thRBAVU area and nonroad
temporal files listed above, but added the VISTABayated CEM-based
2002 state-specific temporal profiles and crossrezfces for EGU sources for
the MANE-VU states. No CEM, hour-specific, EGU sBions were used.
CENRAP:
The following temporal profiles and cross-referefies were used for all
source categories: amptpro.m3.us_can.cenrap.018605.
amptref.m3.cenrap.010605.txt
These files were downloaded from the CENRAP website
Www.cenrap.org/emission_document.asp
For point sources, the CEM-based hour-specific EBGlissions described in
Section 2.2.4 were utilized to override the anriott based emissions
whenever a match could be established by SMOKE
VISTAS, WRAP and MRPO:
The following month-specific temporal profiles acrdss-reference files were
used for all source categories:
amptpro_typ_us_can_{MMM} _vistas_27nov04.txt wheMNIM} is jan, feb,
mar, etc., amptref_2002_us_can_vistas_17dec04.txt
These files were obtained from Greg Stella (AlgBepphysics)
For point sources (EGU and fires), the hour-speeifnission files described
in Sections 2.3.4 and 2.5.4 were utilized for tiH8 VAS and WRAP states to
override the annual-total based emissions wherewsgitch could be
established by SMOKE
Canada and Mexico:
The SMOKEZ2.1 default temporal profiles and crogsrence files
(amptpro.m3.us+can.txt and amptref.m3.us+can.tetpwitilized.
Chemical speciation
The same speciation profiles (gspro.cmag.cbh4p3sbd cross-references
(gsref.cmag.cb4p25.txt) were utilized for all raggaand all source categories.
Different versions of these files were obtained (HUE2.1 default, USEPA-
CAIR modeling, VISTAS, CENRAP and MANE-VU) and coarpd. After
comparing the creation dates and header linesesettfiles, it was determined that
the USEPA-CAIR and MANE-VU files had the most recepdates, and
consequently the final speciation profile and cnedsrence files used for all
regions and source categories was based on the AJSBIR files with the
addition of MANE-VU specific updates.
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Spatial Allocation

U.S.
The spatial surrogates for the 12 km and 36 km dwnaere extracted from
the national grid 12 km and 36 km U.S. griddingsgates posted at
USEPA'’s website avww.epa.gov/ttn/chief/emch/spatial/newsurrogatelhtm
The gridding cross-references were also obtainad this website, but for
the processing of MANE-VU area source emissionsNEA/U specific
cross-reference entries posted on the MARAMA ftp giere added.

Canada
The spatial surrogates for Canadian emissiong®d2 km and 36 km
domains were extracted from the national grid 12akmd 36 km Canadian
gridding surrogates posted at USEPA’s website at
www.epa.gov/ttn/chief/emch/spatial/newsurrogatelhtm
The gridding cross-references were also obtairad this website.

Mexico
The spatial surrogates for Mexican emissions thkrm3@lomain were
extracted from the national 36 km gridding surregaised by USEPA in the
CAIR modeling. These files were obtained from USEPBAIR NODA ftp
sitewww.airmodelingftp.comThe gridding cross-references were also
obtained from this ftp site.
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1.3.2.2002 Emission Inventory

A 2002 base year emission inventory was developedsess model performance
and to serve as a point of comparison for futuas ypeojections in terms of emissions
reductions and air quality improvement. In ordeassess model performance, actual
2002 emissions (to the extent possible) are inqatpd into the inventory and simulated
in CMAQ in order to compare with observations.atfdition, 2002 simulated values are
compared to 2009 or 2018 projections with variomsssion reductions incorporated to
see what degree of air quality improvement candpe&ed as a result of those
reductions.

CANADA:
All source categories except that of point soumksre were obtained from
USEPA'’s ftp sitetp.epa.gov/Emisinventory/canada_2000inventory

No county/province-specific correction factors warailable for Canada. Hence,
a “divide-by-four” correction for Source Classiftaan Codes (SCCs) listed at
www.epa.gov/ttn/chief/emch/invent/index.html#dusre adjusted with
FORTRAN prior to running SMOKE.

Area
AS2000_SMOKEready.txt

Nonroad
NONROAD2000_SMOKEready.txt

Onroad
MOBILE2000_SMOKEready.txt

Point
There has long been difficulty in obtaining an opdate Canadian criteria
emissions inventory for point sources. This is [Bugely to confidentiality
rights afforded to Canadian facilities. Thus fae tost recent inventory of
Canadian point sources is rooted in the 1985 NABAfa. Toward this end,
an effort was made to obtain more recent Canadiart pource data and
incorporate it into an inventory database.

Perhaps the most accurate and publicly accesshlee of Canadian

pollutant data is now available from the Nationallitant Release Inventory
(NPRI) database. The NPRI data are available air&mwnent Canada’s
website www.ec.gc.ca/pdb/npri/npri_home_e.cfirhe page hosts a database
available for download as an MS Access or Excel filhe database contains a
rather comprehensive list of information. Detailetbrmation is available
about each facility, including location, activitgychannual emissions. In
addition, facilities having stacks with a height@® meters or more are
required to report stack parameters.

Unfortunately, one of the limitations of the NPRitabase for modeling
purposes is that the data are only available afaitibty level, so in order to
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use this data, a few generalizations had to be mideh facility has a
Standard Industrial Classification (SIC) code agged with it; however,
emissions models require SCCs. While no direetticiship exists between
these two codes, a general albeit subjective astsmtican be made, since
SCCs are needed for SMOKE. In most cases, onlyG33€vel code was
assigned with confidence.

CENRAP:
All CENRAP BaseB files were downloaded from its $igeftp.cenrap.org

County-specific correction factors were appliedaie into account fugitive dust
for SCCs listed atvww.epa.gov/ttn/chief/emch/invent/index.html#duke
correction factor file gcntl.xportfrac.txt was oisted from USEPA’s CAIR
NODA ftp sitehttp://www.airmodelingftp.confpassword protected); this
adjustment was performed using the SMOKE programtisiat and grwinven to
generate an adjusted IDA inventory file used fdysagquent SMOKE processing
for “other area” and point sources.

Where data sets are month dependant, {MMM} repriss@&AN, FEB, MAR, etc.
Note that for both area and nonroad sources, theaiand monthly inventories
were processed in one step. Processed with SMK D¥WE YN set to N such
that seasonal profiles were used to apportionrthentories into monthly values.

Area
CENRAP_AREA_MISC_SMOKE_INPUT_ANN_STATE_071905.txt
CENRAP_AREA BURNING_SMOKE_INPUT_ANN_TX_NELI_0719G%t
CENRAP_AREA_ MISC_SMOKE_INPUT_NH3_MONTH_{MMM}_ 072808t
CENRAP_AREA_SMOKE_INPUT_NH3_MONTH_{MMM} 071905.txt
CENRAP_AREA SMOKE_INPUT_ANN_STATE_081705_xfact.txt
- xfact” is the adjusted version for fugitive dst described above
Nonroad
CENRAP_NONROAD_SMOKE_INPUT_ANN_071305.txt
CENRAP_NONROAD_SMOKE_INPUT_MONTH_{MMM}_071305.txt
Onroad
M6-Input files + VMT - MOBILSMOKE_ Inputs.zip (MarQ6
VMT/Speed files: mbinv02_vmt_cenrap_ce.ida,
mbinv02_vmt_cenrap_no.ida, mbinv02_vmt_cenrap_apadd
mbinv02_vmt_cenrap_we.ida
Point
CENRAP_POINT_SMOKE_INPUT_ANNUAL_DAILY_072505_xfatkt
- xfact” is the adjusted version for fugitive dst described above

MANE-VU:
PECHAN prepared all of the MANE-VUv3.0 inventoriies SMOKEV2.1 located at
ftp://ftp.marama.org/2002 Version @isername: mane-vu, password: exchange).
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County-specific correction factors were appliediaice into account fugitive dust for
SCCs listed atwww.epa.gov/ttn/chief/emch/invent/index.html#duke correction
factor file gcntl.xportfrac.txt was obtained fron8BPA’s CAIR NODA ftp site
http://www.airmodelingftp.confpassword protected); this adjustment was perfdrme
using the SMOKE programs cntlmat and grwinven toegate an adjusted IDA
inventory file used for subsequent SMOKE procesfimgrea and point sources.

Area
MANEVU_AREA SMOKE_INPUT_ANNUAL_SUMMERDAY_040606.txt
MANEVU_ AREA SMOKE_INPUT_ANNUAL_WINTERDAY 040606.txt
Nonroad
MANEVU_ NRD2002 SMOKE_030306.ida
Onroad
VMT/Speed: MANEVU_2002_mbinv_02022006 _addCT.txt waspared by
PECHAN and NESCAUM; MANEVU_ V3 update.tar can be advaded from
http://bronze.nescaum.org/Private/junghun/MANE-Viutemad ver3 update/
Point
MANEVU_Point. SMOKE_INPUT_ANNUAL_SUMMERDAY _041006.tx
MANEVU_Point_ SMOKE_INPUT_ANNUAL_WINTERDAY_041006.tx

MRPO:
MARAMA contracted Alpine Geophysics to convert MRB@seK NIF
formatted inventory to IDA, a SMOKE ready inventdoymat. Files can be
found atftp.alpinegeophysics.comusername: marama or on MARAMA's ftp
siteftp.marama.org- username: mane-vu, password: exchange. Obthained
NESCAUM between April and June 2006.

County-specific correction factors were appliedaiee into account fugitive dust
for SCCs listed atvww.epa.gov/ttn/chief/emch/invent/index.html#dube
correction factor file gcntl.xportfrac.txt was oisted from USEPA’s CAIR
NODA ftp sitehttp://www.airmodelingftp.confpassword protected); this
adjustment was performed using the SMOKE programtisnat and grwinven to
generate an adjusted IDA inventory file used fdysegquent SMOKE processing
for “other area” and point sources.

Where data sets are month dependant, {MMM} reprss@an, feb, mar, etc. and
{MM} is 01, 02, 03, etc.

Area

Agricultural Ammonia - arinv_nh3_2002_mrpok_{MMM} n3ay2006.txt

Wind Erosion Fug-Dust - dustinv_2002_mrpok_{MMM} 122y2006.txt

- The month-specific files were processed separé#tety the annual runs and
SMK_AVEDAY_YN was set to Y so that no seasonal pesfwould be
applied and the inventory numbers in the ‘averagg dolumn would be
used.

Other Area Sources - arinv_other_mrpok_2002_20j062%fact.txt
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- Adjusted for fugitive dust as described above
-SMK_AVEDAY_YN was set to N, so seasonal profilesevased to
apportion the annual inventory numbers by month.
- To save SMOKE processing, the annual “marine” inegnwas processed
together with other area sources.
Nonroad
NMIM Generated Sources - nrinv_2002_mrpok_{MMM} 3y2806.txt
MAR (Marine/Air/Rail) - arinv_mar_mrpok 2002_27apfi5.txt
- MAR inventory was SMOKE processed with annual otirela sources.
Onroad
M6-Input files & VMT — mobile_inventory_mrpobasekrigz
M6-Ancillary — mobile_mé6files_mrpobasek.tar.gz
VMT/Speed file: mbinv_mrpo_02f vmt_02mayO06.txt
-VMT is based on VISTAS Phase Il modeling which wasfied and
updated for MRPOs BaseK May 2006 provided by GreléS(Alpine
Geophysics)
Point
EGU - ptinv_egu_2002_mrpok_1may2006.txt
Non-EGU - ptinv_negu_2002_mrpok_1may2006.txt
- Christian Hogrefe (NYSDEC) merged the two inverdgsrand adjusted for
fugitive dust, ptinv_egu_negu_2002_mrpok_1may20@#&ctxt

VISTAS:
All VISTAS emission files were obtained from Gretgla (Alpine Geophysics)
via ftp.alpinegeophysics.comusername: vistasei They reflect version BaseG o
the VISTAS inventory with the exception of fire essions, which reflect BaseF

for Lo-Fires and BaseD for Hi-Fires. Files wereasbéd between February and
August, 2006.

The header lines of these files indicate that tiggtive dust correction was
already applied, so no further correction was peréal. Where data sets are
month dependant, {MMM} represents jan, feb, mae, ahd {MM} is 01, 02, 03,
etc.

Area
arinv_vistas_2002g_2453922 w_pmfac.txt — Base G
ida_ar_fire_2002_vistaonly basef.ida — Base F lio@sf
Nonroad
NMIM Generated Sources - nrinv_vistas_2002g 2453208
MAR (Marine/Air/Rail) - marinv_vistas_2002g_245390&
Onroad
M6-Input files — vistas_baseg02_m6_inputs_20Jud06.t
VMT/Speed — mbinv_vistas_02g_vmt_12jun06.txt Basge@erated by
C. Loomis (Alpine Geophysics) July 2006 for VISTAftes
Point
Annual EGU - egu_ptinv_vistas_2002typ_baseg_ 2453909
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Annual Non-EGU - negu_ptinv_vistas_2002typ_base§3289.txt
Hour-specific - pthour_2002typ_baseg {MMM}_28junB)éms

Month Dependant Hi-Fire - ptinv_fires_ {MM}_typ.vias$.ida (vr.BaseD)
Hour-specific plume-rise - pthour_fires {MM} _typstas.ida (vr.Jan05)

1.3.3.2018 “On the Books/On the Way” (OTB/OTW) Emission
Inventory

The emissions processing was conducted in a venjasimanner for future
projection years relative to the 2002 base yearwh the projected inventories. The
future years “on the books/on the way” (OTB/OTW)igsions inventories account for
emission control regulations already in place alé agemission control regulations that
are final but have not yet been fully implementad are likely to achieve additional
reductions by 2009. Processing occurred duringalgmf 2007.

CANADA:

All source categories except that of point soumere obtained from USEPA’s
ftp siteftp.epa.gov/Emisinventory/canada_2000inventory

No county/province-specific correction factors warailable for Canada. Hence,
for Area, Onroad, and Nonroad, a “divide-by-foudiiection for SCCs listed at
www.epa.gov/ttn/chief/emch/invent/index.html#dusre adjusted with
FORTRAN prior to running SMOKE.

Area
AS2020_SMOKEready.txt
Nonroad
NONROAD2020_ SMOKEready.txt
Onroad
MOBILE2020 SMOKEready.txt
Point
Non-EGUs -- ptinv_canada_2002_negu.ida same as BageB4
EGUs -- egu062idasum_cp.txt and egu062idawin_cp.txt
- U.S.-Canada 2020 Canadian Base Case -- Scenai2o #06
- Original IPM parsed file (based on NEEDS 2.1.6)
- Annualized emissions were calculated by combinumgmer and winter
with FORTRAN to create and use ptinv_canada_2020.icay

CENRAP
County-specific correction factors were appliedaike into account fugitive dust
for SCCs listed atvww.epa.gov/ttn/chief/emch/invent/index.html#duke
correction factor file gcntl.xportfrac.txt was oisted from USEPA’s CAIR
NODA ftp sitehttp://www.airmodelingftp.confpassword protected); this
adjustment was performed using the SMOKE programtisnat and grwinven to
generate an adjusted IDA inventory file used fdrsegquent SMOKE processing.
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Area
arinv_nodust_ref_cenrap2002-2018_081705.ida
fdinv.cnrap2002_2018_ wfac.ida
nh3inv.annual.cenrap2002_2018.ida
nh3inv.cenrap2002_2018.ann.ida
nh3inv.misc_annual.cenrap2002_2018.ida
nh3inv.misc.cenrap2002_2018.ann.ida
rdinv.cnrap2002_2018.wfac.ida
- To save SMOKE processing, all area source invesgaviere processed
with area sources from the MWRPO and VISTAS.
Nonroad
cenrap_2018 fnl_nrd_emissions091506.txt
nrinv_cenrap_2018 mod_w_mrpok_15sep2006.txt
nrinv_cenrap_2018 mod_w_mrpok_14sep2006.txt
- To save SMOKE processing, all nonroad source iroreeg were processed
with nonroad sources from the MWRPO and VISTAS.
-*mod_w_mrpok” files include both MRPO and CENRARismesS
Onroad
M6List — BaseG_2018 mobile_me6.tar.gz or in the dubetory input
VMT - cenrap2018 vmt_072005.ida
- bronze.nescaum.org/Private/junghun/CMV_mobile/
- To save SMOKE processing all mobile source inveasowhere processed
with mobile sources from the MWRPO and VISTAS.
Point
EGU — ptinv_egu_2018_cenrap_11sep2006.txt
Non-EGU — ptinv_negu_cenrap2018_25aug2006_xfact.ida
- “ xfact” version is the adjusted version for fugéidust as described
- Obtained from Alpine Geophysics contracted by MARAM
ftp.alpinegeophysics.com/Work _Order_1/Task 2 Ba6K 8\
(12-Sep06) — username: marama, password: emisdata
- Used IPM2.1.9 without adjustments

MANE-VU:
MARAMA developed the future year OTB/OTW emissiongentories for non-
EGU point, area, and nonroad sources accountindpéo®TB/OTW inventories,
based on the MANE-VU 2002 Version 3 inventory. (MARA, 2007b).

County-specific correction factors were appliedaie into account fugitive dust for
SCCs listed atwww.epa.gov/ttn/chief/emch/invent/index.html#duke factors were
obtained fromwww.epa.qgov/ttn/chief/emch/invent/transportfractods this
adjustment was performed outside of SMOKE with F®RN for area and point
sources.
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Area

MANEVU_OTB2018_Area_IDA3V_2.txt (Nov 2006)

ftp.marama.org/2009,12,18 OTB Version 3.1/AREA/AIBA files/

Inventory Development Notes:

- After the release of version 3, Massachusetts eduilseir inventory for
heating oil emissions due to two changes: (1) &®ission factors were
adjusted for the sulfur content from 1.0 to 0.(3;yse of the latest DOE-
EIA 2002 fuel use data instead of the previousigarfom 2001. These
two changes significantly altered the 2002, &@nissions for area source
heating oil combustion. The revised version waslisealo the
projections.

- The District of Columbia discovered a gross ernothie 2002 residential,
non-residential, and roadway construction sourdesequested that for
PM10-PRIM and PM25-PRIM for SCCs 23110X0000, défarvalues be
used for the 2002 base year and as the basisef@00/2012/2018
projections

Nonroad

MANEVU_OTB2018 NR_IDAV3_1.txt (Oct 2006)

ftp.marama.org/2009,12,18 OTB Version 3.1/NONROADMNROAD _IDA_Files v3.1/

- MACTEC utilized the NMIM2005 model to develop proj@ns for
nonroad engines included in the NONROAD2005 mo@ebjected
emission estimates were calculated using NMIM deftata. Prior to
starting the NMIM2005 runs, MACTEC confirmed wittSEPA'’s Office of
Transportation and Air Quality (OTAQ) that the daae used for fuel
sulfur content, gas Reid Vapor Pressure (RVP) wlaed reformulated fuel
programs was current and up to date for the MANE+&gion.

- Emission calculations were made at the monthlyllamd consolidated to
provide annual values. This enabled monthly teatpees and changes in
reformulated gas to be captured by the program.

Onroad

ManevuFutureM6_v2_ 20051103 _wijh.tar.gz

- bronze.nescaum.org/Private/junghun/CMV_mobile/
Point

Non-EGU: MANEVU2018NonEGUV3_0_Point_IDA.txt (Jun @8)

ftp.marama.org/2009,12,18 OTB Version 3.1/non-EGihhonEGU IDA Files/

MRPO:
Alpine Geophysics was contracted by MARAMA to con\RPO BaseK NIF
formatted inventory to IDA a SMOKE ready inventdoymat. Files can be found
atftp.alpinegeophysics.com/Work_Order_1/Task 2 Ba6H8/— username:
marama or on MARAMA's ftp sitféip.marama.org- username: mane-vu,
password: exchange. Obtained between April and 2006.

Where data sets are month dependant, {MMM} reprss@an, feb, mar, etc. and
{MM}is 01, 02, 03, etc.



MANE-VU Modeling for Reasonable Progress Goals Page 1-17

Area
Other Area Sources — arinv_other_mrpok 2018 2241620
Agricultural Ammonia — arinv_nh3_2018 mrpok_{MMM}22aug2006.txt
Wind Erosion Fug-Dust Base F — dustinv_mrpo_ba<¥f8229jul05.ida
- In order to save time, all area source categorare \processed
simultaneously for CENRAP, MRPO and VISTAS.
Nonroad
arinv_mar_mrpok 2018 22aug2006.txt
nrinv_2018_mrpok_apr_22aug2006.txt
- To save SMOKE processing all nonroad source inveagaevhere processed
with nonroad sources from the MWRPO and VISTAS.
On-road
M6LIST — .in files can be found in the sub-diregtarput
VMT - mbinv_vistas+mrpo_18g_vmt_12jun06.ida
- bronze.nescaum.org/Private/junghun/CMV_mobile/
- To save SMOKE processing all mobile source inveasowhere processed
with mobile sources from the CENRAP and VISTAS.
Point
EGU: ptinv_egu_2018 mrpok_11sep006.txt
Non-EGU: ptinv_negu_2018_mrpok_23aug2006_xfact.txt
- “ xfact” version is the adjusted version for fugéidust as described
- Used IPM2.1.9 includes post-IPM adjustments

VISTAS:
The header lines of these files indicate that tiggtive dust correction was
already applied, so no further correction was peréal. Where data sets are
month dependant {MMM} is jan, feb, mar, etc. and§Mis 1, 2, 3, etc.

Area
arinv_vistas_2018g_ 2453922 w_pmfac.txt
- To save SMOKE processing, area source inventoriesevprocessed with
area sources from the MWRPO and CENRAP.
Lo-Fire: area_level fires_vistas2018 baseg.ida
Nonroad
marinv_vistas_2018g_2453972.txt
nrinv_vistas 2018g_2453908.txt
- To save SMOKE processing, all nonroad source iroresg were processed
with nonroad sources from the MWRPO and VISTAS.
Onroad
M6LIST — .in files can be found in the sub-diregtarput
VMT - mbinv_vistas+mrpo_18g_vmt_12jun06.ida
- bronze.nescaum.org/Private/junghun/CMV_mobile/
- Based off Base G inventory BaseG_2018 mobile_mértd
Baseg_ 2018 mv_vmt.tar
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- To save SMOKE processing all mobile source inveasowhere processed
with mobile sources from the MWRPO and CENRAP.
Point
EGU: egu_18 vistas_g 2453993.txt
Non-EGU: negu_ptinv_vistas 2018 baseg_ 2453957 .kfact
Hourly: pthour_2018 baseg_{MMM} 2453993.ems
Hi-Fire: ptinv.plume.vistasbasegl8.{MM}.ida
ptday.plume.vistasbaseg18.{MM}.ida
Hi-Fire hourly plume-rise: pthour.plume.vistasbasegVviM}.ida
- Used IPM2.1.9 includes post-IPM adjustments

1.3.4.2018 “Beyond on the Way” (BOTW) Emission Inventory

The emissions processing for a “beyond on the WB@TW) inventory was
conducted in a very similar manner to other fuppn@ection scenarios relative to the
2002 base year, but with different inventories.e3éinventories were based on
additional control measures that the MANE-VU staesconsidering for attaining
various regional haze, ozone, and RMational Ambient Air Quality Standards
(NAAQS) goals. The resulting CMAQ simulation (BOJ)VE the same run that has been
used by the OTC Modeling Committee for projecting bong-term benefits of regional
ozone control programs and was conducted on tlegrated SIP Modeling Platform by
the five regional modeling centers.

CANADA:
Same as 20180TB/OTW

CENRAP:
Same as 20180TB/OTW

MANE-VU:
MARAMA produced the Nonroad, Area and Non-EGU petijgns for 2018
under different scenarios (MARAMA, 2007b).

The EGU inventories were developed by ICF Consgltor the RPOS using the
Integrated Planning Model (IPM version 2.1.9). iAkpGeophysics processed the
results into IDA inventory format for MANE-VU.

Fugitive dust correction was applied as county-gjemorrection factors for
SCCs listed atttp://www.epa.gov/ttn/chief/emch/invent/index. st

the correction factors were obtained from
http://www.epa.gov/ttn/chief/emch/invent/transpattions.xlIs this adjustment
was performed outside of SMOKE with FORTRAN.

Area
manevu_botw2018_area_IDAV3_2_ xfact.txt
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- “ xfact” version is the adjusted version for fugéaidust as described
Nonroad
nrinv_manevu_18 190ct05.txt
Onroad
Same as 2018 OTB/OTW
Point
EGU: ptinv_egu_2018_manevu_11sep2006.txt
- bronze.nescaum.org/Private/junghun/POINT _2018BOTW B
Non-Fossil 2009: manevu_nonfossil_2009_19sept2006.t
- Alpines ftp — marama -- Work_Order_1/Task 4 2009Mfdssil/
Non-EGU: MANEVU_BOTW2018 nonegu_IDAV3_1 xfact.txt
- “ xfact” version is the adjusted version for fugéidust as described

MRPO:
Same as 20180TB/OTW

VISTAS:
Same as 20180TB/OTW

1.3.5.2018 Sulfate Tagging (BOTW Emission Inventory

An additional BOTW inventory was prepared speclficto allow for a state-by-
state tagging run with REMSAD and a sensitivity with the CMAQ Particle and
Precursor Tagging Methodology (CMAQ-PPTM) systeifhe inventory used for these
runs was essentially the same inventory describethé regular BOTW scenario;
however, in order to process this inventory for wi#é the tagging methodology, various
components of the inventory were processed sepagatd identified as a specific “type”
of sulfur dioxide so that it could be tracked thghuhe system.

The state-by-state tagging used the identical itorgrio the 2018 BOTW
inventory described in the previous section. Isyweocessed such that each state’s SO
emissions were separately tagged requiring thnearaee REMSAD simulations to
accommodate 29 eastern states, Canada, and thedoimsn

A separate CMAQ-PPTM simulation was conducted ufiegsame inventory,
but modified to reflect additional controls dueatoumber of strategies to be tested. The
specific scenarios that were tracked by this rutuche:

1. OTB/OTW

2. S-1 fuel oil strategy (500 ppm distillate; 0.5%lfgalfur content by weight
for No. 6 residual oil; 0.25% fuel-sulfur content Wweight for No. 4 residual
oil.)

3. S-2fuel oil strategy (15 ppm distillate; 0.5% fseilfur content by weight for
No. 6 residual oil; 0.25% fuel-sulfur content byigrg for No. 4 residual oil.)

4. BART (approximately 35,000 tons of $@ductions at specific facilities
identified by state survey of permitting staff)
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5. “167 Stack” Strategy; (90% control on all EGUse t167 stacks identified
as having the most significant impact on MANE-VIAEY | areas)

Two additional tags were required to account farexions to the assumed
baseline fuel sulfur content of distillate and tlm&GU emissions reductions back into
the system as a result of potential permit tradingsponse to the 167 stack strategy.
These strategies are described in more detail apteh 4.

1.4. Model Platforms

Currently two regional-scale air quality models @édeen evaluated and used by
NESCAUM to perform air quality simulations. Theme the Community Multi-scale
Air Quality modeling system (CMAQ; Byun and Chirig®99) and the Regional
Modeling System for Aerosols and Deposition (REMSARAI, 2002). CMAQ was
developed by USEPA, while REMSAD was developed®y Consulting/Systems
Applications International (ICF/SAI) with USEPA sugrt. CMAQ has undergone
extensive community development and peer reviewgAet al., 2005) and has been
successfully used in a number of regional air qualudies (Bell and Ellis, 2003;
Hogrefe et al., 2004; Jimenez and Baldasano, 20@4;and Talbot, 2003; Mebust et al.,
2003). REMSAD has also has been peer reviewedrt8er et al., 1999) and used by
USEPA for regulatory applications/vw.epa.gov/otaq/regs/hd2007/frm/r00028.pdtl
www.epa.gov/clearskies/air_quality tech.htmal study ambient concentrations and
deposition of sulfate and other PM species.

1.4.1.CMAQ

The CMAQ modeling system is a three-dimensionakEah model that
incorporates output fields from emissions and nrelegical modeling systems and
several other data sources through special integaacessors into the CMAQ Chemical
Transport Model (CCTM). The CCTM then performsrmieal transport modeling for
multiple pollutants on multiple scales. With tkisucture, CMAQ retains the flexibility
to substitute other emissions processing systehsnateorological models. CMAQ is
designed to provide an air quality modeling systth a “one atmosphere” capability
containing state-of-science parameterizationsrabapheric processes affecting
transport, transformation, and deposition of suglfupants as ozone, particulate matter,
airborne toxics, and acidic and nutrient pollutscies (Byun and Ching, 1999).

To date, MANE-VU SIP modeling on both 36 km andkb2 domains used
CMAQvV4.5.1, IOAPI V2.2 and NETCDF V3.5 librarieshd CMAQ model is
configured with the Carbon Bond IV mechanism (Getrgl., 1989) using the EBI solver
for gas phase chemistry rather than the SAPRC-3%hamésm due to better computing
efficiency with no significant model performancéfeliences for ozone and PM as
compared to observations.

NY DEC has completed annual 2002 CMAQ modelingien36 km domain to
provide dynamic boundary conditions for all simidas performed on the 12 km
domain. Three-hourly boundary conditions for thieo domain were derived from an
annual model run performed by researchers at HatJaiversity using the GEOS-
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CHEM global chemistry transport model (Park et2004). Model resolution was
species dependent at either 4° latitude by 5° tadgior 2° by 2.5°.

Five modeling centers are working collectively taximize efficiency of
computing resources in MANE-VU for SIP modeling.€e6k centers include NY DEC,
NJ DEP/Rutgers, VA DEQ, UMD, and NESCAUM. Annual @& modeling on the
12 km domain is divided into five periods. UMD &sponsible for the period from
January 1 to February 28; NJ DEP/Rutgers are radiglerfor the period from March 1 to
May 14; NY DEC is responsible for the period fronayL5 to September 30; VA DEQ
is responsible for the period from October 1 todber 31; and NESCAUM is
responsible for the period from November 1 to Deoen81. Each period uses a 15 day
spin up run to minimize the impact of the defanitial concentration fields. Each group
performs CMAQ simulations on its period for a semd scenarios including 2002 Base
Case, 2009 Base Case, 2018 Base Case, 2009 Goas®m| and 2018 Control Case. All
scenarios adopt the same meteorological field (&A@ boundary conditions, varying
only emission inputs. To ensure consistency, alimaack test was conducted by each
modeling group.

In addition to the annual simulations conductechvdMAQ by the five modeling
centers, NESCAUM has conducted limited sensitigitglysis of several control
measures using the beta version of CMAQ with thiégd@ and precursor tagging
methodology (CMAQ-PPTM) (ICF, 2006). These rund #reir results are described
separately in Chapter 5.

1.4.2.REMSAD

The Regional Modeling System for Aerosols and Déjmrs(REMSAD) is a
three-dimensional Eulerian model designed to suppbetter understanding of the
distributions, sources, and removal processesagtdw fine particles and other airborne
pollutants. It calculates the concentrations dhboert and chemically reactive
pollutants by simulating the physical and chemprakcesses in the atmosphere that affect
pollutant concentrations. The basis for the magi#ie atmospheric diffusion equation
representing a mass balance in which all of thevealt emissions, transport, diffusion,
chemical reactions, and removal processes are &quén mathematical terms. The
REMSAD model performs a four-step solution procedemissions, horizontal
advection/diffusion, vertical advection/diffusioncadeposition, and chemical
transformations during one half of each advectivetstep, and then reverses the order
for the following half time step. The maximum adiree time step for stability is a
function of the grid size and the maximum wind w#ipor horizontal diffusion
coefficient. Vertical diffusion is solved on framts of the advective time step to keep
their individual numerical schemes stable.

REMSAD uses a flexible horizontal and vertical ainate system with nested-
grid capabilities and user-defined vertical layeitsaccepts a geodetic
(latitude/longitude) horizontal coordinate systemadartesian horizontal coordinate
system measured in kilometers. REMSAD uses a fietplersion of CB-IV chemistry
mechanism that is based on a reduction in the nuoflaéfferent organic compound
species and also includes radical-radical termonateactions. The organic portion of the
chemistry is based on three primary organic comg®pecies and one carbonyl species.
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The model parameterizes aerosol chemistry and dgsdor PM and calculates
secondary organic aerosol (SOA) yields from emittgdrocarbons. REMSAD V7.12
and newer versions have capabilities that allowehtays of sulfur species (up to 11
tags), nitrogen (4 tags), mercury (up to 24 tagsyl cadmium (up to 10 tags) to identify
the impact of specific tagged species.

Unlike CMAQ, REMSAD provides no choice of chemieald physical
mechanisms. The modeling configuration for futereek with REMSAD will be similar
to the CMAQ modeling setup. The initial concentmas and boundary conditions will be
generated using the same concentration profile hg&MAQ. The approach is to use
similar model inputs to allow comparison of REMSAIh CMAQ to better understand
differences between the two models. Due to thel#ied chemistry mechanism,
REMSAD may not simulate atmospheric processes das€MAQ. However,
advantages such as the tagging feature for sulfore efficient modeling, and reasonable
correspondence with measurements for many specase REMSAD an important
source apportionment tool for MANE-VU.

In our present REMSAD modeling, we use the samleni2lomain
(i.e., domain2) presented in the previous sectwonhree full annual runs for the base
year (2002). Multiple runs are necessary to petagiging of sulfur emissions for all of
the states in the domain, Canada, and the bourdaditions.
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2. PERFORMANCE EVALUATION

2.1. Meteorological Evaluation

The 2002 annual 12 km resolution meteorologic#iégenerated by MM5 have
been evaluated by NESCAUM using ENVIRON's METSTA®Dgram. Model results of
surface wind speed, wind direction, temperaturd,famidity are paired with
measurements from EPA’s Clean Air Status and Tré&leta/ork (CASTNET) and
National Center for Atmospheric Research’s TechesgData Laboratory (TDL) network
by hour and by location and then statistically canegd. Figure 2-1 presents domain-
wide average hourly bias of wind speed (left paagt) wind direction (right panel)
between the MM5 results and two sets of measurefoeevery season in 2002 (winter
includes Jan., Feb., and Dec.; spring includes ,Maur., and May; summer includes
Jun., Jul., and Aug.; fall includes Sep., Oct., Biod.). It shows that MM5 capably
predicts wind speed with reasonably small biaseaqndhl consistency. Within the
domain, MM5 tends to overestimate wind speed (lyduds up to 1.7 m/s) at CASTNET
sites, and underestimate wind speed (hourly bias up.85 m/s) at TDL sites. Seasonal
mean bias of MM5 wind speed to CASTNET wind spee€d.3 to 0.4 m/s, while
seasonal mean bias of MM5 wind speed to TDL wirgkggs about ~-0.5 to -0.6 m/s.
No significant seasonal variation on this wind spkias is observed. MM5 prediction of
wind direction shows a larger variation with CASTN#&ind direction (hourly bias from
~-30 degree to ~30 degree) than with TDL wind digecthourly bias from ~-5 degree to
~10 degree). However, seasonal mean bias of MMA& dimection to CASTNET wind
direction (~2 degree) is smaller than seasonal rheanof MM5 wind direction to TDL
wind direction (~3 degree) because the large vanaif positive and negative bias offset
each other.
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Figure 2-1. 2002 seasonal average hourly bias oing speed and direction
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the perfect agreement between model predictioroasdrvation, and a value larger than
0.5 IOA indicating acceptable model performancemiin-wide average hourly IOAs
of wind speed are presented in Figure 2-2. MM%ligtens of wind speed values are in
good agreement (IOA from ~0.5 to ~0.9) to both CASTNHata and TDL data with
similar IOA variation. Seasonal mean values of 1&A ~ 0.7. No particular season of
the year stands out in terms of its agreement mgasurement.

Figure 2-2. 2002 seasonal hourly average index afreement for wind speed
a) winter b) spring

I0A Wind Speed 10A Wind Speed

\ |

L AN g f‘.‘w A it b bl ) A
N 4‘* i ” 1' M Wl [ ik /- i llM« ik I li ‘M b

01 — CASTNet —TDL
041 — CASTNet —TDL

00 60 64 68 72 76 B0 B4 B8 92 96 100 104 108 112 116 120 124 1258 132 136 140 144 148 152
¥
Julian Day

Julian Day

C) summer d) fall

10A Wind Speed 10A Wind Speed
1.0 10

09 09+

l i 1 038+
1l .\“ “H 1 ‘ 1!|'| I o7
I A |
| ‘ ‘

06+
|

—
———
—

05 | 05 4
04 04 1
03 034
02 024

— CASTNet —TDL 014 —CASTNet —TDL

PRI (S e S NI (G ezl s 2lnl PIvS 2IU:) il e pbllf i 22l i PRI 2 0 10 243 247 251 255 259 263 267 271 275 279 283 267 291 205 208 303 307 311 315 319 923 327 331 335

Julian Day Julian Day

Quarterly correlation coefficients in Figure 2-38hgood MM5 performance on
hourly wind speed for each observation site. MM&dgctions exhibit similar spatial
patterns of correlation with CASTNET (left panehdalTDL (right panel) measurements
— stronger correlation in north than in south. e year, the model has stronger
correlation in the $t quarter (Jan., Feb., Mar., tof tbw), 2" quarter (Apr., May, Jun.,
2" row) and & quarter (Oct., Nov., Dec., bottom row) than it slaethe %' quarter
(Jun., Jul., Aug., 3 row), with an average of 0.1 correlation coeffitidifference.
Generally, MM5 predictions and measurements haeagést correlation (0.8~0.9)
within the midwestern U.S., strong correlation (@.8) within the northeastern U.S. and
along the coastline, and acceptable correlatids~@7) within the southern U.S. and
interior portions of the U.S. East Coast. MM5 peédns consistently show very similar
spatial patterns and temporal variations for wirdaion (as shown in Figure 2-4) and
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wind speed. There is strong correlation (>0.7\een prediction and measurement for
wind direction at most of sites.

Figure 2-3. Quarterly correlation coefficient (r) of hourly wind speed between
modeling and measurement for each observation site 2002
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Figure 2-4. Quarterly correlation coefficient (r) of hourly wind direction between
modeling and measurement for each observation site 2002
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Figure 2-5 presents domain-wide average hourly dfigsirface temperature
between MM5 results and CASTNET and TDL for eveegson. MM5 tends to
underestimate temperature at TDL sites throughwuyear and at CASTNET sites for
non-ozone season months. The seasonal mean téunpdrias values are from ~-1 K
(winter) to ~-0.3 K (summer) for TDL sites and &Xwinter) to ~0.5 K (summer) for
CASTNET sites. MM5 predictions show significantdyger variations of temperature
bias at CASTNET sites (-4 K~9 K) than at TDL sites K~1 K).

Domain-wide average hourly IOA values of tempemtane shown in Figure 2-6.
Model predicted temperatures have significantlydsetgreement with TDL data
(average I0A as ~0.95) than with CASTNET data (ayel®A as ~0.85), although both
indicate accurate MM5 performance on temperature.

Figure 2-7 shows the spatial distribution of qudyteorrelation coefficients
between MM5 prediction and measurement of surfacgerature. It reveals very strong
correlation (>0.95) over most of the domain for TBdta, with strong correlation (>0.8)
for the majority of CASTNET sites. No spatial gatts or quarterly variations are
apparent. MM5 performs consistently well throughttve year and the domain.

The TDL network also provides humidity measureme@emparison between
MMS5 prediction of hourly surface humidity and TDLeasurement are presented in
Figure 2-8. MM5 captures the general trend of Hdityjichange. It tends to
underestimate humidity during the ozone seasors@seh mean bias as ~0.35g/kg), and
overestimate it during the rest of year (seasorembias range from ~0.17 to ~0.4).
Domain-wide average hourly humidity bias showsrgdaliurnal variation, as much as
2g/kg. Domain-wide average hourly IOA in Figur® 3hows that MM5 predicted
humidity values are in good agreement with TDL dateerage I0OA as ~0.9) throughout
year. Spatial distribution of quarterly correlaticoefficient in Figure 2-10 shows a
distinctive spatial pattern and temporal trend. Midsults have stronger correlation to
TDL data in the northern US than in the Southern U8rough the year, the strongest
correlation between MM5 prediction and measureroeatrs in the 4th Quarter (>0.95),
followed by the 1st and 2nd Quarters, and findahg, 3rd Quarter, which shows the
weakest correlation (0.5~0.9).

Based on this statistical comparison between mpaeliction and data from two
networks for wind speed, wind direction, temperatand humidity, MM5 performs
well. An acceptable small bias, high index of agreet and strong correlation with
CASTNET and TDL data are shown. Since MM5 uses TBta for nudging, the model
predictions are in better agreement with TDL dhtantwith CASTNET data. MM5
performs better in Midwest and Northeast than Seagtern US.
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Figure 2-5. 2002 Seasonal Hourly
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Figure 2-6. 2002 Seasonal Hourly
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Figure 2-7. Quarterly correlation coefficient (r) of hourly temperature between
modeling and measurement for each observation site 2002
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Figure 2-8. 2002 Seasonal average Figure 2-9. 2002 seasonal hourly
hourly bias of humidity average index of agreement
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Figure 2-10. Quarterly correlation coefficient (r) of hourly humidity between
modeling and measurement for each observation site 2002
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2.2. Model Evaluation

CMAQ modeling has been conducted for the year Z66&pleted by
cooperative modeling efforts from NYDEC, UMD, NJDHRutgers, VADEP, and
NESCAUM) under the Base B4 emission scenario desdrin Chapter 1. CMAQ
performance for PMs species and visibility is examined based on tiN6AQ run on a
12 km resolution domain. Measurements from IMPRGWH STN networks are paired
with model predictions by location and time for kension. Figure 2-11 presents the
domain-wide paired comparison of Rkpecies (sulfate, nitrate, OC, EC, fine soil, and
PM; 5) daily average concentration from the CMAQ simiolatand two sets of
observations (STN and IMPROVE). It shows that mted PM s sulfate (top row left
panel) and measured sulfate are in a good 1:1rlheéstionship with 7 varying from 0.6
to 0.7. PMs nitrate (top row right panel) also has close fiolalinear relationship
between the model and observations, although’thalues are much lower (from ~0.2 to
~0.5) than for sulfate. Paired OC (middle row lefhpl) concentrations have a scattered
distribution with over- and under-estimation aneeay weak linear relationship?(of
~0.1). CMAQ tends to overestimate EC (middle raghtipanel) and fine soil (bottom
row left panel) concentrations.

EC and soil are inert species not involved in clvattransformation. Poor
emission inventory data may be the main causehtonieak linear relationships between
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prediction and measurement. In addition, therenarire emissions considered in
CMAQ modeling. The wild fire in Quebec, Canadaarly July of 2002 led to high
concentrations of observed OC, EC, and fine satil éine not predicted by CMAQ.

Because sulfate is the dominant P)\pecies, modeled PM (bottom row right
panel) shows a relatively strong near 1:1 linekati@ship (slope between 0.7-0.8 with
r* of 0.4-0.5). Figure 2-12 describes the spatigtithution of the correlation coefficient
of sulfate between CMAQ prediction and observati@iBN data on the top row and
IMPROVE data on the bottom row) at network sit€VAQ predictions show a similar
spatial pattern of correlation with both networks.

Generally, the northern region of the domain hesngier correlations than does
the southern region. Correlation coefficients witthe MANE-VU region are highest
(~0.9 on average) compared to other RPO regions. sphtial distribution of correlation
coefficient for PM s is presented in Figure 2-13. The PMorrelation coefficient spatial
pattern follows PMs sulfate correlation coefficient, although at thenge observation site
coefficient values are ~0.1 lower than the sulfatefiicient value. Like PWMls sulfate,
CMAQ also performs the best for BMin the MANE-VU region with a ~0.7 annual
average for the correlation coefficient.

The goal and the criteria for RMevaluation suggested by Boylan and Baker
(2004) have been adopted by every RPO for SIP rnmagdelhe proposed performance
goals are: Mean Fractional Error (MFE}*50%, and Mean Fraction Bias (MFB)
+30%; while the criteria are proposed as: MFE75%, and MFB< £60%.

CMAQ prediction of PMs species from 40 STN sites and 17 IMPROVE sites
within MANE-VU region are paired with measuremeaisl statistically analyzed to
generate MFE and MFB values. Figure 2-14 preddris of PM, 5 sulfate, nitrate, OC,
EC, fine soil, and P, and curves of the goal and criteria. MFB valaesshown in
Figure 2-15. Considering CMAQ performance in teochMFE and MFB goals, sulfate,
nitrate, OC, EC, and PM all have the majority of data points within theafjourve,
some are between the goal and acceptable criggrtbonly a few are outside the criteria
curve. Only fine soil has the majority of pointstside the criteria curve, but there are
some sites still within the goal. For the MANE-Ve&gion, CMAQ performs best for
PM s sulfate, followed by PMs, EC, nitrate, OC, and then fine soil.

Regional haze modeling also requires a CMAQ peréorre evaluation for
aerosol extinction coefficient (&) and the haze index. Modeled daily aerosol ektnc
at each IMPROVE site is calculated following theARIOVE formula with modeled
daily PM, 5 species concentration and relative humidity factoom IMPROVE. The
approaches used here and throughout this anafhgsis,used natural background
visibility estimates and the haze index followingAGuidance.

Figure 2-16 shows the paired comparison betweetiqgiien and measurement of
daily Bex: from seven sites for 2002. The modeleg 8hows a near 1:1 linear
relationship (slope of 0.78 antiaf 0.46) with IMPROVE observed:R The regression
excluded three points from July 7, 2002; the masiteere directly impacted by
Canadian fires whose emissions were not modeled.
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CMAQ prediction of the B; agrees well with IMPROVE observation because
CMAQ performs well on sulfate, which dominates aet@xtinction. Further, the
modeled haze index (HI) is calculated based on fedd&. Figure 2-17 presents the
paired comparison between CMAQ prediction and IMRIEGneasurement for 2002 of
HI values at seven Class | sites in the eastern WABadia and Moosehorn show the best
model performance with regression slopes of 0.@i7raaf ~0.6., The poorest model
performance occurs at Lye Brook and Shenandoah,regfression slopes less than 0.6
and f of ~0.3. Note the regression equations and bid#tdis are not plotted.
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Figure 2-11. Domain-wide paired comparison of dayl average PM 5 species
between CMAQ predictions and measurements from IMPRVE networks
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Figure 2-12. Spatial distribution of correlationcoefficient
between PM s Sulfate and measurement
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Figure 2-13. Spatial distribution of correlation mefficient
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Figure 2-14. Mean Fractional Error of PM, s species within MANE-VU region
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Figure 2-15. Mean Fraction Bias of PM s species within MANE-VU region
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Figure 2-16. Paired comparison of extinction coeftient between CMAQ prediction

Figure 2-17.
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3. 2018 BOTW PROJECTIONS

In order to assess the projected visibility improeat at MANE-VU Class | areas
prior to consideration of potential reasonable messfor adoption in a long-term
emissions management strategy, a simulation dftANE-VU “Beyond on the Way”
(BOTW-1) inventory was conducted. As indicateCimapter 2, this inventory/scenario
combination represents additional measures beyxistirey regulations that have been
accepted by the OTC Modeling Committee for attainihuod the 8-hour ozone and BM
NAAQSs. These measures include regulations oraplerfuel containers, architectural
and maintenance (AIM) coatings, and some consunogiugts. In addition, at the point
that this inventory was “closed” for further chasgmost states had indicated a
willingness to adopt regulations limiting fuel swifcontent of distillate fuel oil to
500 ppm or lowef. While all states have subsequently agreed tlegtwtill pursue
regulation of distillate AND residual fuel oil atidlat these regulations would cap
distillate at 15 ppm fuel sulfur content by 201@stadditional level of reduction is not
reflected in the BOTW-1 simulation discussed below.

The BOTW-1 scenario was processed through SMOKRA08 by NYDEC and
for 2018 by NESCAUM and distributed to the otherdmling centers in a manner similar
to the 2002 base year scenario that was SMOKE gsedeby NYDEC. After each
center had completed its portion of the processWEFCAUM obtained the results for
all projection years for analysis of haze metrics.

The results of this run are shown in Table 3-1 kigdires 3-1 and 3-2, which
show relative reduction factors at each Classd bsespecies and the overall projected
improvement in visibility in deciviews based on 2@09 (NYDEC) and 2018
(NESCAUM) BOTW-1 projections, respectively.

Table 3-1. 2018 twenty percent worst days relativeeduction factors.

Shenandoah| Dolly Sods Brigantine Great Gulf Lye Brook | Moosehorn Acadia
Sulfate 0.49 0.51 0.53 0.59 0.58 0.63 0.60
Nitrate 0.46 0.63 0.95 0.87 0.91 0.73 0.80
EC 0.58 0.71 0.62 0.73 0.67 0.77 0.75
oC 0.88 0.92 0.98 0.86 0.93 0.95 0.95
Sea Salt 1 1 1 1 1 1 1
Soil 1.27 1.26 1.28 1.16 1.13 1.09 1.10

* Delaware and Vermont had not given an indicatiptthie time the inventory was closed.
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Figure 3-1. Projected improvement in visibility atfour Northeast sites based on

2009 and 2018 BOTWL projections.

26.0
—&— Acadia
25.0 Camp Dodge
’ —¥— Lye Brook
—@— Moosehorn
240 K - - - - Acadia BOTW_BaseB4
: Camp D. BOTW_BaseB4
23.0 A - - - - Lye BBOTW_BaseB4
% - - - - Moos BOTW_BaseB4
= 220
3
a)
21.0
20.0
19.0
180 T T T T T T T T 1
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
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2009 and 2018 BOTWL projections.
—li— Brigantine
30.0 —a— Dolly Sods
—+— Shenandoah
29.0 = = =Brig BOTW_BaseB4
- = - = Dolly Sods BOTW_BaseB4
28.0 - - - = Shenandoa BOTW_Base4
27.0
=
2
>
2 26.0
(]
o
25.0
24.0
23.0 Sl
220 T T T T T T T T 1
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

The projections for the BOTW-1 scenario indicatat tine adoption of 500 ppm
distillate regulations by all MANE-VU states is Baient to achieve visibility
improvements beyond the uniform rate of progresimee by the 2064 natural conditions
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visibility goal. However, it should be noted th#EPA guidance for setting reasonable
progress goals asks states to consider reviewimgeglsures identified through the four-
factor analysis process and to adopt each medsatrestdetermined to be reasonable.

While the interpretation of USEPA guidance on subject continues to be
debated by various stakeholders and some stateisi@tihe MANE-VU region, MANE-
VU believes that the four-factor analysis provisiam the Clean Air Act requires states to
analyze additional measures and adopt those thaeasonable. We have identified and
analyzed several additional measures for considerat determining regional haze
reasonable progress goals and these options di@ekjn Chapter 5.
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4. 2018 POLLUTION APPORTIONMENT

One requirement of the regional haze rule is altioh apportionment” that
provides an assessment of the major contributokANE-VU visibility impairment by
geographical region or by sector. MANE-VU had dacted an extensive
apportionment of 2002 visibility impairment fromlfste in the prioContribution
Assessment report (NESCAUM, 2006a) and conceptual descripffMBSCAUM, 2006b).
In order to update this work to reflect changeth@&contributions by various states to
visibility impairment projected for 2018, we haviined the 2018 BOTW emission
inventory and tagged all S@missions from each of 29 states in the easte®n Whis
required three separate runs with 11 tags permuaddition, three tags for baseline
(2002) boundary condition®6rth, South_East, andVest) provide an estimate for
sulfate contributions external to the model domailote their contribution includes
emissions that originated within the domain, butenedvected out of the modeling
domain only to recirculate back into the domaie. (ihe state-specific tagged
contributions represent, in this sense, a lowemldpu

This tagging scheme provides a comprehensive riegat the influence of most
of these states to visibility impairment within tiredel domain. It also provides a partial
accounting of the influence of several states atbegvestern and southern edge of the
model domain where only a portion of the states'ssians were tracked.

Results indicate that the relative contributiorstaites within the domain will
decrease significantly due, in large part, to thigcgpated S@ emissions reductions from
the CAIR program. As a result, we see largeeases in therelative contribution from
Canada and the boundaries. This apparent incieasaply due to the fact that we are
showing relative contributions and as a share etdtal, these fixed contributions
contribute a larger share after CAIR has reducedtmtribution within the domain.

Figures 4-1 through 4-5 show the absolute magnitdficeeasured and projected
sulfate at each MANE-VU class | monitor as weltlas relative contributions of each
state to that sulfate as contrasted against tB@i2 2ontributions.
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Figure 4-1. a. Measured and projected mass contriltions in 2002 and 2018 at
Acadia National Park on twenty percent worst visiblity days.
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Figure 4-2. a. Measured and projected mass contnittions in 2002 and 2018 at

Brigantine Wildlife Refuge on twenty percent worstvisibility days.
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Figure 4-3. a. Measured and projected mass contriliions in 2002 and 2018 at Lye
Brook Wilderness Area on twenty percent worst visibity days.
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Figure 4-4. a. Measured and projected mass contriltions in 2002 and 2018 at
Great Gulf Wilderness Area on twenty percent worsvisibility days.
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Figure 4-5. a. Measured and projected mass contnittions in 2002 and 2018 at
Moosehorn National Wildlife Refuge on twenty percehworst visibility days.
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5. CONTROL STRATEGY EVALUATION

We evaluated the visibility benefits of four potahtontrol strategies aimed at
reducing regional haze at Class | areas in the MANEegion beyond what has been
included in the “OTB/OTW?” scenario described earli#hese programs include two
separate but linked low-sulfur content fuel initras (the S1 and S2 strategies), the
BART provisions of the Regional Haze Rule, and omlaton EGUs at the 167 stacks
most likely to affect MANE-VU Class | areas (“16GH strategy”). This chapter
reviews the control strategies in more detail, dbss the potential emissions reductions,
and evaluates the potential visibility benefiteath strategy in combination with the
others.

5.1. Reduced sulfur fuel content (S1 and S2)

The MANE-VU states have agreed through consultattorpursue a low sulfur
fuel strategy within the region. This phased sggtwould be implemented in two steps;
however, both components of the strategy are folbeimplemented by 2018. We have
analyzed both steps of the program as separategts, but it is the combined benefit of
implementing the program that is relevant to thesgjion of program benefits in 2018.

The S1 strategy involves the lowering of fuel-sutfantent in distillate (No. 2
oil) from current levels that range between 2,000 2,300 ppm down to 500 ppm by
weight. It also restricts the sale of heavier Okeof residual oil (No. 4 fuel oil and No. 6
bunker fuels) that have sulfur content greater &b percent sulfur and 0.5 percent
sulfur by weight, respectively. The S2 strategytfar reduces the fuel-sulfur content of
the distillate fraction to 15 ppm sulfur by weighithe residual oil is maintained at the
same S1 level for this strategy.

The S1 strategy and S2 strategy are to be impledentsequence with slightly
different timing for an “inner zoné”and the remainder of MANE-VU. All states,
however, have agreed to pursue the adoption ankmgmtation of an “emission
management” strategy, as appropriate and necessagguce the sulfur content of
distillate oil and residual fuel oil as specifiedthe MANE-VU statements adopted June
20, 2007 by the MANE-VU Board. Thus for the purpe®f this analysis, we have
examined the benefits of the S1 and S2 strateggarately below.

Based on the fuel sulfur limits within the S1 st@t, we estimated a decrease of
140,000 tons of S£Oemitted from distillate combustion and 40,000 tohSQ; from
residual combustion in MANE-VU. Figure 5-1 disptaye resulting average change in
24-hr average Pl between the baseline case (OTB/OTW) and the dotdas® where
the S1 fuel strategy has been implemented.

® The inner zone includes New Jersey, Delaware, Xesk City, and potentially portions of eastern
Pennsylvania.
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Figure 5-1. Average change in 24-hr PMs due to S1 emission reductionguf/m?)
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We used the concentration changes in Figure 5-Yeataoderive visibility
benefits. Because the S1 fuel sulfur program afflgcts sources within MANE-VU,
that region sees the largest PMeduction and the greatest visibility benefits.

The S2 fuel strategy further reduces the sulfuteatof distillate from 500 ppm
to 15 ppm while keeping the sulfur limits on resitlails to 0.25 percent and 0.5 percent
for No. 4 and No. 6 oils, respectively. By loweyithe distillate fuel sulfur limit from
500 ppm to 15 ppm, we estimate an additional redicif 27,000 tons of S{emissions
in MANE-VU from distillate combustion in 2018. kige 5-2 displays the average
change in 24-hr Pl calculated from CMAQ modeled concentrations betwibe S1
scenario and the S2 scenario. It reflects theigiertichange in Pl due solely to the
change from 500 ppm to 15 ppm distillate. Due kogh baseline fuel sulfur level, the
incremental change in P concentration is much smaller between 500 ppmil&nopm
than the baseline to 500 ppm levels observed isfhscenario.
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Figure 5-2. Average change in 24-hr PMs due to S2 emission reductions, relative to
S1 fug/m?)

A T

Average change in 24hr
PM2.5 due to S2
0
0-0.01
0.01 - 0.02
0.02 - 0.03
0.03 - 0.04
I 0.04 - 0.05
I 0.05 - 0.06
I 0.06 - 0.08

To determine the full benefit of the fuel stratesgoeing considered relative to the
OTB/OTW baseline, we can look at the combined benfbm the S1 (500 ppm
distillate and 0.25/0.5 percent residual oil) gggtand the S2 (15 ppm distillate)
strategy. The combined benefits can be gauge@yirds 5-6 through 5-14 and are
shown in the results presented in Table 5-2 aetfteof this section.

5.2. Best Available Retrofit Program (BART)

To assess the impacts of the implementation oBthRT provisions of the
Regional Haze Rule, we included estimated redustamicipated for BART-eligible
facilities in the MANE-VU region in the 2018 CMAQadeling analysis. An inital
survey of state staff indicated that these 14 wndsld likely be controlled under BART
alone and were modeled in this analysis. Thesessgabvided potential control
technologies and levels of control, which wereumntincorporated into the 2018
emission inventory projections. NESCAUM (2007)\pdes the survey approach.
Updates to this preliminary assessment (includmegréemoval of six Pennsylvania
sources with combined emissions reductions of @608 of SQ) will be incorporated
into the Best and Final modeling run scheduledetadmpleted in March, 2008. Figure
5-3 displays the locations of the BART sources esttimated S@reductions expected in
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2018. Additional visibility benefits are likely t@sult from installation of controls at
BART-eligible facilities that are located in adjat&RPOs. These benefits are not
accounted for in the present analysis.

Figure 5-3. Potential reductions from BART-eligiblesources in the MANE-VU
region (tons)

Potential tons of SO2
Reduced by BART

= 0-500
® 500 - 5000
® 5000 - 15000

We applied the S£reductions at the initial 14 facilities relativeethe 2018
OTB/OTW emissions inventory. Figure 5-4 showsdklierage change in 24-hr BM
concentrations within the modeling domain usedaiowdate the visibility benefits.



MANE-VU Modeling for Reasonable Progress Goals Page 5-5

Figure 5-4. Average change in 24-hr PMs due to BART emission reductions
(Hg/m®)

Average Change in 24hr
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5.3. 167 EGU Strategy

The MANE-VU states have recognized that®missions from power plants are
the single largest contributing sector to the vigjbimpairment experienced in the
Northeast’s Class | areas. The Smissions from power plants continue to dominate
the inventory. Sulfate formed through atmosphpracesses from S@missions are
responsible for over half the mass and approxima@i80 percent of the extinction on
the worst visibility days (NESCAUM, 2006a,b). Irder to ensure that EGU controls are
targeted at those EGUs with the greatest impaeighbility in MANE-VU, a modeling
analysis was conducted to determine which soutzesetwere. A list of 167 EGU stacks
was developed (MANE-VU, 2007) that includes the E0§est impacts at each MANE-
VU Class | site during 2002. MANE-VU is currentgking for 90 percent control on all
units emitting from those stacks by 2018 as padooisultations within MANE-VU and
with other RPOs. MANE-VU recognizes that this llevlecontrol may not be feasible in
all cases. The Best and Final modeling run culyremderway will incorporate State
comments gathered during the inter-RPO consultgtioness.

The “167 EGU strategy,” if implemented as definede) could lead to large
reductions in S@emissions due to installation of stack controhtexlogies such as SO
scrubbers. To determine the possible health ksrfihis EGU control program, we
modeled 2018 emissions for the 167 EGUs in thehatt, Southeast, and Midwest at
levels equal to 10 percent of their 2002 emissioffe used CMAQ to model sulfate
concentrations in 2018 after implementation of tusetrol program and converted
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sulfate concentrations to BNlconcentrations. Figure 5-5 displays the averagage in
24-hr PM, 5 seen between the OTB/OTW baseline and the EGW stattrol program.

Figure 5-5. Average change in 24-hr PMs due to 167 EGU emission reductions
(Mg/m?)

Average Change in 24hr
PM2.5 due to 167 EGU
-0.3-0
0-0.15
0.15-0.25
0.25 - 0.35
I 0.35-047
B 0.47 - 0.63
I 0.63 - 0.94

B 0.94 - 1.83

Figure 5-5 shows that significant reductions of RMre predicted for the
MANE-VU region as well as for portions of the VISBAand Midwest RPO regions as a
result of the targeted EGU strategy.

Figures 5-6 through 5-14 show the visibility betse#i relative to the uniform rate
of progress determined our national visibility gohatural conditions in 2064 — of the
OTB/OTW scenario as well as for the four potentigasures analyzed here. In addition
to these measures, MANE-VU has asked neighborif@SRB consider non-EGU
emissions reductions comparable to our low sulfiet trategies, which are expected to
achieve a greater than 28 percent reduction inE®b- SQ emissions in 2018. The
figures indicate that additional progress couldbleieved depending upon what
strategies are identified by VISTAS and the MidwRBIO in response to this request.
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Figure 5-6. Visibility improvement relative to uniform rate of progress at Acadia
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Figure 5-7. Visibility improvement relative to uniform rate of progress at
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Figure 5-8. Visibility improvement relative to uniform rate of progress at Great
Gulf Wilderness Area

24

23 1

.
.
22

L)
% “ \
% 21 ‘\ , OTB/OTW
8 . \L
A Y
- ) . /){
19 - -
167 EGU », S-1 (500ppm)
S—>
15 ppm
18 ' ' -2 (15 pp )
2000 2005 2010 2015 2020 2025

Figure 5-9. Visibility improvement relative to uniform rate of progress at Lye
Brook Wilderness Area
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Figure 5-10. Visibility improvement relative to unform rate of progress at
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Figure 5-11. Visibility improvement relative to unform rate of progress at
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Figure 5-12. Visibility improvement relative to unform rate of progress at Dolly
Sods Wilderness Area
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Figure 5-13. Visibility improvement relative to unform rate of progress at
Presidential Range-Dry River Wilderness Area
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Figure 5-14. Visibility improvement relative to unform rate of progress at
Roosevelt-Campobello International Park
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Tables 5-1 and 5-2 summarize the sulfate mass tieda@nd the deciview
targets that represent the progress shown in thefggures.
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Table 5-1. Projected 2018 twenty percent worst dagulfate mass reduction at
MANE-VU Class | areas under various control assumpbns.

Baseline | OTB/OTW 167
MANE-VU Class | Area [2000-2004] [2018] BART S-1 S-2 EGUSs
Acadia National Park, ME
6.32 2.40 0.08 | 0.29 | 0.03 | 0.37

Bri tine Wild , NJ
rigantine YHiderness 11.58 535 | 007 | 020|002/ 051

Great Gulf Wilderness, NH

7.28 2.96 0.06 | 0.09 | 0.02 0.13
Lye Brook Wil VT
ye Brook Wilderness 8.46 349 | 009 | 013|001/ 0.18
Moosehorn Wil ME
oosehorn Wilderness 5.67 203 | 007 | 021]003]| 024
Presidential Range — Dry
River Wildermoss. NH 7.28 2.96 | 0.06 | 0.09 |001]| 013
Roosevelt-Campobello
International Park, NB 5.67 2.03 0.07 0.21 | 0.03 0.24

Notes on Table 5-1:

1. Baseline values represent the average sulfate (ng4s’) over the 5 year baseline period on the
20 percent worst days.

2. OTB/OTW represents the combined estimated masstiedug/ni) due to all “on the books”
measures.

3. BART mass reduction reflects preliminary estimatEsmission reductions resulting from BART
determinations. These determinations are stithéprocess of being conducted, however, and
thus are subject to change.

4. S-1 oil strategy assumes the adoption of 500 ppiilldte, 0.25 percent S for all No. 4 oil and 0.5
percent S for all No. 6 residual oil.

5. S-2 oil strategy assumes the adoption of 15 pstilldte, 0.25 percent S for all No. 4 oil and 0.5
percent S for all No. 6 residual oil.

6. 167 EGU strategy benefits are based on net redisctiier each of the 167 stacks is controlled to
at least the 90 percent level and after the idedtémissions reductions (beyond 2018 projections
contained in the Base B emissions files) are rebiged among all other CAIR-eligible EGUs in
the modeling domain.



MANE-VU Modeling for Reasonable Progress Goals Page 5-13

Table 5-2. Projected 2018 twenty percent worst dageciview goals for MANE-VU
Class | areas under various control assumptions

Baseline | OTB/OTW |  papt | 451 +S-2 +167

MANE-VU Class | Area [2000-2004] [2018] EGUs

Acadia National Park, ME
22.89 19.62 19.51 | 19.10 | 19.05 | 18.50

Brigantine Wilderness, NJ
29.01 24.26 24.19 | 24.00 | 23.98 | 23.47

If Wil » NH
Great Gulf Wildemess 2282 | 1881 | 18.74 | 18.62 | 18.61 | 18.43

Lye Brook Wilderness, VT
24.45 20.40 20.29 | 20.13 | 20.12 | 19.90

M h Wil , ME
oosehorn Wilderness 2172 | 1859 | 18.50 | 18.20 | 18.16 | 17.80

Presidential Range — Dry
River Wilderness, NH 22.82 18.98 18.90 | 18.78 | 18.77 | 18.59

Roosevelt-Campobello
International Park, NB 21.72 18.58 18.49 | 18.19 | 18.15 | 17.79

Notes on Table 5-2:

1. Baseline values represent the 5-year average bhaszlnditions (dv) on the 20 percent worst
days.

2. OTB/OTW represents the projected deciview goaltdual OTB/OTW measures.

3. Pluses indicate that the deciview goals assumecimghtation of all measures to the left of and
including the column indicated.

4. BART reflects preliminary estimates of emissiondugtions due to BART determinations. These
determinations are still in the process of beingderted and thus are subject to change.

5. S-1 oil strategy assumes the adoption of 500 pptildte, 0.25 percent S for all No. 4 oil and 0.5
percent S for all No. 6 residual oil.

6. S-2 oil strategy assumes the adoption of 15 pstilldte, 0.25 percent S for all No. 4 oil and 0.5
percent S for all No. 6 residual oil.

7. 167 EGU strategy benefits are based on net redisctiier each of the 167 stacks is controlled to
at least the 90 percent level and after the idedtémissions reductions (beyond 2018 projections
contained in the Base B emissions files) are rebiged among all other CAIR-eligible EGUs in
the modeling domain.
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6. CONCLUSIONS

This report provides details on modeling platfoansl input data as well as a
description of the processing steps that were uakiem to prepare inputs for use in
simulating future air quality on an eastern U.Sndm that includes MANE-VU Class |
areas. The findings are consistent with previouskwlocumenting the role of SO
emissions in the formation of visibility impairiritne particulate in the eastern U.S.
(NESCAUM, 20064, b). This report goes further, bwer, in terms of providing
detailed simulations of (1) projected visibility pairment in 2018 under a “beyond on
the way” scenario that represents a starting goirthe regional haze program; (2) state-
by-state apportionment of 2018 emissions for t8di82‘beyond on the way” scenario;
and (3) sensitivity analysis of the projected bagaeff several additional measures that
are being considered by the MANE-VU states forusmn in reasonable progress goals.

The findings of these simulations suggest that:

« The “beyond on the way” scenario — defined by CAih other “on the
books” measures and the limitation of fuel sulfantent to 500 ppm for
all No. 2 “distillate” fuel oil sold in the MANE-VUegion — is sufficient
to achieve visibility improvement beyond the sol@@l‘uniform rate of
progress” defined by uniform visibility improvemedrgtween now and
2064, the planning horizon for the regional hazggpam.

* The 2018 pollution apportionment suggests thatithiovement is due
to significant reductions in the relative contrilouis of almost all eastern
U.S. states, resulting inralative increase (though not an absolute
increase) in the projected contribution from areatside the modeling
domain (e.g., Canada and the model domain bourtdagyitions).

» Potential additional emissions reduction strate@jreduding the
reduction of fuel sulfur content of No. 2 distikatio 15 ppm, limits on
sulfur content of residual oil, control of BART-gilble sources, and
additional EGU controls beyond CAIR) could yieldrsficant further
reductions of sulfate and corresponding significasibility
improvements at MANE-VU Class | areas and shoulddresidered with
respect to the four statutory factors in settirgsomable progress goals.

As MANE-VU states consider these results and cohdmesultations with each
other and neighboring RPOs, NESCAUM will prepafeest and final” modeling
scenario for 2018 that may assist the Class Istatsetting reasonable progress goals
based on their assessment of which measures a@edde to implement. This final
model run is anticipated to be complete in Marc&0
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