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1. INTRODUCTION

Background

On December 20, 2002 local governments in a five county area of Northeast Texas (Gregg,
Harrison, Rusk, Smith, and Upshur counties) entered into an Early Action Compact (EAC) with
the U.S. Environmental Protection Agency (EPA) and the Texas Commission on Environmental
Quality (TCEQ). The purpose of the EAC is to develop and implement a Clean Air Action Plan
(CAAP) that will reduce ground level ozone concentrations throughout the five county area to
comply with the 8-hour ozone standard by December 31, 2007 and maintain the standard beyond
that date. The CAAP was submitted to the EPA in March, 2004. EPA designated all five
counties as 8-hour ozone attainment areas on April 15, 2004 (see 69 FR 23858).

Ozone air-quality planning activities for Northeast Texas are directed by a local, multi-
stakeholder group called Northeast Texas Air Care (NETAC). NETAC conducts technical
studies such as ambient monitoring, emission inventory development, air quality modeling and
demonstrating emission reduction technologies. NETAC’s research studies are designed to
improve the understanding of the causes of high ozone in Northeast Texas and thereby promote
the most effective and cost effective air quality management solutions.

Purpose and Summary

In this report, we describe the development of a seasonal ozone model using the Comprehensive
Air Quality Model with Extensions (CAMX) for the summer of 2005, as well as episodic models
for two high ozone periods during June, 2005 and August-September, 2005. The seasonal model
used meteorological data developed by Texas A&M University (TAMU) and emissions data
from the EPA, the Central Regional Air Planning Association (CENRAP) and the TCEQ. We
present a preliminary evaluation of the seasonal and episodic ozone model performance, and
compare the episodic model simulation of the September 8, 2005 Dolet Hills power plant ozone
plume with ozone data collected during the NETAC Baylor Piper Aztec flight made on that day.

Our preliminary evaluation suggests that the seasonal model has a marked tendency to
overpredict surface ozone concentrations in Northeast Texas. The model, running at 36-km
resolution with a nested 12-km grid centered over Texas, failed to meet EPA performance
benchmarks for a significant number of summer high ozone days on the 12-km grid. The model
simulated the observed ozone time series at the Karnack and Panola monitors with good fidelity,
but consistently overestimated concentrations at the Tyler and Longview monitors. The best
performance occurred during two high ozone periods in June, 2005 and August-September,
2005. We focused on these two periods for further evaluation and episodic modeling.

Episodic modeling was performed with an updated emission inventory incorporating day-
specific continuous emissions monitoring data for 2005. For the August-September episode, we
added a nested 4-km grid centered over Northeast Texas and used 4-km MM5 meteorological
data provided by TAMU. With the addition of the refined emission inventory, the model’s

H:\etcog4\2005_ozone_model\Report\Final\sec1_intro.doc 1 = 1
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tendency to overpredict ozone on the 12-km grid at the Longview and Tyler monitors was
greatly reduced, and performance improved to the point where the model was within EPA
benchmarks for nearly all episode days for both the June and August-September episodes.

The comparison of CAMXx predicted ozone concentrations for September 8, 2005 with ozone
data from the Baylor flight shows that the Dolet Hills power plant plume was well simulated by
the 4-km resolution episodic model.

H:\etcog4\2005_ozone_model\Report\Final\sec1_intro.doc 1 '2
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2. DEVELOPMENT OF A SEASONAL OZONE MODEL FOR 2005

A new ozone modeling database was developed for Northeast Texas for the summer of 2005.
The 2005 model is based on meteorology developed at Texas A&M University (Neilson-
Gammon, 2006) and emissions data developed by the Central Regional Air Planning Association
(CENRAP) for annual modeling of regional haze and visibility for the year 2002. (See
www.cenrap.org for information about CENRAP). The CENRAP 2002 emissions data was
adjusted for growth and adapted for the year 2005 to create the Northeast Texas 0zone modeling
database for June through September of 2005.

MODELING DOMAIN

The 2005 modeling domain is shown in Figure 2-1, and consists of three nested grids. The
expanded 36-km coarse grid is outlined in purple and green, and covers the entire eastern US and
portions of Canada and Mexico. It has 69 grid cells in the east-west direction, 67 grid cells in
the north-south direction, and 20 layers in the vertical. The 12-km nested grid, outlined in red, is
a square (87 x 87 grid cells) covering the eastern half of Texas and most of Louisiana,
Mississippi, Arkansas, and Oklahoma. The 4-km grid is bounded by a blue rectangle, and is
centered on Northeast Texas. This grid extends 54 cells in the east-west direction and 45 cells in
the north-south direction. The 12-km and 4-km grids have the same vertical layer structure as
the 36-km grid. Compared to the August 1999 model used for the Northeast Texas CAAP
(Yarwood et al., 2004), the 12-km and 4-km modeling domains remain the same but the 36-km
domain has been expanded to the east and north to reduce the influence of lateral boundary
conditions on Texas ozone levels.

For the purposes of our preliminary evaluation, CAMx was run for the entire summer of 2005 at
36-km resolution with the nested 12-km grid. Then, the model was re-run for two high ozone
episodes, one in June and one in August-September. For the June episode, we used the same 36-
km/12-km grid configuration as in the seasonal modeling. For the August-September episode,
the 4-km grid centered over Northeast Texas was nested within the 12-km grid, as shown in
Figure 2-1.

METEOROLOGICAL DATA

CAMXx requires meteorological input data for the parameters shown in Table 2-1.
Meteorological input data for CAMx were developed using the PSU/NCAR Mesoscale Model
version 5 (MM5; Duhdia, 1993). The MMD5 simulation provided by Texas A&M University had
hourly temporal resolution, and was run with the following column physics options:

e ETA planetary boundary layer scheme

* NOAH land surface model

e Kain-Fritsch Il cumulus parameterization
e Simple ice moist physics

e RRTM radiation package

H:\etcog4\2005_ozone_model\Report\Final\sec2_model_dev.doc 2‘ 1
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Table 2-1. CAMx meteorological input data requirements.

CAMX Input Parameter

Description

Layer interface height (m)

3-D gridded time-varying layer heights for the start and end of
each hour

Winds (m/s)

3-D gridded wind vectors (u,v) for the start and end of each hour

Temperature (K)

3-D gridded temperature and 2-D gridded surface temperature for

the start and end of each hour

Pressure (mb)

3-D gridded pressure for the start and end of each hour

Vertical Diffusivity (m?%/s)

3-D gridded vertical exchange coefficients for each hour

Water Vapor (ppm)

3-D gridded water vapor mixing ratio for each hour

Clouds and Rainfall (g/m°)

3-D gridded cloud and rain liguid water content for each hour

Meteorological data were reformatted from MM5 to CAMXx-ready inputs using ENVIRON’s
MM5CAMX processor with some layer aggregation above the PBL as shown in Table 2-2.

CAMXx was run with 20 vertical layers, a model top located above an altitude of 18 km, and a

surface layer thickness of 20 meters. Vertical diffusivity coefficients for CAMx were calculated

from turbulent kinetic energy

diffusivity coefficient (K,) values near the ground were modified because the MM5 does not

(TKE) produced by the MM5 ETA PBL scheme. Vertical

seem to capture real world near-surface mixing of trace gases. First, land-use dependant
minimum K, values were applied in the surface layer. Then, in each vertical column, the
maximum diffusivity encountered in the lowest 100 meters was applied to all layers below 100

meters.

Table 2-2. MM5 and CAMXx vertical grid structures based on 28 sigma-p levels. Heights (m)

are above ground level according to a standard atmosphere; pressure is in millibars.

Layer sigma pressure height thickness CAMx Layers
11

28 0.0000 50.00 18874.41 1706.76

27 0.0250 73.75 17167.65 1362.47

26 0.0500 97.50 15805.17 2133.42 --20---
25 0.1000 145.00 13671.75 1664 .35 --19---
24 0.1500 192.50 12007.40 1376.75

23 0.2000 240.00 10630.65 1180.35 --18---
22 0.2500 287.50 9450.30 1036.79

21 0.3000 335.00 8413.52 926.80 -=17---
20 0.3500 382.50 7486.72 839.57

19 0.4000 430.00 6647.15 768.53

18 0.4500 477 .50 5878.62 709.45 --16--—-
17 0.5000 525.00 5169.17 659.47

16 0.5500 572.50 4509.70 616.58

15 0.6000 620.00 3893.12 579.34 --15---
14 0.6500 667.50 3313.78 546.67 --14---
13 0.7000 715.00 2767 .11 517.77 --13---
12 0.7500 762.50 2249 .35 491.99 --12---
11 0.8000 810.00 1757.36 376.81 --11---
10 0.8400 848.00 1380.55 273.60 --10---
9 0.8700 876.50 1106.95 266.37 -—-9-—-
8 0.9000 905.00 840.58 259.54 -——-8---
7 0.9300 933.50 581.04 169.41 —T -
6 0.9500 952.50 411.63 166.65 -———6---
5 0.9700 971.50 244 .98 82.31 R
4 0.9800 981.00 162.67 65.38 -4
3 0.9880 988.60 97.29 56.87 -—-3-—-
2 0.9950 995.25 40.43 20.23 -———2-—=
1 0.9975 997.62 20.19 20.19 _—1-—-
0 1.0000 1000.00 0.00 ========= Surface ======

H:\etcog4\2005_ozone_model\Report\Final\sec2_model_dev.doc
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EMISSION INVENTORY FOR 2005

This section describes the emission inventory preparation for the 2005 seasonal and episodic
ozone modeling. The emission inventory was processed using version 3 of the Emissions
Processing System (EPS3) for area, off-road, onroad mobile and point sources. The purpose of
the emissions processing is to format the emission inventory for CAMx photochemical
modeling.

CAMX requires two types of emission input files:

(1) Surface emissions from area, mobile, off-road, low-level point and biogenic sources are
gridded for the CAMXx nested grid system. This means that separate surface emissions files
were required for the 36-km, 12-km and 4-km grids. The surface emissions are injected into
the lowest layer of the model.

(2) Elevated emissions from major point sources are injected into CAMXx at the coordinates of
each source. The plume rise for each source is calculated by CAMXx from stack parameters
so that the emissions are injected into the appropriate vertical layer. Emissions from selected
major NOx emitters were treated with the CAMx Plume-in-Grid module, GREASD PiG
(Greatly Reduced Execution and Simplified Dynamics Plume-in-Grid).

The emissions model EPS3 performs several tasks:

Temporal adjustments: Adjusts emission rates for seasonal, day-of-week and hour-of-day
effects.

Chemical speciation: Emission estimates for total VOC are converted to the more detailed
chemical speciation used by the Carbon Bond 4 (CB4) chemical mechanism in CAMx. Total
unspeciated NOx emissions are allocated to NO and NO, components.

Gridding: The spatial resolution of the emissions must be matched to the CAMXx grid(s). Area
sources are often estimated at the county level, and are allocated to the grid cells within each
county based on spatial surrogates (e.g., population and economic activity). Mobile source
emissions may be link specific (from transportation models) so links must be allocated to grid
cells.

Growth and Controls: Emissions estimated for one year may need to be adjusted for use in a
different year. In this project, for example, portions of a pre-existing 2002 emissions database
were adapted for 2005.

Quality Assurance: The emissions model includes powerful QA and reporting features to keep
track of the adjustments at each processing stage and ensure that data integrity is not
compromised.

The outputs from the emissions model are called the “model-ready” emissions, and are day-
specific, gridded, speciated, and temporally (hourly) allocated. EPS3 performs all of the
processing steps for the anthropogenic emissions. The biogenic emissions are prepared using a
different model (GIoBEIS) because they are based on different input data and have specialized

H:\etcog4\2005_ozone_model\Report\Final\sec2_model_dev.doc 2‘3
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processing requirements (e.g., dependence on temperature, solar radiation and drought
conditions).

Emissions for different major source groups (e.g., mobile, off-road mobile, area, point and
biogenic) are processed separately and merged together prior to CAMx modeling. This
simplifies the processing and assists quality assurance (QA) and reporting tasks.

For the surface emissions, a separate emission inventory is required for each grid nest, i.e., three
inventories. For elevated point sources, a single emission inventory is prepared covering all grid
nests. The emissions data sources and processing are described separately below for surface and
elevated sources. Following the data descriptions are summary tables of 2005 emissions.

2005 Surface Emissions

The seasonal model emission inventory represents the first step in the development of the
emissions inventory for 2005 ozone modeling. The seasonal model inventory was developed
from the 2002 Central Regional Air Planning Association (CENRAP) inventory. The CENRAP
emissions are based on the EPA’s 2002 National Emissions Inventory (2002 NEI) with updates
by member states, including the TCEQ. The CENRAP 2002 NEI was adjusted to 2005 by
accounting for growth and controls. The episodic model emission inventory constitutes a
refinement to the seasonal model inventory. Below, we describe the preparation of each
component of the seasonal model emission inventory followed by the corresponding description
for the episodic model inventory.

Seasonal Model Area Sources

The area source portion of the regional emission inventory data for 2005 was adapted from the
CENRAP 2002 area source inventory except for offshore sources in the Gulf of Mexico. The
Gulf of Mexico offshore inventory was provided by TCEQ (Jim McKay, personal
communication). CENRAP’s 2002 emission inventory is based on the EPA 2002 National
Emission Inventory with updates and corrections provided by CENRAP member states (which
include Texas) and the other Regional Planning Organizations. Data sources for the 2002
CENRAP inventory are listed in Table 2-3. The regional emission inventories currently in use
by CENRAP were processed using the Sparse-Matrix Kernel Emissions Processing System
(SMOKE) for the modeling domains shown in Figure 2-1. Annual (and seasonal/monthly)
county-level emissions estimates used in the SMOKE processing system are available in ASCII,
“IDA” formatted data files. These data contain all the necessary information required for
application of EPS3. Processing utilities were developed using Perl to re-format these data into
AFS (point sources) and AMS (area and mobile sources) formatted data files for input to EPS3.

The CENRAP 2002 area source and oil and gas data were projected to 2005 using the Economic
Growth Analysis System (EGAS) growth factors for the U.S. only. Zero growth was assumed
for Canada and Mexico. Zero growth was applied to platform and non-platform offshore
sources.

H:\etcog4\2005_ozone_model\Report\Final\sec2_model_dev.doc 2‘4
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Episodic Model Area Sources

The area source portion of the regional emission inventory data for 2005 is identical to the
CENRAP 2002 area source inventory except for offshore sources in the Gulf of Mexico, as
described above. No growth factors for 2005 were applied to the 2002 inventory. The 2005 oil
and gas inventory is identical to the CENRAP 2002 inventory and no growth factors were
applied.

Seasonal Model On-Road Mobile Sources

On-road U.S. sources for the 2005 seasonal model were determined by beginning with the EPA
NEI 2002 inventory and applying Vehicle Miles Traveled (VMT) growth calculated with the
EGAS.

Episodic Model On-Road Mobile Sources

For the episodic on-road mobile sources inventory, we started out with the EPA NEI 2002
inventory, and adapted U.S. sources for 2005. This required application of Vehicle Miles
Traveled (VMT) growth adjustment factors that were calculated using the National Mobile
Inventory Model (NMIM). Note that NMIM incorporates the effects of control technologies,
while EGAS does not.

Seasonal Model Non-Road Mobile Sources

For the seasonal model, we projected the CENRAP 2002 inventory forward to 2005 using EGAS
growth factors for U.S. sources only.

Episodic Model Non-Road Mobile Sources

For U.S. non-road mobile sources, we began with the CENRAP 2002 inventory, and applied
factors based on the NONROAD model category estimates for 2002 and 2005.

Biogenic Sources

The biogenic emissions inventory was prepared in the same manner for the episodic and seasonal
models. Biogenic emissions were calculated using version 3.1 of the GIoBEIS model (Yarwood
etal., 1999 a,b). GIoBEIS was developed by the National Center for Atmospheric Research and
ENVIRON under sponsorship from the TCEQ. GIoBEIS, version 3, was released in April 2002
(Guenther et al., 2002). GIoBEIS3 includes new options such as inclusions of the effects of
drought stress and prolonged periods of high temperature. Features of GIoBEIS are:

e Updated BEIS3 emission factor algorithm.

e Compatible with the EPA’s BELD3.1 landuse/landcover (LULC) database.

e Compatible with the TCEQ’s Texas specific LULC database (‘Yarwood et al., 1999b) which
includes local survey data for Northeast Texas developed by NETAC (ENVIRON, 1999).

« Able to use satellite-based solar radiation data for photosynthetically active radiation (PAR).

H:\etcog4\2005_ozone_model\Report\Final\sec2_model_dev.doc 2‘5
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The BEIS3 emission factor algorithm was used with no correction for seasonal variation in
biomass density. GIoBEIS was used to calculate day specific, gridded, speciated, hourly
emissions of biogenic VOCs and NOx for each modeling grid (36-km, 12-km, 4-km) for the
2005 modeling.

2005 Elevated Emissions

Seasonal Model Elevated Emissions

For the seasonal model, the 2002 CENRAP U.S. point source data (Table 2-3) were projected to
2005 using EGAS growth factors.

Episodic Model Elevated Emissions

The elevated point source processing began with the CENRAP 2002 inventory of elevated point
sources, which was then updated for 2005 for the June and August-September episodes only
using the following procedure: 2005 continuous emissions monitoring (CEM) data for NOx and
SOx were obtained from the EPA Acid Rain Program web site at
http://capita.wustl.edu/NAMEN/EPA_AirMarkets.htm. For all Texas and Louisiana Electric
Generating Unit (EGU) sources for which an Office of Regulatory and Information Systems
(ORIS) identification number could be matched, the 2002 inventory data were replaced with the
2005 CEM data. The 2005 CEM dataset is day-specific and has a temporal resolution of one
hour. For elevated point sources outside of Texas and Louisiana, quarterly average (May 1-
September 30) CEM data were used for all sources with a matching ORIS identification number.
For all sources without an ORIS identification number or for which there was no matching
ORIS number in the 2005 CEM data set, the 2002 inventory emissions were used. All VOC and
CO data from the 2002 inventory emissions were used.

Table 2-3. CENRAP 2002 emission inventory data files.

Category Region Data File

On-Road Mobile |US nei2002prelim.onroad.ext_reg.ams.srt
Canada mbinv_ CANADA2000.ida

Off-road Mobile |CENRAP CENRAP_NONROAD_SMOKE_INPUT_ANN_071305.txt
MANE nrinv_mane-vu2002_052505.ida.txt
MANE nrinv_aircraft. mane-vu2002_052505.ida.txt
MANE nrinv_locomotive.mane-vu2002_052505.ida.txt
MANE nrinv_shipping.mane-vu2002_052505.ida.txt
VISTAS nrinv_vistas2002_rev_100104.ida.txt
VISTAS nrinv_aircraft.vistas2002_rev_100104.ida.txt
VISTAS nrinv_locomotive.vistas2002_rev_100104.ida.txt
VISTAS nrinv_shipping.vistas2002_rev_100104.ida.txt
MRPO arinv.nroad.sep2002.mrpo.baseJ.ida.txt
MRPO arinv.nroad.aug2002.mrpo.baseJ.ida.txt
MRPO arinv.nroad.jul2002.mrpo.baseJ.ida.txt
MRPO arinv.nroad.jun2002.mrpo.baseJ.ida.txt
WRAP nrinv_wrap2002_nonCA_aut_060705.ida
WRAP nrinv_wrap2002_nonCA_sum_060705.ida
WRAP nrinv_wrap2002_Aircraft_aut_080205.ida
WRAP nrinv_wrap2002_Aircraft_sum_080205.ida

H:\etcog4\2005_ozone_model\Report\Final\sec2_model_dev.doc 2‘6
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Category Region Data File
WRAP nrinv_wrap2002_locomotive_annual_tpd_080205.ida
WRAP nrinv_wrap2002_Comm_Marine_inshore_annual_tpd_080205.ida
Canada nrinv.CANADA2000_v2.ida
Canada nrinv_aircraft. CANADA2000_v2.ida
Canada nrinv_locomotive. CANADA2000_v2.ida
Canada nrinv_marine. CANADA2000 v2.ida
Area CENRAP arinv_nodust_ref nh3_cenrap2002_081705.ida.txt
MANE arinv_nodust_ref_mane-vu2002_011705.ida
MWRPO arinv_nodust_ref nh3 mw2002I_052305.ida
VISTAS arinv_nodust_ref_vistas2002_040105.ida
VISTAS ar_fire_2002_rev_21oct04 vistas.emis.ida
WRAP arinv_nodust_wrap2002_081205.ida.txt
Canada arinv_nodust CANADA2000_v2.ida
us SMOKE_2002_0OilGas_annual_tpd_082505rev.ida
Offshore GULF lo_ar.grdem.cb4.000830.reg_12km.MMS2000.05Aug18
GULF afs.gwei2000.20000801.3pol.lcp
Points CENRAP CENRAP_POINT_SMOKE_INPUT_ANNUAL_DAILY_072505.txt
MANE ptinv_mane-vu2002_sum_013105.ida
MRPO ptinv.ann2002.mrpo.basel.ida
VISTAS ptinv_2002_08nov04_vistas.ida
WRAP WRAP_Point_Inventory States-rev20050908.txt
Canada ptinv._ CANADA2000 v2.ida

EMISSIONS SUMMARIES FOR SUMMER 2005

Emissions summaries are presented below for both the seasonal and episodic models for a
weekday in August, 2005. August 30 was a weekday in 2002 as well as in 2005. All emission
estimates in the following tables reflect gridded, model-ready emissions. This means that for
partial counties and/or states at the edge of a modeling domain, only the portion of the emissions
that is within the modeling domain is reported.

Tables 2-4 and 2-5 show the seasonal model weekday anthropogenic emissions for VOC and
NOX, respectively, by emission group (on-road mobile, elevated points, low-level points, and
off-road) and source region as defined in Figure 2-2. Tables 2-6 and 2-7 are the corresponding
VOC and NOx emissions tables for the episodic model. Note that biogenic emissions vary
significantly from day to day due to temperature differences and are not shown in the tables.
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Table 2-4. Seasonal model VOC emissions (tons/day) for August 30, 2005.

Area & | Off-Road Total
VOC (tons/day) Mobile | Elev. Pts [ Low Pts | Offshore | Mobile Anthro
DFW 9-County 196 8 13 124 69 410
DFW 16 County 218 8 14 146 88 474
NE Texas 58 13 21 82 28 203
Central TX 77 19 11 72 38 217
Houston 206 39 77 138 76 536
South Tx 169 11 22 155 76 433
West Tx 123 6 15 207 79 430
Texas 853 96 160 800 385 2293
Gulf + Mexico 20 46 4 168 93 332
Oklahoma 212 15 38 280 126 671
Louisiana 188 47 120 188 273 816
Arkansas 138 36 250 144 147 715
Mississippi 163 19 79 275 91 626
Alabama 260 33 81 307 109 791
Tennessee 283 76 109 283 121 871
Kentucky 235 41 60 196 89 620
Georgia 436 38 41 582 164 1259
Florida 764 50 38 785 470 2107
Mid Atlantic (SC,
NC, VA, WV) 1099 156 286 1204 509 3255
NE US 2229 139 276 2368 1755 6767
Northern Plains 3064 371 545 2694 1962 8636
Total 9942 1164 2085 10275 6294 29759
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Table 2-5. Seasonal model NOx emissions (tons/day) for August 30, 2005.

Area & | Off-Road Total
NOx (tons/day) Mobile | Elev. Pts [ Low Pts | Offshore | Mobile Anthro
DFW 9-County 348 80 3 56 154 640
DFW 16 County 391 125 3 70 170 760
NE Texas 109 222 5 98 44 478
Central TX 141 201 2 61 66 471
Houston 373 436 11 58 187 1065
South Tx 275 309 8 93 112 796
West Tx 213 181 10 193 119 717
Texas 1503 1473 40 572 698 4287
Gulf + Mexico 29 206 4 403 52 694
Oklahoma 361 529 12 310 158 1370
Louisiana 344 908 98 291 348 1988
Arkansas 262 190 56 65 214 786
Mississippi 333 341 42 18 247 980
Alabama 427 618 96 26 168 1335
Tennessee 524 589 15 46 246 1420
Kentucky 415 1154 13 101 232 1915
Georgia 817 555 6 83 244 1705
Florida 1182 816 4 73 406 2481
Mid Atlantic (SC,
NC, VA, WV) 1870 2264 72 202 625 5034
NE US 4267 2066 271 412 2179 9194
Northern Plains 5199 4837 992 731 2599 14358
Total 17532 16545 1720 3332 8415 47545
Table 2-6. Episodic model VOC emissions (tons/day) for August 30, 2005.

Area & | Off-Road Total
VOC (tons/day) Mobile | Elev. Pts [ Low Pts | Offshore | Mobile Anthro
DFW 9-County 61 7 11 117 34 231
DFW 16 County 67 8 13 138 42 267
NE Texas 14 12 20 78 13 137
Central TX 19 17 10 69 17 131
Houston 63 37 75 132 36 342
South Tx 36 11 21 148 33 250
West Tx 29 5 14 198 35 282
Texas 227 90 152 763 176 1408
Gulf + Mexico 5 46 4 167 36 258
Oklahoma 50 14 36 269 55 424
Louisiana 48 45 115 182 113 503
Arkansas 39 34 220 137 65 494
Mississippi 41 17 73 265 42 438
Alabama 68 32 74 296 48 518
Tennessee 75 70 100 271 55 571
Kentucky 55 38 56 190 42 381
Georgia 139 35 37 553 72 836
Florida 164 47 35 759 196 1201
Mid Atlantic (SC,
NC, VA, WV) 276 147 263 1160 225 2071
NE US 938 136 267 2295 1046 4683
Northern Plains 805 354 495 2588 886 5128
Total 2929 1107 1926 9896 3057 18914
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Table 2-7. Episodic model NOx emissions (tons/day) for August 30, 2005.

Area & | Off-Road Total
NOx (tons/day) Mobile | Elev. Pts [ Low Pts | Offshore | Mobile Anthro
DFW 9-County 279 59 2 54 135 529
DFW 16 County 313 74 3 68 149 606
NE Texas 85 191 5 93 39 412
Central TX 110 151 1 58 58 378
Houston 285 349 10 55 167 866
South Tx 213 213 8 89 99 622
West Tx 174 152 9 184 105 624
Texas 1180 1129 36 547 616 3508
Gulf + Mexico 24 231 3 402 49 708
Oklahoma 292 517 10 297 148 1263
Louisiana 275 690 77 283 330 1654
Arkansas 214 171 36 63 205 689
Mississippi 262 315 33 18 237 865
Alabama 347 553 16 25 161 1101
Tennessee 426 288 8 44 233 999
Kentucky 326 722 62 98 220 1428
Georgia 661 361 5 81 227 1335
Florida 957 872 21 71 376 2297
Mid Atlantic (SC,
NC, VA, WV) 1487 1400 56 198 578 3719
NE US 3519 1612 354 418 2022 7925
Northern Plains 4193 3938 942 712 2374 12159
Total 14162 12798 1660 3254 7158 39032

MODEL VERSION AND CHEMISTRY DATA

Modeling for the summer of 2005 was performed using version 4.31 of the Comprehensive Air
quality Model with extensions (CAMXx; ENVIRON, 2006). The CAMXx “chemistry parameters”
file determines which photochemical mechanism is used to model ozone formation. The
modeling used the Carbon Bond 4 (CB4) chemical mechanism (Gery et al., 1989) with updates
to extend the inorganic reactions and add “NOX recycling” reactions (CB4xi; Yarwood, Whitten
and Rao, 2005).

The chemistry parameters file specifies the rates for all of the thermochemical reactions in the
CB4 mechanism. The CB4 mechanism also includes several photolysis reactions that depend
upon the presence of sunlight. The photolysis rates input file determines the rates for chemical
reactions in the mechanism that are driven by sunlight. Photolysis rates were calculated using
the Tropospheric visible Ultra-Violet (TUV) model developed by the National Center for
Atmospheric Research (Madronich, 1993 and 2002). TUV is a state-of-the-science solar
radiation model that is designed for photolysis rate calculations. TUV accounts for
environmental parameters that influence photolysis rates including solar zenith angle, altitude
above the ground, surface UV albedo, aerosols (haze), and stratospheric ozone column.

The albedo/haze/ozone input file is used in conjunction with the photolysis rates input file to
specify several of the environmental factors that influence photolysis rates. The photolysis rates
and albedo/haze/ozone files must be coordinated to function together correctly. The surface UV
albedo was calculated based on the gridded land use data using land use-specific UV albedo
values. The albedo varies spatially according to the land cover distribution, but does not vary
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with time. The total ozone column was based on satellite data from the Total Ozone Mapping
Spectrometer (TOMS), which are available from a web site maintained by the NASA Goddard
Space Flight Center (http://jwocky.gsfc.nasa.gov). Daily ozone column are available at 1.25°
longitude by 1° latitude resolution and were mapped to the CAMx grid. The haze optical depth
was assumed to be 0.1.

BOUNDARY CONDITIONS

For segments of the 36-km domain boundary that lie over land, boundary conditions were set to
moderately polluted conditions from the ground up to 1700 meters. Clean conditions were
assumed above 1700 meters. Over the Gulf of Mexico and the Atlantic Ocean, clean conditions
corresponding to unpolluted ocean air were assumed from the surface to the model top. The
eastern boundary and most of the southern boundary of the domain were therefore assigned clean
conditions because they lie over the ocean. The northern and western boundaries and a segment
of the southern boundary that lies over land were set to moderate conditions up to 1700 meters
and clean from 1700 meters to the model top. Figure 2-1 shows the categories assigned to all
lateral boundaries of the 36-km domain, and the boundary concentrations are summarized in
Table 2-8.

Table 2-8. CAMx boundary condition concentrations for continental and oceanic boundary
segments.

Moderate Continental Clean Ocean Air
Species Air (ppb) (ppb)
03 40 40
CO 200 100
NO 0.1 0.1
NO2 1 1
HNO3 3 1
HNO2 0.001 0.001
ALD2 0.555 0.05
ETH 0.51 0.15
HCHO 2.1 0.05
OLE 0.3 0.05
PAR 14.9 7.6
TOL 0.18 0.0786
XYL 0.0975 0.0688
ISOP 0.1 0.001
PAN 0.1 0.1
H202 3 1
MEOH 0.001 0.001
ETOH 0.001 0.001

Note: Above 1700 meters, all boundary conditions are set to clean conditions.
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Figure 2-1. CAMx 36-km, 12-km (smaller rectangle outlined in red), and 4-km (blue rectangle)
modeling domains for the summer 2005 seasonal ozone model. Texas non-attainment and
near non-attainment areas are outlined in black. 36-km grid boundary segments shown in green
(purple) are set to clean (moderate) conditions below 1700 meters. Above 1700 meters, all
boundary conditions are set to clean.
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Figure 2-2. Map of source regions within the 36 km domain.
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