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1. Introduction

In the recent past, a hmltatmn in air quality modeling studies has been the time to
process emissions inventories to produce data to be used in photochemical modeling. A
prototype emissions modeling system has been created to significantly reduce the time
required to perform emissions preprocessing. The Sparse Matrix Operator Kernel Emissions
(SMOKE) mode] was developed to demonstrate using matrix-vector multiplication for
efficient emissions processing. It reprqduces the core functions of emissions processing
(i.e., spatial allocation, temporal allocation, chemical speciation, and growth and control of
inventory emissions). For a five-day test case for a regional scale application, SMOKE has
previously been shown to be 27 times faster than Emissions Modeling System '95 (EMS-95)
for point sources and 38 times faster for area sources (MCNC 1998). A test_case
comparison was made with the Emissions Preprocessing System version 2 (EPS2) versus -
SMOKE for an urban scale domain. SMOKE preduced significant reductions in computing
time and disk space nsage (MCNC, 1996).

This report will summarize the issues encountered during the migration of the Coastal
Oxidant Assessment for Southeast Texas (COAST) emissions inventories from the EPS2
modeling system to the SMOKE modeling system. The COAST inventory components that
were migrated were the point, area and non-road sources for the Beaumont-Port Arthur
. episode of August 31-September 2, 1993. These inventories were processed through the
SMOKE modeling system and comparisons with EPS2 output were made. The SMOKE
generated emissions were then merged with the mobile and biogenic emissions components
to create new emissions data for input into the Corprehensive Air Quality Model with
Extensions (CAMyx). SMOKE was used to generate emissions for the 1993 base year.

Comparisons were then performed with CAMx to determine the effect of the SMOKE
generated emissions inputs.

2. Migration from EPS2 to SMOKE
2.1 Acquire, Organize and Test Iﬁputs

MCNC acquired point, area and non-road source inventory data from the TNRCC.
The point source inventory data is in the AIRS Facility Subsystem (AFS}) formnat. The area
and non-road inventory data is in the AIRS Area and Mobile Subsystem (AMS) format.

Other necessary input data acquired included spatial surrogates, temporal profiles, chemical
speciation profiles, and cross-reference files.

The point source inventory acquired was broken up into three different sections in the EPS2
processing. Since a number of the cross-reference files were closely tied to a certain section
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of the inventory, SMOKE processed the same inventory sections as in the EPS2 processmo.
The point source inventory sections were Texas, Lonisiana and Offshore sources.

The area source inventory was also broken up into three sections in EPS2 processing. Most
of the non-road sources are contained in a TNRCC generated AMS inventory (TNRCC
AMS). However, there were non-road and area sources in another section (SAT AMS).
While TNRCC generated all the emissions {except off-shore), the distinction between the
TNRCC and SAI datasets was actually based upon the spatial surrogates (TNRCC or SAL
generated). The final section consisted of an offshore AMS inventory (OS AMSj). The
TNRCC AMS section contained link data for a few area source categories (commercizal
marine and raiiroad). These area and norroad emission inventories were very similar to the
inventories used for the Houston-Galveston episode (September 6-11, 1993). The only
difference being the addition of Tyler county emissions. The Tyler county area source
emissions were found to be missing in the Houston-Galveston episode.

MCNC reviewed the input data and had to make necessary file preparations for
SMOKE compatibility. Some of these file preparations included:

¢ Reformatting Fast EPS2 packets: TNRCC provided cross-references, spatial
surrogates, and control packeis in the Fast EPS2 format. These were first
reformatted to traditional EPS2 format and subsequertly processed for migration
to SMOKE.

¢ Changing any alphanumeric source category codes (SCC) and plant identification
codes in the point source inventory to just numeric identifications (i.e.
CHARACTER to INTEGER).

¢ Reorganizing daily and hourly point source emissions datz into separate daily
emisstons and hourly emissions data files, The separate files are still in the AFS
format. ‘

* Separating the link-based non-road emissions from the AMS data generated at
TNRCC. Surrogates were generated at MCNC for these link-based emissions
(LINK AMS) since the SMOKE Area Source Model does not support link-based
emissions yet. These link-base emissions were processed separately from the
TNRCC AMS data. Quality assurance was perforrned after surrogate generation
as well as a SMOKE vs. EPS2 output comparison. This means SMOKE
processed four different AMS raw inventory files: TNRCC AMS, SAT AMS, OS
AMS and LINK AMS.

* The point and area offshore inventories included the Total Volatile Organic
Compounds (TVOC) pollutant instead of the reactive VOC pollutant. At the
beginning of this task SMOKE did not support the TVOC pollutant. However,
after a review of the SMOKE modeling system, it was determined that only
minor code changes were necessary to support TVOC. These code changes were
implemented in SMOKE and the offshorc components of the inventory were
quality assured in the same manner as the other sections of the inventory.

* Add Tyler county area and non-road emissions to the TNRCC AMS, SAT AMS,
and LINK AMS inventories.
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2.2 Validate Processing

MCNC performed tests to validate the SMOKE modeling system with the TNRCC
emissions inputs. Report files generated from EPS2 processing were acquired from TNRCC
and were used as a basis for assessment. The tools used to validate the processing included:

Package for Analysis and Visualization of Environmental data (PAVE)
State and county totals { EPS2 vs. SMOKE)

SCC or ASC totals (EPS2 vs. SMOKE)

Other SMOKE quality assessment reporting tools

During the validation process, a bug in the PSTPNT EPS2 code was found through joint
MCNC and TNRCC collaboration, A minor portion of the hour specific point source
emissions was being dropped. Also, several errors in the inventory were found and corrected
during the validation process. The errors found in the inventory were minor.

The state and county totals from EPS2 and SMOKE generated emissions are shown in
Appendix A. While the area and non-road emissions are summarized for September 1%, the
point sources are summarized for September 2, 1993. The totals indicate that there is little

difference between EPS2 and SMOKE generated emissions. However, there are some
minor differences to note:

s A few sources that are treated as elevated sources in EPS2 instead are treated as
low-level point sources in SMOKE. This is due to small differences in the plume
risc approximation algorithms used to determine if a source should be treated as
4n elevated source. Slight differences in the CAMy simulations are possible
around these few sources due to a plume rise algorithm not being applied on
these sources. These sources in issue were not flagged for plume-in-grid
treatment in previous EPS2-CAMx runs.

¢ Offshore point sources have latitude and longitude data instead of UTM
coordinates. The conversion algorithm for latitude and longitude to UTM seems
to vary a little in SMOKE compared to EPS2. A few sources in SMOKE ended
up in adjacent grid cells when compared to EPS2. This is not unusual and occurs
when grid coordinates are very close to the border of a grid cell.

3. CAM-x Simulation Results

CAMXx Version 1.13 was used to model both the scenarics, i.e., 93Base_E, where the
ernissions inputs were generated using EPS-2 and 93Base_S, where the emissions inputs

were generated using SMOKE. For purposes of this report, these two names for the two
basecases will be used during the remainder of this discussion.
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Most of the COAST modeling domain experienced minor changes in daily maximum ozone
concentrations throughout the Angust 31 — September 2, 1993 episode. The differences were
less than 1 ppb on all the modeled days. The peak predicted ozone concentrations within the
8-county Houston-Galveston non-attainment area (which includes the counties of Brazoria,
Chambers, Fort Bend, Galveston, Harxis, Liberty, Montgomery, and Waller) and the 3-
county Beaumont-Port Arthur nop-attainment area (which includes the counties of Hardin, -
Jefferson and Orange) were also compared and as can be seen from Table 1, these
differences were also less than 1 ppb on all the episode days.

Figure 1 shows the spatial distribution of maximum differences in ozone concentrations
predicted throughout the episode from-the two cases. The episode composite maximum
differerice is 19.7 ppb for one cell in Calcasien parish in the state of Louisiana, directly east
of Beaumont, Texas. Further analysis indicated that this difference was at 2300 hrs on
September 1%, The time series of the difference in ozone concentrations for this individual
cell is shown in Figure 3. These differences can be attributed to the fact that certain seurces
in Calcasieu county which were treated as elevated sources by EPS2.0 became ground-level
sources when processed throungh SMOKE. Difference plots of the daily maximum ozone
concentrations for the individual episode days September 1* and 2™ are shown in Appendix
B Figure B-1.

The differences between the episode composite maximum one-hour ozone concentrations
for the 2 simulations are shown in Figure 2. The maximum difference between the episode
composite peaks is 4.9 ppb, also in Calcasieu parish, Louisiana.

The complete set of objective metrics computed within the 8-county Houston-Galveston
non-attainment area and the 3-county Beaumont-Port Arthur non-attainment area for the two
sets of simulations are shown in Tables B-1 through B-4 of Appendix B.

Scenario 930831 930901] 930902
Observed g6 164 139
93Base_E|Domain-wide Peak 104 162 133
Peak in 8-county HGA' 102 137 130
Peak in 3-county BPA® 101 106 131
93Base_S|Domain-wide Peak 104 162 133
Peak in 7-county HGA' 102 137 130
Peak in 3-county BPA” 101 106 132

Table 1: Daily Maximum 1-hr Ozone concentrations for the August 31-September 2, 1993 Episode.

! Houston-Galveston Non-attainment area
. * Beaumont-Port Arthur Non-attainment area
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Figure 1: Episode composite maximum difference in modeled 1-hr ozone concentrations between
93Base_E and 93Base_S.
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Figure 2: Episode composite difference in maximum modeled 1-hr ozone concentrations
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Figure 3: Time series showing the difference between 93Base_E and 93Base_§ at the grid cell showing
maximum difference in modeled 1-hr ozome copcentrations in fhe COAST domain,
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4. Summary and Conclusions

The Sparse Matrix Operator Kernel Emissions (SMOKE) modeling system
developed at MCNC has been set up for the Houston/Galveston CAM-x modeling domain
and emissions inventory components developed for the August 31 — September 2, 1993
episode using EPS2.0 were successfully migrated to SMOKE. Minor modifications were
made to the SMOKE modeling system to process the Fast EPS2.0 packets provided by
TNRCC. These packets were initially reformattec to the traditional EPS2.0 format and then
processed for migration. All emissions fnformation obtained were quality assured, processed
through SMOKE and subsequently validated. Various comparisons were made at the
SCC/ASC level and county level and any discrepancies found were addressed throngh
collaboration and continuous interaction with TNRCC staff.

The model-ready emissions from the two systems — EPS2.0 and SMOKE were subsequently
used as inputs to CAM-x Version 1.13. Modeling outputs from CAM-x simulations showed
very minor differences in predicted ozone concentrations. However, there were a few grid
cells in the modeling domain in Calcasieu parish, which showed a higher difference and tais
was due to the difference in treatment of a few point sources. While EPS2.0 treated them as
elevated, SMOKE did not and this led to a decrease in ozone concentrations in grid cells that
were in the immediate vicinity of the point sources.
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APPENDIX A: Emissions Totals and Comparisons

SMOKE SAl area src EPS2 SAl area src

FIPS |CO . |NOX VoC |CO NOx VOC  [COUNTY
22003 0.32 043 0.13 Q.32 0.13 0.13|AllenPar
22011 8.80 213 2.04 8.80{- 2.13] . 2.04|BeauregardPar
22019{  44.8t( 11.86{ 10.11 44,81 11.86f 10.11{CalcasieuPar -
22023 2.14 0.55 0.50 2.14 0.55 0.50[CameronPar
22053 0.04 0.01 0.02 0.04 £.01 0.02|JeftersonDavisPar
22115 11.78 3.01 am 11.78 3.01 3.01)}VemonPar
22000 67.89 17.69] 1581 67.88| 17.69| 15.81|Louisiana

SMOKE SAl area src EPS2 SAl area si¢

FIPS |CO NOX vOG  |CO NOx IVOC |COUNTY
48005 6.90 0.33 1.87 6.90 0.33 1.87| AngelinaCo
48007 6.43 0.23 1.37 6.43 0.23 1.37}AransasCo
48015 7.37 0.27 210 7.37 0.27 2.10} AustinCo
48021 14.02 0.53 3.84 14.01 0.53 3.84|BastropCo
48025 821 0.35 214, 9,21 (.35 2.14|BeeCo
48027 31.36 1.09 7.95 31.38] - 1.09 7.95(BellCo
48031 Q.01 0.00 0.00 0.01 0.00 0.00|BlancoCo
48039 37.37 707 1400 37.37 7.071 14.01iBrazoriaCo
48041 44.65 1.68] 11.91 44.65 1.68| 11.91]|BrazosCo
48047 0.01 0.00 0.00 0.0t 0.00 0.00|BrooksCo
48051 5.07 0.19 1.36 5.07 .19 1.36| BurlesonCo
48053 0.58 0.02 0.41 .98 0.02 0.41|BumetCo
48055 9.66 0.38 2,67 5.66 0.36 2.67|{CaldwefiCo
48057 6.98 Q.26 1.95 6.98 0.26 1.95{CalhounCo
48071 5.28 0.22) 2.88 5.28 0.22 2.88|ChambersCo
48089 6.79 0.25 1.87 68.79 0.25 1.97[ColoradoCo
48091 3.00 0.11 0.81 3.00 0.1 0.81|ComalCo
43089 0.00 0.00 0.00 0.00 0.00 0.00|CoryellCo
48123 6.80 0.26 1.87 6.90 0.26 1.87|DeWittCo
48145 0.88 Q.04 0.35 .98 0.04 0.35}FallsCo
48149 7.36 0.28 200} 7.36 0.28 2.00;FayatieCo
48157 20,07 2941 12,36 29.07| 294| 12.35|FortBendCo
48167 20.08 4.12] 13.84 29.08 4.12] 13.84|GalvestonCo
48175 219 0.08 0.51 2,19 0.08 0.51{GoliadCo
48177 6.30 0.24 1.46 6.30 0.24 1.46|GonzalesCo
48185 6.97 0.26 1.87 - 8.97 0.26 1.87|GrimesCo
48187 20.03 .81 5.22 20.03 0.81 5.22} GuadalupeCo
48199 14.29 0.69 494 14.29 0.69 4.94{HardinCo
48201| 586.82| 111.84| 174.77| 586.77| 111.85] 174.88|HarrisCo
48209 23.44 0.88 6.39 23.44 0.88 6.38|HaysCo
48225 0.74 0.02 0.16 0.74 0.02 0.16{HoustonCo
48239 4.77 0.18 1.30 AT7 0.18 1.30|JacksonCo .
48241 11.39 0.54 318 11.38 0.54 3.18|JasperCo
48245| 63.83| 16.91] 1705 63.83| 16.90| 17.05|JeffersonCo
48249 2.30 0.07 0.53 2.30 0.07 0.53[JimWellsCo
48255 4,54 0.17 1.19 4.54 0.17 1.19]KamesCo
48261 0.08 0.00 0.02 0.06 0.00 0.02|KenedyCo
48273 11.09 0.42 3.01 11.08 0.42 3.01|KlebergCo
48281 0.29 0.01 0.08 0.28 0.01 0.08|LampasasCo
48285 6.85 0.26 1.86 6.85 0.26 1.86jLavacaCo
48287 471 0.18 1.28 4,71 0.18 1.2BjLecCo
48289 0.20 0.01 0.21 0.21 0.01 0.21{LeanCo
48291 12.18 111 479 12.18 1.1 4.78|LibherlyCo
48297 1.35 0.04 0.21 1.35 0.04 0.21}|LiveCakCo "
48313 4.00 0.15 0.88 4.00 0.15 0.88IMadisonCo

Table A-1 : Area source comparison for the SAI AMS inventory for Sept. 1, 1993

MCNC
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FIPS |CO NOX [vOC |CO NOx  [VOC |COUNTY
48321 13.53 0.51 3.64 13.53 0.51 3.64|MatagordaCo
48331 8.40| 0.32| 228 . 8400 032 2.28MiamGo
48330 e2.88] - 285 16.02] 62.88]. 2.85] 16.02|MontgomeryCo
48351 497 019] 133 497 0.19] - 1.33|NewtonGCo
48355) 107.01) 4.02) 28.12| 107.01 4.02|  28.12|NuecesCo
48361 13.24 2.57 5.02 13.24 2.57 6.02}OrangeCo
48373 11.24] 0.42 3.19 11.24 0.42 3.18]{PolkCo
48391 2.52 0.11 0.68 2.92 0.11 0.68| RefugioCo
48395 5.03 0.19 1.34 5.03]  0.19| - 1.34|RobertsonCo
48405 0161  0.01 0.04 0.16{ 0.0t 0.04}SanAugustineCeo
48407 6.02 0.23 1.70 6.02 0.23 1.70|SanJacintoCo
48409 21.52 0.81 590 21.52 0.81 5.90| SanPatricioCo
48453 211.75 7.95] 5441 211.76 7.85| 54.41|TravisCo
48485 367 0.4/ 083 3.671  0.14]  0.83!TrinityCo
48457 6.10 0.29 1,70 NA NA NA{TylerCo
48469 27.33] 1.03] 7.23] 27.33] . 1.03] 7.23|VictoriaCo
43471 1864 0.70] 3.48 18.64]  0.70| 3.18{WalkerCo
48473)- 477 0489 2.02 4771 0.9 2.02jwallerCo
4B477 9.71 0.35 2.95 8.71 0.36 2.95!WashingtonCa
48481 14.64 0.74 3.86 14.64 0.74 3.86{WhartonCo
4843 51.11 1.83] 1400 51.11 1.92] 14.00lWilliamsonCo
48493 2.77 0.11 0.75 2.77 0.11 0.75|WilsonCo
48000 1664.23] 181.14] 479.74] 1658.11] 180.82] 478.15|Texas
Total | 1732.12] 198.83] 494.55| 1725.99| 198.51| 493.97|TX and LA

Table A-1 : Area source comparison for the SAI AMS inventory for Sept. 1, 1983

MCNC
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FIPS [SMOKE |SMOKE |SMOKE |SMOKE [SMOKE |SMOKE | TNRCC | TNRCC | TNRCC (EPS2 |[EPSZ2 [EPS2
Link Link Link TNRCC _|TNRCC [TNRCC | +Link | +Link | +Link
cQ NOX vac co NOX VOog co NOX voc co NOx [VOC |COUNTY NAME
22003 0.13 0.38 0.10 0.17 0.01 0.04 0.30 0.39 044) 030) 038 0.14]AllenPar
22011 0.18 0.51 0.13 4.81 0.18 1.56 4.89; 069 1.69{ 499 0.69 1.69|BeauragardPar
22018 1.32 543 0.89] 2694 1.11 635 2826 8.54 7.24] 28.26f 6.54| 7.24|CalcaslouPar
22023 0.30 244 0.15 4.93 2,59 4.08 5.23 5.03 423] 5251 511 4.25|CameronPar
22053 0.02 0.18 0.01 0.03 0.01 0.00 0.05 0.18 0.01 0.07) 0.22{ 0.02 JeffersonDavisPar
22115 0.34 0.97 0.25 5.06 0.17 2.36 5.40 1.14 2.61 5.40 1.15|  2.81|VemnonPar
22000 229 2.91 1.63) 41.94 4.07 14.39]  44.23 13.98 15.92] 44.27) 14.09] 15.95|Louisiana
FIPS |SMOKE |SMOKE [SMOKE |SMOKE [SMOKE |SMCKE | TNRCC | TNRCC | TNRCC [EPS2 EPS2 |EPS2
Link Link Link TNRCC |TNRCC |TNRCC | +Link | +1Llink | +Link
: cO NOX VoG CO = |NOX VOog co NOX YoC Cco NOX |VOC |COUNTY NAME
48005 0.11 0.90 0.04 2.39 0.06 0.86 2,50 0.96 0.90; 2.50) 0.98] 0.90]AngelinaCo
48007 0.05 0.33 0.02 4.56 0.87 2,30 461 1.20 232] 460 1.20 2.31|AransasCo
48015 0.03 0.25 0.01 .77 0.16 1.47 3.80 0.40 1.48| 3.80] 0.40 1.48/AustinCo
48021 0.02 0.12 0.01 6.01 0.27 1.64 6.03 039 1.65] 6.02, 0.39 1.65|BastropCo
48025 0.04 0.3 0.01 4.83 0.19 2.14 4.87 0.50 215] 4.87] 0.50] 2.15|BeeCo
48027 0.30 2.3% 0.10 16.00 0.90 3.73 16.30 3.29 3.83] 16.30| 3.28| 3.83[BeliCo
48031 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00] 0.00| 0.00{ 0.00[BlancoCo ~
48039 0.81 5.95 0.34] 28.05 2.96 7.69) 28.B6 8.91 8.03] 28.85| 8.91 8.03|BrazorfiaGo
AB041 0.19 1.52 0.07] 23.17 0.g2 6.37 23.368 2.44| 6.44| 23.36] 2.44] 6.43|BrazosCo
48047 0.00 0.00 0.00 0.03 0.00 0.01 0.03 0.00 0.01 0.03f 004 0.01|BrooksCo
48051 0.02 0.17 0.01 2.59 0.10 1.88 2.61 0.27 1.89] 2.61 0.27 1.88(BuriesonCo
48053 0.04 0.28 0.01 0.58 0.10 0.15 0.62 0.38 0.16| 0.61 0.39}  0.16[BurnstCo
48055 0.1 0.08 0.00 3.61 0.29 2.92 3.62 0.37 282 3620 037] _2.92|CaldwsliCo
48057 0.05 0.29 0.03;f 18.19 1.37 8.79 19.24 1.66 8.82{ 19.24 1.66 8.81;CalhounCo
48071 1.32 11.54 0.64f 32.39 2.23 9.851 3371 13.77 10.68) 33.71] 13.76| 10.80|ChambersCo
48089 0.03 0231 001 3.50 0.14 2.80 3.53 0.37 2.81 3.53|  0.37| 2.81|ColoradeCGo
48091 0.08 0.69 0.03 0.23 0.12 Q.07 0.32 0.81 0.10) 032 0.82] 0.1p{ComalCo
48089 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00] 0.00f 0.00] 0.00iCorysliCo
48123 0.03 0.24 0.1 3.62 0.14 1.88 3.65 0.38 1.8 3.65| 0.38 1.89|DsWiHCo
48145 0.00 0.00 0.00 0.37 0.01 0.08 0.37 0.0t 0.08f 0.37] 0.04] 0.08}FallsCo
48145 0.03 0.25 0.01 3.86 0.16 2.64 3.89 0.40 265/ 3.89] 0.40| 2.65/FayetteCo
48157 0.28] = 2.20 0.09] 17.55 2.63 3.46 17.83 4.83 3.55] 17.83] 4.83| 3.55[ForiBendCo
48187 202 18.54 1.50] 53.96 3.61 10.75] 5598) 2215 12.25] 556.98] 23.14] 12.25)GalvestonCo
AB175 0.01 0.07 0.00 1.15 0.05 1.81 1.18 0.12 1.681 1.16]. 0.12 1.82|GolladCo
_4B177 0.03 0.21 0.01 3.30 0.13 1.08 3.33 0.34 1.09] 3.33] 034 1.09:GonzalesCo
48185 003 0.24 0.01 3.63 0.14 1.18 3.66 038 119 366 038 1.19jGrimasCo
48187 0.03 0.20 0.1 7.32 0.36 277 7.35 0.56 278|  7.34] 056] 2.78/GuadalupeCo
48199 0.17], 1.35 0.06 6.47 0.40 1.48 6.64 1.75 1.54| 6.64 1.74 1.563|HardinCo
48201 248| 20.26 1.42} 248.88 16.78 2594| 25137] 37.04 27.36| 251.33] 37.03{ 27.36{HarrisCo

Table A-2 ; Area source totals for the TNRCC AMS and LINK AMS for Sept. 1, 1993

10
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FIPS [SMOKE {SMOKE [SMOKE [SMOKE [SMOKE [SMOKE j TNRCC | TNRCC | TNRCG {EPS2 {EPS2 [EPS2
Link Link Link TNRCC [TNRCC |TNRCC | +Llink | +Llink { +Link
COo NOX Voo co_ NOX VoG co NOX vog co NOX |[VOC |COUNTY NAME

48209 0.03 0.20 0.01 6.33 0.38 0.95 6.36 0.568 0.96| 6.35] 0.58; 0.96|HaysCo
48225 0.03 0.27 0.01 0.70 0.03 g.48 0.73 0.30 049 073( 030 0.50{HoustonCo
48239 002! - 0.16 0.01 2.62 0.11 2.37 254 027 238; 254 0.27] 2.38lJacksonCo
48241 0.05 0.39 0.02 597 0.24 1.82 6.02 0.63] ~ 1.84] 6.02 0.62 1.83|JasperCo
AB245 0.58 4.60 0.35] 2448 2.66 11.88) 25.07 7.26 12.23; 25.07: 7.256] 12.24lJoffarsanCo
48249 0.0 0.47 0.02 3.58 0.13 1.61 3.65 0.60 1.63) 365 0.60 1.63|JimWaellsCo
48255 0.02 0.18 0.1 2.10 0.09 1.12 2.12 0.25 113 212; 0.24 1.13[KarnesCo
48261 0.06 0.33 0.02( 037 0.21 0.96 0.43 0.54 0.88] 0431 0.54] 0.98/KenadyCo
48273 Q.08 0.68 0.03 6.54 0.70 4.22 6.62 1.28 4.25|  6.62 1.28]  4.25/KlebergCo
48281 0.02 0.13 0.01 0.91 0.00 0.00 0.03 0.13 0.01 0.03] 0.14{ 0.01{LampasasCo
48285 0.03 0.23 0.01 3.59 0.14 3.08 3.62 0.37 3.09] 362 0437| 3.09|LavacaCo
48287 0p2 0.16 0.01 247 0.10 0.88 2.48 0.26 0.89) 249 0.26] 0.88{LeeCo
48289 Q.02 0.18 0.01 0.28 0.02 0.28 Q.30 0.18 0.29/ 030 0.17] 0.29{LeonCo
48291 0.21 1.61 0.07{ _38.98 1.84 4.71 39.19 3.45 4.78] 39.19 345  4.78|UbertyCo
48297 0.02 0.12 0.01 1.17 0.03 1.22 1.18 0.15 1.23 1.19; . 0.16 1.22|LiveOakCo
48313 0.02 0.14 0.01 2.08 0.08 1.07 2.10 0.22 1.08) 2.10 0.22 1.07|MadisonCo
48321 0.07 0.54 0.02 7.86 .82 6.33 7.93 1.36 635] 7.03 1.35] 6.36]|MatagordaCo
48331 0.04 0.29 0.01 4.40 0.17 1.80 4.44 0.48 1.81 444, 0.46 1.82|MilamCo  ~
48339 0.29 2,28 0.10[ 27.02 1.45 8.05 27.31 3.73 6.15] 27.30 3.72| 6.15|MentgorneryCo
48351 042 0.17 0.01 2.38 0.10 0.63 2.40 0.27 0.64] 240 0.27|  0.64|NewtonCo
48355 047 3.66 0.30 57.47 6.03] 24.75] 57.94 9.89] 25.05| 57.94] 9.88] 25.05[NuecesCo
483611 = 042 3.71 0.25 15.59 0.54 2.81 16.01 4.25 3.06| 16.02 425 3.06|QrangeCo
48373 0.05 0.38 0.02 5.89 0.23 2.03 5.94 0.61 205! 594 0.61 2.05|PolkCo
48391 0.01 0.10 0.00 1.79 0.23 235 1.80 0.33 2.35 1.81 0.33;  2.36}RefugloCo
40395 002|- 0.19 0.1 2.68 0.09 0.78 270 0.28 079 271 0.28| 0.78|RoberisonCo
48405 0.00 0.00 0.00 0.22 0.00 0.08 0.22 0.00 0.08] 0.22] o0.01 0.08)SanAugustineCo
48407 0.03 0.20 0.01 3.48 0.12 1.13 3.51 0.32 1,14 350 0.33[. 1.14|SanJacintaCo
48409 0.02 0.19 0.01 21.51 .61 7.96 21.53 0.80 7.97[ 2154 0.8B0; 7.97{SanPatricioCo
48453 022) .~ 0.96 0.04] 94.55 5.26 22.95 94.77 6.22| 22.99] 94.77] 622} 22.99TravisCo
48455 0.02 0.14 0.01 2. 0.05 0.55 2.03 0.1% 058| @.03] 020 0.65/TrinltyCo
48457 0.03 0.21 Q.01 3.20 013 0.92 3.23 0.34 0.93 NA NA NA|TylerGo
48469 003 0.23 0.01 10.82 0.67 4,60 10.85 0.90 4.61] 1085 0.80| 4.61|VietoriaCo
48471 008) . 0.64 0.03 10.03 0.38 2.58 10.11 1.02 253 10.11 1.02|  2.59|WalkerCo
48473 0.00 0.00 0.00 5.73 1.38 2.20 5.73 1.36 220, 573 1.36] __ 2.20|WallerCo
48477 004 0.33 0.01 4.97 0.20 1.70 5.01 0.53 1.7 501 0.52 1.72{WashingtonCo
48481 Q.08 0.50 0.02 7.58 0.30 7.48 7.65 0.80 748| 7.66] 0.80] 7.48|WharionCo

48491 0.06 0.44] 002} 2873 1.04 6.78] 26.79 1.48 6.81] 2679 1.50|  6.81[WilliamsonGo

48493 0.01 0.07] - 9.00 0.74 0.07 0.46 0.75 0.14 046) 074 0.10[ 0.47|WilsonCo
48000 1149 93.56 5.95; 918.86 61.68) 249.38] 930.35] 155.23] 255.33| 927.06| 154.87] 254.38|Texas
Total 13.78| 103.46 7.48| O60.80f B5.76] 263.78; 974.58| 1869.24] 271.26| 971.33] 168.96 270.313 TX and LA

Table A-2 : Araa source totals for the TNRCC AMS and LINK AMS for'Sept. 1, 1993
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TNRCC Work Order No: 9300693000-04 MCNC

.. |SMOKE Elevated pointsrc  |SMOKE Low point sre SMOKE Total point sic EPS2 point sre
FIPS {CO NOX vQOC co NOX IOG |CO NOX vOC CO NOx VOC ~ [COUNTY
48005 0.00 G.00 .00 0.00 0.00 0.03 0.00 0.00 0.03 c.00 0.00 0.03| AngelinaCo
48007 B7.37 a.1g 299 0.00 0.00 0.00 B7.37 0.19 299 8737 0.20 2.89t AransasCo
458021 1.23 4.50 0.07| ~0.00] . 0.00{ 008 123] 450 0.15; 123 4501 . 0.15|BastropCo
28025 0.41 1.09 012} 010 073 048 051 1.82 0.61 0.51 1.82| 0.61|BeeCo
48027 13.81 0.16 Q00| 000 000 000 1381 -D.16 0.00| 13.81 0.16| 0.00{BelCo
48039 1923 ©5.02] 13.44| 7.68; 12.08] 4283 26.91] 107.10| 56.27] 26.91| 107.08; 56.26{BrazoriaCo
48055 D.35 4.86 0.20] 0.00 0.03 0.72 0.35 4.88 0.92 0.35 4.89 0.83{CaldweliCo
48057 10.73] 2087 286f 023] 293 175 10.86 23.80 481 1098 2380 4.61|CahounCo
48071 14.51 43.02 228 1.40 0.84] 1517 15.01 43.86 17.45] 1591 43.84| 17.46|ChambersCo
48088 1.74 3.20 017 005 005k 2.66 1.79 3.25 2.83 1.78 325 2.83}jColoradoCo
48123 0.68 1.58]  0.02] 0.00 .00 0.C0 0.68 1.58 0.02 0.68 1.58 0.02{CeWittCo
48149 1022 71.43 1827 014 0.14 0.77 10.36 71.57 2,59 10.36 71.56 2.59|FayetteCo
48157 13.05 0.86 1.48] 018 0.53 2.80 13.23 91.39 4.08] 13.23 91.38 4.08; FortBendCo
48167 34791 117.30| 1526 229 415 5413 37.08] 121.45| 69.39) 37.08] 120.78| ©38|GalvestonCo
48175 2.01 44,75 0.24| 0.00; . 0.00 0. 2.01 44,75 0.25 2.1 44.74 0.25|GeliadCo
48177 . 0.00 0.01 0.00f 025 0.13 0.25 0.25 0.14 0.25 0.25 .14 0.25(GonzalesCo

48187 0.80 0.28 0.25] 0.0 0.00] 0.14 0.80 0.28 039 080 oz2e 0.38{GuadalupeCo
48199 1.40 5.70 6,00 005 004 194 1.45 574 7.94 1.45 574} 7.95|HardinCo
48201 176.41] 303.76f 83.53] 6.32) 9.38) 169.51] 182.73] 313.14} 253.04| 18274} 313.09{ 253.07|HarsCo
48209 4.41 4.04 037 0.00f 000, 000 4.41 4.04 0.37] 441 4.03] 0.37|HaysCo
48225 0.01 .02 0.04] 000 0.00] 007 Q.01 0.09 a1 0.01 0.09 0.11]HoustonCo

48239 184 12.98 1.48) 001 0.07 1.21 1.85 13.05 2.69 1.85 13.04{ 2.68{JacksonCo
48241 11.83f 18.27 1.51) 0.24] 0.06 1.21 1217 16.33 272 1217 16.33| 2.72|JasperCo
48245 4094] ©913| 2953 134] 4.00( 11258 42.28] 103.13] 14211 42.28] 103.11j 142.12}JeffersonCo
48255 0.25 1.68 002 005 037 055 0.30 2.05 057 030 205 0.57|KamesCo
48261 0.17 1.23 0.03} 0.10] 0.23] 0.19 0.27 1.46 0.2z 027 1.46 0.22|KenedyCo
48273 0.36 2,12 0.1 0.06] Q.10 1.41 Q.42 2.22 1.521 042 222 1.52{KlebergCo
48245 1.1 237 2421 020, o068 254 2.1 3.05 496] 2.1t 3.06| 4.96|LavacaCo
48287 240 5.37 027 028 028 084 2.68 5.66 1.2 289 5.66 1.21|LeeCo

48291 1.64 3.66 236! 034 073 2.00 1.88 4.39 4.36 1.98 4.39,  4.36]LibertyCo
48297 0.09 0.35 0.03] 000 0.00] 0.12 Q.02 0.35 0.15 0.09 0.35 0.15|LiveQakCeo
48321 2.89 8.18 370, 031 022 4580 320, . 840 8.20 321 8.40] 8.18|MatagordaCo

48321 118.68f 87.54 6.68| 428 006| 0.4 122.96] 87.60 £6.82; 122.95; B7.58 6.81|MilamCao
48339 B.00] 20.56 0.84f 0.10] 0.09} 3.7 6.10] 20.65 a.31 6.10f 20.65 3.82|MontgomeryCo
48351 0.14 0.41 1.85 0.01 0.08] 0.18 0.15 047 1.83] 014 0.47 1.83|NewtonCo
48355 17.97] 80.32; 1166 0.24 1.36] 4155 18.21 81.68 §3.211 1821 §1.66] 53.22|NuecesCo
48361 54.80| 65.80] 15.43] 0.14] 030 1359 5474 6610 29,02 5474 66.08] 29.02|0rangeCo
48373 498 3.89 4.04] GO0 0.00f 045 4.98 3.89 449 498 3.89] 4.49]PolkCo

48391 328 1579 0.43] 0.58 1.82{ 257 3.86 17.61 3.00] 386 17.61 3.00|RetugioCo
48395 225 5.42 250 000 0.00 1.52 2.25 5.42 402 225 5.42| 4.03|RobertsonCo
48409 432 1822 071 025 027 1.1 4.57 18.49 1.82] 4.57 18.49 1.82[SanPatricioCo
48453 424} 11.81 0.80] 0.6 032} 1.82 4.40 11.63 282 440 11.92] 2.61|TravisCo
48489 5.96] 18.48 1.73] 610 057 4.51 12.06 18.05 6.24] 1207 18.05 6.24/{ VictoriaCo
48473 185 7 S5.83] 0 008 001 0.00] 261 1.86] 583 270 1.86 5.93 2.89{WallerGo
48491 0.00 0.00 0.01 Q.00 0.00f 002 .00 0.00 003 0.00 0.00| O.03|WiliamsonCo
48000 681.85{ 1300.12] 218.97| 33.48| 42.63| 493.64| 715.44 134275] 712.61} 71547| 1341.90| 712.63|Texas

Table A-3 : Point source totals for Texas for September 2, 1993
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TNRCC Work Order No: 9800693000-04 ' MCNC

SMOKE Elevated ptsre  |SMOKE Law point sre SMOKE Total peint src EPS Total point stc

FIPS |CO NOX [vOC |CO NOX [VOC |CO NOX IVOC |CO NOX [VOC TCOUNTY

2201 5276 1345 3.2 0.00 0.00 Q.72] 52.76| 18.45 424 5276 18.44 4.24|BeauregardPar
22019] 2847 11747 1401 0.42 134 34821 28.89] 118.81| 48283| 28.88 11879 48.79|CalcasieuPar
22023 2.93 881 115 1.05 4.56 3.62 3.88] 1337 477 3.98| 1337 A.77|CameronPar

22053 0.33| - 001 0.02 0.00- . 0.00] - 0.80 0.33 0. 0.92 0.33 0.91 0.92|JeffDavisPar
22115 0.01 0.04 0.00 .00} - 000 000 0.0 0.04 0.00 0.01 0.04 0.00|VemonPar -

22000f 84.50] 145.88; 18.70 1.47 590 40.08 B85.97| 151.88] 58.76| 85.97) 15155 58.72|Louisiana

Table A-4: Paint source totals for Louisiana for Septemnber 2, 1993
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TNRCC Work Order No: 9800693000-04 MCNC

SMOKE Elevated ptsrc SMOKE Low point src SMOKE Total point sre

FIPS |CO NOX |TvC Co NOX  |TVC co NOX  |TVC COUNTY
89007 0.50 2,20 0.88 0.16 0.72 1.89 0.66 2.92 2.87|BrazosQS
95009 0.00 0.00 0.00 0.12 0.55 0.61 .12 0.585 0.61|BrazosSouthAddn
20023 016] . 054 23 0.08. 0.41 0.48 0.25 0.95 2.80|EastBreaksOS
88025 000 0.0 000 o©.00 a.00 000 000 T 0.00] _ 0.00|EastCameron0Os
99037 o5 07 0.32 0.15 0.69 1.03 0.30 1.40 1.35|Gaiveston0S
99041 0.10 0.48 0.24 013 0.60 0.35 0.23 1.08 0.5%|GardenBanksOS
99049 0.76 3.50 1.71 0.59 2.46 4.3B 1.35 5.96 6.08|HighlslandO3
99051 0.21 0.94 0.42 0.08 0.27 113 0.29 1.21 1.55{HighlslandEast
98053 1.08 479 2.82 0.84 3.25 7.68 1.90 8.04| 10.50|HIEasiSouthExt
93055 203 9.29 4.40 1.73 *46 B.47 376 1875 12.87{H|SouthAdd
99067 0.51 2.18 1.18 1.37 6.15 12.08 1.88 8.33} 13.27|Matagordaisland
89073 Q.14 .62 0.28 0.24 0.97 8.73 0.38 1.69 7.01[Mustnagisland
98075 0.00 0.00 0.00 0.10 0.44 0.25 0.10 0.44 0.25|MustnaglstandEast
95087 @00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00|MorthPadrels!
99089 0.00 0.00 0.00 0.00 - 0.00 .05 0.00 0.00 0.05(NPadrelsiEAdd
80097 0.00 0.00 0.00 0.04 .16 0.14 0.04 0.16 0.14|SabinePass
99137 o.62 282] 1.36 1.33 558, 2766 1.95 8.40| 29.02|WestCameronOS
99139 0.64 2.42 1.05 1.23 4.79 5.14 1.87 721 6.19|WCameronSAddn
99141 025 1.16 0.83 0.23 107| 1535 048 2.23| 16.18|WCameronWAddn
89000  7.13] 3185 17 8,43} 3557 9343] 1558 67.22) 111.34|Offshore

Table A-5.: SMOKE point source totals for Offshore sources for September 2, 1993
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TNRCC Work Order No: 9800693000-04

SMOKE area source EPS?2 area source
FIPS {CO NOX TVC Co NOX Voo COUNTY NAME
72023 1.89 2.34 0.74 2.00 2.34 0.71|CameronParishOS
72000 1.89 234 0.74 200 234 0.71| OffshoreParishes
SMOKE area source . |EPS2 area source '
FIPS |CO  JNOX [TvC [CO NOX |VOC  {COUNTY NAME
98007 0.88 0.38 0.43 0.B8 0.38 0.39|AransasOS
98039 423 1.37 2.18 4.25 1.37 1.94{BrazoniaOS
98057 0.83 0.59 0.42 .83 0.59 0.39|Calhoun0s
98071 0.59 0.46 0.34 0.59 0.46 0.31|ChambersQS
98167 4.34 0.83 221 4.36 083 1.98|GalvestonOS
98245 5.44 0.91 2,79 545 0.91 2.50Jefferson0S
98281 0.1 0.32 0.08 o1 0.32 0.06}KenedyOS
98273 0.38 0.43 0.20 0.38 043 0.18]KlebergOs
98321 1.19 1.27 0.59 120 1.27 0.54|MatagordaQS
88355 4,55 Q.91 241 456" 0.91 2.16|NuecesOS
98000 2254 7.47 11.61 2261 7.47| 10.45]0ftshore
SMOKE area source EPS2 area source
FIPS |CO NOX, VG cO’ NOX VOGC COUNTY NAME
298007 2.04 3.32 1.14 2.04 332 ] 1.04|BrazosOS
99009 0.45 1.70 0.27 0.45 1.70 0.26{BrazosSouthAddn
89017 0.05 0.47 0.02 0.05 0.47 0.02|CorpusChristios
998023 0.98 7.73 0.38 0.97 7.73 0.37|EastBreaksOS
89025 0.03 0.13 0.02 0.03 0.13 0.02| EastCameron0OS
89037 11.38 22.10 579 11.41 22142 5.28]Galveston0Ss
89039 0.30 233 0.21 0.30 2.33 0.21|GalvestonSAdd
95041 - 1.36 11.66 0.51 136 11.67 0.51|GardenBanks0OS
95049 249] 2138 117 248| 2139 1.17[HighlslandOS
99051 0.82 7.08 0.39 0.82 7.08 Q.39 HighlslandEast
99053 0.41 178 0.26 0.41 1.78 0.25|HiEastSouthExt
99065 0.89 3.33 0.53 0.89 3.33 0.50|HISouthAdd
99067 1.18 4.83 n.62 1.16 4.83 0.58{Matagordalstand
98073 0.g9 4.06 Q.55 0.93 408 0.52jMustnaglsiand
09078 0.57 3.35 0.35 0.57 3.35 0.34|MustnagislandEast
99087 0.1 0.20 0.07 0.1 0.2C 0.07|NorthPadrelst
99089 0.05) . 0.34 0.04 0.05 0.34 0.04|NPadrelsiEAdd
90097 0.20 1.72 0.09 0.20 1.72 0.09|SabinePass
99137 099 5.82 0.50 0.88 5.82 0.50{WestCameron0OS
89138 2.86 14.79 1.38 2.87 14,78 1.32|WCamercnSAddn
99141 1.08 8,78 0.52 1.09 8.79 (.52|WGameronWAddn
95000 2923} 126.91 14.81 28.23] 12694 14.00|Offshore
Total 66.53] 51.81 5435 66.61| 5181 53.16)Al Offshore

Table A-6 : SMOKE vs, EPS2 Offshare area sources for September 2, 1893
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TNRCC Work Order No: 9800693000-04

APPENDIX B: CAM-x Simulation Results

OBJECTIVE MEASURES: Houston-Galveston
DOMATN MAME: 93Base E
BASE : 93Base_E

o3 a3pg31
Paak 1 Hour (ppb) 102
Total # of Grid Cells
> 80 {ppb} 151
>100 (ppb) 5
>128 (Tpbl 4]
>143 (ppb) 0
>160 (mpb) 0
Total hours over threshecld
> 80 (pph) 537
>100 [ppb} 7
»124 [ppob) 0
>140 (zpb) 0
>160 (mpb) 0
Peak 8 Hour {pph) g1
Total # of Grid Cells
> 60 {pgb) 285
> 84 (pzhb) 17
>100 (ppb) G
>120 {(ppb} J
>140 {oph) c

330301
237

778
252
35

3172
£52
&0

110

1281
256
45

0

4]

930802
130

428
213
26
0

0

1818

530
27

1Zo

453
227

[S SN N

MCHNC

120

2059
500
47

0

D

Table B-1: Objective Metrics for 93Base_E within the 8-county Houston-Galveston Area.

OBJECTIVE MEASURES: Houston-Galwes:ton
DOMAIN WAME: 93Base_ 5
BASE : 93Base_$§

03 930831
Peak 1 Hour (opb) 102
Total # of Grid Cells
> 80 (ppb) 152
>1C% {(ppb} 5
>124 (ppo) o}
>140 (pph) o]
>160 (ppb) 4]
Total hours over thresheld
> 80 {ppb} 541
>10] (ppb) 7
>124 (ppb) ]
>140 (ppb) 0
>16¢ {mpb} a
Peax & Hour {ppb) 9z
Total 4 of Grid Cells
> 60 (ppb) 285
> 84 (ppb) 17
>100 ippb) 4]
>120 {ppb} 0
>140 !pph} 0

930961
T 137

75
253
35

3174
6553
60

110

1281
262
45

a

0

930902
130

428
213
26
0

0

1825
550
27

0

9

1gC

495
228
3
0
0

Total

[
[P )
~}

o
m -3 tn
OO P W

5540
1257
a7

~1C

2061
507
48

a

G

Table B-2: Objective Metrics for 93Base_S within the 8-county Houston-Galveston Area.

16



TNRCC Work Order No: 9800693000-04 MCNC

OBJECTIVE MEASURES: Beaumpnt-Port Arthur
DOMAIN NAME: 93Base_E
BASE : S93Base_E

o3 930831 930501 930962 Total
Peak 1 Hour (ppb) 101 106 131 131
Total # of Grid Cells. A ’ : .
> 80 (ppb) ' ) S 232 . 318 - 416 966 -
>100  (ppb) 7 T 24 277 308
»124 (ppb} D 0 13 13
>145 {ppb) 0 0 o} 0
>160 {ppb) 0 g 0 0
Total hours over thresheld
> 8C (ppb) 808 934 20086 3748
>100 {(ppb) i . 2% 584 620
»124 (ppb) 0 0 15 15
»>140 {ppb) 0 0 0 0
>160 {ppb) 0 Q 0 0
Peak 8 Hour (pph) 81 93 98 - 58
Total # of Grid Ccells .
> 60 (pph) 250 338 449 1688
> B84 (ppb) .0 &0 271 331
»100 (ppb) D 0 0 0
»120 {(ppb) 0 0 C D
>140 {(ppb) a Q 0 0

Table B-3: Objective Metrics for 93Base_E within the 3-county Beaumont-Port Arthur Area.

OBJECTIVE MEASURES: Beaumont-Port Arthur
DOMATIN NAME: 93Base_ 5
BASE : 93Base_S ’
o2 930831 930901 930902 Total

Peak 1 Hour (ppb) 101 106 132 132
Total # of Grid Cells
> 80 {ppb) 232 319 417 968
=100 (ppb) 7 26 278 311
>124 (ppb) 0 0 14 14
>140 (ppb) 0 0 0 0
»160 {ppb) 0 0 0 0
Total hours over threshold
> 80 (ppb) 819 934 2013 . 3757
»>100 {(pphk) 7 3L 587 625
>124 (ppb} ] o] 16 16
>140 {ppb} 0 0 0 0
>160 {pph) 0 Q Q Q
Peak 8 Hour (ppb) g1 93 58 o8
Total # of Grid Cell
> 60 {ppb) . 250 398 440 16848
> 84 {ppb) o] &0 274 334
>100 (ppb) 0 o 0 0
>120 (ppb) 0 0 0 0
>140 {pph) 0 0 1] 0

Table B-4: Objective Metrics for 93Base_S within fhe 3-county Beaumont-Port Arthur Area.
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TNRCC Work Order No: 980069300004 MCNC

Daily Max O3 Difference : Layer 1

1893 EPS2 8 Base Case - SMOKE Bage Caae
COAST CAMx Modeling (Vers §.13) Aug 31 - Sep 02, 1993

51 112

4 30
12

3 14 i

PPB 1 124

ra September 1,133 0:09:00
uuz Min= -17 at (120,84 Max= 594 (117.85)

Daily Max O3 Difference : Layer 1

1993 EPS2 8 Base Case - SMOKE Base Case
COAST CAMx Modeling (Vars 113} Aug 31 - Sep 02,1332

50 1z -

8 11

4 18

A 11

2 2y

PPB 1 : i
et Sepiember2,1993 0:00:00
e Min= -1.4at (118,24), Max= 45 at (117,95)

Figure B-1: Difference plots of Daily maximum 1-hr ozone concentrations between 93Base_E and
93Base_S on September 1 and 2, 1993.
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