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1. Introduction 

In the recent past, a limitation 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) model 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 tesLcase 
comparison was made with the Emissions Preprocessing System version 2 (EPS2) versus 
SMOKE for an urban scale domain. SMOKE produced significant reductions in computing 
time and disk space usage (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 e,missions were then merged with the mobile and biogenic emissions components 
to create new emissions data for input into the Comprehensive Air Quality Model with 
Extensions (CAMx). 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 Inputs 

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) format. 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 processing. 
The point source inventory sections were Texas, Louisiana 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 (INRCC 
AMS). However, there were non-road and area sources in another section (SAI AMS). 
While TNRCC generated all the emissions (except off-shore), the distinction between the 
TNRCC and SAl datasets was actually based upon the spatial surrogates (TNRCC or SAl 
generated). The final section consisted of an offshore AMS inventory (OS AMS). The 
TNRCC AMS section contained link data for a few area source categories (commercial 
marine and railroad). These area and nort-road 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 packets in the Fast EPS2 format. These were first 
reformatted to traditional EPS2 format and subsequer.tly 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 lNTEGER). 

• Reorganizing daily and hourly point source emissions data into separate daily 
emissions 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 performed after surrogate generation 
as well as a SMOKE vs. EPS2 output comparison. This means SMOKE 
processed four different AMS raw inventory files: TNRCC AMS, SAl AMS, OS 
AMS and LlNK 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 offshore 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 tr.e TNRCC AMS, SAl 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 Enviromnental 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 -..yas 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 1'1, 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: 

• 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 
rise approximation algorithms used to determine if a source should be treated as 
!m elevated source. Slight differences in the CAMx simulations are possible 
around these few sources due to a plume rise algorithm not being applied oa 
these sources. These sources in issue were not flagged for plume-in-grid 
trea:ment 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 

CAMx Version 1.13 was used to model both the scenarios, i.e., 93Base_E, where the 
emissions 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 August 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, Harris, Liberty, Montgomery, and Waller) and the 3-
county Beaumont-Port Arthur non-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 
difference is 19.7 ppb for one cell in Calcasieu 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 soorces 
in Calcasieu county which were treated as elevated sources by EPS2.0 became ground-level 
sources when processed through 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-attain!Jlent 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 96 164 139 

93Base E Domain-wide Peak 104 162 133 
Peak in 8-countv 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-countv BPA' 101 106 132 

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

1 Houston-Galveston Non-attainment area 
2 Beaumont-Port Arthur Non-attainment area 
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Figure 1: Episode composite maximum difference in modeled 1-hr ozone c:oncentrations 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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between 93Base_E and 93Base_S. 

~ . 1, l r ! . ~ t 

. . 
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Figure 3: Time series showing the difference between 93Basc_E and 93Base_S at the grid cell showing 
maximum difference in modeled 1-hr ozone concentcations in the 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 reformatted to the traditional EPS2.0 format and then 
processed for migration. All emissions mformation obtained were quality assured, processed 
through SMOKE and subsequently validated. Various comparisons were made at the 
SCCIASC level and county level and any discrepancies found were addressed through 
collaboration and continuous interaction with TNRCC staff. 

The model-::eady emissions from the two systems - EPS2.0 and SMOKE were subsequently 
used as inputs to CA.M-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 t.1is 
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. 

5. References 

1) Coats, C. J., Jr.; Houyoux, M. R. ''Fast Emissions Modeling with the Sparse Matrix 
Operata~ Kernel Emissions Modeling System," Presented at The Emissions Inventory: 
Key to Planning, Permits, Compliance, and Reporting, Air & Waste Mgt. Assoc., New 
Orleans, LA, September 1996. 

2) Houyoux, M.; Vukovich, J. "Emissions Inventory Development and Processing for the 
Seasonal Model for Regional Air Quality" Presented at The Emission Inventory: Living 
in a Global Environment. Air & Waste Mgt. Assoc., New Orleans, LA, December 1998. 
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APPENDIX A: Emissions Totals and Comparisons 
~KE SAl area ;rc I EPS2 SAl area src 

IFfPS .INOX 'VOC CO INOx IVOC COUNTY 

~ 0.32 0.1< 0.13 0.32 0.1: 
8.8<1 2.1< 2.04 

~ 
2.13 

22; 19 44.81 11.8€ 10.11 1.86 10.1 
22023 2.14 l.SS ).5( 0.55 
2205: 0.04 o.o· 0.02 0.04 0.01 

I !115 11.7S 3.0' W1 11.7S 3.01 
67.89 17.6> 15.81 67.88 17.69 15.81 

I SMOKE SAl area "c IEPS2 SP I area sr< 

~ 
ICO INOX IVOC ICO _NOx IV()C COUNTY 

6.9C 0.33 1.87 6.9( 0.3< 1.87 
6.4: 0.23 1.37 6.4: 0,2, 1.37 

4801 7.37 
~ 

2.1C 7.31 0.2' . g.10 

~ 14.02 3.~ 14.0 0.5< 3.~ 

l.21 0.3~ 2.1< 

I O.Q1 

0.35 2.14 

~ 48027 3 .36 1.0> 7. . 1.09 7.g: 

ti ).01 J.OOI 0 0.00 . o.oc I 
37.37 7.01 14.0( 37.37 7.07 14.0' 
44.6~ 1.6! 11.91 44.65 1.6e 1~.911 48047 J.C 0.0( o:oc 0.01 o.oc 

140051 5.01 I,H .3€ 5.01 O.H 
0.9! 0.0< 0.4' 0.9! 0.0~ 0. 
9.6€ 0.3t 2.67 9.6€ 0.36 2. 

48051 6.9E 0.2€ 1. 6.9E 0.2E I 
4807' 5.28 0.2~ 2.: 5.2€ 0.22 2.8! 

jjl ~ 0.25 1.91 6.79 0.25 1. 
0.1 0.8' 3.00 0.11 0.81 

0.00 o.oc 0.00 0.00 0.00 0.1 
48123 6.90 0.26 1.87 6.90 0.26 1. 
48145 

=! 
0.04 0.35 0.98 0.04 0.35 "ails Co 

4814> 0.28 2.00 '.36 o.2a 2.00 
4815i 2.94 12.36 29.07 2.94 12.36 
48161 29.0E 4.12 13.84 29.0E 4.12 
48175 2,1, 0.08 0.51 2,1, o.oe 0.51 
4817 6.30 0.24 1.46 6.3( 0.24 

~ 6.97 0.26 1.87 6.97 0.26 1.87 
20.03 0.81 5.22 20.03 0.81 

_1~ Ri 14.29 0.691 4.94 
~ 

0.69 
586.82 111.84 174.~ 111.85 

23.44 0.8E 6.38 23.44 0.88 

t§ 0.74 0.02 0.1€ 0.74 0.02 
4.77 0.1! 1.3( 4.77 ).18 

48241 11.39 0.54 3.1! 11.39 0.54 3.1e 
48245 63.83 16.91 17.05 63.83 16.90 11.05 

~ 2.30 J.O~ 0.5: 2.30 O.Q7 
~ 4.54 0.1 1.19 4.54 0.17 

4826' i o.oc 0.0~ 0.0€ 0.00 

~ 14827: l.4l 1.01 1 ,0, ).4: 3.( 
o.o· 0.0! 0.2> o.o· 

6.85 0.26 1.8€ 6.85 0.21 1 " 
~ 4.7 0.18 1.2E 4.71 0.1! 

0.2( 0,01 ),2' 0.2' 0.2 Leo nCo 
48291 12.18 1.1 4.7> 12.1! 1.11 4.7> 
4829i 1.35 .. 0.04 0.21 1.3! 0.04 

~ 
] 

4831, 4.00 0.1! 0.8! 4.0( 0.15 

Table A-1 :Area source comparison tor the SAl AMS inventory for Sept. 1, 1993 
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Table A-1 : Area source comparison for the SAl AMS inventory for Sept. 1, 1993 
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jFIPS jSMOKE SMOKE SMOKE SMOKE SMOKE SMOKE TNRCC TNRCC TNRCC EPS2 'EPS2 EPS2 
Link Link Link TNRCC TNRCC TNRCC +Link +Link + Link 
CO NOX VOC CO NOX VOC CO NOX VOC CO NOx VOC TY NAME: 

22003 0.13 0.38 0.10 0.17 O.Q1 0.04 0.30 0.39 0.14 0,30 0.39 0.1• 
!011 0.18 0.51 0.13 4.81 0.18 1.56 4.99 0.69 1.69 4.99 0 
!019 1.32 5.43 0.89 26.94 1.11 6.35 28.26 6.54 ""' ~ 

!023 't.~.:l :J.~:J O. I I '+•• 
~53 n n"' n l'\"7 n nn n • ..... '"' ......... .... . 
·~ ~.. .. ..... ~ ... ,.....,. "'. 

.,;::..:;11;:;1 U.U<t U,::JI v.25 5.06 0,17 2.36 5.40 1.14 2.61 5.40 1.1~ 
I 22000 2.29 9.91 1.53 41.94 4.07 14.39 44.23 13.98 15.92 44.27 14.09 
IFIPS SMOKE SMOKE SMOKE SMOKE SMOKE SMOKE TNRCC TNRCC TNRCC EPS2 EPS2 EPS2 
I Link Link Link TNRCC TNRCC TNRCC +Link +Link +Link 
I CO NOX VOC CO NOX VOC CO NOX VOC CO NOX VOC NAME 

'BOOS 0.11 0.90 0.04 2.39 0.06 0.86 2.50 0.96 0.90 2.50 0.96 
1007 0.05 0.33 0.02 4.56 0.87 2.30 4.61 1.20 2.32 4.60 1.20 2.: 

.8015 0.03 0.25 O.ot 3.77 0.15 1.47 3.80 0.40 1.48 3.80 0.40 
48021 0.02 0.12 O.ot 6.01 0.27 1.64 6.03 0.39 1.65 6.02 0.391 1. 
'Hl02~_ 0.04 0.31 0.01 4.83 0.19 2.14 4.87 0.50 2.15 ___ 4.87 ____().§QJ__ 2.15IBeeCo-
48027 0.30 
48031 0.00 
48039 0.81 
'!_8041 0.19 1.52 0.01 23.17 0.92 6.37 23.36 2.44 · 6.44 23.36 2.44 6.43 Br 
•ou•1 0.00 0.00 0.00 0.03 0.00 0.01 0.03 0.00 0.01 0,03 0.01 O.ot Br 
48051 0.02 0.17 O.ot 2.59 0.10 1.88 2.61 0.27 1.89 2.61 0.27 1.88 Be 
48053 0.04 0.28 O.ot 0.58 0.10 0.15 0.62 0.38 0.16 0.61 0.39 0.16 BL 
48055 0.01 0.08 0.00 3.61 0.29 2.92 3.62 0.37 2.92 3.62 0.37 2.92 
'"""" 0.05 0.29 0.03 19.19 1.37 8.79 19.24 1.66 8.82 19.24 1.66 8.81 }---; 

_'!_808_!) 
1.32 11.54 0.64 32.39 2.23 9.95 33.71 13.77 10.59 33.71 13.: '+' 

0.03 0.23 . O.ot 3.50 0.14 2.80 3.53 0.37 2.81 3.53 0.37 2.811ColoradoCo I 

~ 
~ '8123 

H 

0.09 0.69 0.03 0.23 0.12 0.07 0.32 0.81 0.10 0.32 0.82 0.10IComaiCo 1 
0.00 O&Q 0.00 _ _Q.QO 0.00 _ 0.00 O,QQ_ 0.00 0.00 0.00 0.00 O.O~j_GQ!Y~ICo 
o.o3 o.24 o.o1 3.62 0.14 1.88 3.65 o.38 1.89 3.65 0.381 1.e 
0.00 0.00 0.00 0,37 0.01 0.08 0.37 0.01 0.08 0.37 0.041 0.081FallsCo 
0.03 0.25 0.01 3.86 0.15 2.64 3.89 0.40 2.65 3.89 0.4~ 2Ji 
0.28 2.20 0.09 17.55 2.63 3.46 17.83 4.83 3.55 17.83 4, 

18.54 1.50 53,96 3,61 10.75 55,98 22.15 12.25 55,98 22, o41 OG,GO ~ 

om o.oo 1.15 o.o5 __ 1.81 1.1_6 _ o.1_2 _t_.JJJ 1.16 o.J_:& 1.aru§ 
0.211 0.01 3.30 0.13 1.08 3.33 0.34 1.09 3.33 0.34i 

0.01 3.63 0.14 1.18 3.66 0.38 1.19 3.66 0.38 --
81871 0.1 ).01 7.32 0.36 2.77 7.35 0.56 2.78 7.34 0.56 2.78 Gua 

181991 o.- 0.06 6.47 0.40 1.48 6.64 1.75 1.54 6.64 1.74 1.53 Hardl 
482011 2.• 2( 1.42 248.88 16.78 25.94 251.37 37.04 27.36 251.33 37.03 27.36 HarrlsCo 

Table A-2 : Area source totals for the TNRCC AMS and LINK AMS for Sept. 1, 1993 
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VOC CO NOX VOC CO NOX VOC CO NOX VOC !COUNTY NAME 
48209 0.03 0.20 0.01 6.33 0.38 0.95 6.36 0.58 0.96 6.35 0.56 0.96 I 
48225 o.o3 0.21 0.01 0.10 o.o3 0.48 o.73 o.3o 0.49 o.73 o.3o or' 
48239 0.02 0.16 0.01 2.52 0.11 2.37 2.54 0.27 2.38 2.54 n °~ 0

' 

48241 0.05 0.39 0.02 5.97 0.24 1.82 6.02 0.63 . 1.84 6.02 
48245 0.58 4.60 0.35 24.49 2.66 11.88 25.07 7.26 12.23 25.07 
48249 0.06 0.47 0.02 3.59 0.13 1.61 3.65 0.60 1.63 3.65 0.60 1.631: 
·---- 0.02 0.16 0.01 2.10 0.09 1.12 2.12 0.25 1.13 2.12 0.24 1.1:w 

0.06 0.33 0.02 . 0.37 0.21 0.96 0.43 0.54 0.98 0.43 0.54 0.9 
0.08 0.58 0.03 6.54 0.70 4.22 6.62 1.28 4.25 8.62 1.28 4.<• 

.0 n"" n <n 0.01 0.01 0.00 _ 0.00 0.03 __ Q,13 0,01 0.03 0.14 0.011 s O.D3 0.23 0.01 3.59 0.14 3.08 3.62 0.37 3.09 3.62 0.37 3.0~ 
,o, 0.02 0.16 0.01 2.47 0.10 0.88 2.49 0.26 0.89 2.49 0.26 0.881LeeCu I 
1891 0.02 0.16 0.01 0.28 0.02 0.28 0.30 0.18 0.29 0.30 0.17 0.2~Leor:!f I 
'" 0.21 1.61 0.07 38.98 1.84 4.71 39.19 3.45 4.78 39.19 3.45 4-

0.02 __ Q_._12 O.Q1 1.J7 0.03 1.22 1.19 0.15 1.23 1.19 0.15 1 ---- ·~--- -- -:::7~-n;;~ ~r-----::--- ----- ~ 
48313 0.02 0.14 O.Q1 2.08 0.08 1.07 2.10 0.22 1.08 2. 
48321 0.07 0.54 0.02 7.86 0.82 6.33 7.93 1.36 6.35 7.93 1.35 -6.36 Matagc 
48331 0.04 0.29 0.01 4.40 0.17 1.80 4.44 0.46 1.81 4.44 0.46 1.82 MilamCo 
48339 0.29 2.28 0.10 27.02 1.45 6.05 27.31 3.73 6.15 27.30 3.72 6.15 MontoomervCo 
48351 0.02 0.17 O.ot 2.38 0.10 0.63 2.40 0.27 0.64 2.40 0.27 0.64 NewtonCo 
48355 0.47 3.66 0.30 57.47 6.03 24.75 57.94 9.69 25.05 57.94 9.68 25.05 NuecesCo 
48361 0.42 3.71 0.25 15.59 0.54 2.81 16.01 4.25 3.06 16.02 4.25 3.06 OranoeCo 
48373 0.05 0.38 0.02 5.89 0.23 2.03 5.94 0.61 2.05 5.94 0.61 2.05 PolkCo 
48391 0.01 0.10 0.00 1.79 0.23 2.35 1.80 0.33 2.35 1.81 0.33 2 
48395 0.02 0.19 O.ot 2.68 0.09 0.78 2.70 0.28 0.79 2.71 0.28 I 
48405 Q.QQ 0"'"' nnn nnn nnn nnn nnn nn ... nnn ntV'O ""'", n nnl O.QQ O,QQ 0.22 u.vv u.vu v,o:;..:;. v.uv VoVU u,o:;., v.v11 1 

I 4~407 0.03 0.20 O.ot 3.48 0.12 1.13 3.51 0.32 1.14 3.50 0.331 · 
oo409 0.02 0.19 O.ot 21.51 0.61 7.96 21.53 0.80 7.97 21.54 0.80 
48453 0.22 0.96 0.04 94.55 5.26 22.95 94.77 6.22 22.99 94.77 6.22 -22.99 TravlsCo I 
48455 0.02 0.14 O.ot 2.01 0.05 0.55 2.03 0.19 0.56 2.03 0.20 0.55 TrlnltvCo 

I 48457 0.03 0.21 0.01 3.20 0.13 0.92 3.23 0.34 0.93 NA NA NA TylerC- I 
169 0.03 0.23 O.ot 10.82 0.67 4.60 10.85 0.90 4.61 10.85 0.90 .j,61J 
171 0.08 0.64 0.03 10.03 0.38 2.56 10.11 1.02 2.59 10.11 1.02 

1-' 
•o•o• u.uo 0.50 0.02 7.59 0.30 7.46 7.65 0.80 7.48 7.66 
48491 o.o6 0.44 o.o2 26.73 1.04 6.79 26.79 1.48 6.81 26.79 1.50 eli 
48493 0.01 0.07 0.00 0.74 0.07 0.46 0.75 0.14 0.46 0.74 0.10 0.4 
48000 11.49 93.55 5.95 918.86 61.68 249.38 930.35 155.23 255.33 927.06 154.87 254.: 

-otal 13.78 103.46 7.48 960.80 65.75 263.78 974.58 169.21 271.26 971.33 168.96 27a.33hx and LA 

Table A-2 :Area source totals for the TNRCC AMS and LINK AMS for Sept. 1, 1993 
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TNRCC Work Order No: 9800693000-04 MCNC 

SMOKE Elevated point src SMOKE Low point src !SMOKE Total point src EPS2 point src 

FIPS co NOX voc co NOX voc co NOX voc co NOx voc fCOUNTY 

48005 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.03 0.00 0.00 0.03 AngelinaCo 

46007 67.37 0.19 2.99 0.00 0.00 0.00 87.37 0.19 2.99 67.37 0.20 2.99 Aransas Co 

46021 1.23 4.50 0.07 0.00 0.00 0.08 1.23 4.50 0.15 1.23 4.50 0.15 BastropCo 

48025 0.41 1.09 0.12 0.10 0.73 0.49 0.51 1.82 0.61 0.51 1.62 0.61 BeeCo 

48027 13.81 0.16 0.00 0.00 0.00 0.00 13.81 0.16 0.00 13.81 0.16 0.00 Bell Co 

48039 19.23 95.02 13.44 7.68 12.08 42.83 26.91 107.10 56.27 26.91 107.08 56.26 Brazoria Co 

48055 0.35 4.86 0.20 0.00 0.03 0.72 0.35 4.89 0.92 0.35 4.89 0.93 Caldwell Co 

48057 10.73 20.97 2.86 0.23 2.93 1.75 10.96 23.90 4.61 10.96 23.90 4.61 Calhoun eo 
48071 14.51 43.02 2.28 1.40 0.84 15.17 15.91 43.86 17.45 15.91 43.84 17.46 Chambers Co 

48089 1.74 3.20 0.17 0.05 0.05 2.66 1.79 3.25 2.83 1.78 3.25 2.83 ColoradaCo 

48123 0.68 1.56 0.02 0.00 0.00 0.00 0.66 1.58 0.02 0.66 1.58 0.02 DeWittCo 

48149 10.22 71.43 1.82 0.14 0.14 0.77 10.36 71.57 2.59 10.36 71.56 2.59 FayetteCo 

48157 13.05 90.86 1.48 0.18 0.53 2.60 13.23 91.39 4.08 13.23 91.38 4.06 FortBendCo 

48167 34.7.9 117.30 15.26 2.29 4.15 54.13 37.08 121.45 69.39 37.08 120.78 69.:39 GalvestonCo 

48175 2.01 44.75 0.24 0.00 0.00 0.01 2.01 44.75 0.25 2.01 44.74 0.25 GoliadCo 

48177 0.00 0.01 0.00 0.25 0.13 0.25 0.25 0.14 0.25 0.25 0.14 0.25 GonzalesCo 

48187 0.90 0.28 0.25 0.00 0.00 0.14 0.90 0.28 0.39 0.90 0.28 0.39 GuadalupeCo 

48199 1.40 5.70 6.00 0.05 0.04 1.94 1.45 5.74 7.94 1.45 5.74 7.95 HardinCo 

48201 176.41 303.76 83.53 6.32 9.38 169.51 182.73 313.14 253.04 182.74 313.09 253.07 Harris Co 

48209 4.41 4.04 0.37 0.00 0.00 0.00 4.41 4.04 0.37 4.41 4.03 0.37 Hays Co 

48225 O.ot 0.09 0.04 0.00 0.00 0.07 O.ot 0.09 0.11 0.01 0.09 0.11 Houston Co 

48239 1.84 12.98 1.48 0.01 O.o7 1.21 1.85 13.05 2.69 1.85 13.04 2.68 JacksonCa 

48241 11.93 16.27 1.51 0.24 0.06 1.21 12.17 16.33 2.72 12.17 16.33 2.72 JasperCo 

48245 40.94 99.13 29.53 1.34 4.00 112.58 42.28 103.13 142.11 42.28 103.11 142.12 JeffersonCo 

48255 0.25 1.68 0.02 0.05 0.37 0.55 0.30 2.05 0.57 0.30 2.05 0.57 Kames Co 

48261 0.17 1.23 0.03 0.10 0.23 0.19 0.27 1.46 0.22 0.27 1.46 0.22 KenedyCo 

48273 0.36 2.12 0.11 0.06 0.10 1.41 0.42 2.22 1.52 0.42 2.22 1.52 KlebergCo 

48285 1.91 2.37 2.42 0.20 0.68 2.54 2.11 3.05 4.96 2.11 3.06 4.96 Lavaca Co 

48287 2.40 5.37 0.27 0.28 0.29 0.94 2.68 5.66 1.21 2.69 5.66 1.21 LeeCo 

48291 1.84 3.66 2.36 0.34 0.73 2.00 1.98 4.39 4.36 1.98 4.39 4.36 LibertyCo 

48297 0.09 0.35 0.03 0.00 0.00 0.12 0.09 0.35 0.15 0.09 0.35 0.15 UveOakCo 

48321 2.89 8.18 3.70 0.31 0.22 4.50 3.20 8.40 8.20 3.21 8.40 8.19 MatagordaCo 

48331 118.68 87.54 6.68 4.28 0.06 0.14 122.96 87.60 6.82 122.95 87.58 6.81 Milam Co 

48339 6.00 20.56 0.84 0.10 0.09 3.17 6.10 20.65 3.81 6.10 20.65 3.82 MontgomeryCo 

48351 0.14 0.41 1.65 0.01 0.06 0.18 0.15 0.47 ·1.83 0.14 0.47 1.83 Newton Co 

48355 17.97 80.32 11.65 0.24 1.36 41.55 18.21 81.68 53.21 18.21 81.66 53.22 NuecesCo 

48361 54.50 65.80 15.43 0.14 0.30 13.59 54.74 66.10 29.02 54.74 66.09 29.02 OrangeCo 

48373 4.98 3.89 4.04 0.00 0.00 0.45 4.98 3.89 4.49 4.98 3.89 4.49 Polk Co 

48391 3.28 15.79 0.43 0.58 1.82 2.57 3.86 17.61 3.00 3.86 17.61 3.00 RefugioCo 

48395 2.25 5.42 2.50 0.00 0.00 1.52 2.25 5.42 4.02 2.25 5.42 4.03 Robertson Co 

48409 4.32 18.22 0.71 0.25 0.27 1.11 4.57 18.49 1.82 4.57 16.49 1.8 2 SanPatricioCo 

48453 4.24 11.61 0.80 0.16 0.32 1.82 4.40 11.93 2.62 4.40 11.92 2.61 TravisCo 
48469 5.96 18.48 1.73 6.10 0.57 4.51 12.06 19.05 6.24 12.07 19.05 4 VictoriaCo 6.2 
48473 1.85 5.93 0.09 0.01 0.00 2.61 1.86 5.93 2.70 1.86 5.93 9 WalleiCo 2.6 

48491 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.03 0.00 0.00 0.0 3 WilliamsonCo 

48000 681.95 1300.12 218.97 33.49 42.63 493.64 715.44 1342.75 712.61 715.47 1341.90 712.63 Texas 

Table A-3: Point source totals for Texas for September 2, 1993 

12 



TNRCC Work Order No: 9800693000-04 MCNC 

. -
SMOKE Elevated pt src SMOKE Low point src SMOKE Total point src EPS Total point src 

FIPS co NOX voc co NOX voc co NOX voc co NOX VOC "C_OUN1Y 
22011 52.76 18.45 3.52 0.00 0.00 0.72 52.76 18.45 4.24 52.76 18.44 4.24 BeauregardPar 
22019 28.47 117.47 14.01 0.42 1.34 34.82 28.89 118.81 48.83 28.89 118.79 48.79 CalcasieuPar 
22023 2.93 8.81 1.15 1.05 4.56 3.62 3.98 13.37 4.77 3.98 13.37 4.77 CameronPar 
22053 0.33 0.91 0.02 0.00 . 0.00 0.90 0.33 0.91 0.92 0.33 om 0.92 JeffDavisPar 
22115 O.o1 0.04 0.00 0.00. 0.00 0.00 O.o1 0.04 0.00 O.o1 0.04 0.00 VemonPar 
22000 84.50 145.68 18.70 1.47 5.90 40.06 85.97 151.58 58.76 85.97 151.55 58.72 Louisiana 

Table A-4: Point source totals for louisiana for September 2, 1993 
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TNRCC Work Order No: 9800693000-04 MCNC 

SMOKE Elevated pt src SMOKE Low point src SMOKE Total point src 

FIPS co NOX TVC co NOX TVC co NOX TVC COUNTY 
'99007 0.50 2.20 0.98 0.16 0.72 1.89 0.66 2.92 2.87 Brazos OS 

99009 0.00 0.00 0.00 0.12 0.55 0.61 0.12 0.55 0.61 BrazosSouthAddn 

99023 0.16 0.54 2.31 0.09 0.41 0.49 0.25 0.95 2.80 EastBreaksOS 

99025 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 EastCameronOS 

99037 0.15 0.71 0.32 0.15 0.69 1.03 0.30 1.40 1.35 GalvestonOS 

99041 0.10 0.48 0.24 0.13 0.60 0.35 0.23 1.08 0.59 GardenBanksOS 

99049 0.76 3.50 1.71 0.59 2.46 4.38 1.35 5.96 6.09 HighlslandOS 

99051 0.21 0.94 0.42 0.08 0.27 1.13 0.29 1.21 1.55 HighlslandEast 

99053 1.06 4.79 2.82 0.84 3.25 7.68 1.90 8.04 10.50 HIEastSouthExt 

99055 2.03 9.29 4.40 1.73 1'.46 8.47 3.76 16.75 12.87 HISouthAdd 

99067 0.51 2.18 1.19 1.37 6.15 12.08 1.88 8.33 13.27 Matagordalsland 

99073 0.14 0.62 0.28 0.24 0.97 6.73 0.38 1.59 7.01 Mustnaglsland 

99075 0.00 0.00 0.00 0.10 0.44 0.25 0.10 0.44 0.25 MustnaglslandEast 

99087 1'-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NorthPadrelsl -
99089 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.05 NPadrelsiEAdd 

99097 0.00 0.00 0.00 0.04 0.16 0.14 0.04 0.16 0.14 Sabine Pass 

99137 0.62 2.82 1.36 1.33 5.58 27.66 1.95 8.40 29.02 WestCameronOS 

99139 0.64 2.42 1.05 1.23 4.79 5.14 1.87 7.21 6.19 WCameronSAddn 

99141 0.25 1.16 0.83 0.23 1.07 15.35 0.48 2.23 16.18 WCameronWAddn 

99000 7.13 31.65 17.91 8.43 35.57 93.43 15.56 67.22 111.34 Offshore 

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

SMOKE area source EPS2 area source 

FlPS co NOX TVC co NOX VOC COUNTY NAME 

72023 1.99 2.34 0.74 2.00 2.34 0.71 CameronParishOS 

72000 1.99 2.34 0.74 2.00 2.34 0.71 OffshoreParishes 

SMOKE area source EPS2 area source 

FIPS co NOX TVC co NOX voc COUNTY NAME 

98007 0.88 0.38 0.43 0.88 0.38 0.39 Aransas OS 

98039 4.23 1.37 2.16 4.25 1.37 1.94 Brazoria OS 

98057 0.83 0.59 0.42 0.83 0.59 0.39 GalhounOS 

98071 0.59 0.46 0.34 0.59 0.46 0.31 GhambersOS 

98167 4.34 0.83 2.21 4.36 o,83 1.98 Galveston OS 

98245 5.44 0.91 2.79 5.45 0.91 2.50 JeffersonOS 

98261 0.11 0.32 0.06 0.11 0.32 0.06 KenedyOS 

98273 0.38 0.43 0.20 0.38 0.43 0.18 KlebergOS 

98321 1,19 1.27 0.59 1.20 1.27 0.54 MatagordaOS 

98355 4.55 0.91 2.41 4.56 0.91 2.16 NuecesOS 

98000 22.54 7.47 11.61 22.61 7.47 10.45 Offshore 

SMOKE area source EPS2 area source 

FIPS GO NOX TVG co NOX VOG COUNTY NAME 

99007 2.04 3.32 1.14 2.04 3.32 1.04 Brazos OS 

99009 0.45 1.70 0.27 0.45 1.70 0.26 BrazosSouthAddn 

99017 0.05 0.47 0.02 0.05 0.47 0.02 Corpus Christi OS 

99023 0.98 7.73 0.38 0.97 7.73 0.37 EastBreaksOS 

99025 0.03 0.13 0.02 0.03 0.13 0.02 EastCameronOS 

99037 11.39 22.10 5.79 11.41 22.12 5.28 GalvestonOS 

99039 0.30 2.33 0.21 0,30 2.33 0.21 GalvestonSAdd 

99041 . 1.36 11.66 0.51 1.36 11.67 0.51 GardenBanksOS 

"99049 2.49 21.38 1.17 2.48 21.39 1.17 HighlslandOS 

99051 0.82 7.08 0.39 0.82 7.08 0.39 HighlslandEast 

99053 0.41 1.78 0.26 0.41 1.78 0.25 HIEastSouthExt 

99055 0.89 3.33 0.53 0.89 3.33 0.50 HISouthAdd 

99067 1.16 4.83 0.62 1.16 4.83 0.58 Matagordalsland 

99073 0.99 4.06 0.55 0.99 4.06 0.52 Mustnaglsland 

99075 0.57 3.35 0.38 0.57 3.35 0.34 MustnaglslandEast 

99087 0.11 0.20 0.07 0.11 0.20 O.Q7 NorthPadrelsl 

99089 0.05 0.34 0.04 0.05 0.34 o.o 4 NPadrelsiEAdd 

99097 0.20 1.72 O.Q9 0.20 1.72 0.0 9 SabinePass 

99137 0.99 5.82 0.50 0.98 5.82 0.50 WestCameronOS 

99139 2.86 14.79 1.38 2.87 14.78 1.32 WCameronSAddn 

99141 1.09 8.79 0.52 1.09 8.79 0.5 2 WCameronWAddn 

99000 29.23 126.91 14.81 29.23 126.94 14.0 0 Offshore 

Total 66.53 51.81 54.35 66.61 51.81 53.1 6 All Offshore 

Table A-6: SMOKE vs. EPS2 Offshore area sources tor September2, 1993 
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TNRCC Work Order No: 9800693000-04 MCNC 

APPENDIX B: CAM-x Simulation Results 

OBJECTIVE MEASURES: Houston-Galveston 
DOMAIN NAME: 93Base_E 
EASE ' 93Base_E 

03 930831 930301 930902 Total 

Peak 1 Hour (ppb) 102 137 130 137 
~otal # of Grid Cells 

> 80 (ppb) 151 775 428 1354 
>lO'J {ppb) 5 252 213 470 
>12~ lppb) 0 35 26 61 
>14:l {ppb) 0 0 0 : 
>16C (;>pb) 0 0 0 : 

Total hours over threshold 
> 80 (ppb) 537 3172 1818 5527 
>100 [ppb) 7 E52 590 1249 
>124 [ppb} 0 60 27 87 
>140 (ppb) 0 0 0 : 
>16C (ppb) 0 0 0 c 

Peak 8 Hour {ppb) 91 110 1:0 1:0 
Total I of Grid Cells 

> 60 {ppb) 285 1281 453 2C59 
> 8< {p;bl 17 256 227 500 
>100 (ppb) 0 45 2 47 
>120 (ppb) 0 0 J 0 
>140 (ppb) 0 0 : 0 

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

OBJECTIVE ~JRES: Houston-Galves~o~ 
DO¥AIN NruME: 93Base_S 
BASE : 93Base_S 

03 930831 930901 930902 Total 

Peak 1
1 

Hour (ppb} 102 137 130 137 
Total * of Grid Cells 

> 80 (ppb) 152 775 428 1355 
>1CO (ppb) 5 253 213 471 
>124 {ppb) 0 35 26 51 
>140 {ppb) 0 0 0 0 
>100 lppb) 0 0 0 0 0 

Total hours over threshc~d 
> 80 (ppb) 541 3174 1825 55~0 

>100 (ppb) 7 653 590 1250 
>124 (ppb) 0 60 27 87 
>140 l~pb) 0 0 0 0 
>160 l;;pb) 0 0 0 0 

Peak 8 Hour {ppb) 9: 110 10C ~1C 

Total q of Grid Cells 
> 60 l~pb) 285 1281 495 2061 
> 8~ l;>pb) 17 262 228 507 
>100 ip;;>b) 0 45 3 48 
>120 \ppb) 0 0 0 0 
>140 [ppb) 0 0 0 0 

Table B-2: Objective Metrics for 93Base_S within the 8-county Houston-Galveston Area. 
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TNRCC Work Order No: 9800693000-04 MCNC 

OBJECTIVE MEASURES: Beaumont-Port Arthur 
DOMAIN NAME: 93Base_E 
BASE : 93Base_E 

03 930831 930901 930902 Total 

Peak 1 Hour (ppb) 101 106 131 131 
Total t of Grid Cells 

> 80 (ppb) 232 318 416 966 
>100 (ppb) 7 24 277 308 
>124 (ppb) 0 0 13 13 
>140 {ppb) 0 0 0 0 
>160 (ppb) 0 0 0 0 

Total hours over threshold 
> 80 (ppb) 808 934 2006 3748 
>100 (ppb) 7 29 584 620 
>124 (ppb) 0 0 15 15 
>140 (ppb) 0 0 0 0 
>160 (ppb) 0 0 0 0 

Peak 8 Hour (ppb) 81 93 98 98 
Total # of Grid Cells 

> 60 (ppb) 250 398 440 1088 
> -84 (ppb) 0 60 271 331 
>100 (ppb) 0 0 0 0 
>120 (ppb) 0 0 0 0 
>140 (ppb) 0 0 0 0 

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

OBJECTIVE MEASURES: Beaumont-Port Arthur 
DOMAIN NAME: 93Base_S 
BASE : 93Base_S 

03 930831 930901 930902 Total 

Peak 1 Hour (ppb) 101 106 132 132 
Total # of Grid Cells 

> 80 (ppb) 232 319 417 968 
>iOO (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) 810 934 2013' 3757 
>100 (ppb) 7 31 587 625 
>124 (ppb} 0 0 16 16 
>140 (ppb) 0 0 0 0 
>160 (ppb) 0 0 0 0 

Peak 8 Hour (ppb) 81 93 98 98 
Total i of Grid cells 

> 60 {ppb) 250 398 440 1088 
> 84 (ppb) 0 60 274 334 
>100 (ppb) 0 0 0 0 
>120 (ppb) 0 0 0 0 
>140 (ppb) 0 0 0 0 

Table B-4: Objective Metrics for 93Base_S within the 3-county Beaumont-Port Arthur Are"-
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TNRCC Work Order No: 98006930()()..04 

Daily Max 03 Difference : Layer 1 
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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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