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CAMx Ozone Modeling in SIP Development

F ing i
. The Big Picture

Day-specific meteorology and emissions;

Base Case replicate what actually happened

Day-specific meteorology and Typical emissions;

Baseline Case used in RRF to predict future design values

Apply future growth + on-the-books controls

Future Base Case to estimate future ozone

Determine control strategies that will

Control Strategy Testing effectively reduce ozone

SIP Document modeling procedures
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CAMx Ozone Modeling in SIP Development
. Base Case — Historical Episode Replication

Meteorological Modeling Emissions Modeling

Winds, Mixing Depth, Temperature, etc. VOC, CO & NO,
Point, Area, on- & Non-Road & Biogenic

CAMx Modeling

O,, NO, VOC, CO, etc.
Chemical Mechanism (CBIV, CB05), “Mixing” schemes

A 4

Evaluate CAMx Performance

(How well does the model replicate the episode?)

Bias, Time Series, Contour Plots

Suitable Base Case
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June 2006 Episode
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ﬁ First Interim June 2006 Episode Modeling

« Met Modeling for the June 2006 Episode
« EI Modeling for the June 2006 Episode

 CAMx Modeling for the June 2006 Episode
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ﬁ Met Modeling for June 2006 Episode

Met Modeling for the June 2006 Episode includes:

« New UT-CSR land use/land cover (LU/LC) data
« Latest QA’d Radar Profiler observation-nudging data
 Hourly Sea Surface Temperatures, as per UH-SST
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Houston—Galveston — Region 12 Average

Met Modeling for the June 2006 Episode
Wind Speed and Temperature Scatter Plots

Obs ws vs MMS ws
metldeplud4.fddats.uhestutesdulc
R—square=0.2935

=3 Day | 7arm—7prn}

oba_ws_avg obe= 042 4+ DE3A0 % mmS e Might {Bprn — Sarn}
104 e
ALL D&Y MIGHT
Error <=2 0,898 0594 0889
Error == 1 [O.88 078 0538
Error «=0.5% CL37 049 023
L
t/”
-
o -
A o,
‘ -
le* -
H/ -
-
ST -
;”"
',"ffr
Pl
Do
|lIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|
v} 2 4 5 =) 0

MrS—ws—avg

Houston—Galveston — Region 12 Average

Obs ternp vs MMS ternp
metldeplud4.fddats.uhestutesdulc
F—square=0.8730

%3 Day § 7arn—7prm}

obs_temp_avg obs= 19.29 + D.9380 * mm5 w0 [ight { B — Gam)
320 _
AL D&Y MIGHT
Error <=2 02,83 079 087
Error == 1 [O.37 048 070
Error «=0.% CL30 019 042
| LN L L L L L L L L L L L B L L |
280 200 300 310 320

mrs—termnp_awg

Air Quality Division e First Interim June 2006 Episode Modeling; DK; Jun 11, 2008 « Page 7




Met Modeling for the June 2006 Episode
Time Series of Wind Speed and Direction
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Met Modeling for the June 2006 Episode
Plume Plot Trajectories
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Met Modeling for the June 2006 Episode
Plume Plot Trajectories
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El Modeling for June 2006 Episode

El modeling for the June 2006 Episode includes:

Point source emissions from 2006 STARS

EGU emissions from Acid Rain Program Database
Tank landing Loss emissions from TCEQ Survey
Fire emissions from the Texas Forest Service
On-road mobile emissions, as per TTI

Non-road mobile emissions, NMIM 2006

Off-road & Area sources from 2005 TexAER
w/appropriate growth

Biogenics from GloBEIS w/2006 satellite PAR and
Temperature
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El Modeling for June 2006 Episode
Weekday (6/7/06) and Sunday (6/11/06) NOx
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El Modeling for June 2006 Episode
ﬁ Weekday and Sunday NOx

Average Wednesday Anthropogenic NOx (tpd)
Total = 540 tpd
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Average Sunday Anthropogenic NOx (tpd)
Total = 424 tpd
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El Modeling for June 2006 Episode

Weekday (6/7/06) and Sunday (6/11/06) VOC
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El Modeling for June 2006 Episode
Wednesday and Sunday VOC

Average Wednesday AnthropogenicVOC (tpd)
Total = 924 tpd
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Average Sunday Anthropogenic VOC (tpd)
Total = 776 tpd

126.9

427.9 64.6

Average Sunday Total VOC (tpd)
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CAMx Modeling for the June 2006 Episode

F =
e

o Statistical Performance Evaluations

— Peak 1-hour and 8-hour ozone concentrations

— Relative bias (%) 1-hour ozone > 60 ppb and site average peak 8-hour
ozone

— Relative error (%) 1-hour ozone > 60 ppb and site average peak 8-hour
ozone

« Graphical Performance Evaluations
— Time series of measured vs modeled 1-hour ozone for selected sites
— Time series of measured vs modeled precursors for selected sites
— Time Series of measured vs modeled 8-hour daily max. for selected sites
— Daily maximum 8-hour ozone tile plots for selected episode days
— Scatter-plots of ETH, OLE & IOLE for selected sites
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. Statistical Performance Evaluations

Modeled vs monitored peak ozone concentrations

Modeled vs Monitored Relative Bias

Modeled vs Monitored Relative Error
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Peak Accuracy of Modeled Hourly Ozone Concentrations
June 2006 Episode
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Relative Bias of Modeled Hourly Ozone Concentrations
June 2006 Episode
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. Graphical Performance Evaluations

Modeled vs monitored Time Series

Modeled vs Monitored Daily Maximum 8-hour Ozone

Modeled vs Monitored HRVOC Scatter Plots
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BAYP
C35C
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DRPK
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H11H
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HOEA
HROC
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HTCA
HWAA
LYNF
MACP
MSTG
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Site Info

Bayland Park, Harris Co., TX

Clinton, Harris Co., TX

Conroe Relocated, Montgomery Co., TX
Deer Park, Harris Co., TX

Galveston, Galveston Co., TX

HRM-3, Haden Road, Harris Co., TX
HRM Site 8, La Porte, Harris Co., TX
HRM-10, Mt Belvieu, Chambers Co., TX
HRM-11, , Chambers Co., TX

Aldine, Houston, Harris Co., TX
Channelview, Houston, Harris Co., TX
Croquet, Houston, Harris Co., TX

NW Harris, Tomball, Harris Co., TX
Houston East, Houston, Harris Co., TX
Houston Regional Office, Harris Co., TX
Swiss and Monroe,, Harris Co., TX
Texas Avenue, Houston, Harris Co., TX
North Wayside, Houston, Harris Co., TX
Lynchburg Ferry, Harris Co., TX

Manvel Croix Park, Brazoria Co., TX
Mustang Bayou, Brazoria Co., TX
Seabrook Friendship Park, Harris Co., TX
Westhollow, Houston, Harris Co., TX
Texas City, Galveston Co., TX

Wallisville Road, Harris Co., TX
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TCED WIHAC: Wed Aor 1609:01:54 2008: iaq hgbeh2amalyisTime_Serizsbeogin'e
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TCEQ WZHAC: Wed Apr1609:01:55 2008: laghgheh2ambysisTime_Seriesbeogun'e
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NO Concentration (ppb) at Layer 1 (20060531-20080615)
camx450_cb05. hgbB8h2. beclBjun.regfa. 200Bepl_eta_dbemis_fddats_uhsst_utcsriulc. hgbpa_02km

Modeled, 7x7-cell max/min
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TCEQ WZHAD: Wed Aor1609:01:54 2008: faqhgbeh2iamlysizTime_Seriesbeogin'=

TCED WZHAC: Wed Aor 1609:01:55 2008: iaq hgbeh2amalyisTime_Serizsbeogin'e

TCEQ WZHAD: Wed Aor1609:01:55 2008: iaqghgbehzamb=i=Time_Seiesbeogn’m

O, Concentration (ppb) at Layer 1 (20060531-20060615)
camx450_cb05. hgbB8h2. beclBjun.regfa.200Bepl_eta_dbemis_fddats_uhsst_utcsriulc. hgbpa_02km

_DRPK at (471.0,-1115.2) km (482011039, C3&C1001/A139 1996M0/24, Deer Park Haris Co, TX)

— Modesled s Modeled, 7x7-cell max/min

== o= Observed

NO Concentration (ppb) at Layer 1 (20060531-20060615)
camx450_cb05. hgbh8h2.bcOBjun.reg7a.20068epl_eta_dbemis_fddats_uhsst_utesriulc. hgbpa_02km

DRPK at (471.0,-1115.2) km (482011039, C35/C1001/A139, 1996/10/24, Deer Park, Harris Co., TX)
ABOE e S L R T Y

—— Modesled . Modeled, 7x7-cell max/min

== o= Observed
NO, Concentration (ppb) at Layer 1 (20060531-20080615)
camx450 cb05 hghB8h2 belBjun.reg7a. 2008epl_esta_dbemis_fddats_uhsst_utcsriulc. hgbpa_02km

DRPK at (471.0,-1115.2) km (482011039, C35/C1001/A138, 1996/10/24, Deer Park Harris Co., TX)

—— Muodzled . Modeled, 7x7-cell max/min
o aes Pihoanad



TCED WZHAC: Thu May 29 09:09:59 2008: faq hgbshzanalysi=Time_Seriesbengjin'e

TCED WZHAC: Thu May 29 09:09:58 2008: faq hgbshzamalysi=Time_Seriesbengjin'e

TCED WZHAC: ThuMay 29 09:10:01 2008: iaq hgbeh2amalyisTime_Serizsbeogin'e

ETH Concentration (ppb) at Layer 1 (20080531-20080615)
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TCED WIHAC: Wed Aor 1609:01:54 2008: iaq hgbeh2amalyisTime_Serizsbeogin'e
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TCED WZHAC: Wed Aor 1609:01:55 2008: iaq hgbeh2amalyisTime_Serizsbeogin'e
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TCED WZHAC: Thu May 29 09:09:99 2008: faq hgbshzanalysi=Time_Seriesbentjin'e

TCEQ WZHAD: Thu May 2909:09:58 2008: (g hgbeh2amlysizTime_Seriesbeogn'=

TCED WZHAD: ThuMay 2909:10:01 2008: faq hgbshzamaly=i=Time_Seriesheogin'e
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OLE Concentration (ppb) at Layer 1 (20060531-20060615)
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WALN at (483 .3,-1097.5) km (482010617, CB17, 2003/06/05, Wallisville Road, 4727 Wallisville BRd., Baytown, Harris Co., TX)
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IOLE Concentration (ppb) at Layer 1 (2006053 1-20060615)
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WALV at (483.3,-1097.5) km (482010617, CE17, 2003/06/05, Wallisville Road, 4727 Wallisville Rd., Baytown, Harris Co., TX)
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Air Quality Division ¢ First Interim June 2006 Episode Modeling; DK; Jun 11, 2008 ¢« Page 28



Time Series of Dailly Maximum

8-hour Ozone
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Daily Maximum 8-Hour ozone
Modeled vs Monitored
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Houston Ship Channel Auto-GC Monitors and HRVOC Point Sources (2006 Annual El)
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DRPK & WALV Measured vs Modeled
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General Summary Comments

Statistical Performance Evaluation (excluding spin-up days: 5/31 & 6/1/06)

This episode includes both high 8-hour exceedances and high 1-hour
peaks

The model generally under-predicts 1-hour peaks, especially on days with
measured O, > 120 ppb

The model generally under-predicts 8-hour peaks, most notably those with
measured O; > 100 ppb.

The relative bias of the 1-hour modeled versus monitored O, shows under-
prediction on all days, although they are within the EPA +15%

The relative bias of the 8-hour modeled versus monitored O, is mixed, with
under-predictions on some days and over-prediction on others
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. General Summary Comments

Statistical Performance Evaluation: continued

— The relative error of the 1-hour modeled versus monitored O, is
less than the EPA 35% and with the exception of 6/12/06, it is less
than 20%

— The relative error for the 8-hour modeled versus monitored O, is
less than 15%, again with the exception of 6/12/06.

— Based upon the EPA statistical performance measures for the 1-
hour measured versus modeled O, this modeling is deemed
suitable for SIP purpose

Air Quality Division e First Interim June 2006 Episode Modeling; DK; Jun 11, 2008 « Page 34



.EE General Summary Comments

Graphical Performance Evaluation (time series at selected sites)

— The time series of 1-hour O5; show the tendency of the model to
under-predict the higher measurements

— The time series of NO and NO,, are not well replicated, with a
general over-prediction of NO,, especially at DRPK

— The time series of ETH, OLE and IOLE are not well replicated,
with a general under-prediction, especially at WALV (note: no
reconciliation of the HRVOC emissions has been included)

— The time series of 8-hour O; show the general tendency of the
model to under-predict measured values greater than 84 ppb,
which may be problematic for determining the RRF.
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.EE General Summary Comments

Graphical Performance Evaluation (Daily Max. 8-hour Tile-plots)

— The tile-plots for the selected days show the geographic extent of
the model’s general tendency to under-predict

Graphical Performance Evaluation (HRVOC scatter-plots at selected sites)

— The scatter-plots of ETH, OLE and IOLE show a general tendency
of the model to under-predict, especially the higher
measurements (e.g., ETH and OLE > 10 ppb)

— The scatter-plots show that the discrepancies between measured
and modeled values can exceed an “order-of-magnitude”, which is
more than might be expected from the uncertainty in
meteorological modeled parameters (e.g., mixing depth, winds) ,
and therefore is likely due to unreported and/or under-reported
emissions
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ﬁ Future Modeling Updates for the June 2006 Episode

« Emissions
— Update Drilling Rig emissions
— Update Locomotive emissions
— Reconcile HRVOC emissions with ambient concentrations

e Other

— New boundary conditions derived from the GEOS-CHEM
model

— New Land-use/Land-cover (UT-CSR LU/LC) in CAMX

— Chemical process analysis to explore performance
evaluation
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