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Modeling in SIP Development
The Big Picture

Day-specific emissions; replicate what

Base Case actually happened

. Typical emissions; used in Relative
Baseline Case Response Factor (RRF) to predict future
design values

Apply future growth + on-the-books

Future Base Case controls to estimate future ozone

Determine control strategies that will
effectively reduce ozone

Control Strategy Testing

SIP Document modeling procedures
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Presenter
Presentation Notes
Three main steps to attainment modeling: base case, baseline, future
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Modeling in SIP Development

| o o .
= Base Case — Historical Episode
[—
Meteorological Modeling (MM5, WRF) Emissions Modeling
Winds, Mixing Depth, Temperature, etc. VOC, CO & NOy

Point, Area, On- & Non-Road, & Biogeni

&

C

<

Photochemical Modeling (CAMXx)
O3, NO,, VOC, CO, etc.

A 4

CAMx Performance Evaluation
(How well does the model replicate the episode?)

Bias, Time Series, Contour Plots

Suitable Base Case
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Presenter
Presentation Notes
This step is to validate the model.  Gives us confidence in modeling analyses and future control strategies.
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East US (8-Hour) East Texas DFW
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Modeling in SIP Development
Extended June 2006 Episode: Base Case Setup

Emissions

» Points: 2006 State of Texas Air Reporting System (STARS), Hourly
Acid Rain

* On-Road Mobile: MOBILE®6.2 2006 link-based for DFW
» MOVES Sensitivities

 Non-Road Mobile: 2006 TexN

e Area: 2005 TexAER

« Barnett Shale: Drill Rigs and Production data projected back from
2008 TexAER data. Production separated from Area Oil & Gas

» Biogenics: GIoBEIS w/ updated Texas A&M land use

Meteorology

e Optimized for DFW based on previous Environ/TCEQ work
o 2006 TexAQS Il radar profiler data assimilation
» Satellite-based land use and sea surface temperature data
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Presenter
Presentation Notes
Barnett Shale EI improvements were done ahead of schedule.  Originally thought to be in late 2010.


June 2006 Episode:
Base Case Setup

2006
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June 2006 Episode: Base Case Setup
2006 QOil & Gas El Improvement

« Drill Rigs weren’t in 2006 Drill Rigs EI, NOy

previous DFW modeling ony ‘ - M] slsz Py

inventories |
ol | | \ | L f;,,mh

-Barnett Shale Oil & Gas | ‘ , L | r ||

has been separated in our [ S 1' FLT__l e

Inventory for reporting, Lﬁa

guality assurance, and J

sensitivity work

« Barnett Shale Rig count
based on Industry
estimates of active drill
rigs

(RigData.com;
BakerHughes.com)

DFWEH2 Mon-road Mobile El, beDE_b11d, Weekday: MO,
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Presenter
Presentation Notes
Tile Plot shows the base case drill rig NOx inventory.  The locations are determined from differences in new wells by month from the Railroad Commission.  

-------- Supporting data
2006 drilling emissions data based on 2008 ERG work, “Drilling Rig Emission Inventory for the State of Texas.”
Barnett Shale Rig counts (based on Industry estimates) used to project 2008 EI to 2006.



June 2006 Episode: Base Case Setup
2006 Oil & Gas Production

- 2008 TexAER gives T e | T
more SCCs | -

» 2008 back-cast to
2006 using RR
Commission
production data

* Most NO, from
COMpressors

e Most VOC from
condensate tanks

DFWSEHZ Area El, be0E_b8b, Weekday: NO,
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2006 Base Case Met Evaluation

metlGeplext d4 =to S=oil sfofddots

— Qka

Wind Oir deg _ — 1 — MG
Dallas—Faort Waorth Fegicn 4 Average —— MMBprabe

380
Z15
270
225
180 g ! !
135 i ! b - :
g0 1 .
45 ]
D_

faha —
tihs —
Qi
il =
o —
R —
W —
+ 0
n —
3 —
- —
wo —
0o —
o=
b —
W=
=
M —
M= —
g —|
m—=
o —|
o —
o
M —
Wha —
b —
mha —
={ha —
tah> —
B —
1id =
o —
ST
W

Eiaga Wind Dir deg

@
m ha
G
-
o —
@
Mo
+0
(oo
o
~O —
o -
ao —
o= -
R
= -
R
P
o= -
=
o
wo -
ok —
.
R —
LN
LK
ta
o
Mg
CPrg
mpa -
G —
o —
o
Mo

Cradted DEJULZ0T0 By dboyer

Mean Absclut= Errcr Wind Cir deg
180
150 ]
120

90
(=l —
30

rrr~rrrrrrrrrrrorrrrrrorrrrrrrrrrrrrrrrrrrrrrrrrrrrrTrrrT T rTrTTrrTrrT T T T T T T T T T T T T T T
25 S0 31 01 02 0% 04 05 08 OF 03 04 =22 23 24 35 A5 2T I 283 LD 01 oI O3
MAWAYMAYMA‘NUT\UUT\UUWUNJUNJLINJLINJUNJUNJUNJUNJUNJUNJUNJUNJUNJUNJUN-JLJNJUNJUNJUNJUNJUNJUNJUNJUNJUNJUNJUNJULJULJUL

LST

Air Quality Division e« August 31,2010 « Page 11




2006 Base Case Met Evaluation
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2006 Base Case Met Evaluation

12-hour back trajectories

Dty Max Shr O3
at mohtors

20+

B Fie < 20
B0 to = 55
o to < 80
Mte =« T
£ to o« 70

0 < 65

Observed
eplexteta.dsoilsfefddats

Backward Trajector — June 9, 2010 at 15:00
ackward Trajectories 2006-06—-089 Start time: 1500

Max Bhr O3 (monitared): 1068 at; EMTL SHr Q3 frame: 11001800
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2006 Base Case Evaluation

Hourly Normalized Bias (Observed Ozone > 40 ppb)
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Presentation Notes
Stars show high ozone days.

Bias should be within 15%
Gross Error should be within 35%


2006 Base Case Evaluation

Bias/Gross Error Evaluation
May 31 - July 2, 2006
70 -
7/2,54.1 ppb
60 .
50
2 40 -
(NN}
b 6/18,97 ppb
3 ® 6/17,766ppb 34 | & 7/1.85.1 ppb
© @ 6/21,41.8ppb
i ® 6/20,42.4ppb
20 o %5596 opb
6/26,64.18%
AT Y
%
65 -55 45 -35 25  -15 -5 5 15 25 35 45 55 65
Bias
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Presenter
Presentation Notes
X-axis is model bias and Y-axis is model gross error.  Each dot is a day of the episode.  The blue box shows EPA’s guidance criteria of 35% gross error and ±15% bias.  All but two high ozone days are within the box.  Noted ozone concentrations are observed values.

6/18 has meteorological errors due to a slow moving front.  7/1 was cloudy but the model was clear so we over-predicted ozone.  We’re continuing to work on improving our base case performance.

The model does have a low bias on many days (not atypical of photochemical modeling).
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y @ 2006 Base Case Evaluation

O, Concentration (ppb) at Layer 1 (20060531-20060702)
camxb201pr_cb05.dfw8h2.bl08 06jun.reg1b.2008eplext eta bsoil sfcfddats tkekv200.dfw 0dkm
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June 12, 2006 — Daily Max Ozone

Layer 1 Daily Max of 8-Hour Ozone Concentration (ppb)
camx5201pr_cb05.dfwsh2.be06_06jun.reglb.2006eplaxt_eta Ssoil_sfefddats_thelkw200.dfw_04km

06/12/2008 + Max = 101.8 ppb at (230,-770)
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Presenter
Presentation Notes
June 12, 2006 – Typical ozone production day: sunny, hot, light and variable winds.


June 18, 2006 — Daily Max Ozone

Layer 1 Daily Max of 8-Hour Ozone Concentration (ppb)
camx5201pr_chb05.dfwsh2.be06_06jun.reglb.2006eplaxt_eta_Ssoil_sfefddats_thelkw200.dfw_04km

06/18/2008 + Max = 82,5 ppb at (278,-746)
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Presenter
Presentation Notes
June 18, 2006 – Stalled front after two days of strong south winds and convection.  Met model didn’t replicate the front well.


Ozone Source Apportionment Tool (OSAT)

OSAT keeps track of the origin of the NO, and VOC
precursors creating the ozone

e Ozone can then be “apportioned” to specific sources

e Source groups and source regions are defined
— DFW and non-DFW

« Emission source groups include, for example:
— Initial and boundary conditions
— On-road mobile and non-/off-road mobile
— Area
— Barnett Shale

— Elevated Points
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Presenter
Presentation Notes
OSAT can be more informative than zero-out runs as the chemistry is not altered.  Eliminating a source can drastically change the chemistry and thus the understanding of ozone formation.  Zeroing out a source or source group may also not be realistic.

Plume-In-Grid (PiG) needs to be turned off, which generally reduces ozone concentrations from large point sources.
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Presentation Notes
These are pre-selected receptors.

The modeling results are an average of a 5x5 grid around the receptor location.  


() Eagle Mountain Lake C75 (EMTL) 2006 8-Hour OSAT : May 31 - June 15, 2006
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Presenter
Presentation Notes
IC = Initial Conditions; WSTBC = Western;  ESTBC = Eastern; NTHBC = Northern; STHBC = Southern Boundary Condition

On-road, Non-road , and non-DFW point sources appear to contribute the most to ozone concentrations at Eagle Mountain Lake.
This is more evident at urban monitors (Hinton, Fort-Worth NW).
Greenville shows more non-DFW contributions.

Ozone formation is non-linear so this analysis can’t be strictly used to determine the effects of control strategies.


2012 Oil & Gas Emissions

e Barnett Shale
— How will well drilling
change geographically?
— Growth rate?

« Haynesville Shale in

Northeast Texas

— Environ created a 2012 EI with
low, moderate, and aggressive
development scenarios based on
Barnett Shale growth

— Current drilling appears to track
the aggressive scenario

— Will Growth of Haynesville Shale

) Source: Environ Haynesville Shale El
affect DFW? Development, 2009

* http://blogs.bakerhughes.com/rigcount/2010/06/11/total-number-of-horizontal-rigs-split-by-oil-vs-gas/
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Presenter
Presentation Notes
Drill rig count from Nov 2005 – Jun 2010 from Baker Hughes website.


Notable Point Source changes since 2006

« Midlothian Cement Kiln Reductions
— TXI wet kilns shutdown
— Overall cap to Midlothian Kilns

« Saint-Gobain glass plant shutdown (Waxahachie)
— 2008 NOy = 281 Tonsl/year

« Clean Air Interstate Rule (CAIR) | for 2012 Point
Sources

— Clean Air Transport Rule (CATR) will replace CAIR In
2012/20137?
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Ongoing and Upcoming DFW Projects

e« Barnett Shale

— Special Inventory Phase Il (2009 emissions data)
— New Auto-GCs active at DISH and Eagle Mountain Lake

— More Auto-GCs to be installed including Flower Mound,
Decatur, and southeast Tarrant County

— NO, monitors have been added to Eagle Mountain Lake and
Parker County

« Modeling Support via Environ
— Updated/alternative boundary and initial conditions
— New tool to evaluate back trajectories from modeled wind fields

« CAMX Improvements
— Plume rise, cloud representation, dry deposition
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Presentation Notes
The Auto GCs are primarily being deployed primarily to address issues related to air toxics but they will provide valuable information for ozone - additional VOC information, validate the model and understand localized chemistry


Upcoming DFW Projects

« Air Quality Research Projects (AQRP) Work

— Quantifying Emission Estimates from Biogenic and Oil and Gas
Production Sources in Texas (NCAR)

— NOyReactions and Transport in Nighttime Plumes and Impact
Ozone on Next-Day (NOAA, Environ)

— Dallas Measurements of Ozone Production (Univ. of Houston,
Penn State)

 AQRP Contingency Projects

— Surface Measurements and One-Dimensional Modeling
Related to Ozone Formation in the Suburban DFW Area
(NCAR, of Michigan, Others)

— Airborne Measurements to Investigate Ozone Production and
Transport in the DFW Area During the 2011 Ozone Season
(Univ. of Houston)
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Upcoming Modeling Work

e Continued Development of the 2012 Inventory
— Barnett and Haynesville Shale
— Updating Airport, Locomotive, and Ship inventories
— Evaluating CAIR/CATR point source caps

e 2012 Future Year Runs

— Ozone Source Apportionment
— Matrix Runs to support rule development

« 1999 Retrospective Analysis

— Test the model’s ability to predict ozone design values in a
previous year
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Questions?

Doug Boyer — DFW Modeling Project Manager

dboyer@tceq.state.tx.us
512 239-1523

The Air Modeling team contributed to these results.

Contact: amda@tceq.state.tx.us
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