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Topics

Why is ozone so high in Houston?

Measurements:
e [HOEs - Transient High Ozone Events
e ROF - Rapid Ozone Formation

Where does all that VOC come from?

e Stochastic Emissions
e Event Emissions

What is role of meteorology?
Can these be modeled?
New 8-h methods and THOEs and Events
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Ozone, ppb
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What are THOEs and ROFs?
Concepts are related but different.

A is part of an observed ozone
timeseries at a regulatory monitor that
meets certain criteria based in part on
model performance. It is a rapid change
in ozone concentration, usually followed
by a rapid decline.
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Ozone, ppb
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August 19, 1993 Time Series
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Ozone, ppb

August 20, 1993 Time Series
220

48-071-0900
200 HRM:10, C

—

D

180

160

140

120

100

80

60

40

20

o 1. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hour, CST



Two observed ozone patterns in Houston

T'vpical ozone: daily smooth

small increases and decreases in -
observed values (same as other

cities). Hourly change is less
than 40 ppb.

Alypical ozone: one-hour
“spikes” that are more than 40
ppb higher than the previous
hour and that are followed by
ozone values similar to those
before the spike.

April 10, 2001
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AIRS Dataset Analysis

Our first scan through the AIRS dataset was an
automatic scan using a definition of a “spike” as a
1-h ozone value that was 40 ppb higher than the
hour before averaged with the hour after.

I > 40 ppb

Time




Ozone, ppb
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Distribution of THOE Days by Site by Year

About half of all
THOES only occur at one site
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With THOEs:

Can not tell which VOCs actually created the ozone

Photochemistry happened away from the monitor.

Rotating wind field advects a narrow (few kms wide) ozone plume
across monitor.

THOEsS result in the highest ozone observed at monitors and
dominate the "ozone design value” for EPA’'s control calculations
for SIPs. Half of all THOESs only occur at one monitor.

Models have a difficult time reproducing the observed THOEs.

THOEs are a result, not a cause.
Chemistry in area of monitor is not likely fast enough to cause the
observed ozone values.
Many THOEs may be "old" photochemical systems, that is, much of
the NOx needed to make ozone may have already been oxidized
to HNO3, RNO3, PAN, and not available to keep making ozone.

Ambient VOC monitors (auto_GCs) are used for VOC.



TCEQ 2000 SIP
Based on Sept 6-11, 1993

TCEQ had tried to model seven episodes from the
1993 COAST Study in Houston. All failed but
Sept 6-11.

This case seemed to pass the EPA “tests”.

Closer examination by HEJ in Aug 2000 showed
major problems.

HEJ and Stakeholders meet with TCEQ staff and
Commissioners - Sep-2000 to Apr-2001

A $28 Million TexAQS field program
(Aug,Sep-2000) was underway as TCEQ was
trying to get a SIP out the door.



Model reproduces only typical pattern

 The Sept. 6—11, 1993 episode had
15 one hour ozone observations 100
that were greater than 40 ppb (one
was 100 ppb) higher than the
previous hour.

 For all hours at all monitors, the

All Sites, Sept. 6--11 1993

Ozone Change, ppb/h

Sept 1993 model predicted _

an hourly ozone increase greater 00

than 40 ppb ° AT S
« The model predicted the typical 20-

30 ppb per hour increases that were | AuSites, Sept.6-111993

100 -

observed most of the time.

 Because it does not have the
proper emissions inventory inputs,
the model failed to predict even one
observed ozone highest peak value
during the episode

Ozone Change, ppb/h
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April 10, 2001 BCCA Appeal Group 6



TCEQ 2000 SIP

Based on Sept 6-11, 1993

Model not responsive to VOC
Model only mildly responsive to NOx reductions

SIP requ
e Initial

ired 90% NEGU and EGU NOx reductions
Costs: $4.5 billion. Yearly Costs: $3-4 b

Worse, model could not demonstrate attainment

even wit
“"NOXx ga

N this level of reductions. There was a
D" requiring: speed limit changes, lawn

and gard

en equipment be electric, etc etc...

Observations suggested it was VOC, more than

NOX.



Spikes will not be controlled by 2000 SIP
NOXx reductions
» Spike production requires a minimal amount of NOx and

episodic very reactive compound releases

« Even with the 2000 SIP NOx control strategy there will
still be sufficient morning NOx to react with episodic
reactive VOC to create spikes

« The ambient NOx concentrations resulting from either
80% or 90% point source NOx controls will not prevent
spike ozone exceedances

* The current strategy will not attain the NAAQS

April 10, 2001 BCCA Appeal Group



Ozone, ppb
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The Solution: Two-Part Attainment

Demonstration

« Two causes of ozone exceedances require
two solutions

* Use the current model to design control strategies for
typical ozone exceedances

* Address ozone spikes separately, through
other means

April 10, 2001 BCCA Appeal Group



The Solution, Part 2: Spike Ozone

* Enforceable commitment will address ozone spikes

— A stakeholder process to contain defined milestones for the following
actions:

» Complete short-term study of causes of ozone spikes in HGA

* |dentify suite of mitigation measures (e.g., best management
practices)

» Codify mitigation measures in rules by 2005
— The process will include participation of emitters of episodic highly
reactive compounds and utilize Texas 2000 field study data

* Our process is similar to enforceable commitments in
other states.

April 10, 2001 BCCA Appeal Group 10



TCEQ 2000 SIP
Based on Sept 6-11, 1993

TCEQ held firm to their SIP
Stakeholders sued in State Court, May 12, 2001
Judge agreed with Stakeholders; enters “stay”

TCEQ agrees to revise SIP (already submitted to
EPA) and to undertake analysis of the science
over 18 months and make mid-course corrections
as needed.

Additional $12 M were allocated by Tx legislature
for Accelerated Science

Additional $4.5 M and $2 M were raised by
Stakeholders.



Topics

Why is ozone so high in Houston?

Measurements:
o [HOEs — Transient High Ozone Events
e ROF - Rapid Ozone Formation

Where does all that VOC come from?

e Stochastic Emissions
e Event Emissions

What is role of meteorology?
Can these be modeled?
New 8-h methods and THOEs and Events



is a special point-model computed value
based on a whole set of observed species
including VOCs (NOx, HCHO, hv, etc)

measured at a single point.

I't is expressed as an instantaneous rate
at a point in space and time, i.e., it isa
rate of increase in ozone that is
consistent with the measurements at
that point.



With ROF events:

Know which VOCs actually are creating ozone

Rate of photochemistry happening at measurement point.
In high ROF events, there may not be much ozone.

Also know the NOx environment.
Peter Daum and Larry Kleinman have published "ozone productivity”
as function of NOx.
Many samples like other cities where ozone productivities have
been measured.

About 10% of samples are greater than ever measured in any city,
up to 180 ppb O3/hour.
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Ozone Productivity, ppb/h
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Ozone Productivity and VOC Concentrations
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Observations: aircraft VOCs
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Houston Petrochemical Production Capacity

Amount Produced At 0.05% Loss

billion lbs million lbs million lbs tons Ibs
per year per day per hour perday  per hour

Compound US%

Ethylene 27.6 75.6 3.2
Propylene 10.9 29.9 1.2
Butadiene 24 6.6 0.3
Xylene 4.9 13.4 0.6
Benzene 0.7 1.9 0.1
Toluene 0.4 1.1 0.0

Sources: Business Houston, 2001; Houston Facts, 2000; Chemical Marketing Reporter 1996--1997; County Business
Patterns, 1990; U.S. Census Bureau; after Deawon Byun

2.7 million vehicles drive 120 million miles each day
4 billion barrels of crude can be processed each day

Port of Houston is 2ad largest in US in tons loaded/unloaded
More than 100 commercial docks along ship channel.


jeffries
2.7 million vehicles drive 120 million miles each day

4 billion barrels of crude can be processed each day

Port of Houston is 2ad largest in US in tons loaded/unloaded
More than 100 commercial docks along ship channel.


Observations: autor GC

Sum-CH4, Toluene, mp-Xylene
August, September 2000

C403 Clinton Drive

—SUM-CH4
oButane, N-butane —TOLU
— MPXY

Toluene, mp-Xylene on Right Axis

I

Sexton, Jeffries, 2001
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Types of Variance for a Major Flare
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Symons, Webster, Pennington, 2003



Modeling variability in point seurce
VVOC emissions

Fitting Probability Density Functions to Flare Flow Data

o2
Primary Flare Flow ioas ga4 18718

Daily Alloweble Max Flow = 34.7
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Use a probability distribution function (PDF) to describe the
variability in the emissions
Jeffries, 2002




Application of Statistical Mixture Theory

Leads to Multiple Overlapping PDFs
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Use this in simulations.

Symons, Webster, Pennington, 2003



Combined PDE for Olefin Flare

Component Distributions for Olefin Flare

Total for Olefin Flare:

weighted sum of all components
‘/ area=1.0

O
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!

Nearly Constant Component:
area = 0.599
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Routinely Variable Component:
area = 0.389

Allowable Episodic Component:
area = 0.012

20
Flare Flow, kilo-Ib/hr

Symons, Webster, Pennington, 2003



Combined PDF for HC Elare

Total for HC Flare:

weighted sum of all components
area=1.0

Nearly Constant Component:
area = 0.071

=
w
|

Routinely Variable Component:
area = 0.903
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Allowable Episodic Component:
area = 0.026
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Flare Flow (kilo-lb/hr)
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Abstract

Ambient observations have indicated that high concentrations of ozone observed in the Houston/Galveston area are
associated with plumes of highly reactive hydrocarbons, mixed with NO,, from industrial facilities. Ambient observations
and industrial process data, such as mass flow rates for industrial flares, indicate that the VOCs associated with these
industrial emissions can have significant temporal variability. To characterize the effect of this variability in emissions on
ozone formation in Houston, data were collected on the temporal variability of industrial emissions or emission surrogates
(e.g., mass flow rates to flares). The observed emissions variability was then used to construct regionwide emission
inventories with variable industrial emissions, and the impacts of the variability on ozone formation were examined for two
types of meteorological conditions, both of which lead to high ozone concentrations in Houston. The air quality
simulations indicate that variability in industrial emissions has the potential to cause increases and decreases of 10-52 ppb
(13-316%), or more, in ozone concentration. The largest of these differences are restricted to regions of 10-20 km?, but the
variability also has the potential to increase regionwide maxima in ozone concentrations by up to 12 ppb.
© 2007 Elsevier Ltd. All rights reserved.
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VWhat Is an emission event?

Effective September 12, 2002, per Texas Administrative Code
(TAC) Title 30 Chapter 101, reportable guantities were
reduced from 5000 Ibs to 100 |bs for most
compounds in the Houston/Galveston ozone non-
attainment area. Section 101.1, paragraph (83)
defines a as “Any
emissions event which, in any 24-hour period,
results in an unauthorized emission equal to or in
excess of the reportable quantity...”.

In addition, Texas House Bill (HB) 2912 requires
that air emission incidents be filed electronically and
be available in a publicly available database.



Observed Ozone Concentration

(ppbv, 5 min average)

1,3-Butadiene Upset
Sgpt/ember 20, 1999

250 Texas City

200 T
1,3-butadiene was vented from a
barge unloading at Dynegy
7:45 - 8:30 a.m. (CST)
150 1
100 1

The 2nd peak at Clute may
be a different air parcel

0 t t t t t t t

0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00
Central Standard Time

Deer Park C35 Texas City C10 Galveston C34 Clute C11 ~ ~ ™ 1 Hour NAAQS



Another THOE and VOC Reactivity Clinton Site

C403 for 10-23-2003

mm Ethylene == Propylene = Isobutane == n-Butane
‘ @ 1-Butene —= c-2-Butene mmm Cyclopentane @ Isopentane
1 n-Pentare 7 1_J3-Butadiene I Isoprene I Benzene
@ Toluene I 0-Xylene = 1_2 4-Trimethylbenzene —— Ozone
300
1000 - E 1+ 250
1]
|
800 - 1+ 200
||
600 - 1+ 150

MIR Reactivity

400 1 l 1 100

Ozone Concentration (ppbC)

200 = 1 50
| = = -
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Time

5 minute ozone and hourly auto-GC Max Inc Reactivity for VOC




Eirst Year HRVVOC Event Data

Event HRVOCs

County

All
Events

HRVOC
Events

Ibs

tons

Harris

934

423

816,961

408

Brazoria

331

187

759,853

380

Galveston

329

86

69,229

35

Chambers

53

13

20,497

10

4 County

Total

1,647

1,666,540

Fort Bend

40

Montgomery|

19

Liberty

1

558

Waller

HGA Total

2

1,667,098

Five Others

1

Region 12

Total

1,667,099




NOx event emissions are small compared to
annual average emissions

Harris, Galveston, Chambers, and Brazoria Counties
NOX Event Emissions
as Reported Jan 31 - Dec 31, 2003 2001 Annual Avg

Event Emissions

e 24,083 Ibs/hr

Average hourly emissions
of all point sources

—~
—_
<
~~
&b
o
=
%
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o
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Ll

7665 Ibs/hr

1 [ e B Y ‘llﬂ |AJ.‘ |.= 1 ‘ 1 ; L.nJ. : ‘ #I. - a ‘ o , al R,

730 1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 D876301
ec

Yearly Hour
Total Event Emissions = 280,954 Ibs

First 11 Months of reporting
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At specific times and locations, VOC
emissions can be large relative to annual

average emissions

Harris, Galveston, Chambers, and Brazoria Counties
VOC Event Emissions
as Reported Jan 31 - Dec 31, 2003

Event Emissions
—— 2001 Annual Avg

64,860
Ibs/hr

53,983 86,557
Ibs/hr Ibs/hr

VOCs

4,000,000 Ib

64,539
Ibs/hr

10,359 Ibs/hr

Bl

s

730 1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 8760

Yearly Hour

Dec 31

Total Event Emissions = 4,035,322 |bs

First 11 Months of reporting



\VVOC Events and Averages

s Event total mass of over 4 million pounds
(2000 tons) contributes 4% to the 45,000
tons of VOC emitted over a single year
from point sources in the four counties.

s 14 times (18 hours) during the eleven-
month period, an event emission exceed
the annual average for all facilities in the
region.

» 4 times in 11 months, the flow rate of
event emissions was more than 5X the
annual average with a maximum of
86,000 |bs/hr.
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HRVOC emissions can also be large
relative to annual average emissions

Harris, Galveston, Chambers, and Brazoria Counties
all HRVOC Event Emissions
as Reported Jan 31 - Dec 31, 2003 2000 SpEl Annual Avg

Event Emissions

39,340
Ibs/hr

HRVOCs
1,650,000 Ib

1,552 Ibs/hr

il | (VTR mmmu .

730 1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 D876301
ec

Yearly Hour
Total Event Emissions = 1,656,672 Ibs



Emissions (Ibs/hr)

Emissions (Ibs/hr)

Four Major HRVOCs

Harris, Galveston, Chambers, and Brazoria Counties

Event Emissions
—— 2000 SpEl Annual Avg

all Ethene Event Emissions
as Reported Jan 31 - Dec 31, 2003

12,239 Ibs/hr

Ethene
~1,000,000 Ib

586

Ibs/hr
| | J I 1 [lﬂl‘i_!l | 1 I I I
0 1O I 19 A 3 9 1 L T O \TARIAT

730 1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 8762
ec

0
Jan 1
Yearly Hour
Total Event Emissions = 954,418 Ibs

Harris, Galveston, Chambers, and Brazoria Counties
all Butene Event Emissions
as Reported Jan 31 - Dec 31, 2003

Event Emissions
——— 2000 SpEl Annual Avg

Butenes
~100,000 Ib

237
Ibs/hr

Lh

- J.I la. .|_+.I|

bl l__J. e b |

730 1460 2190 2920

3650 4380 5110 5840 6570 7300 8030 8760
Dec 31
Yearly Hour

Total Event Emissions = 105,089 Ibs

Emissions (Ibs/hr)

Emissions (Ibs/hr)

Harris, Galveston, Chambers, and Brazoria Counties
all Propene Event Emissions
as Reported Jan 31 - Dec 31, 2003

Event Emissions
——— 2000 SpEl Annual Avg

38,734 16,338

Ibs/hr Ibs/hr

Propene

551
Ibs/hr

~500,000 Ib

0

1
o d o AL

0
Jan 1

730

! [
I | I 11

PP 1111 | T T TR W T P I YT | W O™

1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 8760

Dec 31
Yearly Hour

Total Event Emissions = 543,783 Ibs

Harris, Galveston, Chambers, and Brazoria Counties
all 1,3-Butadiene Event Emissions
as Reported Jan 31 - Dec 31, 2003

Event Emissions
—— 2000 SpEl Annual Avg

1

.3-Butadiene
~50,000 Ib

97

Ibs/hr

Nl

" | :
ol o

730

1460 2190 2920 3650 4380 5110 5840 6570 7300 8030 Dg7%q
C

Yearly Hour
Total Event Emissions = 53,383 Ibs




HRVOC Events and Averages

x |[otal mass of over 1.6 millions pounds
(830 tons) is ~129%6 of the 6800 tons of
HRVOC emitted over a single year from
point sources in the four counties.

s 29 times (115 hours) during the eleven-
month period, an event emission exceed
the annual average.

m 7 times in 11 months, the flow rate of an
event emission was more than 5X the
annual average with a maximum of
39,000 Ibs/hr.



Events: Time, Space, and Composition

All HRVOC Events B Unscheduled

as Reported Jan 31 - Dec 31, 2003 I Scheduled
Most HRVOC events last less than a day, many last less than an hour

Number of Reported Evens

Less than 24 hours

=== == ‘ ‘ ‘ H

24-48 48-72 72-96 96-120 120-144 144-168 >168

Event Duration (Hours)




Events: Time, Space, and Composition

O Frequency of HRVOC events by HRVOC mass

As Reported Jan 31 - Dec 31, 2003

[72]
-
c
o
>
Ll
Y
o
—
o
0
£
=]
Z

2-3 times per
week

33
1 1
100-1000 1,000-10,000 10,000-100,000 >100,000
Mass of HRVOC per Event (Ibs)

Largest number of events is from events of 100-1000 Ib, but most of the mass is
associated with events >1000 Ib, which occur, on average, several times per week
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Hydrocarbon emissions from industrial release events in the
Houston-Galveston area and their impact on ozone formation
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Abstract

Ambient measurements have shown that ozone formation in the Houston-Galveston area of Texas is frequently
much more rapid than in other urban areas. One of the contributing factors is believed to be short-term episodic or
“event” emissions from industrial facilities, particularly releases that contain significant mass fractions of highly
reactive volatile organic compounds (HRVOC:s). In this work, time series analyses are used to compare average annual
flow rates for air pollutant emissions with those released during reported emission events. The results indicate that the
magnitude and frequency of HRVOC event emissions are an important element in accurately reflecting ozone precursor
emission patterns in the Houston-Galveston area, particularly in Harris, Brazoria, Galveston, and Chambers counties.
More than 50% of the reported episodic (event) emissions of HRVOCs are ethene and approximately a third are
propene; the remainders are isomers of butene and 1,3-butadiene. Most events last less than 24 h. The mass released in
an event can vary from a few hundred to more than 100,000 1b, and the dominant type of industrial source is chemical
manufacturers (SIC 2869). Daily emissions from a single facility can vary from annual average emissions by multiple
orders of magnitude at a frequency of several times a year. Because there are so many facilities in the Houston-
Galveston area, HRVOC emission variability of this magnitude can be expected daily, at some time and some location
in the Houston-Galveston area. If the emission variability occurs at times and locations where atmospheric conditions
are conducive to ozone formation, both ambient data and photochemical modeling indicate that industrial emission
events can lead to elevated concentrations of ozone. Specifically, peak, area-wide ozone concentration can be increased
by as much as 100 ppb for large HRVOC emission events.
© 2005 Elsevier Ltd. All rights reserved.
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m 2004 & 2005: Some Petrochemical Companies
Have Voluntarily Used LS| (Land & Air)

m August 2005: FLIR Begins Delivery of Cameras to
companies

m 2006: TCEQ purchases cameras
Pollution Prevention Division
Field Monitoring Division
Region 12 Houston

m 2006: EPA NEIC; LADEQ purchases cameras
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Why is ozone so high in Houston?

Measurements:
o [HOEs — Transient High Ozone Events
= ROF - Rapid Ozone Formation

Where does all that VOC come from?

e Stochastic Emissions
e Event Emissions

What is role of meteorology?
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Wind Field Has Strong Effect
on Ozone Exceedences

Ozone exceedences in
BI27R8 8126158 [ Houston are
| By [ ] PO 1% peov TS associated with wind
[ that blows from 3 or 4
quadrants during the

day.

| Peak O3 43ippbv 1400 |

| ' 1 g
o OO A~ N O N B » @
1 1 1 L

T
-8 -6

T — Compare

| Peak O3 149 ppbv 1400 [ Peak O3 106 i ; c
1R : Hour0 6 h winds with

Hour 12 i
Hour 12 18 h winds

ﬁk&__ i
Fig 6b

T ] T v T T
8 6 4 -2 0 2 4 6 8
U (mph)

8
6
4
2-
0
2 4
4 -
6 -
-8

1 Il L Il 1 1 Il 1 1 1 8 'l 1 1
| o8 | I - A I=Y i
Peak O3 164 ppbv 1200 [ Peak O3 99 ppbv 1200 [ Peak O3 124 ppbv 1400 |

et
Yao [

) L) 1 L) L] ) = 1 T L) ) L) L] L) L] ) L] ) )
8 6 4 -2 0 2 4 6 8 8 64 20 2 4 6 8 8 6 4 2 0 2 4 6
U (mph) U (mph) U (mph)

Exceedence days
Eo o have slow 6-12 h

e
\\.>“: >2- %; winds and faster 18 h

.4- "
winds

6 -
-8

5 Az-

V (mph)
o & A b ov Ao o
1 1 1 L L

Blanchard, Jeffries, 2002



Meteorology and Ozone Exceedences

Peak O3 203 ppbv 1200

[ N -

b & &

8 6 420 2 4 8 8
U (mph)

Winds by hour at monitor

x HourD
e Hourb
e Hour12

Hour 18
® 3-Q/X

1.7%

6.7% of 3-Q Site-Days
were Exceedences

HGA Monitor Site-Days, Aug, Sept, Oct 1998-2000,
Exceeding and Not Exceeding 1-Hr O3, Sorted by Number of Wind Quadrants During Day

4-Qf Exceeding

4.1%

14% of 4-Q Site-Days
were Exceedences

wind from four
quadrants with no
exceedences

wind from three
quadrants with no
exceedences

1-Q Aug, Non-
11.8% Ex

wind from one Aug, Ex,
quadrant with no 4%

exceedences )
Sep, Non-

Ex
Monthly Distribution of 269 Site
Exceedances over 20 monitors for 3 years

wind from two

adjacent quadrants

with no exceedences
6% of 4,587 Site-Days
were Exceedences

2-Q adjiX
0.1%
-
¥ __—2Q opposite

2-QofX
0.0%

More than half the time, winds are conducive for ozone exceedence.
Only one day in eight of these days actually has an exceedence.

36

Blanchard, Jeffries, 2002



John W. Nielsen-Gammon and Andrew P. McNeel, TAMU, AMS 2009

SUMMERTIME COMPOSITE, 100-200
METERS AGL

® Each station: hodograph

® Length of tick marks: 3 m/s
® Black: midnight
® Teal: 6 AM

® Brown: noon

® Pink: 6 PM

N\

Wednesday, March 18, 2009



av sum

500-600 m AGL

Wednesday, March 18, 2009



Meteorology and Ozone
Exceedences, Updated

Bayland Park 1-H Ozone Bayland Park 8-H Ozone
Jun-Sep 2000-2008 Jun-Sep 2000-2008

QX o WX g

20%_ 510  Q1X 3% 549 aix
0.0%




Meteorology and Ozone
Exceedences, Updated

Deer Park 1-H Ozone Deer Park 8-H Ozone
Jun-Sep 2000-2008 Jun-Sep 2000-2008

QX a1 Q4X g
0.0%

Q1X




Meteorology and Ozone
Exceedences, Updated

Wallisville 1-H Ozone Wallisville 8-H Ozone
Jun-Sep 2000-2008 wux Jun-Sep 2000-2008

QaX Q1
0.9% . 54% Q1X 53% Q1X
0.0% 0.0%




Meteorology and Ozone
Exceedences, Updated

Clinton 1-H Ozone Clinton 8-H Ozone
Jun-Sep 2000-2008 Jun-Sep 2000-2008

Q4X Q4X

1.1% Q1 2.1%
’10.2% ¥
Q1X




Meteorology and Ozone
Exceedences, Updated

Aldine 1-H Ozone Aldine 8-H Ozone
Jun-Sep 2000-2008 Jun-Sep 2000-2008

Q4X
1.5%

Q1 Q4X Q1
3.7% Q1X 3.3% 3.6% Q1X




Meteorology and Ozone
Exceedences, Updated

NW Harris 1-H Ozone NW Harris 8-H Ozone
Jun-Sep 2000-2008 Jun-Sep 2000-2008

Q4X Q1 Q4x Q1

11% - 45% Q1X 3% 440, QIX
0.0%




Conceptual issue

Meteorology

\ ¢
' OMA

Constant Major Sources
Emissions Show Variable
Good Approx Emissions

In most of US, industrial emissions are relatively constant or are small
enough that meteorology is cause of “worst conditions”

In HGA, meteorology and emissions are cause of “worst conditions”
Jeffries, 2002
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Modeling Events With CAMXx 4.3

s Standard TCEQ modeling did not include
events in base inventory.

s Data from unprecedented set of aircraft
and monitoring data was produced in the
the Texas Air Quality Study

s Better model performance than any
previous attempt to model Houston-
Galveston area

Run model to
Data from : .
: Estimate ____,| estimate ozone
aircraftand | —— o
emissions and other
ground
) pollutant
monitors :
A concentrations
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Observational Evidence 8/30

Lubrizol, Shell \

Rahmﬁ{

216.3 ppb OLE
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NCAR/NOAA Electra
August 30, 2000
Houston, Texas

Bayport Area
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10:39

10:40

10:41
LST

10:42

10:43 10:44

NOAA aircraft, flying
to the east of Deer
Park at 640 m AGL,
detected very high
concentrations of
propene (up to 217
ppb) and ethene
(45 ppb) at 1042

4 CST. Plume is
il about one kilometer

wide.




Add Event Emissions to CANMX (1-km)

O3 level 1 basecase 1000--1100 CST

180.0 74

Single 1-km 1909

cell e
1,450 Ib/h e
ethylene e

30.0

10,188 Ib/h
OLE+PAR

v August 30,2000 10:00:00 P ~ August 30,2000 10:00:00
MENC Min= 0.0 at (1,1), Max=62.1 at (38,71 MENG Min= 0.0 at (1,1), Max=85.3 at (42,44
Start at 1000 03 level 1 basecase 1100--1200 CST
180.0 74
End at 1200 | ks
120.0
90.0
Base
81.9 ppb O3
Event

158.4 ppb O3

August 30,2000 11:00:00 August 30,2000 11:00:00
Min= 0.0 at(1,1). Max=81.9 at (70,53) che Min= 0.0 at (1,1), Max=158.4 at (48,490




Add Event Emissions to CAMXx, Il

O3 level 1 basecase 1200--1300 CST

O3 level 1 100% event 1200--1300

180.0 74

Layer One 1500

120.0

Start at 1200 N
End at 1400 60.0

30.0

0.0
PPB

P August 30,2000 12:00:00
MENE Min= 0.0 at (1,1), Max=101.5 at (50,50)

1800 74
150.0
120.0

90.0

IGCLO

30.0

- 0.0
PPB

e August 30,2000 12:00:00
MCHC Min= 0.0 at(1,1), Max=210.1 at (54,36)

O3 level 1 basecase 1300--1400 CST

O3 level 1 100% event 1300--1400

1800 74
150.0

120.0

Base
122.6 ppb O3

Event
231.5 ppb O3

August 30,2000 13:00:00
Min= 0.0 at (1,1), Max=122.6 at (49,499

180.0 74
150.0

120.0

90.0

l 60.0

300

— 0.0
PPB

pave August 30,2000 13:00:00

Mo Min= 0.0 at (1,1), Max=231.5 at (53,36




Add Event Emissions to CAMx, V

Effect of Grid Resolution on Event Ozone Peaks In 1-km and 4-km Domain
Regular Inventory + One Event [(1,450 Ib ETH + 10,188 Ib OLE) per hour]

Emissions Event

== 1-km Grid Peak (Event) — A
e /| km Grid Peak (Event)
o=@ 1_km Grid Peak (No Event) |

Max Ozone, ppb

10 11 12 13 14 15 16 17 18 19 20 21 22 23

Hours




PA Explains Why This Happens

s [ransport is related to
[A] = U
[b] * u

s Chemistry is related to
[A] = [b]

= [A] and [b] both
increase by 16 at 1km

= U IS constant

s trans inc linearly
chem inc by square
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The Influence of Model Resolution on Ozone
in Industrial VOC Plumes

Barron H. Henderson ®, William G. Vizuete ®*
Harvey E. Jeffries® Byeong-Uk Kim P

& University of North Carolina Chapel Hill, Department of Environmental Science
and Engineering, 118 Rosenau Hall CB#7/31, Chapel Hill, NC 27599

b Georgia Environmental Protection Division, 4244 International Parkway, Suite
120, Atlanta, GA 3035/

Abstract

The Houston ozone (O3) nonattainment area frequently experiences large indus-
trial releases of volatile organic compounds (VOCs). Released VOCs have been shown
to create plumes with Oz production rates 2 to 5 times higher than typical urban
conditions. The O3z production in simulated industrial releases shows sensitivity to
horizontal grid resolutions, but has not been fully explored. This study uses Pro-
cess Analysis to compare O3 production and precursors in two simulated industrial
VOC releases, each with a different horizontal grid size. Finer grid size produces
the same spatially aggregated “Odd Oxygen” (Oy) mass, but produces less spatially
aggregated Oz mass (3%) while increasing the peak O3 concentration (46%). Finer
grid size alters the processes producing Oy and alters the O3 response to potential
changes in NO, and VOC emissions. The latter is an important factor in assessing
efficacy of control policies and, potentially, which control path to pursue. Future
studies will apply process analysis to quantify the influences of grid size on specific
emission reduction strategies.
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TCEQ Midcourse SIP, 2004

= SIP based on Aug/Sep 2000 episode
o "Imputes” HRVOC EI ~ 6 x NOx at 81 src

= SIP adopts 2-cause approach

e Cites Jeffries and Allen and HARC event
modeling work
= Adopts a 1200 Ib/h “not to exceed”
emission limit on HRVOCs and an
annual VOC cap.

" Quickly moves from 1-h to 8-h ozone
and tries to follow EPA emerging path



Topics

Why is ozone so high in Houston?

Measurements:
e THOEs - Transient High Ozone Events
= ROF - Rapid Ozone Formation

Where does all that VOC come from?

e Stochastic Emissions
e Event Emissions

What is role of meteorology?
Can these be modeled?
New 8-h methods and THOEs and Events



TCEQ SIP, 2007

= SIP based on 2005 episodes

= TCEQ and Governor request and
receive a "double bump-up”, with
“early attainment”

= EPA wants new SIP 2010, showing
attainment of 8-h std by 2018

" TCEQ models 3 episodes in 2005 and 3
episodes in 2006 including June and
July episodes.



EPA 8-H Ozone Attainment Test

Based on a mixture of observations and
modeling.

Observations are “averaged” over 3 to 5 years
with different weighting schemes

Models are used in a “relative” or "RRF” sense
e Basecase -- ‘evaluate’ model performance
e Baseline -- ‘average’ inventory for DV year
e Future -- ‘controlled’ inventory
Monitor by monitor test
e "Near” monitor in models
e Want 10+ days for RRF calc each monitor.



Attainment Test

Step 3: Compute the future design value (DVF) at each monitor
Example at HGB monitor “B”:

2009 Emissions, processed with '03, ‘04,
'05 Meteorology

'03, '04, '05 Meteorology

DVE g = Mean projected peak 8-hr daily max "near" monitor "" « DVe B

Mean projected peak 8-hr daily max "near" monitor "8"

‘Weighted’ DV based on
observed 2000-2004 O3 data

'03, '04, '05 meteorolo
= 2002 'Typical’ emissions, processed

with ‘03, ‘04, '05 meteorology
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Red Rat's Nest

. 7x7 Arra

y

We need an objective scheme for blending array sizes
(e.g., 2x2, 3x3, 5x5, 7x7) across the full HGB domain!
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Probability of cell selections within the RRF array around
all monitor locations for the blbpsito2n2 scenario
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TCEQ SIP, 2010

= SIP based on 6 2005-2006 episodes
e DV base year 2005

" Performance issues, but eval at 8-h
" No 'imputed’ VOC, but 2006 SI is small

= 2-km grid modeling for several
episodes

= Complex met for 2006 episodes -
predicted rain, clouds, flows.

= PA says “short of radicals” like 2000



TCEQ Future Case (2018)
Predictions: Four Monitors > 85
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TCEQ Future Case (2018)
Estimated Further Controls

Tested Only Across The Board Reductions

» Estimated Further Point Source NOx Emission
Reductions Needed

= 90 t/d NOXx more
reduction for BAYP,
HSMA, and WALV
monitors

"= 100 t/d NOX more
reduction for DRPK

Actual Emissions Trends



1-H Ozone Violations per year at all 6 sites
for 2000-2008 time period

# Violations

AT

2001 2002 2003 2004 2005 2006 2007 2008

2000

8-H Ozone Violations per year at all 6 sites
for 2000-2008 time period

T

2000 2001 2002 2003 2004 2005 2006 2007 2008

# Violations




Houston Critical Sites Daily 8-h ozone max (ppb) and dates (mm/dd)

1st highes 2003 2004 2005 2006 2007 2008

BAYP 129 8/22 114 9/29 106 9/5 124 8/31 92 7/24 92 8/4
HSMA 102 5/18 107 7/27 107 10/9 106 6/29 93 10/3 74 10/25
WALV 106 9/13 104 9/30 117 6/2 100 6/5 108 5/15 97 10/25
DRPK 126 5/29 108 7/13 104 7/8 121 9/1 98 10/3 91 10/25
2nd highe| 2003 2004 2005 2006 2007 2008

BAYP 124 4/26 110 7/20 103 8/2 119 6/29 91 10/3 89 10/9
HSMA 101 5/29 101 6/19 104 9/4 106 6/14 87 9/21 74 9/27
WALV 105 8/8 98 8/4 105 8/21 98 6/4 102 6/4 91 9/30
DRPK 117 8/23 114 9/29 99 8/21 111 6/8 88 9/23 86 9/30
3rd higheq 2003 2004 2005 2006 2007 2008

BAYP 114 5/29 107 9/30 101 6/21 110 9/7 89 9/16 85 10/19
HSMA 94 6/7 98 9/29 102 9/20 104 8/17 77 7/24 72 9/30
WALV 102 7/18 94 11/6 104 10/18 97 6/8 96 11/4 86 5/8
DRPK 115 5/18 99 9/30 92 10/17 104 8/17 88 7/24 79 8/26
4th higheg 2003 2004 2005 2006 2007 2008

BAYP 107 9/8 104 8/17 100 6/22 106 6/28 84 9/21 83 9/30
HSMA 94 4/26 97 9/11 100 10/17 99 8/31 72 8/13 72 8/4
WALV 101 10/21 94 6/4 94 7/11 93 6/10 92 6/5 85 6/18
DRPK 113 9/8 97 8/5 92 6/22 101 6/12 86 6/4 76 10/2
design val, 2003 2004 2005 2006 2007 2008

BAYP - - 104 103 97 91

HSMA - - 97 99 90 81

WALV - - 96 94 93 90

DRPK - - 101 97 93 88

DVBs* 2003 2004 2005 2006 2007 2008

BAYP - - 101 97 - -

HSMA - - 95 90 - -

WALV - - 94 92 - -

DRPK - - 97 92 - -

[*THOE _ [*weekend]

BAYP 17% days have THOE; 17% are weekend

HSMA 38% days have THOE; 38% are weekend

WALV 46% days have THOE; 29% are weekend

DRPK 38% days have THOE; 21% are weekend




Emissions: Weekday vs Weekend (CHOU Domain)

A0-03-20 eNOx howr s S1atistics ¢ MITCEQetske Ermvs. baselc Domain. wynd 4% CHOUXIODD03-23 eNOx hourly emissions Statestecs Mel uh1TCEQelsths Emis. baseic Domamn. wgnd 4k
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Air Quality Modeling for SIP
Development

= [n HGA, historical episodes are merely
and are not likely to be
representative of future conditions.

= Tn doing AQ Modeling we need to separate
emissions that change from episode to episode
from those that remain nearly constant

" Tn evaluating SIP effectiveness, need to
consider an album of many industrial emission
snapshots
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ozone, 1-h average, ppb
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ozone, 1-h average, ppb
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EPA 8-H Ozone Attainment Test

Method appears to ignore “cause-and-effect”
process and substitutes “stability of reduction
factor” as measure of adequacy.

e Not required for the model to actually
reproduce the ‘cause’ of any DVb violation.

Observations are “averaged” over different source
to receptor relationships, over weekday and
weekend emissions, over time with changing
controls

Model values are selected “for the max” even if
counter to cause and effect

One set of “baseline” emissions assumes that all
causal variability is due to met



Where does this leave citizens of

Houston?

= EPA 8-h attainment paradigm is basically
Incapable of effectively dealing with the ozone
formation phenomena in Houston.

" Tndustry has met the 80% NOXx reduction and
many have on their own made large progress in
reducing HRVOCs and ‘events’

= Reductions in 0zone and precursors are occurring
faster than TCEQ’s modeling based in 2005 and
2006

= The TCEQ’s “short-term” VOC emission limit
appears not to be enforced (event reports are still
showing extreme ‘event’ emissions; some sources
are reporting large events every day)

= History appears to repeat itself in Houston AQ
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