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INTRODUCTION

The Texas Natural Resource Conservation Commission (TNRCC) will be performing
photochemical modeling of the Houston/Galveston area for ozone episodes that occurred during
the 2000 Texas Air Quality Study (TexAQS). An accurate inventory of emissions of the primary
ozone precursors NOy, and VOC are essential to generate reliable model results. In the case of
VOC, many different specific organic compounds that represent a range of reactivity in ozone
formation mechanisms can be present in the emissions mix representing a complex industrial
base such as that in the Houston/Galveston area. Reactivity in this application represents a
measure of the contribution that each individual chemical has in the overall process that results
in the formation and accumulation of ozone in urban systems.

An accurate representation of the individual chemical species that are emitted from each
source is required to achieve meaningful results in this type of modeling exercise. To meet this
need, VOC emissions are allocated to specific organic compounds by the application of a
speciation profile. The speciation profile represents the weight percent of the specific organic
compounds that are typically emitted from a particular process. Speciation profiles are typically
used to characterize emissions at the source classification code (SCC) level. Much of the data
used to developed these SCC-average profiles are based on national-level information. Major
point sources of VOC emissions, such as, chemical, petrochemical and petroleum refining
operations can vary and the use of an average SCC profile can rarely be expected to represent
any individual facility exactly. Therefore, development of source-specific speciation profiles is
one approach to improve the overall VOC speciation for urban and regional modeling
applications. Alternatively, the use of SCC-specific profiles based on data collected for sources
in a particular geographic region, will also result in improved speciation characteristics relative
to the use of speciation profiles developed at the national-level.

In many areas of the United States where observed ozone concentrations exceed the
National Ambient Air Quality Standard (NAAQS), the primary contribution of VOC is from
mobile sources and dispersed stationary sources that are too small to track on an individual basis.
Since point sources are not a major component of VOC in many areas, recent efforts at the
national-level to develop more accurate VOC speciation profiles have focussed on area and
mobile sources. In the Houston/Galveston area, however, significant point sources of VOC are
present. The speciation profiles that are typically used for point sources in urban and regional
modeling analyses are typically old and may be based on outdated measurement techniques.
Add-on control devices and process changes have been implemented in many of the operations
in the Houston/Galveston area that represent the largest point sources of VOC since the national
default speciation profiles were developed. These activities have limited both the amount and
reactivity of VOC emissions mix. For these reasons, many of the existing VOC speciation
profiles that are routinely applied to point sources are not expected to accurately represent the
VOC mix in the Houston/Galveston area, and therefore, may not accurately represent the
reactivity of VOC in ozone formation processes.

Numerous studies using speciated ambient data available through the Photochemical
Assessment Monitoring System (PAMS) network, along with assumed speciated emissions
information have been completed in the past 5 to 10 years. In many of these studies, a



significant discrepancy has been observed between species that are represented in the inventory
and the species that are actually observed in ambient air downwind of the sources. Since these
types of discrepancies have been observed and reported for low reactivity species as well as high
reactivity species, it is not simply a result of reactions that occur between the source and the
monitoring location, but rather a real lack of accuracy in the application of many of the common
speciation profiles.

TNRCC has recognized this weakness and the effects it can have on modeling analyses
and has implemented a program to improve the situation. The major point sources in Texas are
encouraged to report individual VOC species directly from each source in addition to the total
VOC emission. These estimates of emissions of individual species can be easily aggregated to
form speciation profiles for specific process-level point sources and for SCC-level processes
representative of the conditions that exist in the Houston/Galveston area. These data have been
compiled in the Point Source Data Base (PSDB).

OBJECTIVE

The objective of this project is to review the existing data from the 1999 TNRCC PSDB
and develop source specific and SCC specific VOC speciation profiles that can be used to
improve the point source speciation of VOC emissions for future modeling episodes. The focus
of this effort is on point source information within the Houston/Galveston area, but data from
outside this region were also used to develop source and SCC specific profiles.

SUMMARY

TNRCC provided data summaries from the 1999 PSDB for analyses in this study. The
PSDB was divided into two separate files, one representing accounts within the
Houston/Galveston area and the other representing accounts in the rest of the State, which is
referred to as the outside Houston/Galveston database in the remainder of this report. The
Houston/Galveston database included data for 12,536 individual points at 481 separate accounts,
while the outside Houston/Galveston database included data for 19,677points at 1,331 accounts.

Individual source-specific profiles and SCC-average profiles were constructed from data
from those accounts that reported greater than 75% of the VOC emissions as species that can be
identified as individual species. Source-specific profiles based on known VOC species that can
be identified with a SAROAD/AIRS pollutant code were developed for 3,156 processes in the
Houston/Galveston database. An additional 454 SCC-average profiles were developed from that
database. The analysis of the outside Houston/Galveston database resulted in the development of
3,975 source-specific profiles and 637 SCC-average profiles. Application of the SCC-average
profiles to the remaining points would result in speciation of 8,483 individual points,
representing 73% of the VOC emissions in the Houston/Galveston database, and 12,666
individual points representing 64% of the VOC emissions in the outside Houston/Galveston
database. The data have been compiled in a series of ACCESS® tables. The tables are included
on a Compact Disk accompanying this report.



The methodology used to evaluate the original databases and develop the profiles is
discussed. A more detailed presentation of the results is then provided, followed by a list of
recommendations that could be implemented in the future to expand and improve the data
available from the PSDB. Finally, a description of the ACCESS® table structures is presented
as an attachment to the report.

METHODOLOGY

Data were received from the TNRCC from the 1999 Point Source Data Base (PSDB) in
two EXCEL® files. One file contained data for sources from the Houston/Galveston area
(speciated.emissions.HG.xIs) and the second contained data for sources outside the
Houston/Galveston area (speciated.emissions.xHG.xIs). The information contained in these files
is summarized in Table 1.

The data provided by TNRCC were reviewed and statistics on the content of these
databases were prepared. A large fraction of the emissions in these databases are expressed as a
general designation representing a collection of organic materials, as process raw materials, as
industrial products, or as generic chemical classes. Examples of the general designations are
non-methane VOC, and VOC gas mixture. Similarly examples of entries characterized as raw
materials and products include crude oil and gasoline. Finally, examples of generic chemical
classes represented in the database include alcohols undifferentiated, and aromatics
undifferentiated. The databases also include entries for species that are not VOC (e.g., ethane,
trichloroethane, acetone, hydrogen cyanide, etc.) For purposes of this analysis, only those
species included in the general organic materials designation were considered unknown species.
Table 2 is a summary of the content of the original database. A list of the species represented as
unknown is presented in Table 3.

The quantity of emissions from each individual account number was totaled and the
percent of emissions represented by unknown species (see Table 2) was calculated for each
account number. The initial analyses were limited to those account numbers that have 75% or
greater of the total VOC emissions represented by known species. The subsets of the two
databases resulted in data for 99 account numbers from the Houston/Galveston database and for
246 accounts from the database representing sources outside of the Houston/Galveston area.

Separate profiles were created for each individual point and for the aggregate SCC level
from the subsets of the two databases. The profiles that contained unknown species were
normalized to develop a profile using the remaining known species. For example, if a profile
contained 90% known species and 10% unknown species (e.g., non-methane VOC), the
unknown specie would be removed from the profile, and each of the known species would be
increased by 10%. In that way, 100% of the mass would be represented in the profile and all of
the emissions could be associated with some particular chemical compound.

Each individual chemical specie in the PSDB is associated with a unique identification
code referred to as the contam_code that is used by TNRCC for many internal analyses purposes.
One of the uses of speciated VOC emissions data is as input to regional or urban scale



Table 1. Summary of PSDB Information

Parameter Description Notes
Pollutant Reportable Criteria Pollutant In this case, VOC
SIC Standard Industrial Classification | Standard code to represent industry type,
Code recently replaced by NAICS North
American Industrial Classification System
SIC clss Industry Sector Identifier Example: Organic Chemicals
Business Subset of Industry Example: Petrochemicals and Polymers
SCC Source Classification Code Code used to describe specific processes
that result in air emissions
Fac_name Process Description Related to SCC
Account Identifier code for a particular Unique code used by TNRCC
plant or industrial facility
Fac_id Equivalent to an individual Identifier to represent different emission
emission point processes at an account
Point_id Equivalent to an individual Individual source resulting in emissions

emission stack

Ozone Season

Emissions expressed in tons per
day during the ozone season for
specific contaminant

Emissions are specific for each process and
contaminant

Contam code

Identifier used by TNRCC to
represent individual chemical
emissions species

Unique code used by TNRCC

CAS Chemical Abstract Service Nationally recognized pollutant code
Number
Species Preferred species name Mnemonic identifier

Table 2. Overall Summary of the PSDB

Houston/Galveston
Database

Outside Houston/Galveston

Database

Unique species represented

467

449

Total VOC emissions

177.41 (tpd) |

395.41 (tpd) |

Unknown species 17 15
Unknown species emissions | 62.99 (tpd) | 35.5% | 224.16 (tpd) | 56.7%
Known species 385 368
Known species emissions 114.42 (tpd) | 64.5% | 171.24 (tpd) | 43.3%
Generic species 65 66
Generic species emissions 16.39 (tpd) | 9.2% 26.92 (tpd) | 6.8%

Note: Each generic specie is also identified as either a known or an unknown specie




Table 3. List of Chemicals Classified as Unknown

Chemical Name Contam Code
non-methane VOC 50001
Organic acid 51100
Dibasic acids 51370
VOC with nitrogen 58200
VOC-oxygenated undifferentiated | 58400
VOC gas mixture undifferentiated | 59000
CCU feed 59050
Coker feed 59070
Condensate 59090
FCC feed 59175
Bunkers 59205
gas oil 59250
Platformate 59350
Raffinate 59400
Reformer feed 59410
Reduced crude 59425
Reformate 59450
Vacuum bottoms 59490

photochemical models. Emissions preprocessor programs combine source specific speciated
emissions information into forms that can be used as input to representations of the
photochemical reaction mechanism.

Currently, there are two primary formats that are used to represent VOC speciation in
photochemical models. One is a lumped species type system in which many similar individual
chemical species are summed into a single pseudo-specie with reaction characteristics that
represent the average chemistry of the individual species. The other is the carbon bond type
mechanism in which all individual species are treated as a combination of representative carbon
bond types (e.g., single (alkane), double (alkene), or carbonyl carbon bonds.)

In both cases, the emissions preprocessor systems have to recognize the species
represented in the profiles. These preprocessors use SAROAD or AIRS codes to identify
chemicals, and will not recognize the TNRCC contam code system. Therefore, TNRCC
provided a crosswalk lookup table that matched contam codes to SAROAD/AIRS species codes.
The merger of files revealed that only 41% of the chemicals in the PSDB have a corresponding
SAROAD/AIRS code. Those pollutants however, represent 94% of emissions in the
Houston/Galveston database and 95% of the emissions in the outside Houston/Galveston
database. Furthermore, the percentage of emissions represented by pollutants with SAROAD
codes in the subsets representing 75% known species is 96% in the Houston/Galveston database
and 93% in the outside Houston/Galveston database. Therefore, for this initial analysis the



profiles developed for the greater than 75% known species profiles were normalized to include
only those species that are identified by an existing SAROAD/AIRS code.

RESULTS
General

The Houston/Galveston area database represents a total of 177.41 tons per day (tpd) of
VOC emissions from 481 accounts or plants. Although the database is intended to represent
speciated emissions, 60.84 tpd or 34% of the total emissions were reported simply as non-
methane VOC undifferentiated. Data were reported entirely as non-methane VVOC for 97 of the
481 accounts. The total non-methane VOC emissions represented at those 97 accounts, however,
is only 4.97 tpd or 8% of the non-methane VOC in the database. Typically, those facilities
reporting only non-methane VOC are small sources of less than 0.5 tpd total VOC emissions.
Figurel is a map of the Houston/Galveston area showing the locations of the accounts that
reported only non-methane VOC. Figure 1 includes data for 84 of the 97 accounts, since
location data were not available for 13 of those accounts.

The outside Houston/Galveston database represents 395.41 tpd of VOC emissions from
1,331 accounts. The total emissions represented as non-methane VOC in that file is 212.12 tpd
or 54% of the total emissions. Accounts that reported only non-methane VOC, number 400 and
contribute 39.74 tpd or 19% of the total non-methane VOC in that database. The accounts for
which all emissions are reported as non-methane VOC are small sources like those in
Houston/Galveston database. Figure 2 shows the distribution of the 312 such facilities for which
location data were available.

Source Specific and SCC Average Profiles

The subset of the Houston/Galveston database that represents accounts that had more
than 75% of their emissions expressed as known VOC species includes data for 99 accounts. It
was possible to develop 4,195 point specific profiles and 454 SCC average profiles using those
data. Some of those profiles contain species that are either unknown or are species for which no
SAROAD/AIRS pollutant code was available. Therefore, all profiles were normalized to
represent only known species for which SAROAD identifiers were available. That step resulted
in source specific profiles for 3,156 individual points. The total known emissions represented in
the greater 75% known species database for the Houston/Galveston area are 61.21 tpd or 35% of
the area wide total emissions. Figure 3 is a map showing the location of the accounts that were
used to generate the subset database representing accounts that specified more than 75% or their
emissions as specific known VOC species from the Houston/Galveston database. The data
summarized in Figure 3 represent the location of 97 of the 99 accounts that have corresponding
location data.

The analysis of the outside Houston/Galveston database resulted in a subset database of
246 accounts representing facilities that reported greater than 75% of their emissions as known
species. That subset contributed 5,202 point specific profiles and 637 SCC average profiles.
The further normalization to represent only profiles containing known species with SAROAD



(84 accounts out of 481 in PSDE)

Figure 1. Location of Accounts Reporting All Emissions as
"Non-Methane VOC-U"
From the Houston/Galveston Database
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1312 accounts out of 1331 in PSDE) \\ gu

Figure 2. Location of Accounts Reporting All Emissions as
"Non-Methane VOC-U"
From the Outside Houston/Galveston Database



(97 accounts out of 481 in PSDE)

Figure 3. Location of Accounts with > 75% Known Emissions
From the Houston/Galveston Database



codes resulted in profiles for 3,975 individual points. The total known emissions represented in
the greater than 75% known species database for the outside Houston/Galveston area is 101.96
tpd or 26% of the total emissions. Figure 4 is a map showing the location of those accounts for
the outside Houston Galveston database. The data in Figure 4 represent 240 of the 246 accounts
for which location data are available.

Each of the SCC average profiles can be used to speciate any emissions source having an
identical or similar SCC. This is the similar method used commonly to speciate emissions
records using national-level speciation profiles. These profiles will improve the speciation of
sources particularly when applied to the specific regions from which they are developed. The
database was investigate to determine the effect of applying the regional SCC-average profiles to
the data for accounts in the less than 75% known species categories. This process results in
either point specific profiles or regionally representative SCC-average profiles for 8,483
individual points, and will speciate 73% of the Houston/Galveston database. The same process
applied to the outside Houston/Galveston database accommodates 12,666 points and will
speciate 64% of the total VOC emissions.

Sources of Ethylene and Propylene

Currently, sources of ethylene and propylene are of particular interest to TNRCC and are
receiving attention in analyses of emissions information. Therefore, the data representing the
largest contributions of ethylene and propylene were extracted and summarized. This exercise
offers a good opportunity to use the data for an actual analysis of interest to demonstrate the
utility of the PSDB.

Accounts were sorted to define the ranked list of contributors to the ethylene and
propylene emissions sum. The top 25 accounts in each database were found to capture a
significant amount of these emissions, and leave a manageable subset of data to review. In the
Houston/Galveston database the total emissions of ethylene and propylene are 13.95 tpd or 8%
of the total emissions. The top 25 accounts in terms of ethylene and propylene emissions
contribute 12.19 tpd or 87% of the total ethylene and propylene emissions. Profiles based on the
greater than 75% known species subset of the data, were developed for 15 of those top 25
sources. Figure 5 is a map showing the location of the top 25 accounts that emit the largest
quantities of ethylene and propylene for the Houston/Galveston database. The 15 accounts for
which point specific profiles were developed are represented by stars.

A similar analysis was completed for the outside Houston/Galveston database. The total
ethylene and propylene emissions in that database are 17.05 tpd, which represents 4% of the total
emissions. The top 25 accounts contribute 16.76 tpd or 98% of the total ethylene and propylene
emissions from the outside Houston/Galveston database. Figure 6 is a map that shows the
locations of the 25 accounts with the largest emissions of ethylene and propylene in the outside
Houston/Galveston database.
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1240 accounts out of 1331 in PSDE) \\

Figure 4. Location of Accounts with > 75% Known Emissions
From the Outside Houston/Galveston Database



H* = account in the = 75% known emissions database

Figure 5. Location of the Top 25 Emitters
of Ethylene and Propylene
From the Houston/Galveston Database



Figure 6. Location of the Top 25 Emitters of
Ethylene and Propylene
From the Outside Houston/Galveston Database



Recommendations

Time constraints limited the extent of analyses that could be conducted using the PSDB

information provided by TNRCC. Additional activities can be completed to improve, and extend
the usefulness of these data. The following list of recommendations provides a starting point for
further study.

1.

2.

Review the list of known and suspected non-VOC compounds reported in the database
and develop alternate approaches for removing all or part of them from the final profiles.
Similarly, establish rules for substituting some particular compound for cases where the
generic compound class is reported.

A detailed review and summary of the extent of emissions reported as raw materials or
products (e.g., gasoline, CCU feed, etc.) should be completed and an approach developed
to represent specific VOC species for as much of that total as possible. NOTE: TNRCC
has developed several profiles of gasoline composition that can be used for this purpose.
These data were not available in time for use in this study.

A more detailed comparison of point specific and SCC-average profiles developed in the
preliminary stage of this work can be completed in an attempt to find specific compounds
to represent the unknown species in other similar sources. This type of analysis would
allow the use of all of the specific species represented in the less than 75% known
database instead of the use of a complete SCC-average profile.

Some of the compounds reported are included on lists of hazardous air pollutants (HAPS).
The database could be reviewed to extract HAP species for use in improving the basis for
an Air Toxics Emission Inventory.



ATTACHMENT 1
EMISSION PROFILE DESCRIPTIONS:

The structures of the MS ACCESS files are identical for the Houston-Galveston area
profiles, and the profiles for outside the Houston-Galveston area. The “_all” files contain all the
profiles we were able to generate from the >75% known subset; the “_air” profiles contain the
profiles we created using only species we were able to match to AIRS/SAROAD codes from the
>75% known subset; and the “_oth” profiles contain the sources that can be matched to the
profiles in the *_air” database by SCC that were less than 75% known.

Point-Specific Speciation Profiles:

The data for the point-specific speciation profiles are contained in two tables. The table
described as “Point Profile ID” contains one record for each profile. In this table, each profile is
identified by a unique number assembled from a combination of the account id + fac id + point
id. The “Point Profile ID” table also contains the name of the process, the total mass of
compounds in tons per day emitted by the process, the mass of “known” compounds emitted by
the process, the mass of AIRS/SAROAD species emitted by the process, and the number of
species (known and unknown) included in the profile.

The table described as “Point Profile Data” contains one record for each chemical specie
for each profile identified in “Point Profile ID”. As in “Point Profile ID”, the unique profile
number is included in this table, and is the key connecting the two tables. The chemical specie is
identified by a unique “contam_code” and CAS number, AIRS/SAROAD code where available,
and of course the chemical name or class description. “Point Profile Data” also includes the
account, SCC, fac_id, and point_id information. The amount of each chemical species emitted is
described by the “Tonperday” field and the chemical species classification is identified by a
logical field called “Know_unk”. A value of -1 identifies the species as known, and a value of 0
identifies the species as unknown. Due to the “unknown” chemical representation and lack of
SAROAD/AIRS codes for all chemicals, in part or all of most of the profiles, each profile was
calculated using three methods and the results of each calculation are included for every profile
in the “_all” files. The first profile calculation was performed using all the chemical specie data;
known and unknown. This profile calculation is expressed as a percentage value in the
“Pro_total” field. If the “Pro_total” field is added for each chemical specie for a given profile,
the total is 100% +/- 0.001%. A second profile calculation was performed including only the
known chemical species for each profile. This profile calculation is expressed as a percentage
value in the “Pro_known” field. If the “Pro_known” field is added for each chemical specie for a
given profile, the total is 100% +/- 0.001%. If all species for a profile are known, the values of
“Pro_total” and “Pro_known” for that profile are equal. If there are some unknown chemicals in
a profile, the “Pro_known” values for that profile will differ from the “Pro_total” values. If all
the chemicals for a given profile are unknown, no “Pro_known” values exist for that profile. A
third profile calculation was performed including only the chemical species with
AIRS/SAROAD codes for each profile. This profile calculation is expressed as a percentage
value in the “Pro_airs” field. If the “Pro_airs” field is added for each chemical specie for a given
profile, the total is 100% +/- 0.001%. If all species for a profile have AIRS/SAROAD codes, the



values of “Pro_total” and “Pro_airs” for that profile are equal. If there are some chemicals
without AIRS/SAROAD codes in a profile, the “Pro_airs” values for that profile will differ from
the “Pro_total” values. If none of the chemicals for a given profile have AIRS/SAROAD codes ,
no “Pro_airs” values exist for that profile. Since it is our understanding that only chemicals with
matching AIRS/SAROAD codes will be used in modeling exercises, we created the “_air” files
containing only AIRS/SAROAD profiles for convenience.

SCC-Specific Speciation Profiles:

The data for the SCC-specific speciation profiles are contained in two tables. The
table described as “SCC Profile ID” contains one record for each profile. In this table, each
profile is identified by SCC. The “SCC Profile ID” table also contains the total mass of
compounds in tons per day emitted by the process, the mass of “known” compounds emitted by
the process, the mass of AIRS/SAROAD species emitted by the process, and the number of
species (known and unknown) included in the profile.

The table described as “SCC Profile Data” contains one record for each chemical specie for each
profile identified in “SCC Profile ID”. As in “SCC Profile ID”, the unique profile number is
included in this table, and is the key connecting the two tables. The chemical specie is identified
by a unique “contam_code” and CAS number, AIRS/SAROAD code where available, CAS
number, and of course the chemical name or class description. The amount of each chemical
species emitted is described by the “Tonperday” field and the chemical species classification is
identified by a logical field called “Know_unk”. A “Know_unk” value of —1 identifies the
species as known, and a “Know_unk” value of 0 identifies the species as unknown. Due to the
“unknown” chemical representation and lack of SAROAD/AIRS codes for all chemicals, in part
or all of most of the profiles, each profile was calculated using three methods and the results of
each calculation are included for every profile in the “_all” files. The first profile calculation
was performed using all the chemical specie data; known and unknown. This profile calculation
is expressed as a percentage value in the “Pro_total” field. If the “Pro_total” field is added for
each chemical specie for a given profile, the total is 100% +/- 0.001%. A second profile
calculation was performed including only the known chemical species for each profile. This
profile calculation is expressed as a percentage value in the “Pro_known” field. If the
“Pro_known” field is added for each chemical specie for a given profile, the total is 100% +/-
0.001%. If all species for a profile are known, the values of “Pro_total” and “Pro_known” for
that profile are equal. If there are some unknown chemicals in a profile, the “Pro_known” values
for that profile will differ from the “Pro_total” values. If all the chemicals for a given profile are
unknown, no “Pro_known” values exist for that profile. A third profile calculation was
performed including only the chemical species with AIRS/SAROAD codes for each profile. This
profile calculation is expressed as a percentage value in the “Pro_airs” field. If the “Pro_airs”
field is added for each chemical specie for a given profile, the total is 100% +/- 0.001%. If all
species for a profile have AIRS/SAROAD codes, the values of “Pro_total” and “Pro_airs” for
that profile are equal. If there are some chemicals without AIRS/SAROAD codes in a profile,
the “Pro_airs” values for that profile will differ from the “Pro_total” values. If none of the
chemicals for a given profile have AIRS/SAROAD codes , no “Pro_airs” values exist for that
profile. Again, since it is our understanding that only chemicals with matching AIRS/SAROAD



codes will be used in modeling exercises, we created the “_air” files containing only
AIRS/SAROAD profiles for convenience.
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Introdoction

Chemical speciation of point source emissions has always been an important issue in
ambient air quality ozone modeling. With the recent adoption of species-specific highly reactive
VOO (HRVOC) rules by the TCEQ it has become more important than ever to accurately
represent each chemical species—by type and amount—emitted from each emission source. This
report serves as a puide, as well as a case study, in a new method of speciation of Texas point
source emissions for ozone modeling. The author of this paper assumes the reader is familiar
with previous speciation methods used by TCE(Q, most recently the method presented in,
“Development of Source Speciation Profiles from the TNRCC 2000 Point Source Database™,
PES August 2002
{(fpe//ftp. tarce state tx. 08 pubOEP AMA T AD/Model ing HGAQSE/Contract_Reports/ELDevelop
mentOfSource SpeciationProfil essFrom 2000PS DB, pdf), as well as the hierarchal profile
application method presenied in Attachment 3 to the Houston/Gal veston/Brazoria Mid-Course
Review Phase [ Technical Support Document, “Emissions Inventory Development and Modeling
for the August 25 - September 1, 2000 Episode™
(ftp://fip.tnree state.tx. us/pub/OEP AA/T AD/Modeling/ HGAQSEModel ing/Doc/ TSD_PHASEL/
attachment3-emissions_inventory.pdf).

Methodalogy
Limiting the Dataset

The first step in creating a fully speciaed VOU modeling inventory is to perform some
initial QA and peneral house-keeping on the modeling emissions extract. The current modeling
inventory, hereafter referred tw as PSDBE2000v] 5a, contains emissions data for VOC (speciated
and unspeciated), NOx, CO, 502, etc..., for each point source emission point in Texas, Each
emission point is uniquely identified by TCEQ and EPA identifiers. The first phase of QA
includes, but is not limited to, removal of non-VOC species and limiting the number of points
included in the dataset to those with species-specific emission rates greater than some
predetermined limit.

Limiting the modeling extract to VOC results in data for 59,952 emission points,
Imposing an emissions threshold of 0.0005 tons/'day (1.0 1b/day) per VOU species per point
reduces the dataset to 24,671 emission points.



Removal of Non-VOC Chemical Species

The second phase of QAhouse-keeping beging with methodology adopted from PES
2002. All compounds labeled as VOC, as indicated by  historical TCEQ contaminant codes, that
do not meet the definition of VOC, according to TCEQ Chapter 101 General Air Quality Rules,
{(http:fwww.tnree.state. txous/oprd/rules/pdflib/ 101 _ind pdf), are removed from the data. A list of
non-VOC compounds, developed by PES, is included in Table 1. Species such as Methane,
Ethane, Acetone, and various Chlorofluorocarbons were removed from the dataset during the
previously mentioned initial processing.



Table 1. Non-VOU Chemical Species Removed from Speciation Process

TCEQ
CONTAM
CODE CAS SPECIES
51051 19780111 DODECENYL SUCCINIC ANHYDRIDE
51890 Q004700 CELLULOSE NITRATE
52261 BO01205 MODIFIED VEGET ABLE OILS
527RS A016006 LATEX
53209 7572294 DICHLOROACETY LENE
53320 75445 PHOSGENE
53390 79345 TETRACH LOROETHANE (1,1.2,2)
53391 G30206 TETRACH LOROETHANE (1,1,1,2)
53524 76131 ETHAME (1,1,2-CL,1,2.2-FL)
54079 76164 HEXAFLUDOROET HANE
54295 123319 HYDROQUINONE
55315 16219753 ETHY LIDENE NORBORNENE
55360 RT683 HEXACHLOROBUTA DIENE
56560 67721 HEXACHLOROET HANE
55240 74908 HYDROGEN CYANIDE GAS
EREAR 115866 TRIPHEN YL PHOSPHATE
5R92] H2737 VAPONA
59RAY a016459 NONY LPHENOXYPOLY (ETHY LENEDXY ) ETHANOL
ETIE [TIE PARAME THANE
50002 POLYCYLIC ORGANICMATTER
51421 FATTY ALCOHOLS
51467 %0 LFOLA NE
51475 GLYCERIN MIST
51492 POLYOL
51494 HYDROX YLAMINE
52471 ETHYL 3-ETHYOXY PROPRION
52764 TRIMETHY L{2.2 4)PENTADIOL(1,1,3)
52912 EPOXY RESIN
53211 CARBON TENTRAFLUORIDE
53340 TRICHLOROPROPANE
54021 HEXACHLOROACETONE
54025 ACETOME CYANOHYDRIN
55234 POLY AMIDES-U
55241 CY ANIDE COMPOUNDS
58374 UREAA FORMALDEHYDE
ER520 TRIDXANE
SEG2S DISULFIDES-U
SRE0S ETHYL SILICATE
GEEAT ORGAND PHOSPHATES
SEE50 ORGANIC 8 ULFUR-OXIDES-U
SORAR TERGITAL
S9RTD TERGITOL 15.5 -3
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Refinement of Generic Chemical Mixtures

After the non-VOUC species were removed from the dataget, peneric chemical mixtures
reportad by industry (such as “crude oil™ or “gasoline”) were split into component hydrocarbons,
using existing chemical profiles, When available, profiles from the TCEQ database were used,
otherwise profiles from EPA’s SPECIATE database were applied. This process involves directly
applying aprofile to a generic chemical mixmure and substituting the results in place of that
mixture, A list of generic chemical mixtures, developed by PES, and their associated refinement
profiles is included in Table 2.

Five profiles were used to resolve these peneric mixtres. The methodology, developed
by PES, tocr selecting them is as fllows:
PES states that “an examination of the sources associated with the reported
emissions of crude oil consisted mostly of large crude oil storage tanks and
pipelines”, Therefore, SPECIATE profile 2487, “Composite of 7 Emission
Profiles from Crude Oil Storape Tanks - 1993" was used as the “Crude Oil”
refinement profile { Appendix A, Table A-1).

2 The “Gasoline” profile is derived from a gasoline vapor profile, for Houston Area
gasoling from the summer of 2000, provided to PES by ENVIRON. This profile
is included in Table A-2.

3, PES also states that “several generic species could be characterized as naphthas™,
and therefore be resolved using a profile for naphthas from “Speciated VOC
Emissions for the Dallag/Fort Worth Non-attainment Area”, ENVIRON October
1997, The “Maphthas™ refinement profile is included in Table A-3,

4, Also, “several generic species could be characterized as stoddard solvents/mineral
spirits”, Therefore, SPECIATE profile 1193, “Drycleaning” was used as the
“Stoddard Solvent” profile {Table A-4). This profile is a compaosite of the
headspace of five mineral spirit samples from two companies combined in equal
amounts by volume.

5. The“Refinery” profile (Table A-5) is derived from SPECIATE profile 2457,
“Composite of 10 Emission Profiles — Mise, Chemical and Refining Plants in
Houston - 1993". According to PES, “an evaluation of the remaining generic
species in the PSDB showed that most could be described as refinery by-products,
in-process refinery feedstocks, and general emissions from refinery processes or
storage tanks. Generally, most of these generic chemicals are not defined well
enough to speciate individually, but could be speciated effectively as a group — all
associated as refinery emissions™,



Table 2.Generic Chemical Mixtures

TCEQ
CONTAM

FROFILE | SARDAD CODE CAS SPECIES

CRUD 59001 CRUDE OIL

GASD 59003 RO0G61S GASOLINE

HAPH 59305 NAPHTHA, PETROLEUM, HY DRO TREAT

HAPH ELE R032314 ALIPHATIC MAPHTHA

HAPH H9R71 GATAZESR | VM&P NAPHTHA

HAPH 45101 59300 MNAPHTHA

MAPH 59330 R002742 PARAFIN WA X FUMES

NAPH 43118 S9R00 NAPTHA,COAL-TAR

HAPH B1400 T6500 FARRAFIN LINE AR-T

NAPH R1500 R6001 PARRAFING CYCLIC-U

HAPH £1400 56000 PARRAFING-U

REFN 59002 DISTILLATE

REFN 59009 PETROLEUM DISTILLATE

REFN 52259 PETROLEUM DISTILLATES

REFN 59007 LUBRICATING DIL

REFN 59005 RO0RZ06 KE RO SENE

REFN 55999 AROMATIC PETROLEUM DISTILLATE

REFN 52264 SWEETENED MIDDLE DISTILLATE

REFN LR FYROLY 515 GASOLINE

REFN 59050 CCU FEED

REFN 59200 FUEL QIL-U

REFN GEI9R ALIPHATIC PETROLEUM DISTILLATE

REFN 59004 TET FUEL

REFN RO270 LIQUIFIED PETROLELUM GAS

REFN 59490 VACUUM BOTTOMS

REFN 59450 REFORMATE

REFN 50425 REDUCED CRUDE

REFN 59410 REFORMER FEED

REFN 59400 RAFFINATE

REFN 59150 DIESEL

REFN 59350 PLATFORMATE

REFN 59090 CONDENSATE

REFN 59250 GAS DIL

REFN T9225 WO 6 FUEL OIL

REFN 59220 N0 5 FUEL OIL

REFN 59215 N0 4 FUEL OIL

REFN 59210 MO 2 FUEL OIL

REFN 59175 FCC FEED

ETOD LT RO52413 STODDARD SOLVENT

ETOD 59006 MINERAL OIL

ETOD 43118 59275 MINERAL SPIRITS




SAROAD Assignment

After the “refinement” process, SAROAD codes were assigned to each TCEQ CONT AM
Code/Species using the CONTAM-SAROAD mapping, developed by PES and ENVIRON,
based on the existing EPS2x Compound Database. This cross-reference file is not included in
this report but may be fomished upon request. The procedure for developing this map is as
follows (from “Development of Source Speciation Profiles):

The master chemical table...was populated with SAROAD codes and CAS codes where
those codes could be determined. PES contacted EPA personnel in an attempt to obtain a
master list of SAROAD codes, but EPA is not maintaining such a list at this time. As
there exists no recognized standard procedure for assignment of SAROADs, one had to
be adopted to complete the SAROAD assignment exercise. The following hierarchical
approach was obtained from ENVIRON and used to make the SAROAD assignments:

L Find an exact match, e.g., toluene assigned to toluene.

2, Match to a general VOC category that includes the specific VOC isomer,
e.g., 2.4 4rimethyl-1-pentene assigned to “c7 olefins.”

3, Match to a similar isomer, e.g., 2,2 4-trimethylhexane assigned 1 2,2,5-
trimethylhexane. Approach 2 is preferred to 3 because 2 shows more
clearly that a reassipnment has been performed. In this case, the
assignment to a similar somer is preferred over a general “c8 alkane™
assignment because it permits the presence of a tertiary carbon to be
identified, which impacts the resulting CB-IV split.

4, Match to the surrogate with the most similar properties, e.g., 2 4-dimethyl-
1-pentene assipned to 3-ethyl-2-pentene. Here the surrogate is selected to
show an alkene branched at the double bond.

Checking Extent of Speciation

At this point in the process we diverge from the methodology introduced in
“Development of Source Speciation Profiles from the TNRCC 2000 Point Source Database™, and
continue with a process that will retain all speciated VOC data corently in the database and
attempt to characterize the remaining portion of unspeciated data according to augmented EPA
speciation pro files,

An examination of the database after the “refinement” and SAROAD assignment
processes reveals species with no SAROAD assignment as well as unspeciated VOC mixtures
for which no entry exists in the current modeling CB-IV Compound Database or for which a
questionable entry exists. These species are presented in Table 3. Each of these compounds was
replaced with SAROAD 43104, TCEQ CONTAM 50001, NONMETHANE VOC-U, and
aggregated together for each emission point. There are many different reasons why these
mixtures were reported in the first place, and they will not be discussed here as they are beyond
the scope of this report. Theoretically, by aggregating them together and applying a detailed
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profile, suchas an EPA defanlt specific tothat point’s processubes in a better approximation
of the constituents of those mixtures than simply assigniagheof them to some group of
compounds or CB-IV species in arbitmary percentages.

Table 3. Unspeciated VOC Mixures

TCED
CONTAM
CODE SAROAD SPECIES
50001 43104 HO MM ETHANE VO C-U
59000 43104 VOC GAS MIXTURE-U
55321) 43294 HEPTENES MIXED ISDMERS
52220 a5701 ANILINE-U
51100 R1000 ORGANIC ACID-U
51400 &1100 ALCOHOLS-U
51600 &1200 ALDEH YDES-U
55000 R1300 OLEFING-U
52200 B1600 AMINES-U
51470 RL700 GLYCOLS-U
S LR00 RLRO0 ALK YNES-U
52400 £1900 AROMATICE-U
52470 R2100 POLYNUCLEAR AROMATICS
52600 R2400 ESTERS-1
S2ZR00 B2500 ET HE RE-U
53200 B2700 CHLORINATED HYDROCARBONS
54000 BZEOD KETONES-U
SEA00 £3000 VOO -0 XYGENATED.U
SET00 ®3100 MERCAPFTANS-U
55212 B3 1 PENTENE NITRILES-U
58216 RE033 DINITRILES

A snapshot of the inventory at this point-post "refinement” (ie. after resolution of generic
species), SAROAD assignment, and replacement of unspeciated mixtures—revealed that
approximate ly 40%% of the Texas inventory remained unspeciated VOC (Table 4) and in the Eight
County Houston-Galveston-Brazoria Nonattainment Area (HGB NAA) approximately 30% of
the VOC remained unspeciated (Table 5).

Table 4. Extent of Speciation, Post Refinement, for all of Texas
TONSDAY | PERCENT OF TOTAL

Takl VOT 496,37
Tokl Specmted VO I96.59 5975
Total Unspeciated VOT 19978 40,25




Table 5. Extent of Speciation, Post Refinement, for the HGB § County M

TONSDAY | PERCENT OF TOTAL
Tokl & County VOO 145,27
Taotal 8 County 8peciated VOO 10162 §9.95
Total § County Unspeciated VO 43 65 30,05

Taking this analysis a step further and categorizing individual emission points based on
their extent of speciation yields Tables 6 and 7, in which we associate extent of spediation with
VOO tonnage and numbers of emission points. This data is also presented in a graphical format
in Figures 1 and 2.

Table 6. Extent of Speciation, Post Refinement, for all of Texas

FERCENT MUMBER FERCENT
SPECIATION | OF FOINTS | TONSDAY | OF TOTAL
20 - 100 THO2 212,57 4283
ED - E9.99 BA&T 36.40 7.33
70 - 7999 952 3109 6.26
& - 5999 1017 17.76 3.58
50 = 5999 269 9.69 1.95
40 - 4999 410 15.57 3.14
30 - 3999 319 5.48 1.10
0 -19939 305 7.57 1.53
10 - 1999 402 13.34 2.69
0 -999 124569 145 89 2959

Table 7. Extent of Speciation, Post Refinement, for the HGB 8 County NAA

FERCENT NUMBER FERCENT
SPECIATION | OF FOINTS | TONSDAY | OF TOTAL
20 - 100 3560 74.95 51.59
EQ - 999 418 13.00 .95
70 - 7999 285 7.24 4.98
A - 5999 SO0 7.47 5.14
50 - 59.99 102 3.39 21.34
40 - 4999 125 4.38 3.02
30 - 3999 £l 1.54 106
20 - 2999 94 2.47 1.70
10 - 19.99 114 345 2.38
0 =999 3751 27.37 15.54




Figure 1. PSDB Speciation, Post Refinement, for all of Texas
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Angmenting EPA Default Profiles

The next step in developing a fullyspeciated modeling inventoryis to apply chemical
speciation profiles to the unspeciated portion of the inventory. For photochemical modeling,
nationally recognized EPA speciation profiles are standard. These profiles are based on national
emissions data and may be used to represent emissions at the Source Classification Code (SCC)
level. Each emission point is assigneda profile based on its repotted SCC according to an EPA
SCC-Speciation Profile cross-reference,

Since these profiles are based on national-level data they contain chemical species
generally thought of as non-reactive for photochemical modeling or 28 not meeting the definition
of a VOC. Therefore in order to accurately allocate the unspeciated portion of the modeling
inventory according to these profiles, those species not included in the initial PSDB2000v] 5a
VOO inventory—becanse they are non-reactive or non-VOC—-were removed and the profiles were
re-normalized. A list of these species is included in Table 8. This list does not represent every
species excluded from the VOO modeling inventory, rather, it only represents those found in the
EPA speciation profiles.

Table 8. Species Removed from EPA Defanlt Profiles

TCEQ

CONTAM
SAROAD| CODE SPECIES
43201 60000 METHANE
43202 56550 ETHANE
43432 52760 METHY L ACETATE
43551 54020 ACETONE
43802 53230 DICHLORDETHANE, 1,1-
43811 TRICHLOROFLUOROMETHANE
43814 1,1, 1-TRICHLO RO ETHANE
43817 55550 PERCHLOROETH YLENE
43821 TRICHLOROTRIF LUDRD ETHA NE
43823 DICHLO ROD IFL UOROMET HANE
43839 TETRAFLUOROMETHANE
43R40 CHLORDDIFLUDROMETH ANE
43842 CHLOROPEN TAFLUOROETH ANE
43843 HEXAFLUDROET HANE
43845 CHLORO TRIFLUOROMETHANE
43950 OCTAMETHY LOYCLOTETRASILO XANE
46707 FLUORENE

An examination of all the resulting profiles and their associated unspe ciated mass yields
EPA profile 9012 | "Petroleum Industry - Average", as the largest recipient of unspeciated VOO
emissions with EPA profile 0007, "Natural Gas Turbine", as the next largest. Profile 0007 is also
the largest profile by number of assigned points with 2,163 emission points across Texas, while
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profile 9012 is ninth largest byassigned emission points. In all, 170 profiles wee assigned to the
199.78 tons of unspeciated VOC renmining in the modeling inventory The top ten profiles by
mssociated tonnage are prasented in Table 9.

Table 9. Top Ten Profiles by VOC Tonnage

EFA NUMBER OF

PROFILE POINTS TONS/DAY
9012 699 23.74)
[ 2163 18.22
0003 1797 17.85
1012 913 14.38]
9024 1571 10.03)
1001 B16 9.6
9004 T138 g.za
1014 1019 7.63]
9001 26k 7.58]
079 160 6.589]

While it is true that some of the profiles originally existed as single compound profiles,
more single species profiles are introduced after removal of non-reactive/non-VOC species. EPA
profile 0007 is one such profile. It is ransformed from 70% Methane, 30% Formaldehwde w
100% Formaldehyde. Table A-6 illustrates those SCCs assigned to EPA profile 0007. TCEQ
Modeling staff believed this profile was inaccurate and inadequate and thus substituted
California Air Resources Board (CARB) profile 0719 ,"Internal Combustion Engine -
Reciprocating - Matral (Gas", in its place and subjected it to the same non-reactivefnon-YOC
removal and normalization process as the EPA profiles, as well as a threshold of 0.01% per
species in order to limit the profile to its major constituents and to avoid using a mixtore of
scientific and standard decimal notation in EPS2x inputs. The resulting augmented CARB
profile 0719 is included in Table A-T.

Previous modeling inventory speciation analysis along with results from modeling staff
ambient air reconciliation projects demonstrated the need fora replacement for EPA profile
1003, “Surface Coating Operations - Coating Application -Solvent-Base Paint”. Therefore
modeling staff replaced EPA profile 1003 with profile D404, “Coating profile, solvent based
medium gloss/high gloss”, from “Speciated VOC Emissions for the Dallas/Fort Worth Non-
attainment Area”, ENVIRON October 1997, and subjected it to the same non-readive'non-VOC
removal and normalization process as the EPA profiles, as well as a threshold of 0.01% per
species in order to limit the profile to its major constients and to avoid using a mixture of
scientific and standard decimal notation in EPS2x inputs. The resulting profile is included in
Table A-8.

Summing the unspeciated portion of the modeling inventory by assignad profile not only
allows us to examine which profiles are most frequently used or which profiles have the potential
to affect the most emissions, but it also identifies which points are not assigned a profile. This



occurs when an emission point’s reported SCC does not match any of those included in EPA’s
official list of SCCs for one reason or another, Although, for this case study, only one point and
0.0010135 tons/day of unspeciated VOC are not assigned a profile something must be done with
those emissions. Modeling siaff found a discrepancy between the SCC codes allowed into PSDB
and those on EPA’s official 1ist, and determined that the rogue SCC was one such code allowed
in PSDB and not on the EPA SCC list. As such, it was assigned EPA, profile 0000, “Ovemll
Average”, which was consistent with profile assignments of those SCCs that most closely
matched the unidentified code.

Applying Augmented Profiles to Unspeciated VOC

The next step is to actually apply the angmented profiles assigned to each point to the
unspeciated VOC at that point. Recall, the goal of this entire spediation process is to retain all
reported/refined speciated data and characterize the remaining portion of unspeciated data
according to augmented EPA spedation profiles, Therefore, we do not want to split the
unspeciated VOC into compounds already reported to PSDB or introduced during the refinement
process. This introduces the need for a comparison—on a point-by-pont basis-of reported
compounds and potential, or profile, compounds regardless of amount or percentage, This
process relies heavily on the two sources of compounds to agree on compound naming
convention/spelling, since the SAROAD to CONTAM assignments are not necessarily unique.
This work must be done prior to anything presented in this paper. Once completed we may
continue with the speciation process. At this point we have two datasets, one with speciated
VOC data and another with unspeciated VOC and profile assignments. Any compound already
contained in the speciated data for a given point is dropped from its assigned profile and the
profile is normalized for that point. The resulting profile may then be applied to that point’s
unspeciated VOC emissions. This is repeated for every point with unspeciated data, essentially
creating a unique point-specific unspeciated VOC characterization profile for every point in the
dataset as illustrated in the sample “Intermediate Profile” in Figure 3.



Figure 3. Sample Point-Specific Profile Development
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One difficulty in appling this method is encountered when a point’s reported VOC
compounds (not including the unspedated portion ) match those of the augmented profile
assigned to at that point, resulting in no intermediate profile to apply to the unspeciated VOC at
that point. Modeling staff examined which profiles were associated with this phenomenon in
order to determine if an alternate speciation profile was necessary. The analysis revealed a wide
range of associated profiles, therefore staff ssipned these unspeciated emissions to EPA profile
M, *“Orverall Average™

Creating Point-Specific Profiles for Ambient Air Quality Modeling

After a profile was applied to each point's unspeciated VOC the resultant data was be
merged with the speciated VOC data and a unique point-specific profile was created for each
emission point, as shown in the sample “Resulting Speciation™ in Figure 3. This step is simply a
normalization of each point’s emissions to obtain weight percentapes per species per point. A
unique profile “name” must also be created to correctly-and essily=identify each point-speci fic
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profile. Modeling staff chose o identify each point-specific profile in the same manner as that
presented in “Developmett of Source Speciation Profiles™. Under this convention each profile
“name” isa combination of TCEQ and EPA identifiers, namely TCEQ Air Awount and EPA
Facility and Point numbers. TCE(s Air Account serves asa surrogate for EPA identifiers FIPS
{County) and Plant number, while EPA Facility and Point numbers serve as a substitute for
TCEQ FIN and EPN identifiers respectively. The result is a unique 14 character alpha-numeric
identifier for each point-specific profile.

Applying Point-Specific Profiles

EPA requites that rule effectiveness (RE) beapplied to VOC emission rates for ozone
modeling, Reported emission rates assume maximum destroction efficiency for a given piece of
control equipment 100% of operation time. Rule effectiveness attempts to account for the fact
that controls/rules are not 100% effective due to noncompliance, malfunctions, maintenance,
downtime, etc. Essentially, rule effectiveness is an estimate of actual in-use control efficiency
over time,

EPA’s policy on rule effectiveness can be found in the report “Guidelines for Estimating and
Applying Rule Effectiveness for Ozone/C0 State Implementation Plan Base Year Inventories”
(http:fwww.epa.govitin'chieflold/eidocs/454r92010_nov1992.pdf). The Emission Inventory
Improvement Program Point Sources Committee has also developed a deaft document, “Emission
Inventories and the Proper Use of Rule Effectiveness™

{http:/Awww.e pa.govitindc hiefl eii plecommit tee/point_sources/mleef3. pdf). Further discussions on
rule effectiveness can be found in the EPA report, “Rule Effectiveness Guidance: Inte gration of
Inventory, Compliance, and Assessment Applications™

(hitp: Swwrw.epa, govitindchieflold/eidocs /452494001 _jan1994, pdf), and the Texas Air Control
Board report, “Rule Effectiveness Development”, TACB February 1993,

After creation of point-specific profiles, aggregation of emission rates by point, and
application of rle effectiveness, each point-specific profile was applied to the resulting RE
emission mtes, thereby creating a fully speciated ozone modeling inventory. Those points with
small emission rates, less than 1.0 Ib/day, will have their emission rates aggregated by point and
assigned an augmented EPA profile hased on its SCC.

Results

Table A-9 presents an elementary anal ysis of species ttals (post RE, post speciation
allocation) compared to the results of the speciation methodology emploved in the Dec. 2002
HGE SIP (the referenced 2002 report by PES). The species totals for the methodology presented
in this report do not include those points with small emission rates, less than 1.0 Ivday, or the
mass from those species presented in Table 1,

Owerall, species totals are very similar for the eight county HGB NAA when comparing
the speciation schemes presented in this report. The largest difference is seen in Isomers of
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Pentane which increase almost 5.5 toms/day from the Dec. 2002 methodology. There isa
significant decrease in Methane from 4.7 tons/day to 0.0 due to the exclusion of this species from
the EPA default speciation profiles. Since the species wtals are relatively unchanped, with the
exception of a few noted compounds, the geographic distribution of selected species=Ethylene;
Propylene; 1,3-Butadiens, and a grouping of Butenes—are compared to that of the previous
speciation scheme for the HGB B County NAA in Appendix B. The maps show litile or no
change in the largest emitters of each species, indicating that those points were well speciated
when reported to PSDB.

The spedation method presented in this report is currently planned as a sensitivity
analysis in HGB Phase IT Mid-Course Review modeling and is expected to replace the previous
method dlogy.

Future Work

Obwiously, chemical speciation is an important topic for ozone modeling and has received
much attention as of late. The process presented in this report i by no means definitive and
more work can be done to improve speciation of modeling inventories, most notably by obtaining
better speciation information from industry, either voluntarily or in the form of a reporting rule,
Also, since the angmented EPA profiles used in this speciation scheme are based on national
level data, modeling staff may create profiles based on Texas inventory data similar to the Texas
Average SCC profiles described in the PES 2002 report referenced in this document.



Appendix A



Table A-1. Crude Oil Profile

TCEQ
CONTAM
CODE SPECIES FERCENT
56725 MBUTANE 2450
50001 MONMETHANE %0 C-U 21.51
56775 PROPANE 16.90
B6752 M-PENTANE 12.77
B65TS HEPTANE 637
56730 M-HE XANE .30
B662S SOBUTANE a.42
G667T4 OCTANE 4.20
52420 BENZENE 1.04
52490 TOLUENE 0.79
S6050 CY CLOHEXANE 066
55600 PROPYLENE 0.39
52450 ETHY L BEMZENE 0.07
524410 CUMENE 0.04
52514 ORTHO-X YLENE 0.03
52416 TRIMETHY L BENZENE, 1,2.4- 0.01




Table A-2. Gasoline Profile

TCEQ
CONTAM
CODE SPECIES FERCENT
56527 MEOPEMN TANE 2320
SIRTH METHYL TERT-BUTY L ETHER 16.21
50001 MONMETHANE %0 C-U 1058
56752 M-PENTANE .12
G6528 ISOHEXANE 531
56725 MBUTANE 5 06
BE601 METHYL PENTANE (3) 310
56751 PENTANE 224-TRIMETHYL. 2 65
52490 TOLUENE 2.55
55475 BUTENE (2-METHYL-2) 253
S6600 HEXANE 2.50
55524 PENTENE (2) 2.30
E5476 BUTENE (2-METHYL-1) 1.50
56200 METHYLCYCLOPENTANE 1.43
56651 MWETHYLHE XANE, 3- 1.15
B6650 ISOHEPTAME 1.15
55525 PENTENE (1) 1.08
51752 BUTEMNE (C15-2-) 1.07
55179 TRANS-2-BUTENE 1.06
56625 ISOBUTANE 1.01
S660S TRIMETHY LPENTANE, 23 A- 0.91
52470 BENZENE 071
56575 HEPTANE 0.70
SHADE DIMETHYL PENTANE, 2,4~ .62
56100 CY CLOPENT ANE .61
56526 DIMETHYL BUTANE (2,2) 0.58
55477 BUTENE (3-METHYL-1) 0.50
56150 METHYLCYCLOHEX ANE 0.45
56575 HEPTANE 0.34
56105 CY CLOPENT ENE 0.32
55400 ISOBUTYLENE 0.29
SIR55 METHYLHEPTANE, 3- 0.29
E5176 BUT ENE (1) 0.28
56050 CY CLOHEXANE 0.28
52514 ORTHO-X YLENE 0.25
52450 ETHY L BEMZENE 0.23
56674 OCTANE 0.21
52416 TRIMETHY L BENZENE, 1,2 4- 0.15
B6775 PROPANE 0.10
55450 ISOPRENE 0.07
52418 TRIMETHY L BENZENE, 1,3 5- 0.06
56615 DIE0BUTYLENE 006




56703 MONANE .06
S5600 PROPYLENE 0.05
SE711 ETHYLTOLUENE,D- 0.04
52428 TRIMETHYL BENZENE 0.03
52440 CUUMENE 0.02
56681 DODECANE 0.01
52460 MAPHTHALEMNE 0.01
S6683 UUNDECANE 0.01
SHE80 DECANE 0.01




Table A-3.Maphthas Profile

TCEQ
CONTAM
CODE SPECIES FERCENT
S6E00 HEXANE 26
56750 PENTANE 25
56528 ISOHEXANE 25
B65TS HEPTANE 22
56700 150 PENTANE 2

A4




Table A -4, Stoddard Solvents Profile

TCEQ
CONTAM
CODE SPECIES FERCENT
ISOMERS OF DECANE 11.28
ISOMERS OF UNDECANE 7.91
56703 MOMNANE .96
DIMETH YLOCTANES .49
METHYLPROPYLCYCLOHE XANE 599
TRIMETHYLHEPTANES 589
ETHY LMETHY LCYCLOHEXANE 4.27
METHYLDECANES a.19
METHYLNONANE a.17
ISOMERS OF BUTYLBENZENE 374
DIMETH YLNONANES X T
M-XYLENE AND P-XYLENE 2.26
52478 TRIMET HYLBEN ZENE 223
ClOOLEFING 2.15
PROPYLCYCLOHEXANE 211
TRIMETHYLCYCLOHE XANOL 2.01
BUTYLCYCL OHEX ANE 168
52514 0-X¥ LENE 1.56
METHYLOCTANES 1.49
ISOMERS OF DODECANE 112
C110LEFING .98
ISOMERS OF PROPYLBENZENE 0,95
ETHY LDIMETHY LCYCLOHEXANE 0.95
METHYLUNDEC ANE 0.91
PROPEN YLCYCLOHEX ANE 0.77
C10 PARAFFING 0.70
METHYLDECENE 047
TETRAMETH Y LPEN TANONE 064
DECALING 060
ETHY LCYCLOHEXANE 0.59
DIETHY LMETHY LCYCLOHEXANE 0.55
DIMETH YLHEPTANES 0.55
METHYLDECALING 0.55
TETEAMETH ¥ LCY CLO PENTA NE 0.55
PROPYLHEPTENES 0.55
52490 TOLLU ENE 050
ETHY LPROPYLCYCLOHEXANE 0,50
DIME THY LCYCLOHEX AN E 0.47
DIETHY LCYCLOHEXANE 0.45
IBOPROPYLMETHY LCYCLOHEXANE 0.43
PENTYLCYCLOHEXANE 0.43
C4 ALEYLPHENOLS [T




ETHYLTOLUENE .38
TRIMETHYLOCT ANEE 0.35
TRIMETHYLHEXENE .35
52450 ETHY LBENZENE 0.35
52460 MAPTHALENE 0.35
ETHY LHEXAMNE 0.34
52440 CUMENE (IS0PEOPYL BEMZENE) 0.34
ISEOMERS OF C11IH2D 0.32
T-BUTYLBEN ZENE 0.31
DMMETHYLDECAME 0.29
52430 CHLOROBEN ZENE 0.26
DMETHYLUNDECANE 0.24
ETHY LOCTANE 0.21
MONADIENE 0.17
C5 ALEYLPHENOLE .17
PENTYLIDENECYCLOHEXANE 0.17
OCTAHYDEOINDEME S 0.17
TRIMETHYLCYCLOHEXANES 0.17
DIMETHYLBENZY LAL COHOL 0.15
TRIMETHYLCYCLOPENT ANONE 015
CIZOLEFINE 0.12
DIMETHYLOCTYME 0.10
OCTANDL 0.10
CI10H146 0.10
ETHY LMETHYLHE XANE 0.10
OCTAHY DEOPENT ALENE 0.10
C5 ALEYLBENZEMES 0.10
ISOMERS OF CIOH1E 0.07
BENZOTHIAZOLE 0.05
TETREAMETHYLTHIDLURE A 0.05
DMMETHYLBUTYLCYCLOHE XANE 0.05
IEOMERS OF TRIDECANE 0.05
METHYLHEPTANE 0.02
TRIMETHYLDECANE 0.02
56150 METHYLCYCLOHEX ANE 0.02
9 DLEFINE 0.02




Table A-5. Refinerv Profile

TCED
CONTAM
CODE SPECIES FERCENT
50001 MONMETHANE VO -1 32.27
SG715 MBUTANE 74,61
RRO2S TEOBLUTANE 10,31
56752 M-PENTANE 712
S6775 PROPANE 395
56730 M-HE XANE 311
52490 TOLUENE .03
T4zl BENZENE T.72
56601 METHYL PENTANE (3) 1.71
55526 PENTENE (2) 1.45
S6700 150 PENTANE 1.44
56200 METHYLCYCLOFPENTANE 1.44
TEa00 PROPYLENE T.40
55179 TRANS-2-BUTENE 081
56575 HEPTAME 0.78
56526 DIMETHYL BUTANE (Z2,2) 0.75
56651 METHYLHE XANE, 3- 0.64
58177 CI5--BUTENE 0.63
55525 PENTENE (1) 0.61
56100 CY CLOPENT ANE 0.45%
S6&08 DIMETHYL PENTANE, 2,4- 0.40
52514 ORTHO-X YLENE 0.36
T24l6 TRIMETHY L BENZENE, 1,24~ 0.31
S6050 CY CLOHEXANE 0.29
G628 ISDHEXANE 0.25
52450 ETHY L BENZENE 0.23
S6150 METHYLCYCLOHEX ANE 0.20
TR610 TRIMETHY L PENTANE, 2,2 4- 0.20
52440 CLUMENE 0.16
52855 METHYLHE PTANE,3- 0.14
G66T4 OCTANE 0.07
56605 TRIME THY LPENT ANE,2 3 4- 0.07
T4l TRIMETHY L BENZENE, 1,3 5- 002
56703 MONANE 0.01




Table A-6. SCCs Associated with EPA Profile 0007,

SPECIFIC
INDUSTRY/EMISSSI0ON
S50URCE
CATEGDRY MAJOR
FPRODUCT, RAW
5CC MAJOR CATEGORY MAJOR INDUSTRY MATERIAL, OR FUEL PR CEXSS

20100201 | Internal Combustion Engines | Eleoiric Generation MNatural Gas Turhine
20100205 | Intermal Combustion Engines | Eleotric (Generation Natural Gas Reviprocating: Crankcase Blowhy
201002046 | Intemal Combustion Engines | Eleciric Generation HNatural Gas EReciprocating: Evaporative Losses (Fusl Delivery

System)
20100207 | Intemal Combustion Engines | Electric Generation Hatural Gas Reciprocating: Exhanst
20100208 | Internal Combustion Engines | Eleotric Generation MNatural Gas Turbine: Evaporative Losses (Fuel Delivery System)
20100209 | Intermal Combustion Engines | Eleotric (Generation Natural Gas Turhine: Exhanst
20100801 | Intemal Combustion Engines | Electric Generation Landfill (Gas Turhine
20100805 | Internal Combustion Engines | Elsotric (Generation Landfill (Gas Reciprocating: Crankcages Blowhy
201008046 | Intemal Combustion Engines | Eleotric (Generation Landfill (Gas Reciprocating: Evaporative Losses (Fosl Delivery

System)
20100807 | Intemal Combustion Engines | Electric (Generation Landfill (Gas Reciprocating: Exhamst
Z010080% | Intermal Combustion Engines | Electric Generation Landfill (as Turhine: Evaporative Losses (Fuel Delivery System)
20100809 | Internal Combustion Engines | Eleoiric Generation Landfill (Gas Turhine: Exhaust
20200201 | Intemal Combustion Engines | Industrial Natural Gas Turhine
20200203 | Intemal Combustion Engines | Industrial HNatural Gas Turbine: Cogeneration
20200205 | Internal Combustion Engines | Indusirial MNatural Gas Reciprocatng: Crankcase Blowhy
20200206 | Intemal Combustion Engines | Industrial Natural Gas Reciprocating: Evaporative Losses (Fosl Delivery

System)
20200207 | Intemal Combustion Engines | Industrial Natural Gas Reciprocating: Exhamst
20200208 | Intemal Combustion Engines | Industrial Hatural Gas Turhine: Evaporative Losses (Fuel Delivery System)
20200209 | Intermal Combustion Engines | Indusirial Natural Gas Turhine: Exhanst
20200252 | Intemal Combustion Engines | Industrial Natural Gas Z=gycle Lean Bum
20200253 ) Intemnal Combustion Engines | Industrial HNatural Gas d-gycle Rich Bum
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20200254 | Intemal Combustion Engines | Industrial Hatural Gas d-gycle Lean Bum

20200255 | Intenal Combustion Engines | Industrial MNatural Gas 2-gycle Clean Burn

20200256 | Intemal Combustion Engines | Industrial Natural Gas d-gycle Clean Burn

20300203 | Internal Combustion Engines | Commercial Institutional | Natural (Gas Turbine: Cogenaration

20300204 | Intemal Combustion Engines | Commerncial Institutional | Natural Gas Cogeneration

20300205 | Intemal Combustion Engines | CommenialInstitutional | Natural Gas Bexiprocating: Crankcase Blowhy

203002046 | Internal Combustion Engines | Commercial Institutional | Natural (Gas Recprocating: Evaporative Losses (Fuel Delivery
System)

20300207 | Internal Combustion Engines | Commercial Institntional | Natural Gas Reciprocating: Fxhamst

20300208 | Intemal Combustion Engines | CommerialInstitutional | Natural (Gas Turbine: Evaporative Losses (Fuel Delivery System)

20300209 | Internal Combustion Engines | Commercial Institutional | Natural (Gas Turhine: Exhanst

20300701 | Internal Combustion Engines | Commercial Institntional | Digester Gas Turhina

20300702 | Intemal Combustion Engines | CommerncialInstitutional | Digester Gas Bexiprocating: POTW Digester (as

20300705 | Internal Combustion Engines | Commercial Institutional | Digester Gas Reciprocatng: Crankcase Blowhy

20300706 | Intemal Combustion Engines | CommerncialInstitntional | Digester (Gas Reciprocating: Evaporative Losses (Fusl Storage and
Dialivery System)

20300707 | Internal Combustion Engines | Commercial Institutional | Digester Gas Reciprocatmyg: Exhanst

20300708 | Intemal Combustion Engines | CommerncialInstitntional | Digester (Gas Turhine: Evapomative Losses (Fuel Storage and
Dialivery Sysiem)

20300709 | Intemal Combustion Engines | Commerncial Institntional | Digester (Gas Turhine: Exhanst

20300801 | Internal Combustion Engines | Commercial Institutional | Landfill Gas Turhine

20300802 | Intemnal Combustion Engines | Commercial Institutional | Landfill Gas Eeciprocating

20300805 | Intemnal Combustion Engines | Commercial Institutional | Landfill Gas Bexiprocating: Crankcase Blowhy

20300806 | Internal Combustion Engines | Commercial Institutional | Landfill Gas Recmprocating: Evaporative Losses (Fuel Storage and
Dialivery System )

20300807 | Intemnal Combustion Engines | Commercial Institutional | Landfill Gas Reciprocatng: Exhanst

20300808 | Intemnal Combustion Engines | Commercial Institutional | Landfill Gas Turhine: Evaporative Losses (Fueal Storage and
Dialivery System)

20300809 | Intemnal Combustion Engines | Commercial Institutional | Landfill Gas Turhine: Exhanst

20300901 | Intemal Combustion Engines | CommenialInstitutional | KerosenoNaphtha (Jet Fuel) | Turbine: JP-4




20300908 | Intemal Combustion Engines | Commerncialinstitutional | Kerosen e/Naphtha (Jet Fuel) | Turhine: Evaporative Losses (Fuel Storage and
Dalivery System )

20300909 | Intemal Combustion Engines | CommercialInstitutional | Kerosen e/Naphtha (Jet Fuel) | Turbine: Exhaust

20400301 | Internal Combustion Engines | Engine Testing Turhina Natura] (as

20400303 | Intemal Combustion Engines | Engine Testing Turhine Dristillate Ol

20400304 | Internal Combustion Engines | Engine Testing Turhine Landfill Gas

20400305 | Intemal Combustion Engines | Engine Testing Turhine Keamsene/Maphtha

20400399 ) Internal Combustion Engines | Engine Testing Turhing Other Mot Classified




le A-7. Aupmented CARB Profile 0719 substituted for EPA profile 0007
TCEQ

CONTAM
SAROAD| CODE SPECIES PERCENT
33204 T6775 PROPANE 3276
33205 S5600 PROPVLENE T6.74)
a3212 56725 NBUTANE T1.09)
43502 51680 FORMALDEHYDE .95
43203 55300 ETHY LENE .95
43214 SH625 [S0BUTANE 2.77
43206 51820 ACETYLENE 3.55
33120 TSOMERS OF BUTENE EXT
@312z TSOMERS OF PENTANE
43216 55179 TRANS-2-BUTENE
43220 56752 N-PENTANE
45201 52420 BENZENE
43106 [SOMERS OF HEPTANE
43262 56200 METHYLCYCLOPENTANE 0.44
35202 52490 TOLUENE 0.44
43503 51620 ACETALDEHY DE 0.33
33105 TSOMERS OF HEXANE 0.22
a3107 TSOMERS OF OCTANE 0.22
43109 SOMERS OF DECANE 0.22
33215 55400 TSOBUTYLENE 0.22
33217 55177 C15-2-BUTENE 0.22
33230 Saa01 WMETHYL PENTANE (3) 0.22
35231 56730 N-HEXANE 0.22
a3232 56575 HEPTANE 0.22
43233 56674 OCTANE 0.22
43242 56100 CY CLOPENT ANE 0.22
43261 56150 METHYLCYCLOHEX ANE 0.22
43298 52855 METHYLHEPTANE,3- 0.27]
43510 51660 BUTYRALDEHY DE 0.22
45102 52510 XYLENE-U 0.22
45207 52418 TRIMETHY L BENZENE, 1.3 5- 0.22
SEOAD 2-METHY L-1.PENTENE 0.22
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TableA-Bhugmented 40$rofilsubstitute doEP Arofild 003

TCEQ
CONTAM
SAROAD| CODE SPECIES PERCENT
23238 THAED DECANE 965
43241 EITE UNDECANE 7.99
20073 ME THYLISOPROPYLC Y CLOHEXANE 6.06
90076 DIMETH YLNONANES 510
90045 ME THYLDECANES 487
45238 ETHY LTOLUENE 3,08
45208 52416 TRIME THY L BENZEMNE, 1,24- 3.77
90047 ME THYLNONANE 3.35
20049 ME THYLLUNDECAME 2.62
45243 ETHY LDIMETHY LEENZENE 260
43235 S6703 NONANE T.58
90055 PENTYLCYCLOHE XANE 2.45
0074 DIMETHYLDECANE 2.20
45205 52512 ME TA-XY LENE 2.05
43255 EG681 DODECANE 1.98
43109 TSOMERS OF DECANE T.97]
90120 PROPYLCYCLOHEXANE 1.94
99909 2 6-DIMETHYLOCTANE 1.92
20090 ETHY LPROPYLC Y CLOHEXANE 1.59
9E060 TRIMETHYLCYCLOHEXANES 1.51
q0101 BUTYLCY CLOHEX ANE T.71
Q0083 ETHY LMETHYLCYCLOHEXANE 1.67
99315 2-METHY LDEC ANE 1.55
45225 52417 TRIME THY L BENZEMNE, 1,2,3- 1.43
45207 52418 TRIME THY L BENZENE, 1,3 5- 1.43
0059 ETHY LDIMETHY LC Y CLOH EXANE T.57]
0070 DIMETH YLOCTANES 1.31
46753 DECALING 1.31
45204 52514 ORTHO-X YLENE 1.29
a674% ME THYLDEC ALINE 1.20
QU128 IEOPROPYLCYCLOHERANE T.0%
20077 ETHY LOCTANE 0.97
99905 23-DIMETHYLOCTANE 0.95
45203 52450 ETHY L BEN ZENE 0.51
45206 52516 PARA-X YLENE 0.76
45744 TETEAMETH YLBEN ZENE 0.75
99110 C10COMPOUNDS (DIESEL EXHAUST) 0.74
99111 C11COMPOUNDS (DIESEL EXHAUST) 0.73
a6747 ME THYLINDANS 0.65
99916 1-METHY L-3-N-PROFYLE ENZE 0.61
q0121 METHYLETHYLHEFTANE 0.61
99317 1-METHY L-3-130PROF Y LBEN ZNE 0.5%
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29112 C12 COMPOUNDE (DIESEL EXHAUET) 0.52
29913 1-METHY L-2-ETHYLBEMZENE 0.42
20015 3-METHY LOCTANE 0.37
20016 4-METHY LOCTANE 0.36
46701 52460 MAPHTHALENE 0.35
95149 2A-MMETHYLOCTANE 0.33
45106 52433 MMETHY L BEMZENE 0.29
45209 N=-PROPY LEENZ ENE 0.28
43233 56674 OCTANE 0.27
20071 MMETHYLUNDEC ANE 0.25
98151 3A-DMMETHYLOCTANE 0.25
28044 IMDAMNE 0.21
200467 MMMETHYLHEXANES 0.21
45235 BUTYLBENZENE 0.18
29109 9 COMPOUNDS (DIESEL EXHAUET) 0.17
20008 2-METHY LOCTANE 0.14
0085 ETHY LMETHYLOCTANE 0.14
98145 23-MMETHYLHEPTANE 0.14
98041 ETHY LCY CLOHEXANE 0.14
98059 DMMETHYLCYCLOHEXANE 0.14
43296 2-METHY LHEPTANE .09
45202 52490 TOLUENE 0.07
43253 3-METHY LHEPTANE 0. 06
43297 4-METHY LHEPTANE 0.04
43552 54065 METHYL ETHYL KETONE 0.03
43261 56150 METHYLCYCLOHEX ANE 0.03
43258 N-TRIDECANE 0.02
43247 S6608 DMMETHYL PENTANE, 2 4= 0.02
95139 23-MMETHYLHEXA NE 0.02
98143 25-MMETHYLHEPTANE 0.02
29113 C13 COMPOUNDS (DIESEL EXHAUST) 0.02




Tabla-9,

Comparison of Species Totals for Each Speciation Methodology

NEW SFECIATION DEC. 2002
METHODOLOGY METHODOLOGY ABSOLUTE
SPECIES TONSDAY TONSDAY DMFFERENCE
ISOMERS OF PENTANE 7.607127 2168255 5. 438872
METHANE 0. (00000 4. 700323 4. 700323
METHANDOL 5. 4D6696 10333420 1.926724
ISOMERS OF HEXANME 2.442412 0.700996 1.741416
FORMALDEHYDE 4637015 3025500 1.611515
M BUTANE 14.54 1068 13254369 1. 2B6698
PENTAMNE 5821762 TOTGESE 1.255095
HEXANE 7.938597 E923342 0. 984765
ISOMERS OF HEPTANE 1. 176564 0225906 0. 950658
MEDPEMTAMNE 3. 107383 4045091 0.937708
PFROPANE 14.432000 15336817 0.904817
ETHAME 0. 000000 0592514 0. 592514
CARBONYL SULFIDE 0. 161269 1051342 0. 890073
TOLUENE 3.999675 4 87R970 0. 879296
BENZEMNE §.284157 5510771 0. 773386
HEPTAME 3.513429 4271227 0.757797
C7 CYCLOPARAFFINS 0.917611 0175717 0.741594
METHYL TERT-BUTYL ETHER 5.007726 5.722530 0. 7145804
ISOHEXANE 3.289491 3974688 0.685197
IS0 PEMTANE 2508154 3132707 0.624423
ISOMERS OF DCTAME 0668304 0070682 0.597622
ACETYLENE 1.325099 15184465 0. 493366
DECANE 0951586 0452210 0. 469676
M-PEMNTANE 4.936645 4506551 0. 430094
M-TRIDECANE 0. 703969 0332853 0371116
LUUNDECANE 0. 765649 0396954 0. 368696
DMMETHYL ETHER 0.899935 0554385 0.345550
ISOPROPANOL 1.305599 1625473 0.319873
IE0OBUTANE H.554464 BERGRITY 0.283914
METHYL ETHYL EETONE 1.558531 1823942 0.265410
GLYCDL ETHERE CELLOEQL) 0.279910 0023176 0.256734
IE0MERS OF BUTEME 0.423752 0,172 661 0.251090
ETHANDL 1.425857 1671940 0. 246083
M-TETEADECANE 0. 465486 02195894 0.245590
MMETHYL BUTAME (2,2) 0.517908 0.759 140 0.241233
DMETHYL ETHER 1.059773 1300621 0. 240848
P-DNICHLOR OBENZENE 0455822 0219402 0.236419
MONDETHANOL AMINE 0. 000000 0234591 0.234591
M-HEXANME 1.109107 1324498 0.215391
CY CLOHEXANE 1.192336 1. 403082 0.210746
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STYRENE 2.181965 1976610 0205355
BUTYL ACETATE 0. 155260 D33E202 0. 182942
BUTYRALDEHY DE 0403601 D5E6038 0. 182437
ETHY LENE DICHLORIDE 0. 528925 0347545 0. 181380
XYLENE-L 2.154636 2335120 0. 180484
ACROLEIN 0.238470 0070415 0. 168055
CHLOROBENZENE 0. 949580 0.784291 0. 165289
8 CYCLOPARAFFING 0. 189995 0027 448 0162547
TRIMETHY L BENZENE, 1,2 4- 0.283558 0124872 0. 158685
ACETONE 0. 000000 0155552 0.155552
N-PENTADECAME 0.289950 0136690 0.153260
TRIMETHYL BENZENE 0332222 0178975 0153247
BUTYL CELLOSDLVE 0.239675 0390964 0151290
DODECANE 0 E22345 0672730 0149615
METHYL ACETYLENE 0162944 0016776 0146168
ETHY L CHLORIDE 0284451 0.147 640 0136812
BUTADIENE 1.942149 2071629 0129480
DIAMINOHEXANE (1,6) 0165521 0045339 0120182
CHLOROPRENE 0.149900 0030800 0119100
BUTENE ({1} 1.770920 1652026 0.115894
2A-DIMETHYLHEXANE 0002276 0119830 0.117553
SEC BUTYL ALOOHDL 0175778 0060591 0.115187
N-BUTY L ALCOHOL 1430306 1326046 0. 104260
ACRYLONITRILE 0.620354 0517579 0102775
TRIFLUORDMETHANE 0.134009 DO3653T7 0097472
ETHYLHEXALDEHYDE (DOT) 0.229612 0324473 0094860
VINYL CHLORIDE 0456464 0362256 0094208
IE0-BUTENE 0649815 0742751 0092937
METHYL BUTANAL, 2- 0151727 0242571 0090544
UNIDENTIFIED 0.143876 0053247 0090629
PHTHALIKC ANHY DRIDE 0152733 0065747 0.0BEE9ES
WINY L ACETATE 1.625364 1.710919 0085555
BUTENE (2-METH YL-2) 0415689 0496964 0081274
METHYLISOPROPYLCYCLOHEXANE 0080952 0000000 0080952
ORTHO-XYLENE 0457818 0538493 0080675
METHYL PENTANE (3} 0. 745802 0825442 0079640
ETHYL ACETATE 0035072 0113278 0078206
TRANS-2-PENTENE 0. 126027 0047940 0.0TE0ET
HEXENE 0684817 0.759 160 0074343
PERCHLOROETH YLENE 0. 000000 0073229 0073229
METHYLCYCLOHEXANE 0175226 0245440 0073214
IEOPHORONE 0072338 0000000 0072338
METHY L FOEMATE 0.213608 0145256 0068351
METHYLCYCLOPENTANE 0.532521 0598688 0066167
CUMENE 0. 538693 0604751 0066058
IS0 0OCTANE 0.202973 0137250 0065723
DIMETHYLCYCLOHEXANE 0011583 0075658 0063975




ISOHEPTAME 0327652 0391190 0.063538
FEMTEMNE (1) 0.B16376 0.754102 0.062274
IEOBUTANOL 0339676 0400653 0. 060977
M-PROPANDOL 0.211219 0271692 0.060473
TRANE-2-BUTENE 0.539744 0479300 0. 060444
2-METHY L-3-HEXAMONE 0003176 0063022 0.059846
PFENTADIEME 0.322031 0380988 0.058957
ETHYL ACREYLATE 0. 128053 0070338 0.057715
OCTANE 1.142294 1198827 0.056532
MINERAL SPIRITS 0081573 0028023 0.053549
PFROPIONALDEHYDE 0. 180285 0127272 0.053013
DMMETHYLNONANES 0.079114 0026109 0053005
METHYLHEXANE, 3- 0. 237067 0289395 0052329
TRIMETHYLBEN ZENE 0017634 0063531 0.052196
IBEOBUTYRALDEHY DE 0.071692 0.122554 0050862
ETHY LTOLUENE 0079882 0029204 0050678
ISOMERS OF DECAMNE 0. 206572 0156022 0050551
ISOPRENE 0.475158 0523985 0.048827
CI5-2-BUTENE 0. 293685 0245211 0048475
ETHY L BEMZEMNE 1.265158 1313604 0045447
METHYLDECANES 0092638 0045533 0.047104
META-XY LENE 0585212 0538247 0. (46965
MAPHTHALENE 0. 209052 0,163 742 0.045310
PFROPYLENE 11.858210 11903516 0. 045306
BUTENE (CI15-2=) 0. 188253 0232445 0.044195
ETHY LEME O XIDE 0.194782 0.150777 0. 044006
1L1LI-TRICHLODRODETHANE 0. 000000 0042368 0.042368
TETREAETHYLENE GLYCOL 0006163 0047628 0. 041465
METHY L BEMZENE 0057482 0016227 0.041255
CI5-2-PENTENE 0. 062640 0023240 0. 039400
IBOBUTYLENE 0.512934 0852277 0.039343
ETHYL HEXAMOL (2) 0.141122 0180310 0.039188
BUTENE 1.225642 1264380 0.038738
BUTOXYETHANOL (2) 0.534450 0496469 0. 037980
ISOMERS OF PENTENE 0.044711 0006798 0.037913
TRICHLOROFLUOROMETHANE 0. 000000 0037081 0.037081
HEXAFLUDROETHANE 0. 000000 0036586 0. 036586
ETHY LDMMETHY LEENZENE 0045018 0008 665 0.036353
METHYL ACETATE 0. 000000 0035776 0035776
MCHLOROMETHAME 0. 000000 0035605 0. 035605
TRIMETHY L BEMZEHNE, 1,35~ 0.088394 0052876 0.035518
TRIMETHY LPENTAMNE, 23 4- 0. 2219862 0263 964 0.034102
TRIMETHY L BEMNZEMNE, 1,23- 0035664 0002582 0. 033082
HEXANDL 0.138921 0171273 0.032353
MCHLO BRODIFLUOROMET HANE 0. 000000 0032152 0.032152
CARBON TETEACHLORIDE 0.229529 0.197962 0.031567
ACETALDEHY DE 0.545383 0514616 0. 030767
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PFROPYLENE OXIDE 0.415769 0446304 0.030535
ISOPREOPYL ETHER 0. 161893 0.192201 0.030307
OCTENE 0. 046146 0076419 0.030272
ACETIC ACID 0. 782722 0. 752660 0. 030062
METHYLNONANE 0.076691 0046634 0.030057
M-XYLENE AND P-XYLE 0.147127 0117652 0.029475
PROPYL EETONE DI-M 0. 044060 0073308 0.029248
TRIMETHY L PENTANE, 1,2 4= 0. 065082 0036049 0.029033
ISOMERS OF ETHY LTOLUENE 0.032545 0004014 0.028531
METHYLUNDEC ANE 0037678 009388 0.025289
PARA-XYLENE 0. 444595 0472598 0.027703
PENTYLCYCLOHEXANE 0.031320 0004 168 0.027152
HEXAMETHYL DNAMINE 0.001011 0026890 0.025879
ETHY LEME GLYCOL 0.233799 0259503 0.025704
2 5-DMMETHYLOCTANE 0025695 0000000 0.025695
HEPTEME 0.07E98]1 0053477 0.025504
DMMETHYLDECAME 0.02TEES 0003026 0. 024559
METHY LEME GLYCOL 0.112100 0087629 0.024471
METHYL CHLOREIDE 0. 166457 0143218 0.023238
BUTEME (2-METHYL-1}) 0333827 0356509 0. 022682
BUTYL ACEYLATE 0.150741 0128342 0.022399
FORMIC ACID 0040956 0015944 0.022013
ETHY LCYCLOHEXANE 0009544 0031833 0.0219920
CREDEDL{ALL ISDMERS) 0. 107098 0.128942 0.021844
ACETOPHENOME 0.053399 0075163 0.021764
METHYL-2-PENTANOL 4- 0.072020 0092857 0.020837
2-METHY LDECANE 0.020798 0000091 0.020707
ETHY LPROPYLCY CLOHEXANE 0025672 0005057 0020615
TOLUENE DISDCYANATE-TD 0.035200 0014753 0. 020446
FURFURAL 0.095172 0115386 0.020214
ANILINE-L 0.041949 0021 546 0.020104
5 ESTER 0. 000966 0021056 0. 020090
C15-2-HEXENE 0.031143 0011787 0019357
TRICHLOROETHYLENE 0. 040001 0020936 0. 019065
ISOPROPYL ACETATE 0.103930 0122614 0.018684
ISOMERE OF NONANE 0.112997 0094609 0.018388
DMMETHYL PENTANE , I 4= 0. 168553 0. 156860 0.018307
HEPTAMONE (2) 0. 060450 0042 182 0.018268
CARBITOL CELLOSOLVE 0027186 0009023 0.0181462
IEOBUTYL ACETATE 0.01TEE] 0035978 0.018097
TRICHLOROTRIFLUORDETHANE 0. 000000 0015043 0.018043
PFROPYLCYCLOHEXAMNE 0.039859 0022001 0.017868
ETHY LEME 12406948 12424674 0.017726
METHYLMETHACRYLATE 0.269110 0286731 0.017621
BOBUTYRIC ACID 0. 000000 0017470 0.017470
ACETONITRILE 0.174038 0.191323 0.017285
9 DLEFINE 0. 019906 0002 796 0.017110
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BUTYL CARBITOL 0.023753 0006691 00170461
ISEOBUTYLISDBUTYRATE 0.022443 0005609 0.016834
METHYL CARBITOL 0.022443 0005670 0016773
METHYL CELLOSDLVE 0.022443 0005670 0.016773
IEOBUTYLACEY LATE 0022148 0005428 0.016720
MPROPY LENE GLYCOL 0.031840 0015219 0016621
ISOMERS OF UNDECANE 0071836 0088369 0.016533
PFINENE, ALPHA- 0.149917 0166384 0. 016467
BUTYLCYCLOHEX ANE 0.034011 0017731 0.016279
METHYL IE0OBUTY L KETONE 0.515399 0531587 0.015187
MALEIC ANHYDRIDE 0055882 0039728 0.016153
ETHYLEMEAMIMES 0.024726 0008595 0.016131
ACETIC ANHYDRIDE 0050157 0034102 0. 016055
BENZYLCHLORIDE 0043152 0027114 0. 016038
METHYLALLENE 0.029567 0013 &00 0.015967
PFIPERYLENE 0.029567 0013 &00 0.015967
SUBETITUTED 9 ESTER (C12) 0.037031 0052964 0.015933
ETHY LEME DNBROMIDE 0.049262 0033428 0.015834
ETHANDLAMINE 0. 046300 0030710 0.015589
HITROBENZ ENE 0022551 0006978 0.015574
PROPYLENE GLYCOL 0086608 0.102177 0.015569
ISOMERS OF PENTADECANE 0.024156 0.00E 661 0015495
METHYLSTY RENE 0024162 0005549 0.015313
DMISDPFROPFY LBENZENE 0.022704 0008028 0.014676
TRANE-2-HEX ENE 0.024005 0009341 0. 014664
IBEOPROPYLCYCLOHEXANE 0014818 0000291 0.014527
METHYLAL 0073573 0059112 0014451
ISOMEERS OF DODECANE 0. 040608 0026174 0014434
CHLORDDIFLUDROMETH AME 0. 000000 0014383 0.014383
C7-Cl6 0.039755 0025510 0.014244
TOTAL C2-C5 ALDEHYDES 0047312 0033488 0.013823
DECALINS 0.019883 0006129 0.013754
ETHY LDIMETHY LCYCLOHEXANE 0.0234568 0009718 0013750
TRICHLOBROETHANE (1,1.2) 0. 048675 0034999 0.013675
METHYL-2-PYRROLIDINE-F,N- 0.055591 0042142 0.013448
METHYLPROPYLCYCLOHEXANE 0.049381 0062816 0.013435
PENTANE224-TRIME THYL 0480727 0494126 0013399
O3 CYCLOPARAFFINE 0.024512 0011138 0.013374
MONANE 0.433712 0420608 0.013104
23-DIMETHYLOCTANE 0012870 0000000 0. 012570
METHYLDECALINE 0018236 0005493 0.012743
MONENE 0.041732 0054140 0.012407
MIBDBUTYLENE 0. 000000 0012281 0.012251
CY CLODODEC ANE 0. 000000 0012175 0.012175
BENZOIC ACID 0.015021 0002594 0.012128
AMYL ALCOHOL 0056826 0068 850 0.012054
MAPHTHA 0.035351 0047 396 0.012045




BUTENE (3-METHYL-1) 0097866 0.109894 0.012028
DIMETHY LAMINOETH ANDL 0083086 0095014 0.011927
TRIMETHYLHEP TANES 0051276 0063 199 0.011923
4-METHY L-TEANE-2Z-PENTEMNE 0.019202 0007303 0.011899
POLYETHYLENE GLYCOL 0.011728 0000000 0.011728
PFEMTEME (2) 0. 440260 0451907 0.011647
DIZ2-ETHYLHEXYL) PHTHALATE (DE 0011645 0000000 0.011646
DIMETHYLHEPTANES 0005979 0017511 0.011532
2-METHY L-1-PENTENE 0011619 0000093 0.011526
CREEOL 0.024305 0012945 0.011360
TETEAMETHYLBEN ZENE 0.015430 0007 154 0.011306
ETHY LOCTANE 0012736 0001 765 0.010970
ETHYLTOLUENE,D- 0.022509 0011756 0.010753
ETHY LMETHYLCYCLOHEXAME 0.05TEGT 0047 161 0. 010706
DMMETHYLDISULFIDE 0.019245 0005 649 0.010597
CY CLOPENTENE 0. 208740 0219297 0.010556
METHYLENE BEOMIDE 0018286 0007 549 0.010437
METHANDL AMINE 0.055454 0065 900 0.010416
METHYL PEOPYL KETONE 0002038 0012153 0.010115
BUTYL ETHEERM- 0. 006200 0016308 0.010108
METHYL MERCAPTAN 0067798 0057837 0. 0099461
TETREAHYDROFURAN 0.072394 0062434 0. 009960
C10 COMPOUNDE (DIESEL EXHALET) 0009579 0000000 0. 009579
CY CLOPENT ADIENE 0.105494 0115332 0.009838
Cl11 COMPOUNDS (DIESEL EXHALIET) 0.009713 0000000 0.009713
METHY LAMINOET HAN OL 0. 009000 0018704 0009704
METHYL ACEYLATE 0.055427 0045834 0009593
METHYLINDANE 0.013030 0003 580 0009449
PROPYL ACETATE 0.049924 0040899 0009025
CY CLOHEXANONE 0.097217 0088259 0. (05958
DECYL ALCOHDL 0.037000 0045554 0. 005554
DMME THOXY METHANE 0. 000000 0008682 0. 008682
TRIMETHYLFLUOROSILANE 0.031219 0022647 0. (08572
METHYLHEPTAMNE,3- 0070165 0061 651 0. 005454
1-METHY L-3-M-PROPYLEB ENZE 0008187 0000000 0.008187
METHYLETHYLHEPTANE 0008157 0000000 0.008157
WA LEIC ACID 0. 049654 0057737 0. (05083
1-METHY L-3-120PROPYLBEM Z 0.007749 0000000 0007749
ACEYLIC ACID 0.153138 0.145402 0.007735
PFROPYL PROPIONATE 0.013124 0020753 0. 007629
PROPASDL 0077135 0084572 0.007437
DMCHLOROBENZENEE 0.(DEET2 0001521 0.007351
PYRIDINE 0035517 0028277 0. 007240
DIMETHYLPHTHALATE 0.00E2E3 0001 064 0.007219
BISPHENOL-A 0096766 0.103 965 0.007199
MMETHYL SULFIDE 0.021258 0014131 0.007126
C12 COMPOUNDE (DESEL EXHALIET) 0. 04994 0000 D400 0. (15994
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PFENTAIMENE {E-1,3}) 0.062528 0069389 0. 006862
METHYL IS0AMYL KETOMNE 0.055464 0062017 0. 006554
METHYLBUTANOL,2- 0026197 0032742 0. 006545
2.METHY LPROPANE 0007348 0001116 0. 006233
TEEPFEME 0652060 0658291 0. 006231
ISOMERS OF PROPYLBENZENE 0026383 0020166 0.006217
VINYL CYCLOHEXENE 0017968 0024168 0. 006200
FROPYLENE DICHLORIDE 0033322 0027123 0.004199
PHEMNOL 0.631199 05625030 0. 0046169
PIMNEME, BET A- 0085275 0079137 0.006138
LACTOL SPIRITS 0.012415 0006312 0006103
CREE0OL, P 0. 006075 0000000 0. 006075
25-MMETHYLHEX A NE 0009913 0003 901 0. 006012
M=-PROPY LBENZ ENE 0012483 0006543 0. 005940
35, 5-TRIMETHYLHEX ANE 0.009740 0003914 0. 005826
METHOXY -2-ACETOXYPROPANE, 1- 0.037743 0043 450 0.005707
TRIMETHYLCYCLOHEXANES 0.024709 0030382 0. 005673
1-METHY L-2-ETHYLBENZENE 0005609 0000018 0005591
DODECEMNE 0. 086566 0050981 0. 005584
EFICHLOBROHYDREIM 0. 166230 0160715 0.005515
DMMETHYLAMINE 0.025489 0019983 0005507
TERT BUTYL AL COHOL 0. 233528 0235993 0. 005465
DMMETHYL FORMAMIDE 0. 115076 0.120539 0. 005463
CELLOSOLYVE ACETATE 0016631 0011368 0005264
M-XYLEME AND P-XYLENE 0017872 0023 104 0.005233
CE PARAFFIN 0.032509 0027298 0.005211
CELLOSOLYVE B0OLVENT 0.012415 0007291 0.005124
TEETIARY BUTYL AMINE 0.030414 0035529 0.005115
GLYCDLONITRILE 0063312 0068343 0005031
CARBON DISULFIDE 0089785 0084791 0. 004994
3-METHY LOCTANE 0.004970 0000000 0. 004970
CYCLOHEXANOL 0.056141 0051215 0. 004925
MMISDBUTYL EETOME 0013076 0008170 0. (04906
A-METHY LOCTANE 0004773 0000000 0.004773
ETHY LEME GLYCOL M-ETHYL 0. 000000 0004736 0.004736
TRIETHY LENE GLYCOL 0007593 0002926 0. 004667
ISOMERS OF DIETHY LB 0005726 0001111 0. 004615
TRIMETHYLCYCLOHE X AMOL 0.015965 0020561 0. 004596
CHLORDTRIFLUOROMETHANE 0. 000000 0004 506 0. 004506
ETHYL-3-FPEOPYL ACROLEIN, 2- 0007823 0012327 0. 004504
M-ETHYLTOLUENE 0004962 0000461 0. 004501
C10 ARDM ATIC 0.0047 44 0000259 0. 004485
2A-DIMETHYLOCTANE 0004478 0000000 0. 004478
6 DLEFINE 0007910 0003471 0. 004439
C3C4/C5 ALEY LBENZENES 0.004741 0000370 0. 004372
3-METHY L-TEANE-Z-PENTEME 0. 006466 0002137 0004329
DMMETHYLHEXAMES 0. ({9785 0.(H}5 58D 0. (04205
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O-DICHLORDBENZENE 0. 108442 0.112485 0. 004043
BENZOYL CHLORIDE 0004012 0000000 0. 004012
BUTYHEDIDL 1,4 0. 033680 0037 668 0. 003988
DIOXAME (1,4) 0.004934 0000951 0.003983
CY CLOPENT ANE 0278745 0274766 0. 003980
METHYL{3)PYRREOLIDOME{2) 0.020154 0024034 0. 003850
MOCTY LPHTHALATE M- 0007267 0003 445 0.003821
CI0DLEFINE 0027317 0023579 0.003738
METHYL SILOXANE 0.003704 0000000 0003704
PROPIONIC ACID 0.120333 0116648 0. 003685
1-UNDECEMNE 0003617 0000024 0003592
BUTYLBENZODATE 0. 005988 0003 436 0003552
INDAMNE 0. 0046561 0003 D63 0003497
METHYLHEXANE 0.019519 0016030 0. 003459
CY CLODODECATRIEME 0. 000000 0003 449 0003449
PALMITIC ACID 0006638 0003254 0.003383
ALPHA METHYL STYRENE 0027152 0023781 0003371
3A-DIMETHYLOCTANE 0.003394 0000062 0.003332
ETHY LCYCLOPENT AMNE 0000752 0004059 0003307
HEXAMETHYLENEIMINE 0003337 0006595 0. 003258
C7 DLEFINE 0.004854 0001 635 0.003219
DIMETHYLBUTAME 0.019271 0016110 00031461
ETHY LBENZENE 0. 005352 0002342 0. 003010
1-METHY LCYCLOHE XENE 0004624 0001712 0.002912
C5 PARAFFIN 0017612 0014706 0002905
ETHANETHIOL 0055073 0057976 0002902
HEX AMETHYLENE IMIEOCYANATE 0.0147461 0017661 0. 002900
VALERIC ACID 0005136 0005021 0. 002885
MCYCLOPENTADMENE 0. 162543 0.159679 0. 002864
CHLORODETHANE 0002822 0000000 0002822
HMBUTYL CHLORIDE 0.008124 0005330 0002794
DMMETHYLUNDECANE 0004529 0002039 0002791
ETHYLISOPROPYL ETHER 0. 006843 0009 608 0. 002765
MESITYL OXIDE 0009395 0012137 0002738
TETRAFLUDEOMETHANE 0. 000000 0002711 0.002711
CHLOROFORM 0. 168524 0165841 0.002683
C5 OLEFIN 0016118 0013443 0002675
DMHYDEOXYBENZENE (14) 0002671 0000000 0.002671
CY CLODCTADIENE 0. 000688 0003 309 0. 002621
METHYL-2,4-PENT AN EDIOL (2-) 0099866 0.102434 0. 002568
METHYLPEN TANE 0.014900 0012384 0.002516
DMEETENE 0.030341 0032 E66 0. 002506
PROPREOXYETHAMOL (2) 0. 006663 0004 182 0. 002451
C5 ALEYLBENZEMES 0.014204 0011745 0002459
BUTYLBENZEME 0.002462 0000024 0002437
METHYLHEPTEME 0000022 0002438 0.002416
ACRYLONITRITE MONOMER 0. 004107 0006453 0. (02346
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PROPYLENE GLYCOL MONOMETHYL 0.014532 0016793 0. 0022461
ISOMERS OF BUTYLBENZENE 0069399 0071638 0.002238
O COMPOUNDSE (DIESEL EXHALET) 0002236 0000000 0. 002236
CAPROLACTAM 0. 108388 0.110497 0002109
ETHY LMETHYLOCTANE 0.002184 0000105 0002079
CY MENE, P- 0.006311 0004266 0. 002045
METHYLMNAPHTHALENES 0012282 0010251 0002031
TRIMETHYLCYCLOPENT ANE 0002946 0004938 0001992
BIPHENYL 0.009241 0007277 0001964
PROPROXYPROPANOL 0.019483 0021429 0. 001945
METHYLETEARATE 0.003651 0001713 0.001938
SUBETITUTED STYRENES 0.001923 0000000 0.001923
BUTYL CELLOSDLVE ACETATE 0025709 0027630 0001922
ETHY LEME D'IAMINE 0019518 0021738 0001920
2-METHY LOCTANE 0.001904 0000000 0001904
23-MMETHYLHEPTAMNE 0001588 0000000 0.001588
MCHLOROPROPANE (1,2) 0000704 0002530 0. 001526
B-METHYL STYBRENE 0001805 0000000 0.001805
ALIPHATICE (PER CARBOM) 0.003319 0001548 0.001771
22, 5-TRIMETHYLHEX ANE 0.002509 0000501 0. 001708
DMPHENYL ETHER 0.009113 0010816 0.001703
DIMETHYLOCTAMES 0.071002 0069310 0001692
DM-Z-ETHYLHEXYLPHTHAL ATE (DE 0. 000000 0001 665 0. 001665
MHEXYL CELLOSDLVE 0.039195 0040840 0001645
24 4-TRIMETHYL=-1-PFEN TENE 0.001955 0000312 0.001643
C5H 18033513 0003780 0002156 0.001625
TEREPHTHALIC ACID 0001834 0000212 0.001623
PFHENYLISOCYANATE 0005554 0003942 0001613
C110OLEFINE 0.008744 0010344 0. 001600
O-XYLENE 0.012453 0010918 0. 001546
METHYLOCTANES 0019528 0021369 0.001541
ETHYL HEXANDIC ACID2- 0002857 0004344 0.001487
METHOXYETHANOL, 2- 0. (00000 0001 457 0. 001467
BUTANEDIOL (1,3} 0009528 0011290 0. 001462
C5 PARAFFIN/OLEFIN 0008962 0007537 0.001425
METHYL IEOPROPYL KETOME 0. 000000 0001397 0.001397
DECYCLENE 0021965 0023352 0. 001386
TRIETHANOLAMINE 0.012327 0010982 0.001346
PROPENYLCYCLOHEX ANE 0. 006642 0007967 0.001325
HITROETHANE 0. 000000 0001295 0. 001298
MAPTHALEME 0003628 0002342 0.001286
METHYLPALMITATE 0003106 0001524 0.001252
Cl10 PARAFFING 0. 005861 0007141 0. 001250
MONMETHANE YO C-17 0. 000000 0001 269 0001269
METHYLPENTENES 0.007359 0006 104 0.001255
IEOBUTYRONITRILE 0. 000000 0001253 0.001253
TRIETHY LAMINE 0004933 0003 693 0001241
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2.METHY LHEPTANE 0.001242 0000016 0.001226
METHYLHEXAMNAL 0007635 0006420 0.001214
CHLOROPEN TAFL UOROETH ANE 0. 000000 0.001 196 0001196
D-LIMDNENE 0005874 0004688 0001186
CE DLEFINS 0.003446 0002277 0001169
METHYLDECEME 0.005729 006838 0001109
PFHEMAMNTHRENE 0.001768 0000663 0.001105
TETREAMETH YLPEN TANONE 0. 006630 0007735 0001105
1-CHLOROBUTANE 0.002951 0004012 0. 0010461
C2 ALEYLINDAMN 0.007144 0006083 0. 0010461
PFYEROLIDONEZ - 0007379 0005435 0. 001056
DMMETHYLHEPTA NE 0006018 0007058 0001039
INDEMNE 0007134 0006123 0.001011
DMMETHYLCYCLOPEN TANE 0003726 0002751 0000975
TRIMETHYLPEN TANE 0.005643 0004691 0. 000952
BUTYLIZOPROPY LPFHTHALATE 0001856 0000908 0. 000948
METHYLAMY L ALCOHOL 0. 000000 0000942 0. 000942
ISOPROPYL FORMATE 0. 000000 0000940 0. 000940
DICHLORODPROPYLENE, 1,3- 0. 006735 0007673 0. 000938
M-DICHLOROBENZENE 0.005149 0004218 0. 000931
AMYL ACETATE 0.001693 0002 606 0.000913
METHY LMETHY LCYCLOHEXANE 0. 004589 0005 480 0. 000591
PROPYLHEPTEMES 0. 004589 0005 480 0. 000521
1-ETHOXY-2-PROFANOL 0001757 0002626 0. 000869
3-METHY LHEPTANE 0.0005461 0000000 0. 000E6]
TETRAMETHYLCYCLOPENTANE 0.004715 0005547 0. 000833
PFROPADIENE 0002635 0003 445 0.000810
DMBUTYLPFHTHALATE 0001507 0000704 0. 000803
MONENDNE 0.007597 0006802 0000795
A-CHLOROTOLUENE 0.000779 0000000 0000779
1 4=-BUT ANED L 0001379 0000600 0.000779
OXDOHEXYL ACETATE 0002466 0003 203 0000737
TRICHLOROBENZENE, 1,2 4- 0. (00000 0000731 0. 000731
METHYL 10D D E 0007826 0005554 0000728
PIVALIC ACID 0.000721 0000000 0. 000721
CUUMENE HYDROPE RO XIDE 0.006119 0006830 0.000710
CHLOBROETHANOL (2) 0000703 0000000 0000703
BENZALDEHY DE 0.019264 0019955 0. 000691
9 PARAFFIN 0.003983 0003294 0. (00659
METHY LEME TRIAMINE 0.005436 0006125 0. 000688
SEC-BUTY L CHLORIDE 0001815 0002 450 0. 000665
DIMETHYLINDANE 0003537 0(N2ER2 0. 000655
ETHYLETYRENE 0. 000996 0000349 0. 000647
METHY LMYRISETATE 0000995 0000349 0. 000647
BENZYL ALCOHOL 0006140 0006769 0. 000629
BUTYL METHACRY LATE 0. 006220 0006845 0. 000628
2-METHY L-2-PENTENE 0. 00987 0000361 0. (00627
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METHYLCYCLOPENTENE 0003710 0003 054 0. 000625
TRIMETHYLDECENE 0.(N3588 0002970 0. 000618
CEH 2404514 0001246 0000639 0. 000607
BUTYL ETHYL ETHER, TERT- 0. 000000 0000604 0. 000604
ACETYLACETOMNE 0. 000000 0000603 0. 000603
ETHY LHEXAME 0.010800 0010203 0. 000597
METHYLHEPTANE 0003036 0002 440 0. 000596
DIMETHYLCYCLOPENTENES 0002546 0001959 0. 000587
MITROPROPANE (1) 0.001392 0001 962 0. 000570
4-METHY LANILINE 0001362 0000795 0. 000567
ISOMERS OF TETEAD ECANE 0.002202 0001 636 0. 000567
ISOPROPYLMETHY LCYCLOHEXANE 0003602 0004 168 0. 000566
VINYLIDENE CHLORIDE 0. (H{E559 0009149 0. (S50
MORPHOLINE 0. 000558 0000000 0. (00558
CUMENE (ISOPEOPYL BEMZEME) 0002800 0002252 0. 000549
MACETONE ALCOHOL 0.002168 0002708 0. 000540
CY CLOBUTANE 0003295 0003526 0. 000528
DMMETHYLPENTANE 0.002987 0002 462 0. 000526
HEXA DIENE 0. 004989 0005503 0000514
4-METHY LHEPTANE 0000542 0000038 0. 000504
BUTADMENE, 1,2- 0.003929 0004418 0. 000488
BUTYLEME OXIDE, 1,2- 0007402 0007 EED 0. 000478
ADIPIC ACID 1.211939 1212413 0. 000474
HEPT AMOL (3-1) 0.001 160 0001631 0. 000471
DMMETHYLBUTENE 0002490 0002023 0. 000467
BUTOXY ETHOX YETHAMNOL 0.004228 0003 762 0. 000466
PARAFFIMNE (C16-034) 0. 000654 0000 200 0. 000464
METHYLOGLYDXAL 0000833 0000379 0. 000455
TRIETHY LENE TET RA MINE 0.001471 0001912 0. 000441
ETHY LMETHYLHE XAMNE 0.002545 0002107 0. 000438
2+ -BUTOXYE THOXY }=-ETH ANOL 0.000940 0001377 0. 000436
CY CLOHEXENE 0.000969 0000535 0. 000434
O-CHLOROTOLL ENE 0. (00000 0000434 0. 000434
GLYDOXAL 0000904 0000472 0. 000432
M-PENTY LCYCLOHEXANE 0.001465 0001041 0. 000423
METHYLGLUTARDMITRILE 0. 000000 0000423 0. 000423
XYLENOL 3 4= 0. 000000 0000423 0. 000423
ACENAPHTHYLEME 0000589 0000 166 0000423
METHYLHEXADIENE 0002048 0001628 0. 000420
ISOMERS OF CI0H1E 00009466 0000545 0. 000418
VINYL-2-PFYRROLIDOMNEN - 0.003338 0003748 0. 000409
C6 SUBETITUTED CYCLOHEXAMNE 0001953 0001544 0. 000409
C5 BUBSTITUTED CYCLOHEXAME 0. 002506 0.002 101 0. 000405
2 2-MCHLORONITRO ANILINE 0.002394 0001994 0. 000400
ISOMERS OF C11H2Z0 0002639 0003039 0. 000400
C4 BUBSTITUTED CYCLOHEXANONE 0001556 0001 162 0. 000394
C4 ALEYLPHENOLE 003235 0003618 0. (383
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ETHYL-B-ETHOXYPROPIONATE 0001255 0001 &30 0.000375
O ALEYLBENZEME 0000907 0000534 0000373
MYRCENE 0001327 0000962 0. 000365
B-PHELLANDEENE 0.001231 0000873 0. 000358
BUTOXY BUTENE 0002106 0001753 0. 000353
3{CHLOROMETHYL)}-HEPT ANE 0.000745 0001094 0. 000349
T-BUTYLBENZENE 0002604 0002952 0. 000349
AMYL METHYL ETHER, TERT= 0. 000000 0000336 0. 000336
2-METHY LPROPENE 0000374 0000039 0. 000336
AMINOETHYLPIPERAZINE, (M-} 0001158 0001 493 0. 000335
CAMPHENE 0000989 0000665 0000324
ETHYLHEXYL ACEYLATE (2) 0.002144 0002 468 0. 000324
TERPFEMNES 0000329 0000013 0. 000316
ETHY LHEFTENE 0000398 0000054 0000314
ANTHRAQUINOME 0. 0003 50 0000038 0.000313
TRICHLOBROBENZEM ES(ALL) 00003 50 0000038 0.000313
23=-DIMETHYLHEXANE 0000302 0000000 0. 000302
C3 ALEYLCY CLOHEXANE 0000333 0000038 0000295
BROMODINIT RO BENZENE 0000332 0000038 0. 000294
ETHY LPHEN YLPHENY LETHANE 0000332 0000038 0. 000294
ETHY LMETHYLCYCLOPENTANE 0.001139 0000848 0. 000291
MONONONYLPHENOL 0.007441 0007730 0. 000289
TRIMETHYLHEXENE 0.003247 0003533 0. 000286
METHYLCYCLOHEX ENE 0001162 0000 85D 0. 0002581
CHLOROPROPENE (3) 0.014039 0014320 0. 000281
C4 ALEYLETYREMES 0.000554 0000274 0. 000280
C2 ALEYLCY CLOHEXANE 0.000349 0000076 0.000273
C4 SUBSTITUTED CYCLOHEXANE 0.000349 0000076 0000273
HEXADECANE 0. 000409 0000144 0. 000264
ISOMERS OF HEPTADECANE 0. 000405 0000143 0. 000262
2-HEX ENE 0.000311 0000051 0. 000260
ISOMERS OF DCTADECANE 0000345 0000086 0. 000259
2-BUTYNE 0. 000295 0000038 0. 000257
CHREY SEME 0000295 0000035 0. 000257
CIS-3-HEXENE 0.000295 0000038 0000257
FLUDBANTHEMNE 0.000295 0000038 0. 000257
Y RENE 0000295 0000035 0. 000257
METHACEYLIC ACID 0.001203 0001455 0000253
ISOMERE OF COH1S 0. 000425 0000182 0000243
IEOPROPYLAMINE 0. 004044 0004305 0. 000241
TRIMETHYLOCT ANES 0.003571 0003810 0. 000238
ETHY LDIMETHY LPENTANE 0001052 0000E1S 0. 000237
METHYLDIETHANOLAMINE 0007247 0007014 0. 000233
ISOAMYL ALODHOL 0.000279 0000047 0000232
TETREAETHYLEMEFEN TAMIMNE 0. 000850 0001077 0. 000226
25-MMETHYLHEPTANE 0.000281 0000061 0.000219
C13 COMPOUNDE (DIESEL EXHALIET) 0000211 0000 D400 0. 000211
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C2 ALEYLMAPTHALENE 0. 000830 0000620 0. 000210
DIMETHYLHEX ADMEME 0. 000E30 0000620 0. 000210
TRIMETHYLDECANE 0. 0003920 0000 188 0. 000201
DMMETHYLETHYLCYCLOHEXANE 0. 000720 0000527 0000193
DMMETHYLCYCLOBUT ANONE 0. 000506 0000313 0000193
METHYLHEX ENES 0000463 0000275 0. 000189
ETHER, TERT-BUTYL-METHYL 0. 000000 0000182 0.000182
BUTYL CAERBITOL ACETATE 0. 000000 0000177 0.000177
MHYDRONAPTHALENE 0. 000498 0000334 0. 000164
ETHY LCYCLOPENTEME 0. 000498 0000334 0. 0001564
METHYLBUTENE 0000498 0000334 0. 000164
TRIMETHY LINDAN 0. 000498 0000334 0. 000164
BUTYRIC ACID 0. (00000 0000159 0. 000159
IEOBUTYL IBOBUTYRATE 0. 000000 0000156 0. 000156
BUTYROL ACTONE (4) 0.006418 0006567 0. 000150
HYDROXYPROPYL ACRYLATE 0.001302 0001 448 0000147
DMHITROTOLUENE | ALL ISOMERS) 0001996 0002 140 0. 000144
3-HEPTEME 0.0001 54 0000021 0.000143
CI5-2-0CTENE 0.0001 54 0000021 0000143
VALERALDEHYDE 0046982 0047124 0000142
ISOMERS OF TRIDECANE 0000445 0000314 0000131
DMBUTY L ETHER 0000290 0000419 0. 000130
TETRAMETHYLCYCLOBUTENE 0000335 0000206 0. 000128
ISOVALERIC ACID 0000819 0000947 0.000128
Cl0H12 0000332 0000206 0. 000126
C7 PARAFFINS 0000332 0000206 0. 000126
CTH12D 0000332 0000 206 0. 000126
ETHYLINDAN 0000332 0000206 0. 000126
METHYLCYCLOPENTA DIENE 0000332 0000206 0. 000126
PROPARGYL ALCOHOL 0003513 0003 636 0000123
C5 ALEYLBENZEMNES (17 0000388 0000266 0000122
TRIMETHYLPEN TADIENE 0000388 0000266 0.000122
DMMMETHYLPENTENE 0. 000166 0000051 0.000115
ETHY LHEFT ANE 0000166 0000051 0.000115
HEPTAIMEM AL 0.0001 66 0000051 0.000115
METHYLCYCLOHEX ADMEME 0.0001 66 0000051 0.000115
METHYLHEPTYNE 0000166 0000051 0.000115
METHYL AMINE 0.0444461 0044571 0.000110
CHLOROPROPANE (2) 0.001250 0001359 0. 000109
M-PROPY L CHLORIDE 0.001250 0001 359 0. 000109
BENZOTHIAZOLE 0.000411 0000314 0. 000097
DIMETHYLBUTYLCYCLOHE XANE 0.000411 0000314 0. 000097
ALLYL ALOOHOL 0.014614 0014526 0. 000088
ETHY LPENTENE 0000222 0000138 0. 000084
HEXADIENAL 0000222 0000138 0. 000054
PENTEMYNE 0000222 0000138 0. 000084
TETRAMETHYLTHIDLURE A 0. (0395 0000314 0. (R 1
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MEE PEROXIDE 0. 000000 0000081 0. 000051
TOLUIDNE, O- 0000976 0001058 0. 000051
C10H146 0. 000529 00007492 0. (100080
DIMETHYLOCTYME 0000829 0000749 LU
OCTAHY DROPENT ALENE 0000529 0000749 0. (00080
OCTANDL 0000829 0000749 0. (00080
ETHYL-13-HEXAMEDIOL,2- 0. 000000 0000079 0. 000079
TRIMETHYLHEXANES 0000776 0000704 0. 000072
2-BUTYLTETEAHY DROFUBRAN 0000183 0000255 0. 000072
METHYLIEOPROPYLCYCLOHEXANE 0000115 0000045 0. 000071
ETHYLHEXANDATE 0.000114 0000043 0. 000070
LIMOMNENE 0.000114 0000043 0. 000070
DMPROPY LENE GLYCOL METHYL 0. (00000 0000067 0. (00067
BUTYL BEMZYL PHTHALATE (BBP) 0.001211 0001 147 0. 000064
OCTAHYDREOINDENES 0001478 0001415 0. 0000464
BUTYNE 0.002897 0002839 0. 000058
HEXAMETHY LEME-1, = 0. 000000 0000058 0. (00058
C5 ALEYLPHENOLE 0.001454 0001410 0. 000055
PROPYLENE GLYCOL T-BUTYL 0000728 0000783 0. 000054
DMHYDREOXYNAPTHALENEDIONE 0. 000052 0000000 0. 000052
DMMETHYLHEX AMEDIOATE 0. 000083 0000032 0. 000051
TETRAMETHYLHEXAMNE 0. 000083 0000032 0. 000051
ETHYL-3-ETHOXYPROPIOMNATE 0. 000000 0000051 0. 000051
PENTYLIDENECYCLOHEXANE 0.001344 0001395 0. 000050
MONADIENE 0.001462 0001412 LU
EPOXY {1,2) PROPAMNOL (3) 0. 006987 0006939 0. 000048
FURFURY L ALCDHOL 0000125 0000077 0. 000048
DIAMIINOCYCLOHEXANE (1.3) 0. 000000 0000047 0. 000047
DMMETHYLINDENE 0. 000056 0000012 0. 000044
ETHY LBICY CLOHEPT ANE 0. 000056 0000012 0. 000044
METHYLBUTADIENE 0. 000056 0000012 0. 000044
METHYLDMHYDROMAPHTHALENE 0. 000056 0000012 0. 000044
OCTATRIEME 0. 00056 0000012 0. 000044
DMMETHYLPENTA NE DDA TE 0000538 0000794 0. 000044
DMCHLORD (1,3) PROPANOL (3) 0004113 0004157 0. 000044
METHY LCYCLOHEXANE 0.004921 0004579 0. 000042
C1Z20OLEFING 0001035 0000994 0. 000041
ETHY LOCTENE 0000075 0000035 0. 000040
DMETHYLPENTA NOL 0. 000424 0000385 0. 000039
FLUDREME 0. 000000 0000038 0. 000038
OCTAMETHY LCYCLOTETRASILO XA 0. 000000 0000038 0. 000038
MBUTYLAMINOETHANOL (2-N) 0003290 0003326 0. 000037
CAREMNE,3- 0.002154 0002118 0. 000037
METHYLPROPYLMNONANE 0. 0000463 0000027 0. 000036
METHYLNONENE 0000058 0000022 0. (00035
ACETYLENE DICHLORIDE 0.004344 0004377 0. 000034
METHYLDODEC ANE 0. (046 0000015 0. (31
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THIOPHENE 0.001642 0001 672 0. 000030
DECEMNE,1- 0. 008907 008 ETE 0. (00030
DMPHEN YLME THANE DIIBOCY ANATE 0001158 0.001 186 0. 000029
BUTYROMITRILE 0. 000000 0000027 0. 000027
DMMETHYLBENEY LAL COHOL 0.001283 0001256 0. 000027
M-N-BUTYL PHTHALATE 0. 000000 0000025 0. 000025
P-TOLUALDEHYDE 0. 000022 0000000 0. 000022
DIMETHYLNAPTH ALENE 0.000019 0000000 0. 000019
DIPHENY LETH ANE 0.000019 0000000 0. 000019
MYINYLBENZEME 0000019 0000000 0. 000019
SILOXANE 0.000019 0000000 0. 000019
METHYL BROMIDE 0.003244 0003 262 0. 000018
C5 ALEYL CYCLOHEXANE 0. 000016 0000000 0. 000016
CHLOROHY DRIN 0. 000614 0000595 0. 000016
23-MMETHYLPFENTANE 0.000133 0000118 0. 000015
EICOE ANE 0.000014 0000000 0. 000014
MONADECANE 0000027 0000012 0. 000014
23 3-TRIMETHYLPENTANE 0.000104 0000092 0000013
1-METHY L-3-ETHYLBENZENE 0.000102 0000059 0. 000012
23-DIMETHYLBUTANE 0.000071 0000058 0. 000012
METHYL-3-PEN TANOL (2-) 0.000521 0000510 0. 000011
2A-DIMETHYLHEPTANE 0. 000010 0000000 0. 000010
SEC-BUTY LEENZEME 0. 000010 0000000 0. 000010
DIMETHY LETHY LBENZOIC ACID 0. 000010 0000000 0. 000010
HEXADECANQOIC ACID 0.000010 0000000 0. 000010
HEMEIDDEA ME 0. 000009 0000000 0. 000009
23 5-TRIMETHYLHEX ANE 0. 000009 0000000 0. 000009
1,2-DIETHYLBENZENE 0. 000056 0000050 0. 000007
M-DIETHYLBEMZEME 0. 000056 0000050 0. 000006
ISOBUTYLBENZEME 0. 000052 0000045 0. (00006
MEOHEXENE 0.001539 0001 533 0. (00006
ISOVALERALDEHYDE 0. 000005 0000000 0. 000005
1-METHY L-3-120PROPYLBEN ZENE 0. 000037 0000032 0. (00005
22=-DIMETHYLHEXANE 0. 000005 0000000 0. 000005
HEXANAL 0. 000026 0000021 0. 000005
PFENTYLBENZEME 0.000024 0000019 0. 000004
M, N-DMMETHYLACETO ACETAMIDE 0. 000502 0000792 0. 000003
TRANE-3-HEX ENE 0. 000028 0000024 0. 000003
C16 BEANCHED ALEANE 0000017 0000014 0. 000003
TRIMETHYLCYCLOPENT ANONE 0.001241 0001244 0. 000003
CARYOPHYLLENE 0. 000003 0000000 0. 000003
2A5-TRIMETHYLHEPTANE 0. 000025 0000022 0. 000003
METHYLHEPTANOL 0. 2 0000000 0. 000002
1-METHY L-3-N-PROPYLBENZENE 0000016 0000014 0. 000002
DMME THY LOCTAMOL 0. 000002 0000000 0. 000002
CROTONALDEHY DE 0. 000002 0000000 0. 000002
METHYLENE{b)4- 0. (0002 0000 D400 0. (00002
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DMMETHYLHEPTA NOL 0. 000002 0000000 0. 000002
METHOXYETHO XYETHANOL 0. 000002 0000000 0. 000002
DMMETHYLHEXEME 0.000012 0000010 0. 000001
M-HEPT ADECANE 0. 0000401 0000000 0. 000001
METHYLETHYLPENTANDATE 0. 000001 0000000 0. 000001
4 4-METHYLENE DIANILINE 0. 0000401 0000000 0. 0000401
35-DIMETHYLHEPTANE 0. 000000 0000000 0. (00000
VINYL TOLUENE 0002152 0002152 0. (00000
GLYDXYLIC ACID 0001900 0001 900 0. 000000
METHYL PY RIDINE {3} 0000930 0000930 0. (00000
MCHLO BOMONOFLUO EOMET HA 0000735 0000735 0. 000000
22-MMETHYLPROPANE 0. 000000 0000000 0. 000000
23-MMETHYL-1-BU TENE 0. (00000 0000000 0. (00000
2-ETHYL-1-BUTEME 0. 000000 0000000 0. (00000
3-METHY L-1-PENTENE 0. 000000 0000000 0. 000000
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Emissions Modeling of Specific Highly Reactive Volatile Organic Compounds
(HRVOC) in the Houston-Galveston-Brazoria Ozone Nonattainment Area

Fon Thomas, Jim Smith, Marvin Jones, Jim MacKay, John Jarvie
Texas Commuission on Environmental Quality (TCEQ), MC-164
P.O.Box 13087, Austin, TX 78711-3087
rthomasGteey. state tx us

ABSTRACT

The 2006 Texas Awr Quality Study (TexAQS II) confirmed many of the results from the 2000

Texas Air Quality Study (TexAQS 2000). Both of these stodies rank among the most extensive and
ive studies of their kind imdertaken to date. Chief among many mportant findings was the

discovery of the role played by certan light olefins in the rapid, ntense formation of czone n the
Houston-Galveston-Brazona (HGE) ozone nonattainment area. Atmosphenic concentrations of species
such as ethylene and propylene were often found to be many tinees larger than could be explained by
reported emissions mventories. Successfully modeling pollutant concentrations observed during the
study necessitated adjustments to these reported emissions. As a consequence of these findings, in 2001,
the Texas Matural Fesource Conservation Commission (now Texas Commussion on Envirommental
Quality) began developing regulations targeting specific ighly-reactive VOCs (HEVOC). Adjusting
the modeling imventories to account for unrepeorted HRVOC emuissions and later test-driving controls on
emissions of these specific compounds presented a set of umgue challenges to emissions modelers, smee
emission processing software typically 1s not designed to apply adjustments or controls to individual
WOC species. This paper describes a set of procedures developed by TCEQ which allowed us to
successfully adjust and control (in processing for the photochemical model) emmssions of mdreidual
hydrocarbon species in the TexAQS 2000 modelng episode. This paper also provides an mtrodnction to
ongoing efforts to reconcile more recent inventories with ambient measurements made at twelve
automatic gas chromatographs (anto-GCs) currently operating contimuously in the HGB nonattainment
area.

INTRODUCTION
Background and Motivation

The development of a strategy for reducing ozone in HGB 13 complicated by the many factors
contributing to ozone formation n this area. A hot, sunny climate, a large urban population, a massive
refining/petrochemical mdustry, and complex coastal meteorology all work together to make the area
one of the worst in the nation for ground-level ozone, and at the same time one of the most challenging
areas to model.

In December 2000, TCEQ) adopted an HGB Attamment Demonstration Ozone SIP that mclnded
mules regquiring a 90 percent nitrogen oxides (NOy) reduction from indnstrial sources within the HGB
area. Shortly after the SIP revision was adopted, a group of Houston-area industrial companies
challenged the December 2000 HGE SIP and some of the associated rales. Amcomg other things, the
group contended that the last 10 percent of the NOx reductions (L.e. requirmg a 90% reduction mstead of
80%) was not cost effective and that the czone plan would fail because TCEQ did not account for
volatile organic compound emissions associated with upset conditions. As part of a settlement
agreement reached m June, 2001 TCEQ) committed to investigate whether attainment could still be
reached under alternatives to the 90 percent mdnstrial NOx reduction strategy. specifically whether
reductions to emissions of Highly-Reactive VOCs (HEVOCs) could be substituted for the last 109 of
N0y reductions.



reconciliation of more recent modeling inventories with HRVOC and other VOC measured at ssveral
auto-GCs m HGB.

This paper will cover the flowing topics in individual sections of the body of the text:
Reactivity

Speciation

Developing and Defiming HEVOC Adjustment

Modeling the Adjustment

HEVOC Controls

HEVOC Rules

Recent Developments in Emissions Reconciliation

Highlights of Results

Relying on results of the TexAQS 2000 field campaign, TCEQ) was able to improve the
performance of the photochemical model m HGB by adjusting the amount of modeled HREVOC
emissions available for rapid ozone formation mm 2000. A key component of this process mvolved
developing a process to fully speciate the reported emissions of industrial sources. Using the adjusted
mventory, TCEQ was able to demonstrate that 80 percent NOy; reduction combined with overall 36
percent HEVOC reductions 1s equivalent to the 90 percent industrial NOy, reduction. To achieve the
necessary HEVOC reductions, TCEQ developed a dual approach: (1) address variable short-term
emissions through a 1200 Ibhour, not-to-exceed, emission limit, and (2) address steady-state and routine
emissions through an annual cap. The paper concludes with a preview of cumrent work TCEQ 15
undertaking to reconcile monttored ambient emissions with the reported mventory.

DISCUSSION

As modelers and atmosphernic scientists, we ask the question, “What drives local ozone
production?” One answer is reactivity, of reaction rates among the contaminants in the ozone soup.
Loocking at the VOC part of the equation, not all VOCs are created equal — some VOCs make ozone
nmch more effectively than others. We can define reactivity as the potential of a given compound to
make ozone.

One result of TexAQS 2000 was a list of twelve reactive compounds groups developed by TCEQ
with the assistance of Brookhaven National Laboratory (BNL) during the field study’. This list of
compounds 15 referred to as the oniginal “Big 127, Table 1 hists the origimal “Big 12 HEVOC species as
modeled for the December 2002 SIP revision.

Table 1. Original "Big 12" HRVOC.

Propylene

Ethylene

Formaldehvyde

Acetaldehyde

Izoprene

Butenes

1.3 butadiene

Toluene

Pentenes

Trimethylbenzenes




Xylenes

Ethyltoluenes

Subsequent analyses were performed’ in order to refine the list by using data collected over a
longer time period (1996-2001) to assess which compounds contributed most to ozone reactivity.
Antomated gas chromatograph (auto-GC) data were available for seven different sites in Houston and
vicimty during this ime period. The analysis concluded that, while some compounds (e.g., alkanes)
occasionally cansed high reactivity, those frequently responsible for high reactivity days were
propylene, ethylene, butenes (1-butene, cis-2-butene, trans-2-butene), and 1,3-butadiene.

Reactivity Scal

There are several reactivity scales in use today. The two most popular are the OH and the MIE.
MIE. (maximum mecremental reactivity) is a measure of the maxinmm ameunt of ozone that can be
formed by adding an incremental amount of a particular VOC to a mixture of NOx-rich air. Units are
grams of czone produced per gram of VOC mjected into the system In the urban core and the Ship
Channel, MIE. is a suitable metric to use, given the large amount of NOy in those areas.

MIR is calenlated from smog chamber expeniments and photochemical modeling. William
Carter of the University of California at Eiverside is the pioneer and leading expert in this field’. TCEQ
downloaded (2002) Carter’s MIR. reactivity scales’ — an excerpt of the MIE. table that TCEQ used
(2002} 15 provided as Table 3.

Tahle 1. MIR table excerpt.

ICompound MIR
2—@1—2-3%:11& 14.45
tE-E-Butem 13.01
1.3-Butadiene 13.58
c1s-2-Butene 13.23
'Pr_nﬂe - 11.58
1.2 3-Trimethyl Benzene 11.26
1.3 5-Trimethyl Benzene 11.22
[zoprene 10.69
Ex‘grlema 10.61
1-Butene 10.29
lc1s- 2-Pentene 10.24
trans-2-Pentene 10.23
[Ethene .08
1-Pentene [7.79
lo-3ylene [7.49
lAcetylens 1.25
23 4-Trimethy] Pentane 1.23
- 71 Heptane 1.20
3-Dimethyl Butane 1.14
m-Octane 1.11
E\Inuam 96
m-Decans B3
Benzene .82




[Propane .56
[Methane 0139

A map of the TCEQ analysis® area of the auto-GC data represented m Table 2 is provided as Figure 1.
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Figure 2 shows mean concentrations by vear of camister samples taken at site HEM3 (circled m

red in Figure 1). When the compounds are weighted by MIR (Figure 3) the true importance of highly-
reactive compounds to ozone production becomes evident.



Figure 1. Concentration of canister compunds for site HRM3.
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Figure 3. MIE-weighted concentrations of canister compounds from Figure 2.
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Speciation

Photochemical modelers would prefer to have an EI of individual chemical species to place into
their models. Unfortunately, the EI is generally not available in that level of detail, becanse contimuous
emmissions monitors (CEMs) and automated gas chromatographs (auto-GCs) are expensive, and the vast
majority of process units are not required to meniter in that level of detail, if they are required to
monitor at all.

Speciation is the top-down process of breaking a prepared EI of criteria pollotants mto its
constituents, preferably compound-specific. For the purpose of this paper, we will limit discussion to
volatile orgamic compounds (VOCs). Historically, professionals involved in speciation (EI preparers,
modelers, scientists) have rehied on national databases such as SPECIATE or AP-40FIRE. Ithas
become fairly commonplace for modelers to share and compare speciation profiles and eross-references
among themselves. A speciation profile for an emission-generating process is a list of constituent
compounds and the mass fraction of each. Since many speciation profiles may exist for one type of
process (one SCC), depending on area of the country and the specifics of the process, it 13 necessary to
tie a specific profile to a specific process, via cross-reference. It is possible for several umits/processes
to use the same speciation profile, so many units/processes can point to one speciation profile. For
example, take gasoline: a novice m this business might beheve that gasoline 15 gasoline, but experienced
professionals know that what's being emmtted as gasoline vapor (volatilization) in a storage tank is very
different from gasoline being bumed (combusted) in a commuter vehicle engine. Additionally, summer
gasoline differs from winter gaseline in composition, and gascline in certain nonattainment areas may
have a special formulation designed to reduce emissions of NOy.



In recent years, TCEQ has aggressively solicited speciation information directly from major
sources in the state, and as a result the VOC inventory in the HGB area is now approximately 85 percent
speciated. However, some sources still report sizable quantities of mixtures or unspeciated VOCs, and
20 it 13 necessary to rpecmteﬂleszfmmﬂnsmthe best way we can, for two reasons: (1) ozone
production is very sensitive to the amount of HRVOC being emitted, and the model needs good
speciation in order to make valid predictions, and (2) Texas has an HRVOC banking and trading system,
which requires complete and accurate {as nmch as possible) speciation. In addifion to speciation
routinely collected as part of the EI process, TCEQ requested a Special Inventory (SI) from targeted
regulated entities in southeast Texas durmg each of the past three major field studies. Even if the annual
mventory for a source is completely speciated, the speciation can vary from hour to hour withm the year
(for example, refmenies produce different blends of gaseline for different seasons. docks may vary the
product loaded from one ship to the next, and the same tank may hold several different products within a

EIVEN Year).
TCEQ Speciation procedure

TCEQ has employed a number of approaches to speciation owver the years. For the December
2004 SIP revision modeling analysis, a new process was developed which retains virtually all speciated
hydrocarbon data reported to the PSDB/STARS and the S, regardless of the completeness of the
speciation of each point’s emissions. Also new for the December 2004 SIP 15 the exclusion of non-VOC
species, as defined by EPA | from all point-source speciation profiles. These pmmdm‘esaredgsmibedm
“Speciation of Texas Point Source VOC Emissions for Ambient Air Quality Modeling™. This TCEQ
report is now referenced in EPA’s SPECIATE 4 QAPP document, Se]:ltmn])er 2006. It 1s also referenced
in William Carter’s “eil3 paper” (13" International EI Conference), “Development of a Chemical
Speciation Diatabase._ .., 2004.

Companies (regulated entities) supphied chemical speciation profiles for their hourly emissions
as part of the 2000 51 (used i the 2004 SIP revision). When available, these data were used to
speciation profiles nsed in the emissions preprocessor (EPS3) to CAM=. In cases where 2000 51
speciation data were incomplete or not available, the procedure described in the speciation report® above
was used. The same was performed for the unspeciated portion of the czone season daily (O5D) EI,
which was used for pomt sources that were not required to submit hourly 2000 51 data. An outhine of

these procedures follows:

1. Extract STARS (State of Texas Air Reporting System) Report.
2. Remove non-VOC compounds.
3. Replace mixtures (crude oil, gasoline, naphtha, Stoddard selvent, and “refinery™) with refined
profiles.
4 ImpmtEPﬂ Default SCC Profiles.
After Deletion of non-VOC/ non-reactives.
— And re-normalization of this dataset.
—  Check for profiles composed of only one compound after removal of non-VOC/non-
reactives.
» Replace such profile with a more appropriate profile (SPECIATE, CAERB,
TCEQ); e.g., EPA 0007 is replaced with CARB 0719
5. Assign profile to each point that had unspeciated VOC.
6. Compare reported speciated emmssions with profile assigned to each pomt.
— Retain reported speciated emissions and remove commeon species from assigned profile
for each emission point.
— Nommalize resulting profile for each point, ﬂlmehyﬂmngamnqnaspematmnpmﬁle
(for each point) to be assigned to each emission point’s unspeciated
- Apply to unspeciated VOC on a point-by-point basis.



7. Substitute resulting speciation in place of umspeciated VOC in reported emissions.
8. Create a point-specific profile for each path m STARS, where a path 15 a process-unit and
emission point combination.

For hourly SI sources, a company may report a different conaposition for each hour for a given
path. For example, a flare may report eight VOC compounds for 10 hours of the day, then a new feed
stream may be added that adds six more compounds to that flare for the next 7 hours. For the 2000 5L
when this eceurred, an average composition profile was created for that path, and this was the procedure
through the December 2004 SIP revision. Figure 4 shows the results of the fully-speciated 2000 point
source EI and Figure 3 shows the same for Hams County only.

Figare 4. HGB 8-connty VOC speciation for year 2000.
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Figare 5. Harris county VOC speciation for vear 2000.
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For the cumrent STP modeling project work, TCEQ modelers have created a speciation profile for
every hour for every path in a 51 dataset, rather than an average profile for each path for entire episode.
This greatly increases the number of speciation profiles and cross-references for processing with EPS3,
but this procedure only occurs ence, and we want to take advantage of every bit of information that a
regulated entity provides, especially for a Special Inventory request. This also cansed TCEQ modelers
to develop a new scheme for profile code names, adding a bit of complexity to the profile/cross-
reference system. This improved process for handling the TexAQS II Special Inventory of 2005-06 was
facilitated by the organization of the hourly data as it was collected by the Hourly Emissions Inventory
Reporting System (HEIRS)® and uploaded into STARS.

Speciation as Modeled

FPhotochemical models. such as CAMx, use simplified chemical mechanisms by computational
necessity. Today, there are more than 100 chemical reactions that are computed mside the
photochemical model for each time step for each 3-D face of each grid cell in the modeling domain.
Imagine the computing time that would be required for one day of a modeling episode if we modeled
every single possible species and its interaction with all of the other species it would encounter in each
grid cell. Ozone modelers typically use about 15 of those species as model input emissions. If we
modeled each species, mstead of lomping them_ as all photochemical models do, we would be modeling
approximately 300 individual hydrocarbon species (and that™s if all the insignificant species were
dropped). Hence, to obtain photochemical modeling results in a human timeframe, like species are
hmmped into categories, or more accurately, like parts of molecules are lumped with like parts of other
molecules.



Most of the chemical mechanisms are based on a molecular structure approach. The Carbon
EBond IV (CB-IV) chemical mechanism uses the carbon bond as its criteria. CB-IV has been a standard
for most of the nation for more than 20 years. CB05 is an upgrade to CB-IV. EPA meorporated CB03
mto the CMAQ model m 2006. Environ incorporated CBO0S mto CAMx m 2006-07, and TCEQ is
currently using it in all of its photochemical modeling studies. Table 4 13 an excerpt of the speciation
conversion of some of the most reactive species into modeled CB-IV lumped categories. The table for
CE05 would lock similar. To read the table, for example half of the reported propylene mass 1s
modeled as PAR (parafins) and half as OLE (olefins). Table 5 shows the overall MIR for each CB-IV
category. Hence, it is still important to know how much of each individual species is present, so that the
allocation to CB-IV/CBO05 is performed as accurately as possible.

Table 3. HRVOC reported species mapping to CB-IV modeled categories.

SPECIES PAR |OLE |TOL |XYL (FORM[ALD2 [ETH [ISOP [MEOH [ETOH |
ETHYLENE 000] oool ooof ooof ooof ooof 100 000f 000 o000|
PROPENE 1.00] 1.00] 0.00] 0.00[ 0.00[ 0.00[ 0.00[ 0.00 0.00] 0.00}
1-BUTENE 200] 100 ooof ooof oo00 o000 o000 o000 000 o000|
1,3BUTADIENE | 0.00] 200 o000] 000 000 o000 0.00] 000 0.0 0.00|
PENTEME 300l 1o00] ooo] oool oool oo0f o000 o000 o000 000
HEXENE 3000 033] o0o00] 000 000 117 0.00] 0.00[ 000 0.00
ISOPRENE 000] o0oo0] ooo] ooof o000l 000 000 4.00 000 000
Table 4. MIR for the CB-IV modeled categories.

CB-Iv CB-IV MIR

SPECIES {lg 031/ g CB-IV ROG)

FORM 17.313

OLE 14.493

ISOP 13,125

ALD2 9.021

XYL 7.149|

ETH 7.146

ETOH 1.995

TOL 1.5417

MEOH 1.2303

PAR 1.0374

Comparing Reported Emissions with Ambient Measurements

Beginning with the 2002 SIP revision, TCEQ has made adjustments to emissions of HEVOCs in
the HGE eight-county ozone nonattainment area. These adjustments are justified by a strong scientific
consensus that the reported emissions of certain light clefins are not sufficient to explain concentrations
observed in the many aircraft flights downwind from mdustrial sources. As stated above, data collected
and analyzed from the TexAQS field studies provided valuable msight regarding the ambient
concentrations of ozone precursors in the HGE area. Agaim_ one conchosion of TexAQS (and reaffirmed
by TexAQS IT) was that ambient concentrations of certain VOCs, in particular terminal olefins, were not
consistent with the reported industrial emissions. Specifically, the ratio of terminal olefins to NOx
measured by aircraft-bome monitors was generally much higher than would be expected from the
reported enissions of VOCs and NOx.



Becaunse of the greater certainty associated with the NOy; emissions estimates, TCEQ concluded
that industrial emissions of ternuinal olefins were likely understated in earlier emissions inventories.
This conchision has been reviewed and documented m numerous scientific journals™ . The question of
whether ennzsions estimates of other VOCs should be adjusted has arisen. Adjustments to the emission
mventory are only warranted when strong evidence and substantial analysis and review mdicates that an
adjustment would be necessary. Because most of the research has been directed at emissions of highly-
reactive compounds, there 13 only tenunous support available to warmant an inventory adjustment beyond
the terminal olefin adjustment. “Other™ VOCs (those not deseribed as “highly reactive™) have not been
adyusted for TCEQ SIP modeling to date. TCECQ) continues to mvestigate whether other VOCs should be
adjusted.

Ambient monitoring shows that other less-reactive VOCs can sometimes contribute an
equivalent amount of reactivity to the airshed as HEVOC. However, the reactivity measure does not
mdicate the spead at which a VOC component helps create ozone. Recall that reactivity 1s typically
grams of czone generated per gram of VOC mjected nto the system HREVOC react quickly to form
ozone, thus making them the most important VOCs with regard to the 1-hour ozone standard  The
scientific evidence and photochemvical modeling shows that additional reductions in other less-reactive
WOCs are not necessary in order to attam the 1-hour ozone standard. Howewer, TCE() intends to
continue to research the role of other VOCs in ozone formation with respect to the 8-hour ozone
standard and will address emmssions of those compounds if additional VOC controls are necessary to
achieve the 8-hour czone standard

Defining HRVOC

The term HEVOC genenically applies to any VOC with the potential to efficiently and rapidly
form ozone in an urban environment. For TCEQ regulatory purposes, HEVOC applies specifically to
the four olefin compounds histed in Table 6. For modeling purposes, HREVOC 13 operationally defined in
terms of which VOCs are adjusted in the modeling. As of December 2002, the list of highly-reactive
WOCs was that given in Table 1 (the “Big 127). For the December 2004 SIP, that list was refined to the
terminal olefins, as given in Table 7. The reason for the change is that one of the key instruments used
m TexAQS 2000 (and upon whose measurements the original inventory adjustment was based) actually
measures total terminal olefins, which is somewhat different from the “Big 127, Current work on
reconciling the 2005 and 2006 mventories with ambient measurements is focused on the four
compounds in Table 6, but may be expanded to consider additional compounds.

For control strategy modeling in the December 2004 SIP, TCEQ demonstrated that the four
highly-reactive VOCs: ethylene, propylene, 1,3-butadiene, and butenes (all isomers) make the biggest
difference of the HRVOCs. These four compounds are common in all the lists, except for trans-2 and
cis-2 butene, which are internal clefns, not termimal clefims, and have been found to frequently canse
high total reactivity conditions, and often domanate the total reactivity. Substantal emission reductions
of these compounds were hypothesized to make a large impact on high ozone, rapid ozone formation,
and transient high ozone observed in the Houston area. This hypothesis 1s the result of analyzing 57307
hours of TCEQ routine VOC momtoring data collected between 1996-2001, and 666 arbome VOC
samples collected by TexAQS 2000 scientists' | as summarized in Table 2 and Figures 2 and 3, above.
Modeling analysis indicates that emission reductions in these four compounds alone can compensate for
the change of indusirial NOx controls to 80%: reductions, as agreed upon m the lawsuit settlement but
additional controls on many VOC sources will be necessary to actually reach attamment of the new 8-
hour ozone standard. TCEQ will continue to study VOC data available now and in upcoming years to
determine whether additional compounds should be added. For now, the hist of HEVOC regulated
Texas is given in Table 6.



Table 6. HRVOC species chosen for control'regulation.
Ethylene (gthene)
Propylens
(propene)
1,3-Butadiene
Butenes (all

150mers)

Table 7. Terminal olefins selected for 2004 "HREVOC" adjustment.
Ethylene
Propylene
1-Butene
1.3-Butadiene
1.2-Butadiene
Pentene
2-Methyl-1-Butene
3-Methyl-1-Butene
Hexene

Izoprene

1-Decene
Propadiene
1,3-Pentadiene

Modeling the HRVOC adjustment

The adjustment used m modeling for the 2002 SIP revision consisted of creating a second point
source emissions file containing all emission points for the largest reactive VOC-emitting accounts m
the B-county nonattainment area. This file was used to provide the extra emissions of “Big 127 VOCs
necessary to make the selected facilities” enmssions of these specific VOCs equal their individual NOx
emussions. This specific VOC-to-NOx adjustment was first proposed by Greg Yarwood of Environ,
bazed on data collected by an mstrumented aireraft operated by Bayler University. On October 19, 2001
the aircraft monitored a number of industrial plumes where high concentrations of terminal olefins
coincided with high WO+ concentrations (NOv consists of NOx plus other mitrogen compounds which
are typically products of photochemical reactions such as mitric acid). In four of these plumes, the
concentration ratic of light clefin to NOy was observed to be between 0.2 and 1, consistent with the
assumption of roughly equal emissions of light olefing and NOy; from the plume sources.

For the 2004 5IP revision modeling analysis, the adjustment to terminal olefins was made. The
extra terminal olefin emissions were explicitly speciated as individual compounds in this phase of
modeling, based on the speciation profiles of individual accounts, whereas in previous modeling, 12
selected WVOCs were mereased for all accounts nsing a generic olefin mixture. The specific compounds
zelected for adjustment were the “terminal olefins,” which have a specific chemical structure that is
easily detectible by an instroment carried aboard the Baylor research aircraft.

Two types of adjustments were developed using this method, a non-varying adjustment sinmlar to
that used in previous modeling and an adjustment that incorporates Special Inventory daily and hourly
emission fluctuations. Overall, these enhancements changed the modeled reactivity only slightly from



previous modeling, but provided for much more flexibility m control strategy modeling. The improved
non-varying HEVOC adjustment added 133 tons/day of VOC to the HGB 2-county area. The time-
varying adjustment fluctuated from 163 to 203 tons/day, depending on the day analyzed.

HEVOC Controls

The modeling mdicated that a reduction of approximately 36% of industrial HEVOC emissions,
combined with overall point source NOx reductions of approximately 80%6, achieved air quality benefits
commensurate with those achieved by the 90% Oy reductions case in the attainment year. This is
critical, not only becanse TCEQ) demonstrated that it did not have to rely solely on a NOy; reduction
strategy for attainment demonstration, but that it satisfied the settlement agreement with the mdustry
group.

In the 2004 SIP Rewision, the question to TCECQ) was, “Can we obtain the equivalent of the last
10%% reduction in industrial NOy; with VOC (HRVOC) controls?” The answer was yes. TCEQ
calculated the reactivity that the 10% represents, decided on the species to control, and devised a conirol
strategy. A solution was a 36% overall reduction in the four HEVOC im HGE, which amounted to

1 50% reduction in the four HRVOC species in Hams County and less reduction required
for the “big two™ (ethylene and propylene) species in the seven adjacent counties. All of the reductions
were modeled as controls to the “EXOLE” (exira clefins) file — the same file that represented the
HEVOC adjustment This was possible becanse the controlled foture-case emissions of HREVOCs were

actually slightly higher than the originally reported 2000 ennssions of these compounds.

Figures 6, 7 and & are emissions tileplots that TCEQ modelers use as a guality assurance tool.
Figure 6 shows the HGB area VOC base case (unadjusted) for ome of the days of the modeled episode
(August 30, 2000). Figure 7 shows the same after we applied the HRVOC adjustment. Figure § shows
the HGB VOC total after we applied the overall 36% HEVOC controls. Each grid cell 15 2km by 2km.
The total emissions for the HGB eight counties are tabulated. Note that Harnis County and Brazoria
County recerved the largest HRVOC raductions. Keep in mind that the tileplots actually show the CB-
IV hydrocarbon mass modeled, not VOC or HEVOC, so totals may not exactly match the tons/day of
mput emmissions. Also note that “reported” in the tileplots is actually “reported plus mle effectiveness™



Figure 6. Unadjunsted (reported) total modeled VOC in HGB
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Fi 8. Total (reported-+adjusted) modeled VOC in HGB after HRVOC controls applied.
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HEVOC Rules

TCEQ adopted HEVOC rules in the December 2002 SIP and revised them in the December 2004
SIP revision. The rules addressed the two concems that TCEQ) agreed to address as part of the Consent
Order: (1) Rapid formation of ozone and short-term vanability, and (2) Steady-state and routine
emissions. To address (1), the HRVOC rules call for a short-term cap of 1200 Ib/hr sitewide limit on
total HRVOC for all sites in HGB subject to the HRVOC rules of TCEQ) Chapter 115. HREVOC 15
defined in the seven adjacent counties as ethene and propene. Sites in the seven adjacent counties
agreed to an enforceable limit based on permt representations. To address (2), the HEVOC rules call
for a long-term cap, an annual sitewide cap on total HREVOC for all sites im Hams County subject to the
HEVOC rules of TCEQ) Chapter 115. Trading is allowed under TCEQ Chapter 101 HECT (HEVOC
Emuizsions Cap and Trade) program.

In general, fugitives are not subject to the HEVOC caps since they are not easily momtored at
the levels that would be required to be effective. Everything else is essentially subject to the rule and
some sort of monitoring, including the following wmits in HRVOC service: flares, cooling tower heat
exchangers. and vent gas streams. The HEVOC process flow monitoring program was implemented in
2005.

The mules, as adopted through the December 2002 SIP revisions can be found at
http:/fwanw. toeq_state. te.us/implementation/am/sip/dec2002heb. html

The rules, az adopted through the December 2004 SIP revisions, including HECT (HEVOC
Emlssmns Cap and Trade) can be found at

1p/decI0( mer himl

The enhanced HEVOC momtormg requirements of Chapter 1135 (TCEQ's VOC rales) will
provide TCEQ additional information regarding the emissions of less-reactive VOCs in two different
ways. First, the point source HEVOC momnitors will collect information on other VOCs as well TCEQ
18 evaluating changes to the emission mventory data collection process to ensure that compamies inchade
this information with thelr emissions inventory. Second, the HREVOC monitoring will provide
mformation on which types of sources (Le., flares, cooling towers, vents) are contributing most to the
emission under-estimation problem. This information will be used to focns any subsequent efforts on
the sources that will provide the biggest air quality benefit.

Collateral VOC Reductions

Additional and less predictable emission reductions are also expected to occur as mdustries
mprove their memtormg capabilifies and become more knowledgeable about therr own HRVOC
emissions. Collateral raduetions of ather VOCs that are present in HEVOC streams will also oceur
when the HEVOC streams are controlled. For example, a cooling tower that handles an HEVOC stream
that has other VOC present will have extensive monitoring of the water to deternune when a leak is
present. When leaks are fixed, not only are HRVOC emssions controlled, but VOC emissions as well.

TCEQ rules require owner/operators of flares in HEVOC service to install flow meters and
comply with maxinmm tip wvelocity and mmimmm heat content requirements to ensure proper
combustion by the flare. The tip velocity and heat content requirements apply at all times, not only
when the flare is combusting HEVOC streams. Because many of these flares are also used for non-
HEVOC streams, the regulations will result in better combustion of other VOC streams as well. This
mproved combustion will reduce emissions of less-reactive VOCs.

Potential Reductions Eesulting From Enhanced Monitoring and EMBS



Since 2003 TCEQ and the HEVOC regulated commmmity have significantly expanded the real-
time ambient momtormg network of specific VOCs. Evaluation of data coellected simce the installation
of these monitors in the summer of 2003 has mereased the confidence in the direction of this SIP
strategy. Likewise, there is an indication that HRVOC concentrations are trending downward in
advance of the HEVOC mule requirements. This downward trend is expected since, as with the
expenience of the Toxic Release Inventory, the awareness by industry of ambient concentrations often
results in reductions of emissions well in excess of any mandatory regulatory program.

To increase the potential for success of this SIP sirategy, a program to help industry respond
rapidly to increases in ambient HRVOC concentrations detected by these momitors is under
development. The Environmental Monitoring Response System (EMRS) 13 a cooperative monitoring
venture between Houston Beglonal Monitering Network, HGE area Industry and TCEQ which i1z
designed to measure Photochemical Assessment Momtoring Sites (PAMS) VOC species close to point
source clusters.

A primary goal of EMES is to prevent HRVOC emissions from creating situations that may lead
to high levels of ozone. This goal will be accomplished by the near real time momitoring and rapid
response built into the program.

Other goals of EMES include the ability to measure the effectiveness of HRVOC rules, to
correlate HREVOC levels with ozone, to determuine which other VOCs should also be considered
HEVOC. to provide high resolution data that will allow Emissions Inventory improvements, and to
provide a reasonable alternative to costly fence line monitoring.

Recent developments in emissions reconciliation

The HGE area has an extensive network of automatic gas chromatographs (aute-GCs), which
measure ambient concentrations of many hydrocarbon species. During TexAQS 11, m 2003 and 2006,
twelve sites operated in Harris (8), Galveston (1), and Brazonia (3) counties. TCEQ is just one of many
groups analyzing those data. This uniguely extensive and intensive sampling of hydrocarbons provides
a rare opporhumity to examine the reported hydrocarbon mventory and determme how well it correlates
with ambient measurements. TCEQ is taking advantage of this opportumity by investigating improved
methods to compare inventories with ambient measurements i a data-rich environment. One new
technique being worked on now at TCEQ involves the use of the ISC C[ndnsmalﬂamteComplex}
model, coupled with a techmquehmnmasPutmﬂ:alSnmceCanmtuhonFunmﬂn{PSCF}

The mam difficulty in using ambient measurements to validate emissions inventories is the
fundamental difference between the two kinds of data. Ambient monitors measure mixing ratios, which
m this case are represented in “parts per billion carbon™, while emission mventories are reperted as mass
emissions per unit time, usually “tons per day™, making it impossible to compare the two directly.. To
make such a comparison, a good approach is to use an atmosphenic dispersion model to estimate mixing
ratios at monitor locations, based on reported emissions.  TCEQ) is using the ISC model to estimate
what concentrations would be expected at the moniter locations, assuming the reported inventory is
accurate.

The PSCF technigque i3 commonly used to identify likely locations of emission sources based on
ambient measurements at monitoring locations. It associates back trajectories ending at the site with
measured mixing ratios observed at the ending time of the trajectory, then composites a large number of
trajectories to see which areas were most often associated with high pollutant concentrations. Simply
put, if trajactories passing throngh a given location were frequently associated with imusnally high



concentrations at the monitor where the trajectory ends, there is a good chance there is an emission
source at or near that location.

The technique being developed by TCEQ applies the PSCF to ambient measurements at the 12
auto-GCs, then repeats the process using the concentrations predicted with the ISC model at the same
locations. The differences between the two resulting PSCF maps serve to estimate both the magnitnde
and locations of discrepancies between reported emissions and actual enmssions. Figure 9 shows an
original PSCF plot using observed mixing ratios of propylene (propene). Figure 10 shows the same plot
using the ISC-modeled concentrations at these locations. Note that the darker areas indicate areas where
emission sources likely reside. These areas largely coincide with the locations where point source
emizsions of propylene were reported in 2003, Differences in shading between the two plots indicate
possible discrepancies between reported and actual emissions.

]:"Em'e 9. ﬂl"lgina] PSCF plot for propene.
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Ekm'e 10. PSCF for ISC-modeled propene.
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Generally, potential source areas are highter than in the plot nsing measured concentrations,
mdicating that reported emissions do not fully explain measured concentrations. Taking the ratio of
Figures 9 and 10 provides an estimate of how much additional emissions are needed and where, m order
to reconcile the reported enmissions with ambient concentrations. Figure 11 shows the ratio
(momtored TSC) for propene, in which the deeper the color, the higher the predicted multiplier needed
for that grid cell. Note that the plot shows large areas of dark red which do not comespond to any point
sources. The underlying discrepancies might be associated with area and/or mobile sources in thesa
locations, or may simply be a result of proximity to large sources. In any case these areas have
relatively low emissions compared with the larger point sources, so even a large ratio amounts to a fairly
small discrepancy in total tons.



FE. e 11. PSCF Ratio for propene, s]mwinE predicted multiplier reqguired.
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TCEQ has conducted some preliminary photochemical modeling using HEVOC emissions
adjusted using the ISC/PSCF analysis and the results look promising. We are currently working on
resolving the point sources from other emission sources in the analysis and expect to mmprove
significantly on the results presented m this paper shortly.

EI Improvement Projects

The Emissions Assessment Section of TCEQ) has also attacked the under-reporting issue head-on
from several angles. First is the ever-improving EI Guidance Document that instructs EI preparers on
the maimn 1ssues that QA staff will be looking for in reported annual EIs. Topics of recent special interest
have been flares, equipment leak fogitrves, and cooling towers. Addional gmdance is provided not
only in the EI Gmdance Document, but at semi-anmmal workshops.

Flares are of major concern. There is nuch uncertainty, and TCEQ has discoverad many
examples of flares that are labeled “emergency flares™ that are operated more like routine thermal
oxidizers. Topics for flares include flare mimimization (Le., what else can an operator do besides
sending a stream to the flare) and DRE (destruction removal efficiency]). Besides modifying our
standard guidance on use of “default DRE”, TCEQ finds many studies, such as flare speciation
modeling nsing current CFD {computational fluid dynamies) software and projects with mamifacturers
and mdustry to study design parameters and altematives to flaring.



TCEQ is a leader in the use of remote sensing of emissions. We now have hands-on experience
with Differential Abscrption LIDAR. (DIAL), HAWK infrared video camera flyovers, and GasFmdIR
cameras onsite. The GasFmdIF. camera has been such a hit with mdustry safety managers. that several
have been purchased to not only find potential safety hazards (leaking flammable or toxic VOCs), but to
identify more routine leaks.

TCEQ has found several previously unreported sources of enormouns ameounts of VOC. One of
these is Tank Landing Losses, onginally found using a remote sensing techmgue. TCEQ discovered
that many of the large tank farm operators (usually bulk tank-for-hire) allowed their floating roofs to
land on the legs, allowing the volatile heel {leftovers m the bottom) to fill the head space and escape out
the normal pathway of tank VOC loss. This amounted to more than 7000 fpy VOC increase m HGB
alone. While these are rarely in HRVOC service, the total amount of VOC 1s significant. The
retroactive emissions fees associated with these now-captured losses was significant. Smularly flash
emissions from upstream oil and gas storage tanks amount to an estimate 80,000 tpy VOC increase m
HGB and more than 750,000 tpy increase in statewide area source VOC emissions inerease. Again,
these were previously unreported, but the guantity of small il and gas patches across Texas are
enormens. Leaking barges in the intercoastal waterways or ship channels are another purported source
of imreported or under-reported VOCs (again, not likely HEVOC, but may be in large quatity). The
Coast Guard has agreed to maintain records of barge activity.

CONCLUSIONS

TCEQ has adopted new rules into 1ts SIPs that will better gquantify and reduece HEVOC
emissions from four key mdustrial sources: fugitives, flares, process vents, and cooling towers. The
adopted mles target HRVOC emmssions. Analysis showed that limitmg enmssions of ethylene,
propylene, 1 3-butadiene, and butenes in comjunction with an 20 percent reduction in NOy 1s equivalent
of better in terms of air quality benefit to that resulting from a 90 percent point source NOy reduction
requirement alone.

Ethylene, propylene, 1 3-butadiene, and butenes have been found to frequently cause high total
reactivity conditions, and often domunate the total reactivity. Substantial enmission reductions of these
compounds are hikely to make a large impact on high ozone, rapid ezone formation, and transient high
ozone observed in the Houston area. Vet additional controls on many WOC sources will be necessary to
reach attainment. TCEQ will continue to study VOC data available now and in upcoming years to
determine whether additional compounds should be added.

Through the research conducted as a part of TexAQS and TexAQS IT, HEVOC emissions have
been acknowledged as a priority area needing both improved emission controls and better emission
quantification. The enhanced monitoring requirements that have been established as part of the HRVOC
rules will improve emission quantification. The HEVOC emissions in future models will be based on
measured HEVOC emissions rather than on estimated emissions based on ambient ratios.

“What drives local ozone production™ This may be a changing answer that is already being
addressed, as we transition away from the 1-hour ozone standard to the new 8-hour ozone standard for
HGB. This is partially being addressed with the new [SC/PSCF emnssions reconciliation technigue in
that the auto-GC data represent 8-hour averaging times.

El reconciliation 1s being addressed feverishly from an EI Improvement perspective, with mamy
ongoing and proposed projects and contracts. The bottom line for modelers is that we can always use
higher resolution data — better spatial precision, better temporal precision, and better chemical
(speciation) precision.
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