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ABSTRACT

An inventory of organic emissions from stationary and mobile sources
has been assembled for the St. Louis Air Quality Control Region. The inven-
tory covers point and area sources for process, combustion and evaporative
emissions.

A breakdown into five categories has been assigned to each source type.
The categories are (1) paraffins, (2) olefins, (3) aromatics, (4) aldehydes,
and (5) non-reactives. The breakdown was made part of the RAPS Emission
Inventory System, which is stored on the EPA's Univac computer at Research
Triangle Park, N.C.
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1.0 INTRODUCTION

The Regional Air Pollution Study (RAPS) has as its first goal the
validation of atmospheric dispersion models. Emissions data, generally
supplied in the form of an emission inventory, are a major constituent of
a dispersion model. The RAPS Point and Area Source Hydrocarbon Inventory
was designed to provide emission data for the evaluations of photochemical
reaction models. Since organics participate in photochemical reactions
leading to "smog", the inventory includes all available organic emission
data. As the reactivity of organics varies widely, it is important to
determine not only the amount emitted, but also the composition.

Chemical kinetic mechanisms present in air quality simulation models
require some form of hydrocarbon classification in order to treat the reac-
tion processes and rates associated with their structural make-up. One such
classification scheme required in using a lumped chemical kinetic reaction
mechanism approach distributes hydrocarbons in the atmosphere structurally
into paraffin, olefin, aramatic, aldehyde, and non-reactive classes. This
report describes how this classification has been determined for hydrocarbon
emissions in the St. Louis AQCR and provides sufficient reference data to
derive alternative schemes as required.



2.0 TOTAL HYDROCARBON INVENTORY

The basic RAPS Hydrocarbon Inventory is composed of several separate
inventories which have been described in various reports.

The hydrocarbon inventory for stationary point sources was developed by
Rockwell under Contract No. 68-02-2093, TO108F, and provides an up-to-date
listing of hydrocarbon emissions from stationary point sources in the
St. Louis AQCR, with a breakdown into methane and non-methane hydrocarbons.
The inventory includes all industrial hydrocarbon emission sources which emit
more than one ton per year of hydrocarbons. Point sources in the St. Louis
Air Quality Control Region (AQCR-70) emit approximately 47,600 tons per year,
or 22.6 percent of the hydrocarbon emissions in the AQCR. The report also
describes an analytical technique, based on gas chromatography, which is
suitable for analysis of hydrocarbons in the concentration range of 1 to 10°
ppm and is linear with respect to both carbon number and hydrocarbon
concentration.

Area source evaporative hydrocarbon emissions from dry cleaning plants,
surface coating, and gasoline marketing are included in the "Residential
and Commercial Area Sources Emission Inventory" (EPA 450/2-75-078), which
provides information on hydrocarbon emissions on a grid square basis.
Spatial allocations were based on population and land use densities.
Temporal apportioning was based on an 8 AM to 5 PM workday or the diurnal
traffic cycle in St. Louis.

Hydrocarbon emissions from small industrial sources are included in the
report on "Stationary Industrial Area Sources" (EPA No. 68-02-2093, TO108D).
This category contributes only about 110 tons annually, or about 0.05 per-
cent of the total hydrocarbon emissions.

Emissions from mobile sources are the subject of several inventories:
The Highway Vehicle Emission Inventory described in EPA 450/3-76-035 and



EPA 450/3-77-019 defines emissions from motor vehicles on a grid square or
Tine basis. Emissions from river vessels are described in "River Towboat

Air Pollution in St. Louis" (DOT-TSC-0ST-75-42). The "Airport Emission
Inventory" (EPA 450/3-75-048) deals with emissions from aircraft. A report
on rail operations (EPA 450/3-77-025) describes the methodology and resultant
inventory. Emissions from off-highway sources are described in "Off-Highway
Mobile Source Emission Inventory" (EPA Contract No. 68-02-2093, TO108E).

A summary of hydrocarbon emissions is shown in Table 1.

TABLE 1. TOTAL HYDROCARBON EMISSION INVENTORY

SOURCE CATEGORY ANNUAL EMISSIONS, TONS
Point Sources

Fuel Combustion 2,717

Chemical Manufacturing 6,702

Primary Metals - Coke Ovens 2,339

Refinery QOperations 7,161

Surface Coatings 21,072

Petroleum Storage and Marketing 7,457

Solid Waste Disposal 136

Miscellaneous 24

TOTAL 47,610

Area Sources

Industrial Area Sources 110

Residential and Commercial 22,610

Vehicles, Line Sources 100,440

Vehicles, Area Sources 12,565

Railroads 4,220

River Vessels 940

Airports 1,460

O0ff-Highway Mobile 16,280

Gasoline Marketing 13,650

Dry Cleaning 645

Surface Coating 3,757

TOTAL 176,677

TOTAL, ALL SOURCES 224,287

2.1 POINT SOURCES

Point sources are those individually identified industrial sources which



release emissions through a stack, such as a boiler, or a vent, as in the
case of a petroleum storage tank. (Exceptions to this are leaks in refin-
eries from valves, seals, flanges, etc., which are included as point sources
under the appropriate SCC numbers.) Point sources in the St. Louis Air
Quality Control Region (AQCR) emit approximately 47,600 tons per year total
hydrocarbons, or 22.6 percent of the hydrocarbon emissions in the AQCR. The
lower cut-off used to define point sources is one ton per year hydrocarbons.

The point source inventory is comprised of data for individual sources
in the AQCR for which emissions have been obtained in the course of the RAPS
study. Each source is classified by its identification code, called the
Source Classification Code (SCC). The SCC is an identification system devel-
oped for the National Emissions Data System (NEDS), upon which the point
source hierarchy is structured. The SCC system is being used for the RAPS
point source data handling system. All data are stored and retrieved by use
of the SCC. A process which emits one or more of the criteria air pollu-
tants can be represented by one or severai SCC numbers. Tabie 2 shows a
typical sample of SCC numbers. The SCC numbers consist of four groupings.
For example, in SCC 4-03-001-02:

Group I - a single digit (4) - designates "Point Source, Evaporative"
Group II -~ two digits (03) - designates "Petroleum Storage"

Group III - three digits (001) - designates "Fixed Roof"

Group IV - two digits (02) - designates "Breathing-Crude"

In addition, the base unit upon which the emission factors are based is
given; in this case, "100C gailons storage capacity".

The starting point of an emission inventory is data collection.
Inventory data such as process, consumption or storage data are gathered.
Modeling information is also collected in the form of location and stack
parameters. From the inventory data, the appropriate emission factors are
obtained and stored in the aata file. These factors are based upon the best
available information, generaily gathered from source tests. The inventory
data gathered and emission factors are applied to generate emission figures
for total hydrocarbons, as weil as otner criteria pollutants. Table 3 shows
a typical sample of emission factors and the associated SCC numbers.



TABLE 2. SAMPLE OF THE NATIONAL EMISSIONS DATA SYSTEM (NEDS)
SOURCE CLASSIFICATION CODE (SCC) REPORT
$Cc 10 SCC CATEGOHY NaMES
o8enee 0000800000000 0000

I Il 111 gV 1 11 It 1v unNlTS

3 90 001 99 INDUSTRIAL PROCESIINPROCESS FUEL I18NTHRACITE COAL 10THFR/NOT CLASIFOITONS BURNED

3 90 002 0} INDUSTHIAL PROZESIINOHOCLSS PUEL eI TUMINCUS COAL  1CEMENT KILN 1 TONY BURNED

3 90 002 06 [NOUSTHIAL PHUCESTINPROCEDS Futl InITUMINOUS COAL 1d%ICK KILN/ORY {1 TONS BUKNED

3 90 002 07 INDUSTHIAL PHUCESIINPRUCESS FUEL IHITURINOLS COAL  1GYPSuM XTLN/ZETC 1 TONS BURNED

3 90 002 04 INDUSTRIAL PKOCESIINPRUCEDSS FUtiL 1HETUMINDOUS COAL  1COAL UKRYERS tTONY BUNWNLD

3 90 002 99 INDUSTRIAL PROCESIINCROCESS FUEL IHTTUMINOUS COAL  10THER/NGT CLASIFDITONS BURNED

39U 004 01 INOUSTRIAL PHOCESHINPROCESS PUEL 1HES TOUAL OIL t&3PHEL T ORYLR 11000 GALLUNS BUWNED

3 90 004 02 INDUSTRIAL MHOCESIINPHOCEDS FUlL IPESINUAL OIL ICL™ENT KILN 11000 GALLONS BURNED

3 9V 004 03 INDUSTRIAL PHOCES)INPROCESS FUtL IRESTuuAL CIC ILINe XILN 11000 GALLONS BUNNFD

3 90 004 04 INDUSTRIAL PHUCEDIINPMOCESS FutL tWESTDUAL OIL IXa0LIN KILN 11000 LALLONS WURNED

3 90 006 0S5 INDUSTHIAL FHUCLS ) INPHOLYSS FUEL IRESIDUAL Ol inETaL MELTING 11000 GALLONS BUPNLD

3 90 004 06 INOUSTHIAL PROCENVINBKOCESS FubL INEST 'uaL OlL 18RICK RILN/DRY 11000 GALLONS BURNED

3 90 004 07 INULUSTRIAL PHOCES)INPRUCESS FuEL IMESIDuUAL OIL 16YPSUM KILN/ETC 11000 GALLONS BUNNLD

) 90 004 99 INDUSTHIAL PHOCESIINPRULESS FUEL IMtSouvaL OIL tOTHEN/NGT CLASIFDIL000 LALLONS BUANED

3 90 005 Ui INLUSTHIAL HROCESTINPROCEDS FulL HOISTILLATE OIL tASPRALT ORYER 11000 GLALLONS HUANED

3 90 005 02 INOUSTRIAL PMUCESTINPHOCESS FUEL IUISTILLAaTE OIL ICEMENT KILN (100U GALLONS BUKNED

3 90 00 3 INGLULTRIAL PRUCES1INOROCLNS FublL 101ST 1L atE viL fLive wiLn 11000 GALLONS BURNED

3 90 005 04 INDUSTRIAL PROCESTIMMHUCESS FULL TOTSTILLATE OIL IKADLIN RILN 11000 GALLONS BUWNLD

3 90 009% 0% INDUSTHIAL MROCESTINVUKMULESS FUEL IOISTILLATE OfL tReTaL mELTING 11000 GALLONS BUNRNED

) 90 005 06 LrHUGUSTRIAL PwOULS ) INPRU 55 FUEL IOISTILLATE OIL IBRICK RILN/DRY 11000 GALLONY BUNRNED

J 90 00% 07 INLUSTHMIAL PHUCES)INPROCESS FURL HOISTILLATE OIL 16YPSUM KIULN/ZETC 11000 GALLONS BUHNED

J 90 005 99 INDUSTINIAL PHUCES) INFROCESS FUEL IDESTILLATE OJL FOTRER/NOT CLASIFD! 1000 GALLONS BUNSED

3 90 000 0} INDUSTRLAL FHULESTINP®OLESS FukL INATUMAL UAS TASORALT OWYER IMILLIUN CULIC FEET BURNED

3 90 000 02 INOUSTRIAL #HOCESIINPROCESS FUEL INATURAL GAS 1CEMENT niLN IMILLION CuBIC FLET BURNED

3 90 006 03 INDUSTRIAL PROCESIINPROCE>S FUEL INATUNAL GAS tLI%E RILN IMILLTON CUBIC FEET BUKNED

3 90 000 U4 [INLUSTRIAL FROCLSIINPROCLSS FUEL INATURAL GAS IKAGUIN KILN IMILLION CUBIC FEET EUNNED

3 90 006 05 INDUSTRIAL PROUCENTINPRICE S FutL INATUSAL GAS IMETAL MELTING IMILLION CuBIC FEET pumned

3 9u 006 06 INODUSTRIAL rHUCLSTINPROCESY FuttL INATURAL GAS TBAICK KILN/ZOHYS  ImMILL]ON CUBIC FEET bUKRNLD

3 90 000 07 INOUSTRIAL FROCESIIMNPRUCESS FURL INATURAL GAS 1GYPSUM KILN ETC  IMILLION CUBIC FELT bURNELD

) 90 000 99 INGUSTRIAL PWOUCESIIMPROCESS FUEL INATURAL GLAS IOTRER/NOT CLASTIFOIMILLION CUBLC FEET BURNED

3 QU Q07 99 INOUSTRIAL PHOCES!INPROCESS FUEL LPROCESS GAS 1OTHER/NOT CLASIFOIMILLION CUBLC FEET AURNED

3 90 008 99 INOUSTRIAL PHUCESIINPWOCLSS FoEY 1CORE 10TREMH/NOT CLASIFDITONS

3 90 00y 99 [NOUSTRIAL FROCESIINSHUCESS FULL 1w000 1OTHER/NOT CLASIFDITONS BUNNED

3 %) 999 97 INUDUSTRIAL PHUCESIINPRQCLSS FULEL FOTHER/NOT CLASIFOISPECIFY [N WEMARKIMILLION CUBIC FEET BURNED

3 90 999 98 INOUSTIRIAL PHOCESIINPROCESS FuEL OTHER/NQY CLASIFOISPELLIFY IN NEWARKII000 GALLONS BUNNED

J 90 999 99 INDUSTRIAL HROUCESIINPNOCESS FUEL TOTHER/NOT CLASIFUISPECIFY IN WEMAMKITONS BUNNED

3 09 999 99 [NOUSTHIAL PHOCESIOTHLW/NOT CLASIFDISPECTFY [N mEMAKK LTONY PHGCESSELD

& 01 00! Q) POINT SC kvaw PCLEANLING SOLVENT J0RYCLEANING IPERCHLOME THYLENE 1TOV> CLOTMES CLEANED

4 01 00L 02 POINT SL EvaP LCLEANING SULVENT 1URYC FANING 1STLUDLARD ITONS CLOTHES CLEANED

4 01 002 01 POINT SC rvaP ICLEANING SOLVENT 1URLHEASTING t$7000AaR0 1 TONS SOLVENT USED

& 01 002 99 POINT SL tVaP ICLEANING SOLVENT (UEGREASING JOTHER/NOT ZLASIFOITONS SOLVENT LOED

4 01 999 99 POINT SC tvaP VCLEANTING SOUVENT 1CTHEW/NUT CLASIFOISPECIFY IN WEMAWK)TONS SOLVENT uSED

A 02 00) 01 POINT SC rvi? ISURFACE CUATING  [MAINT 1GENEWAY 170N COATING

4 02 003 01 POINT SC Evary ISUNFACE CUATING I VARNISH/SHELLAC IGLNERAL 1 TON> COAT NG

4 02 00¢ 01 POINT SC Evab 1SUQFACE COATING 1LAQUEH GENLRAY 1TONS COATING

4 02 005 01 POINT SC Evar ESURFACL CUATING  1ENAMEL 1GENERAL 1TONS COATING

4 02 006 01 PUINT SC Lvav ISURNFACE CUOATING  IPh[wew 1GENERAL (TONS COATING

4 82 999¢ 99 POINT SC tvar (SUREACE CuaTint  1OTHMLR/NOT CLASIFUISPECIFY IN RIMARKITONS COATING

4 03 001 01 PulnT SC tvay 1PLTRULEUM SITG tF1XEQ ROOF 1BREATHING=PHROUUUCT I 1000 GALLONS STORAGE CAPACITY

4 0J Q01 02 POINT SC tVubd I1PETROLEUM 516 IF1REL ROOF IBNEATHING CHUUE 11000 GALLONS STOHAGEL CAPACITY




TABLE 3. SAMPLE OF EMISSION FACTORS
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Hydrocarbon emissions from fuel combustion sources are part of the
RAPS hourly emission inventory. Data for evaporative emissions, which
account for approximately 40 percent of the point source hydrocarbon
emission, are only gathered as part of inventory or production control and
are presented as annual data.

Base data, such as storage capacity, throughput, production, consumption,
etc., for the St. Louis Air Quality Control Region (AQCR-70) were obtained
from 64 companies with emissions in excess of one ton per year. This repre-
sents about 450 points. Thirty-seven of the companies emit in excess of
100 tons per year, ten in excess of 10 tons per year, and seventeen in
excess of one ton per year. Gas stations and dry cleaning establishments
may emit greater than one ton per year hydrocarbons. However, they are
included in the area sources inventory. Locations of the stacks, accurate
to ten meters, were obtained from visiting plant sites and pinpointing the
location of sources on U.S. Geological Survey maps. In addition, stack
parameters and operating patterns were obtained from individual companies.

Emission patterns for hydrocarbon sources vary widely due to the
variety of types of hydrocarbon sources. As mentioned before, emissions
from combustion sources were received continuously as part of the RAPS
Point Source Inventory, generally on an hourly basis. Hydrocarbon data
from sources which produce or use coatings and solvents are accompanied with
hourly use patterns based on working hours during a year. Evaporative
emissions from petroleum storage are assumed to be generated on a continuous
basis and are, therefore, spread equally throughout the year.

Al11 of this information has been stored in the RAPS emission inventory
data bank at EPA/RTP.

2.2 AREA SOURCES

Area sources of hydrocarbons include industrial area sources, residen-
tial and commercial sources, highway vehicles both as line and area sources,
railroads and river vessels, airports, and off-highway mobile sources. All
of the emissions from these sources have been spatially distributed into
1989 grids in accordance with the RAPS grid network (1).



Industrial area sources which are too smali to be considered as point

sources were determined by contacting individual companies and obtaining fuel
consumption or throughput data. From these data, emissions were calculated
using emission factors. These emissions were then assigned to the grid square
in which the company was located. This category includes 53 companies.

Stationary residential and commercial sources include fuel combustion for

heating, evaporative emissions from dry cleaning plants, surface coating
operations and gasoline marketing, structural fires, and solid waste disposal.
These emissions have been determined and distributed to each grid square
according to residential and commercial land use.

Highway vehicle Tine source emissions have been determined and distri-
buted over the AQCR according to the location of the Tine sources within the

RAPS gridding system. Highway vehicle area sources have been determined as
an off-shoot of the highway 1ine sources and the emissions have been assigned
to the appropriate grid square.

Airport emissions have been determined and distributed to those grids

containing airports and in which flight operations take place, such as take-
off and approach.

Off-highway mobile sources include motorcycles, lawn, garden and farm

equipment, construction equipment, industrial equipment and outboard motors.
The emissions from these sources have been distributed based on registrations;
residential, farm and commercial land use; and navigable waters, respectively.

River vessel emissions were based on towboat traffic and determined

primarily from records taken by the Corps of Engineers at Lock 27 near
St. Louis and on emission factors derived for simiiar engines of the Coast
Guard fleet and railroad locomotives.

Railroad fuel use and emissions were determined for two types of opera-

tions: Tline-haul operations and switch-yard activities. The former are
described as line sources consisting of a series of links within the study
area. Switch-yard operations utiiize an area source concept.

For details of methodoiogies, the reader is referred to the reports
Tisted in Section 2.0. The area source inventory also has been stored in the
RAPS emission inventory data bank at EPA/RTP.
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3.0 HYDROCARBON CLASSIFICATION

In order to make a breakdown of hydrocarbon emissions according to
chemical structure, an appropriate compositional analysis must be applied
to each category of emissions within the available total hydrocarbon inven-
tory. Such an analysis has been applied by J. C. Trijonis and R. W.
Arledge (2) to organic emissions in Los Angeles.

The work described in that study appears to be applicable to St. Louis
with three major exceptions:

(1) Trijonis' "reactivity classes" do not coincide completely with
the breakdown required for this report.

(2) Compositions of petroleum products and solvent usage may be
appreciably different between St. Louis and Los Angeles.

(3) There are sources in St. Louis which are not considered in the
Los Angeles study, such as coal combustion and coke ovens.

To make the information contained in the report applicable to the
present study, the following modifications were made:

1. The Trijonis report is organized according to reactivity classes
with 5-class reactivity categorization for organics. Each category contains
groups of compounds by name, e.g. C]-C3 paraffins in Class I, mono and
tertiary alkyl benzenes in Class II, C4+ paraffins in Class 11I, primary
and secondary alkyl benzenes in Class IV, and aliphatic olefins in Class IV.

A1l of the various organic emission sources in the Los Angeles area
are discussed and analyzed to determine what chemical compounds are emitted.
Each source is then tabulated to determine the extent of emissions in each
reactivity class. The results are expressed in mole percent. In addition,
the average molecular weights for each type of organic were determined and
included in the report.



Since most of the source types exist both in Los Angeles and St. Louis,
the report has been useful in classifying RAPS data. The tabulations have
been reorganized by rearranging the chemical compounds into the broader
classes of paraffins, olefins, aromatics, aldehydes and non-reactives. The
non-reactives group includes all of the compounds in Class I of the Trijonis
classification. The paraffins group includes C4+ paraffins and alcohols,
ketones, acetates and cellosolves. The aromatics group is composed of all
aromatics with the exception of benzene, which is included with the non-
reactives. The hydrocarbon classification tables developed for each type of
source in the RAPS study area are included in the Appendix to this report.

The RAPS inventory presents emissions on a weight per unit time basis.
For this reason, the classification of hydrocarbons was reported on a weight
percent basis. This was accomplished by utilizing the molar percent tabula-
tions and the average molecular weights presented in the Los Angeles study.
The resulting tables are shown in Appendix A.

2. The composition of petroleum products in the St. Louis area was
ascertained and adjustments were made in the tabulation of emissions arising
from refinery operations, evaporative losses and automotive exhaust. These
changes are discussed in detail in the text of the report.

3. Emissions from coal combustion and coke ovens were investigated and
the results incorporated in this report.

3.1 POINT SOURCE INVENTORY

Once total hydrocarbon emissions were determined for each source, the
hydrocarbon classification was applied to determine the non-reactives,
paraffins, olefins, aromatics and aldehydes. The classification of hydro-
carbon emissions from point sources is shown in Table 4.

3.1.1 Fuel Combustion

The nature of fuel combustion for power generation or steam production
is similar at Los Angeles and at St. Louis; therefore, the same breakdown
has been used here for o0il and gas consumption. The hydrocarbon classifi-
cation is shown in Table 1 of the Appendix.
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TABLE 4. HYDROCARBON BREAKDOWN-~POINT SOQURCES
Weight %

sceC Non-Reactive Paraffins OQOlefins Aromatics Aldehydes
1-XX-XXX-XX 66 10 9 5 10
2-XX=-XXX-XX 66 10 9 5 10
3-01-018-99 0 0 0 100 0
3-01-026-99 0 0 0 100 0
3-01-999-99 0 0 0 100 0
3-03-003-01 83 1 13 3 0
3-03-003-02 83 1 13 3 0
3-03-003-03 83 1 13 3 0
3-06-001-02

to 66 10 9 5 10
3-06-001-09
3-06-002-01 5 95 0 0 0
3-06-004-01

to 5 74 15 6 0
3-06-008-05
3-90-XXX-XX 66 10 9 5 10
4-01-002-02 100 0 0 0 0
4-01-002-05 0 0 100 0 0
4-02-001-01 6 78 0 16 0
4-02-003-01 0 100 0 0 0
4-02-004-01 0 89 0 1 0
4-02-005-01 6 78 0 16 0
4-02-006-01 6 81 0 13 0
4-02-008-01 8 24 1 67 0
4-02-009-01 9 70 0 21 0
4-02-999-99 9 70 0 21 0
4-03-001-01 8 68 24 0 0
4-03-001-03 8 68 24 0 0
4-03-001-07 8 68 24 0 0
4-03-001-56 0 100 0 0 0
4-03-002-01 8 68 24 0 0
4-03-002-03 5 74 15 6 0
4-03-002-07 8 68 24 0 0
4-03-999-99 8 68 24 0 0
4-06-001-26 8 68 24 0 0
4-06-001-30 8 68 24 0 0
4-06-002-01 8 68 24 0 0
4-06-002-05 8 68 24 0 0
5-01-001-01 42 16 31 4 7




Hydrocarbon emissions from coal combustion were not studied by Trijonis,
and the only literature data found on this subject referred only to total
hydrocarbons and polynuclear hydrocarbons. Because of this lack of informa-
tion, the classification reported for oil combustion was also used for
emissions from coal combustion. This should be reasonably satisfactory con-
sidering the similarity of conditions of high temperature and residence time
in a boiler, as well as the small amounts emitted. Two percent of the total
hydrocarbons in the AQCR originates from boiler operations; moreover, most
of it is methane.

3.1.2 Industrial Processes

Industrial sources of hydrocarbon emissions in AQCR 70 include some
chemical manufacturing, coke production, refinery operations (which include
fuel combustion covered previously), and evaporative emissions from
degreasing operations, petroleum product storage and bulk marketing.

Emissions from chemical manufacturing in the St. Louis area occur

primarily from manufacture of products used for plastic and rubber formula-
tions. In all processes examined, the products are derivatives of benzene or
phenol. The emissions are, therefore, entirely aromatics. This classifica-
tion is shown in Table 2 of the Appendix.

Coke oven emissions resuit from several points in a coking plant

including charging holes, pushing doors and many leaks. The best available
sources (3-5) indicate that the composition of the emissions is similar to
the coke oven gas which is produced in a coking plant. The composition of a
typical coke oven gas is given in Table 5. This analysis has been reorgan-
ized and the hydrocarbon ctlassification is included as Table 3 in the
Appendix.

12



TABLE 5. COKE OVEN GAS ANALYSIS

Hydrogen Sulfide 0.7% by vol. Ethylene 2.45% by vol.
Carbon Dioxide 1.7% by vol. Propylene 0.34% by vol.
Nitrogen 0.9% by vol. Propane 0.08% by vol.
Hydrogen 56.7% by vol. Butylene 0.16% by vol.
Carbon Monoxide 5.7% by vol. Butane 0.02% by vol.
Methane 29.6% by vol. Acetylene 0.05% by vol.
Ethane 1.28% by vol. Light 0il 0.65% by vol.

Refinery emissions arise from a variety of sources. Emissions from
power house boilers and process heaters are included in the previous section
on fuel combustion. Other emissions are from leaks or vents connected with
transfers, drains, blow-downs, vacuum jets, compressors, valves, seals, and
flanges. The Los Angeles study was very complete for refinery emissions.
The operation of refineries is very similar at St. Louis and at Los Angeles.
The basic difference is that crude oil in St. Louis is obtained from mid-
continent and Arabian sources whereas the crude processed in Los Angeles is
primarily from West Coast and Indonesian sources. Crude oil processed in
California is generally of a much higher aromatic content, typically 20 to
35 percent versus 10 to 15 percent in the Midwest (6).

The Petroleum Chemicals Division of DuPont reports biannually on the
characteristics of gasolines sampled across the country (7). Gasoline from
St. Louis is not included in the survey, but Kansas City is, and the compo-
sition of gasoline in St. Louis is much like that in Kansas City (8). The
average hydrocarbon analyses of gasolines from Los Angeles and Kansas City
are given in Table 6. It can be seen that the aromatics are considerably
higher in Los Angeles.

13



TABLE 6. DUPONT GASOLINE ANALYSIS

Research Octane Aromatics Olefins Saturates

Percent

Winter 1975-1976

Los Angeles--leaded regular 93.2 27.0 7.0 65.0
unleaded regular 93.2 30.0 7.0 63.0
premium 98.6 26.0 4.0 70.0

Kansas City--leaded regular 92.9 14.5 13.0 72.5
unleaded regular 91.7 13.5 15.0 71.5
premium 98.8 14.0 7.5 78.5

Summer 1976

Los Angeles--leaded regular 93.3 29.0 6.0 65.0
unleaded regqular 93.5 35.0 7.0 58.0
premium 98.7 29.0 5.0 66.0

Kansas City--leaded regular 93.7 22.0 7.5 70.5
unleaded reqular 91.5 21.0 12.0 67.0
premium 98.6 14.5 6. 79.0

Combining the values for summer and winter as well as leaded and
unleaded regular gasolines gives the values shown in Table 7. Since in
1975-1976 about 55 percent of the gasoline sold was regular, 45 percent
premium, the averages were weighted by this proportion, which gave the values
shown in columns 3 and 6 of Table 7. The percentage difference between Los
Angeles and Kansas City is shown in the next column. These values were used
to adjust gasoline related emissions and are reflected in Tables 4, 20 and
21 in Appendix A.

TABLE 7. AVERAGE COMPOSITION OF GASOLINES

Los Angeles Kansas City
1 2 3 4 5 6 7
Weighted Weighted Percentage
Regular Premium Average Regular Premium Average Difference
% % % % % %
Aromatics 30.25 27.50 29.00 17.75 14.25 16.17 0.557
Olefins 6.75 4.50 5.75 11.88 7.00 9.68 1.686
Saturates 63.00 68.00 65.25 70.37 78.75 74.15 1.136
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The classification of hydrocarbons emitted from catalytic crackers was
determined by source test results and is included as Table 5 in the Appendix.

Degreasing operations are very straightforward. The solvents used are

either trichloroethane or trichloroethylene. Trichloroethane is a partially
halogenated paraffin, whereas trichloroethylene is a partially halogenated
olefin. These sources are shown in the hydrocarbon classification scheme

in Tables 6 and 7 in the Appendix.

Surface coating emissions occur from coating operations which include

automobile and truck body and parts coating, applicances coating, and can
manufacturing. A few of the companies have purely air-dried operations,

but most of the coating operations involve a heat curing step. Each

company involved in surface coating was evaluated to determine what percent-
age of the emitted hydrocarbons are evolved in the spray booths versus the
curing ovens. This involved estimating the percentage of overspray and the
time allowed for "flash-off" of a portion of the solvents used in formulation
before the piece entered the curing oven. The values reported by Trijonis
for heat treated coatings were applied to the hydrocarbons emitted in the
curing ovens. The SCC codes differentiate between the types of surface
coatings applied; i.e., lacquers, enamels, varnish, etc. Each type of
coating was studied to determine the approximate hydrocarbon composition used
in formulation (9, 10) and these compositions were used to classify the
hydrocarbons emitted during the air drying part of the surface coating
operation - the spray booths. The hydrocarbon classification for each type
of surface coating included in the inventory is shown in Tables 8 through

12 in the Appendix.

Petroleum product storage and bulk marketing facilities have emissions

which are typical of the vapors which exist over the liquids stored. All
volatile petroleum products such as gasoline and crude 0il are stored in
floating-roof storage tanks. Emissions from these are solely due to leakage
around the seals within the tanks. The other source of emissions is the
filling of tank trucks and barges as vapors are displaced as the tank fills.
The composition of the vapors accumulated over the gasoline approaches the
equilibrium composition of gasoline vapor. The hydrocarbon classifications
for emissions from gasoline storage tanks are shown in Table 13 of the

15



Appendix.

3.2 AREA SOURCES

The classification of hydrocarbon emissions from area sources is shown
in Table 8.

River vessels and railroads are assumed to have diesel engines which
produce all of the hydrocarbon emissions. Emissions from diesel engines
were studied extensively by Battelle Labs (11). The results should be
applicable to St. Louis. The classification of hydrocarbons used here is
the same as for diesel engines presented in Tabie 22 in the Appendix.

Airport emissions include aircraft operations, exhaust emissions from
service vehicles and evaporative emissions from fuel handling. Hydrocarbon
emissions are distributed 79 percent, 13 percent and 8 percent, respectively,
to these sources (12). Lambert International and Scott Air Force Base con-
tributed 96.2 percent of the total hydrocarbons. Since, within the bounds
of this study, it was not possible to classify the hydrocarbons from all
airports individually, the hydrocarbon classification was based on the
operations at Lambert International and Scott Air Force Base.

Table 9 shows the classification of emissions for each of the hydro-
carbon sources and the weighted average for the airport. The complete
classification of these emissions is presented in Table 14 of the Appendix.
The aircraft emissions are based on the assumption of originating entirely
from jet engines; 98 percent of the aircraft emissions accur during the taxi
and idle modes of operation. The service vehicle emissions are assumed to
be the same as automotive exhaust emissions. Fuel handling emissions are
the same as the evaporative emissions from storing jet fuel.

TABLE 9. AIRPORT HYDROCARBON EMISSIONS

TYPE % OF TOTAL NON-REACTIVE PARAFFINS OLEFINS AROMATICS ALDEHYDES

Aircraft 79 11 44 27 15 3

Service Vehicle 13 12 47 15 26 0

Fuel Handling 8 0 70 5 25 0
Weighted Average 10 47 24 17 2
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TABLE 8. HYDROCARBON BREAKDQWN-- —_—

Weight %
Non-Reactive Paraffins Olefins Aromatics Aldehydes
River Vessels 3 53 12 12 20
Railroads 3 53 12 12 20
Residential and Commercial
Fuel Combustion 66 10 9 5 10
Evaporative
Surface Coating
Missouri 6 57 0 37 0
IMinois 9 70 0 21 0
Gasoline Marketing 8 68 24 0 0
Dry Cleaning 76 23 0 1 0
Structural Fires 42 16 31 4 7
Solid Waste Disposal 42 16 31 4 7
Stationary Industrial 26 52 3 16 3
Airports 10 47 24 17 2
Highway
Light Duty Vehicle
Exhaust 11 48 21 20 0
Evaporative 4 60 20 16 0
Heavy Duty - Gas
Exhaust 11 48 21 20 0
Evaporative 4 60 20 16 0
Heavy Duty - Diesel
Exhaust 3 53 12 12 20
0ff-Highway Sources
Motorcycles 12 47 15 26 0
Lawn & Garden 12 47 15 26 0
Farm Equipment 8 49 14 21 8
Construction Equip. 7 50 13 18 11
Industrial Equip. 10 49 14 23 4

Outboard Motors 12 47 15 26 0

—— e e ————— ]
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Stationary residential and commercial fuel combustion sources include
canbustion of coal, oil, natural gas, and liquified petroleum gas. For

these emissions the same classification used with point source fuel combus-
tion was applied (Table 1, Appendix).

Evaporative hydrocarbons from surface coating include emissions due to
the solvent content of retail paints. I1linois has a state regulation
restricting photochemically reactive solvents which is very similar to Los
Angeles APCD Rule 66 (13). Trijonis' report includes a table of the
national average solvent composition which is given in Table 10. According
to Mr. Raymond Connor of the National Paint and Coating Association (14),
this table of values is still the best available information. The State of
Missouri does not have a hydrocarbon regulation similar to I11inois; there-
fore, the data in Table 10, column 3, were used for the Missouri portion of

the hydrocarbons from surface coating. The composition in the last column
of Table 10 was used for the Illinois portion of the hydrocarbons. The
individual classifications of hydrocarbons in each state are presented in
Tables 15 and 16 in the Appendix.

Evaporative hydrocarbons from service stations are generated from
filling the underground storage tanks at service stations and from filling
automobile tanks. The volume of these emissions is considered as being
split equally from the filling of the underground tanks and automobile tanks
(15). The DuPont analyses of gasoline in Kansas City and Los Angeles have

been used to modify the emissions classification.

Evaporative hydrocarbons from dry cleaning operations are the result of

using cleaning solvents which are either perchloroethylene or petroleum
based solvents. Based on a 1974 study in St. Louis city, the usage if 76
weight percent perchloroethylene and 23 weight percent petroleum based
solvents. Table 11 gives the hydrocarbon compositions from each of these
solvent types and the weighted average which is used for classifying the
cumulative emissions in the AQCR. This classification is presented in
further detail in Table 17 in the Appendix.
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TABLE 11. DRY CLEANING HYDROCARBON EMISSIONS

SOLVENT NON-REACTIVE PARAFFINS OLEFINS AROMATICS ALDEHYDES

Perchloroethylene 100 0 0 0 0

Petroleum Based 0 94 0 6 0
Weighted Average 76 23 0 1 0

Hydrocarbon emissions from structural fires and solid waste disposal

are the last type of residential and comercial sources. The only data
available for this source are reported by Trijonis and are reflected in
Table 8. The detailed classification of hydrocarbons from waste incinera-
tion is shown in Table 18 in the Appendix.

Emissions from stationary industrial sources include a variety of types
of activities. The best approximation of these sources indicates that 70

percent consists of air dried surface coating and 30 percent of combustion
(16). The classification in Table 8 reflects these percentages. A detailed
classification of hydrocarbons from this combination of sources is shown in
Table 19 in the Appendix.

As stated earlier, gasoline in Los Angeles has a much higher aromatic
content than gasoline in St. Louis. The effect of higher aromatic content
in gasoline on exhaust emissions has been heavily studied. A numerical
relationship has been expressed by Wigg, et al (17), which states that there
is a linear relationship between aromatic hydrocarbon emissions and fuel
aromatic content and an inverse relationship between olefin emissions and
fuel aromatic content. This relationship is reported to be in relatively
good agreement with other studies on the same subject (18, 19). The
equations which were developed in this study are:

Exhaust (aromatic - benzene), % = 0.49 fuel aromatic, %
and
Exhaust olefin % = 39-(0.30 fuel aromatic), %

These equations and the DuPont analyses have been used to modify the
composition of hydrocarbons in automotive exhaust. The exhaust composition

thus derived is also in agreement with results reported by Kopczynski, et al,
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in a planning study in preparation for the RAPS project (20).

Evaporative hydrocarbon emissions from automobiles are comprised of
emissions from fuel tank breathing and the evaporation of gasoline from the
carburetor fuel bowl. These emissions have been determined by modifying the
values reported by Trijonis by decreasing the aromatic content by 44 percent

and increasing the olefin content.

The composition of hydrocarbons from automobile exhaust and evaporative
emissions are given in Table 8. The composition of the exhaust and evapora-
tive emissions of heavy duty gasoline powered trucks have been assumed to be
identical to those for light duty vehicles since there is no fundamental
difference between the engines and fuels used. The composition of the
exhaust emissions for heavy duty diesel powered trucks are classified in
Table 8. These are the same as those used for railroads which use diesel
engines. Evaporative emissions from diesel engines are considered negli-
gible. The classifications of exhaust and evaporative hydrocarbon emissions
are presented in Tables 20, 21 and 22 in the Appendix.

Off-highway mobile sources are comprised of a mix of gasoline and
diesel engines (22). Motorcycles, lawn and garden, and outboards are all
gasoline engines. Farm equipment is 61.9 percent gasoline powered, con-
struction equipment is 44 percent gasoline powered, and industrial equipment
js 78 percent gasoline powered. The exhaust hydrocarbon classification data
in Table 8 expresses these percentages. The exhaust emissions from gasoline
engines are the same as the previously discussed automotive emissions, and
the exhaust emissions from diesel engines are the same as the previously
discussed diesel truck engines. The reclassifications of the hydrocarbons
from the groups of combined gasoline and diesel engines are presented in
Tables 23, 24, and 25 in the Appendix.
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4.0 SUMMARY

A detailed inventory of organic emissions has been developed for the
St. Louis AQCR. The inventory has been incorporated into the RAPS data base
and is stored on EPA's Univac 1110 computer at Research Triangle Park,
North Carolina.

The inventory consists of a listing of all industrial point source
emissions in excess of one ton per year, a listing of stationary area sources
such as gasoline marketing and dry cleaning operations, and a compilation of
mobile sources including surface transportation, railroad, river vessels,
airports and off-highway mobile sources.

Emission data are available for each source category, either as total
hydrocarbons or broken down into five structural categories: paraffins,
olefins, aromatics, aldehydes and non-reactives. Appropriate factors were
developed for the St. Louis area and applied to the hydrocarbon emission
data. These classification factors are also stored on the Univac computer.
As a consequence, an emission inventory for the five categories of organics
is now available for the St. Louis AQCR. A summary of the total emission
broken down into the five structural categories is shown in Table 12.
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