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ABSTRACT

To provide detailed data for modeling the photochemical formation of
atmospheric oxidants and information on which to base comprehensive contzol
strategy, an inventory of gaseous organic emissions from stationary scurces
was conducted in the California South Coast air Basin. Unlike mest organic
emissions inventories in the past, this one included the develorment cf smis-
sion profiles, i.e., a breakdown cf the individual crganic species which zon-
tributad at least 1% of the total organic smissions from each source. Based
on a comprehensive field sampling and lakoratory GC-MS analytical program, as
wall as survey and literature cdata, 140 unique emission proilles were develcped
to describe hydrocarbon emissions for 740 SCC/SIC categories. The wvaricus

profiles identified from cne to thirty different species.

The inventory accounted for all known stationary source organic emis-
sions including wmajor and minor point sources, and area sources (oil produc-
tion fields, architectural coatings, domestic solvent usage, etc.). The inven-
tory was prepared in the EZPA's Emission Inventory Subsystem (EIS) format. ALl

sources wers located by Universal Transverse Mercator (UTM) coordinates.

Also, a study of available control technigues Zfor organic smission
for various applications was performed. Control tachnigue descristions, zppli-

cation considerations and cost effectiveness data were compilad.

Finally, a prediction of emission trsnds based on expected growth and

control strategies was made.
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SECTICN 1.0

OVERVIEW

1.1 INTRODUCTION

Organic compounds emitted from staticnary sources contribute to tne
formation of smog in the atmosphere. These compounds {(often referrsd to as
hydrocarbons) resact photochemically with oxides of nitrogen, another pollutant,
to form oxidants, a pollutant which irritates human tissue and causes damage
to plant life. Organic pollutants also react with sach other in the atmosphere
to form long chain organic molecules which centribute to the atmospheric aerc-
s0l, another constituent of smeog, which limits visibility. The ability of the
various organic compounds to form oxidants or organic particulate matter varies
with each specie of hydérocarbon and the measure of this ability is referrad to

as reactivity.

For some time scientists have been measuring the resactivity of organic
compounds (with regard to both oxidant and aercsol formation) using smog
chambers to simulate atmospheric conditions. Prior te this pregram, the actual
hydrocarbon emissions from stationary sources had not peen characterized by
specles. Only the total organic emissions or at best the methane/non-methane
composition {alsc raferrsd to respectively as "non-reactive" and "reoactive"

hydrocarbons) were available in existing inventories.

In crder to develop an organic emission contrel stratagy for the
California South Coast Air Basin,* the ARB initiated this program Lo ilnventory
organic compound emissions from staticnary sources, investigate control tech-
nology and forecast emissions for the next ten years. The inventory would
reveal which compounds are being emitted by various scurces and where they are
located. It would alsc speciiy the reactivity ¢f those compounds according

to a three-class scheme developed by the ARB. It was to account for all

*The South Coast Air Besin for the purpeses of this study includes part of
rainoe

Santa Barbara, Ventura, Los Angeles, Orance, Riverside, and San Bernardi
Counties.
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crganic emissions from point, area, anthropcgenic, and natural sources.
Sources werz to be categorized by application (the ARB-specified application
categories) and by location. Each source was to be located geographically
by Universal Transverse Mercator (UTM) coordinatas, and the sources were to
be grouped into ten-kilometer grid sguares. Cther portions of the study

would reveal what could be done to reduce the objectionable species.

Later in the program, a rsquirement was added to present the inventory
data ia the Emission Inventory Subsystem, Permit and Registration (EIS/DsR)
format. EIS/Pa&R (hereafter referred to as EIS -- a computerized dJdata system)
was developed by the EPA to be used by 21l local and state agencies for their
own records as well as to provide data to a national data bank. 2nother added
reguirement was the reporting of emissions, specie by specie, for each one kil-

ometer grid sguare in the Basin.

1.2 SUMMARY AND CONCLUSIONS

In order to accomplish these cbjectivas, the first steps weres to prepare
a preliminary inventory of total crganics {without specific species), to identify
the major scurces, znd to determine the distribution of emissions among the

various source types.

Next, 2 field test program was conducted to characterize emissions
from sourcas selected on the basis of the preliminary inventory, emphasizing
those source types comprising the greater amount of the amissions. Organic
species contributing at least 1% of the total organic composition were iden-
tified using GC/MS analysis. Qver 600 samples were collectad and analyzed

frem various egquipment in the following locaticns:
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Adhesives Mfg. Plant
Alrcraft Plant (2)
Appliance Plant (2)
Asphalt Plant

Auto Body Shop (2)
Automoblile Plant (2)
Chemical Plant (2)
Dry Cleaniag Planc
Equipment Mfg. (2}
Gas Compressor Plant
Gas Pumping Station
Gasoline Station

Equipment tested included:

Adhesive Sopray Booth
API Separzator (8)
Asphalt Paving

Basic Oxygen Furnacs
Blast Furnace
Charcoal Adsorbers (4)
Chemical Mill
Chenical Procass
Chemical Transfer
Coke Oven

Compressors (28)
Cooling Tower (2}
Degrease Tank (11)

Dip Tank

Dry Clean Tumbler
Drying Ovens (3)
Fiberglass Impregnation (2)
Filling Rack

Flow Coater (2)
Gravure Press (S)

Landfill

Magnetic Tape Plant
0il Field (2)

01l Refinexy (3}
Packaging Mfg. Plant
Printing Plant (2)
Roofing Kettle
Rubber Mfg.

Solvent Mfg. Plant
Steel Mill

Utility Boiler
Utility Gas Turbine

Heater Treater

I.C. Engines (8)

Incinerator (1Q)

Lithegrapn (3)

Open Hearth Furnace

Paint Booth (32}

Precip. Outlets

Printed Circuit Board Proc.
Process Heater (3)

Pumps ({(200)

Rubber Process (3)

Sintering Plant

Sludge Incinerator

Storage Tank (5) (Species only)
Sumps (&)

Valves (24,000)

Vapor Recaovery Tank to Car (8)
Vapor Recovery Truck to Tank
Well heads (5)

In addition to direct source sampling, one attempt was made to

characterize -emissions from a refinery, a complex point scurce, by collecting

ana analyzing air samples taken upwind and downwind of the refinery. Diffusion
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modeling techniques were used to predict emissicn factors from the refinery.
The resulting emissions predicted by this indirect technique were lower than
those determined by direct socurce metheds by an order of magnitude. This

was probably caused by vertical dispersion of the hydrocarbon emissions, which

could not be adequately detected by fenceline measyurements.

Test results were augmented by guestionnaire responses and litera-
ture da@ta to establish both emission factors and emissicn profiles (rercent
composition by weight). Cne hundred forty unique emission profiles for point
and area sources were developed. These 140 profiles covered 740 different
combinations of device category (3CC Ne.) and industry category (SIC No.).
Where possible, emission factors, determined from fizld tests, wers compared
for validity with factors contained in AP-42, and those in the SCAQMD data
base. No existing smission factors were found for oil production, IC aengines,

and landfills.

Coincident with this work, the 3cuth Ccast Alr Quality Management
District (3CAQMD) (Los Angeles, Qrange, Riverside, and San Bernardino Coun-
£izs), and the Ventura and Santa Barkara County air Pollution Control Dis-
tricts (VAPCD and SBAPCD) were compiling new EIS files for their individual
districts. These County EIS data files were provided to KVB, Inc. nhy the
ARB, along with a breakdown of peopulation data for the Basin in 1 Xm grid

squares.

The last step in the program was to generate a final inventory. The
EIS data were the basis for this XVB final inventory. The emission factors
used in the ZI5 files were reviewed by XVB and adjusted wnere necessary 2y
applying corrsction factors determined from scurce tests to specific sources
or to a group of sources identified with a certain 3ource Classification Code

(SCC) number. The 140 emission profiles were also kayed to the sources. In

1

addition, sources not containad in the EIS files, primarily area sourcss,

were added to the data hase.
The final inventorv was delivered to the ARB under ssparate cover as

computer printouts and magnetic tape files. The primary slsments arz as

follows:
1. A Total Organic Emission Report by ARB Application Category
2. A Total Organic Emission Report by Ten-fm Grid Squarss
3. An Emission Profile Listing

1-4 KVB 5804-~714



4. An Emission Summary Report for Each One Km
Grid Square

S. An Individual Organic Specie Report by Appli-
cation Category

6. A Point Source Emission File in EIS Format (Tape)
7. An Emission Profile File (Tape)
3. An Area Source File (Tape)

2. Miscellaneous Indexes, Listings and Files {(Tapes)
to Support the Items above

The inventory wnich has a baseline of 1975-1978, shows total hydro-
carbon emissions of 2200 ton/day of which one-half is methane. Point sources
(major and minor) account for 350 ton/day and area scurces account for 1850

ton/day total hydrocarbon emissicns.

The petroleum industry accounts for 20% of the total emissions; 110
ton/day from production, 120 ton/day from refining and 190 ton/day from market-

ing. Solvent use accounts for another 1l0% of the organic emissions.

The largest scurce category is landfills, which accéunt for over 40%
of the total emissions, 930 tons/day, and are 99% methane, which is photo-
chemically non-reactive. Natural terpene emissions from forest and scrub vege-
tation account for 15% of the total emissions, 300 ton/day. These emissions
occur at the perimeter of the Basin and downwind of the central porulated
area, therefore, their contripution to smog formation in the metropolitan arsa

is probably of much less significance than the anthropogenic smissions.

The primary organic species emitted are:

Ton/Day (Avg.)

Methane 1100
Terpenes 300
Pentane 30
Butane 70
Hexane 60
Perchlorocethylene 50
Ethane 50
Propane 40
Isoprepyl Alcohol 30
Toluene 30
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The emissions of compounds rated as Class 3, highest photochemical
reactivity, account for 500 ton/day, of which 300 ten/day are natural terpenes.

Other Class 3 emissions include:

Ton/Day
Isopropyl Alcohol 30
Toluene 30
Ethylene 20
Ethyl Alcohol 20
Xylene 13
Pentene 10
Butyl Alcochol 6
Glycol Ether 8
Formaldehyde 6
Propylene 4

'A breakdown ¢f the sources of individual species emissions by 13
application categories (i.e., petroleum refinery, sclvent use, combustion of

fuel, 2tc.) is provided in Section 2.4.

In addition to the emission inventory, an investigation of ‘control
technigques for various applicaticn categories was performed. Control technigues
descriped in this report include:

a. Activated carbon adsorpticon systems

b. Thermal and catalytic incineraters

¢. Vapor condensation systems

4. Scrubbers (absorption systems)

@. Vapor space elimination {e.g., floating rocf tanks)
£. Liguid/vapor exchange systems Zor fluid transfer

g. Enclosures (covering drains, sawers and separators)

h. Process and material changes {e.g., solvent substitutions,
nigh solids coatings, etc.) )

i. Improved maintenance.

Over 60 industrial and commercial processes arz considered. For sach process,
applicable control technigues are identilied. Finally, cost effectiveness
data ($/unit weight of pollutant reduced) 3arse developed for the technigues

listad above.
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Wwith so many different processes and plant configurations involwved,
it is possible to determine most cost effective control technology only on a
plant-by-plant basis. For the control of organic emissicns from exhaust
stacks, without a change in the basic process, activated carbon adsorbers
and incinerators are the preferred add-~on devices. For low aydrocarbon con-
centrations (around 100 ppm), carbon adsorption is more economical. For con-
trol of nigh concentrations (arcound 25% of the lower explosion limit, i.e.,
12,000 ppm for hexane), carbon adsorpticn is both eccnemical and can rpreduce
a profit 1f recovered solvents can be reused or sold. If the organic matexial
cannot be reused, then for the high concentrations, incineration with
primary heat recaovery (using combustion gases to heat the incoming air/organic
stream} is more economical than adsorption. Also, in general, it is more
cost effective to control streams of high concentrations than of low concen-
trations. Between concentrations of 100 pem and 10,000 ppm, the differance

in cost effectiveness could be a factor of 10.

The conversion of architectural and industrial coatings to water-
borne and solventless Iormulations shoﬁld continue at the current rate over
the next ten years. The pacing items are {l) necessary research to develop
materials, (2) rate of facility obsolescence (i.e., replacing old facilities
with ones incorporating provisions for low emission coatings), and (3) public

resistance to change.

A ten-vear forecast of organic emissions in the Basin indicatss that
the anthropogenic =zmissions will decline by 65% by 1986. Anthropogenic methane
emissions will probably be reduced by 50% while non-methane emissions will he
reduced by 70% since most control methiods ars less effzctive on methane than
on non-methane emissions. A projecticn of natural emissicns was peyond the

program scope.

This report consists of four sections. Section 2.0 deals with the
emission inventory describing the data sources and presents the detailled

data used in its compilation. Various summary tables and plots are also
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presented. Section 3.0 deals with the field test program presenting sampling
and analysis methodology, test rasults and an assessment of data guality.
Section 4.0 is a summary of control technolocy state-gf-the-art. Of major
interest is Sectiecn 4.4 which provides cost effectiveness data for using
control technigques. Finally, a prediction of future emission trends is pre-
sentad in Section 5.0 based on expected industrial and population growth,

control technology implementation, and control legislation.
1.3 RECCOMMENDATICNS FOR FURTHER RESEARCH

1.3.1 Standard Procedures for Organic Emission Measursment

The measurement techniques employed on this program met the objec-
tives of characterizing typical emissions. The technigues were of necessity
universal in application, covering emissions of pure nydrocarbons as well as
organic compounds containing oxXygen, nitrogen, halogens, etc, If future
control strateqgy inveolves vlacing a2 limitation on organic emissons, then
sonme measurement standards must be established similar to thosa now spe-

cified in the Federal Register for NOx, 50x, particulates, st, etc.

It was observed on this program that the collection and recovery aof
certain speciss was depéndent on the techniques employed. Some materials
used in sampling trains like pigéﬁic tubing are known to adsorb certain
compounds. These are avoided in the KVB sampling train. H#Heating the col-
lector to release the sample is effective on certain compounds but causes
others to undexgo a chemical change. Some types of GC columns are mcre af-
fective than others for separating certain compounds. Also, a GC will nave
different responses to various compounds. <Certaln oxygenated compounds such
as aldehydes and carboxylic acids essentially fail to respond while esters,
katones, alccheols, sthers, and alicyclics behave as pur nydrocarbons. Wnils
the GC used on this program was calibratad for varving responses for known
compounds, it is possible that certain unexpectad compounds may have gone
undetected. On certain solvent sources such as automobile painting, there
seems to he a surprising lack of oxygenated compounds.

Therefore it is recommended that a research program be conducted o
define specific egquipment and procedurses for measuring the varicus classas
of organic compounds. The program must include sufiicient evaluation test-

ing of the selected technigues to astablish values of accuracy and precision.
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The EPA is aware of this need and is sponsoring some work in this area.
They have divided the organic emissions intc three categories: (1) syathetic
crganic ccecmpounds, {2) oxygenated solvents, and (3} pure hydrocarbon com-
pounds. Procedure work books are being prepared for Category (l). Category
(3) has not been handled yet but is admittedly routine. They are without a
gocd answer on Category (2) which is the situation in which XVB has alsc
found itself. One aspect that EPA is not addressing is speciation. They
are only interssted in measuring methane, ethane, and total organics. For

use in the Basin, specific compcund identification would be desirable.

1.3.2 Investigation of Organic Solvent Emissions from Paint Spray Booths

Emissions from paint spray booths nave been estimated based on paint
usage times the fraction of solvent in the paint. Attempts at a material
palance in measuring actual emissions indicate that the calculation method
may produce nigher results. Many oxygenated sclvents are water miscible and
their vapors may be abscrbed by water curtains used in spray booths to

collect overspray. These oxygenated solvent vapors may also be missed by

GC aznalysis.

another interesting observation made on this program 1s that the
emissions from water-based paint operations in an automobile assemply plant
are similar in tonnage and reactivity to those from a similar solvent-pased

painting operation.

Therefore it is recommended that a research program be conducted o
charactarize the rslease of organic emissions fxom new automobile gainting

operaticns comparing those using water-pased and solvent-pbased paints.

1.3.3 Development of Measuring Technicues for Evaporative Emissions
from Petrcleum Sources

Separators, ponds, cellars, sewers, and cooling tcocwers appear to be
ignificant sources of hydrocarbon smissions. Attempts to characterize
emissions from these sources on this program met with varied results. Con-
sultation with other investigators in the field revealed similar frustra-
tions. Future control strategy may reguire sstablishment and enforcement

of maximum emission level from evaporative sources.

VB 3804-7.4
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Therafore, it is recommended that research be conductad to develop
reliable measurement technicues Zor evaporative sources of nydrocarbon

emissions.

1.3.4 Gasoline Marketing Data

Because gasoline marketing is one of the large socurces of hydro-
carbon emissions in the Rasin, the control of these emissions with vapor
recovery systems is an important part of any air quality improvement stra-
tegy. To handle the control of such a large number of sources, a computsr-
ized system would be a great convenience. A source of computerized infor-
mation regarding gasoline station locaticn, throughrut rate, hours of
operation, etc. exists in a private company, Lundberxg Surveys, North
Hollywood, Califcornia, who update the data regularly and se2ll this infor-
mation ta oil companies as printed reports. While their computer tapes
are jealously guarded with regard to other private industries, it is
possible that. a magnetic tape versicn of thls report <guld be obtained

for government purgoses.

Therefore, it is recommended that the Lundberg Survey tapes be

secured to support the concrol of gascoline station nydrocarbon smissions.

1.3.5 Development of an Organic Compound Flux Gage

Because of the difficulties encountered in measuring organic emis-
sions from large evaporative scurces such as storage tanks as well as

separators, ccoling towers, &ts. as mentioned aobove, an lnstrument which

n

could measure the flow of hydrocarbon vapors would be useful. Device
exist to measurs concentrations of organic vapors in the form of sniffers.
The proposed device would measurs the vapor £low in weight per unit area
per unit time. XKVB began the development of such a device under WOGA
sponsorship at a low funding level, but the project was later terminated
because it appearad that it would reguire some extensive develcopment just

to svaluate the proposed concept. The KVB instrument was dased on using
two cryogenically cooled quartz crystals to collect and weigh the organic
vapor. wWhether or not the quartz crystal micropalance approach is fesasible,
some methed of measuring fiux should be lnvestigated and, if possible,
developad.

XVB 5804-714
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Therefore, Lt is recommended that a laboratory research program be
conducted to investigate the feasibility of developing an organic vapor
flux-measuring instrument. The program should include the cevelorment of

a prototype unit capable of being evaluated in the field.

1.3.6 0il Field and Qff-Shorxe Platform Emissions

KVB estimated ¢il production emissions based on amission factors
developed from field tests at twe oil fields. These factors were applied
on a per-well basis using the California Civison of 0il and Gas informa-
tion cn the number and locaticn of oil wells. This was the best estimats
that could be made within the program budget limitations. Previocus inven-

tories had ignored this significant area source.

A more thorough program would involve an inventory of oil field
equipment throughout the Basin and further testing to support component
emission factors. The API is currently sponsoring a program to develop
0il production emission factors. However, most of their testing will be
in oil fields and off-shore platforms on the Gulf of Mexico coast. An
equipment inventory for the Basin will still be reguired. The APCDs have

cerformed only a limited amount of inventory work on oil fisld emissions.

Therefore, it is recommended that further rasearch ke conductsd
to characterize oil field emissions. The program should include an inven-
tory of equipment and testing as necessary to develop or ceonfirm emission

factors for the equipment identified.

1.3.7 Emissicons £rom Statlonary IC Engines

The XVB inventory identifies IC engines greater than 30 HP
because they recuire rermits and are in the EIS file. Smaller engines ars
used throughout the Basin and do not require permits. Each 0il well at the
duntington Beach field has a 60-HP engine. There was not enough time to con-

duct an inventory of these small engines.

The organic amission factors in AP-42 were based con engines much
larger than theose normally found in the Basin. KVB's limited testing

showed little agreement with the AP-42 values.
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Therefore, it is recommended that an inventory be made of IC engines
in the Basin and that selected testing be performed to develop emission
factors. 1In addition to organic emissions, NOx should be measured to check
emission factors which were guesticned in KVB's NOx inventory report o the

ARB.

The SCAQMD is currently engaged in an effort to locate these engines.
Depending on their success, this may fulfill the inventory need. A program

to develop emission factors would still be appropriate.

1.3.8 Refinery Maintenance

As discussed in Section 4.0, the cosi/henefits of a special emission-
control maintenance program in a refinery are debatable. KVB could only
afford a few exploratory tests wihich revealed some potential for significant

benefits to be achleved by such a program.

Therefore it is recommended that a special research program be con-
ducted to deatermine what the cost/benefit ratio would be for a program in
which a maintenance crew were dispatched on a continuing basis to detect
and corract any lsaks that exist. The program should determine optimum
crew size, frequency of survelillance, and recommendations for eguipment
and technicgues to be employed. The feasibility of such a program would oe

determined based on estimates of costs and emission reduction tonnage.
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SECTICN 2.0

INVENTORY

2.1 DATA SOURCES

The data used in this organic emissicn inventory were obtained from
the fellowing scurces:

1. Various government agency files

2. TField testing

3. Questionnalires

4, Literature

5. Engineering analyses

Persconal contacts with government and industry personnel.

()}

All county enforcement agencias were in the process of a total recom-
pilation of their permit files using the EPA's EIS/PSR* (Ref, 2-1) format
(referred to as EIS hersafter) during the period of this inventory. The
computerized permit £ile from Los Angeles County and the permit files from
the other counties werz used to cobtain data for the preliminary inventory.

It was planned that the final inventory would te compiled using the new EIS
data base for the majer point sources as soon as data entry was complated
and checked for all counties iIn the inventory. The following key data were

contalned in the EIS data base:

1. Plant name, address, ID No., atc.
2. Standard Industrial Code (SIC)

3. Source Classification Codes (SCC)
4. UTM Coordinates

5. Stack Height

6. Pollutant Identification

7. Emission Factor

g8

. Throughput Rates

*Emissicn Inventory Subsystems/Permit and Registration
KVB 5804-714
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9. Estimated amissions
10. Seasonal wvariations

11. Operating period (hr/day, day/week, week/vr)

For minor sources in LA County, the original permit f£ile was used.
Alsc a computer tape file of gasoline station locations in La County was
received from the SC AQMD. Both of these files had location coordinates on
a one mile sguare crid basis, The ARB provided an algorithm for converting

the one-mile grid to UTM coordinatas (Ref. 2-2) .

The ARB also provided a tape file of population by UTM coordinates

which was used fo distribute population related area source emissions.

Field tast data were used to formulate amission profiles and <o
develop emission factors for new sources or check those factors on sources

already characterized by the districts or the EPA in AP-42 (Ref. 2-3).

Questionnairas were received from approximately 100 industrial
sources with comprehensive data on their solvent and fuel usage. Data
received were used to develop 2mission profiles and %o check values con-
tained in the district files.

There was a great Jdeal of activity in the arsga of organic smission
assessment by other agencies and contractors. A list of those 2rograms wihilch
providad valuable data forthis inventory are summarized in Table 1. Excellent
cooperation and data sxchange were maintained with those contractors and

agencies listced.

Cther scurces c¢f information included personal contacts wizh various
industrv assccilaticns (drvy cleaning, refinery, aspnalt, printing, etc.) and
government agencias (aspecialily the ARB, California Division of 0il and Gas,
TPA Cffice ¢of Air Quality Planning and Standards in Durham, EZPA Region 3,
local air pollution districts and the Zouthern California Association of

Governments, 3SCAG).

From data received from the above sourcses, comprahensive analyses wers
conducted to derive emissicn orofiles in a form compatiple with the inventory
Zormat. Analyses of test data from this and relacted programs listed in Table

2-1 were periormed to Create or evaluact2 2xisting emissicn Iachtor

7]

KVB 3304-714
2-2



VTL-P08G 9AN

SITIUNOD VIVIPE BIURY

‘oug puv eanjuap jjo buypung suot3yeaado
LL6T APl 103 pPOTNPOYDS ‘yoavasoay 110 9pniId woxy huriTnsni hurprol Iajxue], wioly
Kiteutbtao 310day ijeutd [H{oB¥:X:11}e] YOOM SUOTSSTWD D 2UTWIAHIN( SUOTSS W UOQIRI0IpAH
LL6T ‘ATnp courl ‘90u8Tos 8162 dav Jo sYuRy, Jooy paxig woay
poseatax jxoday TRUTI putaaauibuy ¥OOM KITPITEA 9] Ss$0S5Y SUOTSSTWI UOGIUD0IPAl
‘our syuRl, WNOT01310g
LL6T -uep el llOR gty LTIST av Jjooy butievoij woxg
pasestrax 3xceday Teutd Butrasauibug ¥OOM Jo Ajtpriea sutwaoiag SUOTSSTUF voqIesoapiy
jael
Axozexoqe qYIsS 9yl uT S10T)y 3o xo3ysuex], burpnrourt
padorsasp yoavasay ~exaddo pHurddriys woay uotaexado Surddius pue
mv:_,.wﬂ :Qﬂ& HIOM 313008% [=234% SUOTSSTHI DUTWIZH( mﬁad,zm woxy mCOA.,nmﬂ_:m—
Zv-dqv ut
Axourgyox puooss pasn A[3UsII0D SI0310R] ButuTyay 11O WOXJ
uT paaonpuod Huraq yoTssTWO Axouriax SIUSNTIIH TLIUDMMUOITAUR
K1auaxano axe s3s9Y souy URTPRY vas JO K3TPTILA SUTUIN)H] 2y JO IUDUSSOSSY
) SOTIT[TONY PAOUSIJO pue

Iaj3ua) but 2I01{SUD X0J SISV Jua suoTierodo
padorsasp ~JIOJTUOW ITY -uodwod ' U0 SI10j30eJ HoTI0nPOIAd pPIoTd 110
puraq uetd yaoMm LAY fele))| 14V UOTSSTWS autwIdIdg WOIJ SUOTSSTUT JATITHNI
TPULTYD eavdavyg viueg
JUIMINOITAUD a3 ut Juaswdoroasg 110
LL6T UDaARW POanNssT couy JMua % oyl uo juauicdoTaaap $DO JIOUS IRIUDUTIUOD IBINQ
33exd axoday [eutryd J3vas ¥do WdO 3O sjoevdwt 9yl $S58SSY Jo saoedwy Ajryrend avy

1032813U0) yXosuodg adoog 9131l 2399(o1g

(LL6T PTW 3JO se) snijeis

SNOISSIWH ANNOJWOD JINYHHO NO SATIANLS THLYVIAN

e e

‘T~ ATV



VPT1L-708G €AM

Huryayavw wnoayoand

03 parrdde sanbruynan
Axanooea 1oden Jo ssau
—-9AT1D93J2 SY) SSOSsR 07

Juawidoiaang
wo3sAs Aa2a009yg xodwp

puTNUIIUOD 3SI], addavas a0dvds soxnpasoxd 3san autwaalad butaayaey HUITOsey
PTUI0IYTRD
ur sbesy aprorIsSog 30
SUOTY JUDUISSDSSY  SUOTSSTWS
-eo11dde aprorasad woxg svg oTuebhIO 2ATIDTM
L1617 Isnbny oup 3xodsy JIvas v Stiad BSUOTSSTWa DI auTwI03Io( x03 fLbhoropoyimg vy
. sauted auroq Aoaang
oln hurlsn UOTSSTID sbutle0o) TrAN}OLITYDIY
LL6T sunp OTURhIO  JO UOTIDNPHA dnoay Apnasg
pausst 3a0dax yjeas 331015 Iy Ty Tetauajod autmiajaq uoTIeTNbIY TOSNIO
Ionuad
yoaxeasay sdoio RIUIOFTIIVCD
, uotTInytog paeysio pue ploty IF UtT poaadafIon sons
LLGT ITY IpPIM butuang moxy siaojovg TernaTuoTIby Dutiiang
Kxenuep ‘3x0doy teutg -273vI8 4N [=3ERTs UOISSTUD DUTmIP I WOXJ SIONORI UOTHS T
Katrsaaatun uogyviabhoa $32IN0G
a3wv3s I§9X0F WOIAF SIIVIA UOTS Teaniey wWoIg sUuols
poleTduion 33vap 1euTry uoabutysepm vas ~STWS [RININU DUTWIDYA] ~s1urg punodmo) otuehip
SUOTSETWD D] UO
UOIT sTeas A1epuodons pue 9zTs wpahHoxg 1S9 UOTSS T
(L6T Udoaey pue abprtag deh ‘Kyrtenb Burx ‘putm buty HurTeas OTTTIRION
ponss1 3aodoy Teuly obroTyd YOOM JO £30933J°8 SulwInlIoddg Muel, ooy butrieolg
(LL6T PTW JO sw) snjels I030RI3UOD |y X0suods T adoog a1at14 109foxg

— rrrwr -~ i

(quoD) T-7 WTUvd

<J*

[}



PIL-1V08S dAN

3TTRD

‘obaTQ UES ‘JOTIISTA [OIIUOD uoTanfrod ITY OhATA uvrs - ADNIVAS

“3TTEO

'soTabuy so1

FTT®RO

PUTTOXR) YIION

‘UOTIRTIOOSSY Sb9H ¥ TTIO UTIISOM - YOOM

fojusweIors ‘pIAPOY SIDINOSH ITY - NIV

‘jaed

aThurta], yosaeasay ‘Adusby uOT3IN9310IJ TRIUDWUOITAUN S - VIT

oa

‘uorhuTySEM ‘9INIATISUT UMSHTOIIAF URDTIBWY - TdyY

*JITeD ‘ojwmumianes

- ‘yoaessay] puer HutuueTd JO 9OTII0 S, IOUADAOY TUIOITTP]) - AJO

19POD UOTARTAP IQAY

e e

201N05

TLL6T @3el pasealal aq J3eas SUOTSS TWa Axruotivls HutrasIxg
01 sIWNTOA I0INI “9L6T weaboxd o1urHIo JO TOIIU0D 203 103 suoTssTuwg otruvbig
IDQUDAON DPANSST T SWNTOA ITY vdaR vdal sjuaunnop jo uorieardaig altieon Jo 1oa3uU0)

93N TISUL sTTIJpueY puw suotieiado $90IN0G TEANIEN WOoXJ
Kemzapun ynareasong areydse uwioxy sionoey uotssTy oruehag oyxoud
s3s8] Axvurwilaxg ISOMPTN a1 UOTSSTWa D auTuInIag —sowyY JO JUSMDHINSPIW
(LL6T PTW JO se) snjejg I03D0VI3U0) xJI0su0dS adoog 8131l 3d=fo1g

(3uod) T-T ATV



2.2 DATA MANAGEMENT

The data to be processed as part of the final organic emission

included:

. EIS data for major point sources for SCAQMD

1
2. Minor point source data Lrom the SCACMD {(Metro Zone)
3. Gasoline station data for ICAQMD (Metro Zone)

4

EIS data for Ventura and Santa Barbara Countvy (major and
minor sources including gasoline stations)

5. Petroleum production field

6. Additional area data for sources such as forests, landfills,
architectural c¢oating, domestic solvent use, etc.

7. Emission profiles
8. Paopulation distribution by one kilcmeter grid

9. Emission factor adjustments to EIS data

The avallable EIS data processing scftware was incorperated for
orocessing the EIS data. In this system individual sources could e modified,
added or deletad. KVB added a feature which also permittad the data t3 pe
modified by SCC number. ITor example, the emissicns in the EIS data basa
from certain fixed roof tanks {identified by a specific SCC number) appearsd
to be tco high based on recent test data. The emissions from those
tanks were modified by one correction factor applied to all the emissicns of
that specific 3CC number.

The profile data was organized with SCC number as the key. The
speciiic organic specle emissions Ior any source were determined oy Zactoring

the total source emissions by the profils of speciz welght percentages.

Area source smission ratas were added to the EIS data file using the

(3

mission factor and inventeories presented in Section 2.3.4. These sources,
including natural smissions, architectural surface coatings, and gasoline
marketing, constituted a large portion ¢f the total emissions in the Basin.
Since a standard format was not yet availlable for describing emissions not
neeting the EIS point source criteria, XVB chose to develop an area source
data base for this purpose based on general guldelines proposed Ly the ARB
(Ref. 2-4). The format was desicgned to allow descripticn of emissions

by their one kilomertar grid location and process (or activity) .

KVB 3304-714
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Gasoline marketing data for this data base were acquired in three

ways. In Los Angeles County, information concerning 10,000 stations in the
Basin was computerized; however, individual station throughputs were missing.
KVB chese to take the total sales for Los Angeles Countyv and apportion the
through-put by the total storage tank volume at esach station. For Ventura
County the gas station data were included in the EIS file. For consistency,
KVB chose to take these EIS data and format them as the Los Angeles County
data with the gas station locations and throughputs retained. XVB assigned
new emission factors to the data. For the remaining counties the gas station
emissions were apportioned by residential arsa based on the total county

sales. These gas station data were formatted in the KVB area source format.

Since the EIS point source data base did not contgin the organic
emissions for minor point sources under permit in L.A. County (Metro Zone),
these data were acquired from Metro Zone's permit files and formatted in the
KVB arsa source format. Data on the emissions from minor point sources not
under permit were zlso obtained and included in the KVB area source data

base.

Finally the KVB area sourcs data base contained data from all area
sources identifisd by the KVB engineers. These smission sources included
waste disposal, petroleum cperations other than refining, domestic and agri-

cultural sources, gescgenic scurces and natural emissicns.

All point sources in the inventory were given an SCC number which was
occasionally qualified by the SIC number. For aresa sources, procass codes
devised by the ARB Staff were used in lieu of SCC numbers. A file was created
with all information relative o these 3CC numbers (or process codes), the
emission correction factors to be applied to all sources with the given 3CC/
3IC numpber; the profile key to identify the profile for this source type, tae
relevant ARB application category, and summer or winter differantials to be
used to alter emissions seasonally if warranted by the source type. This 3CC

file was used as the major system link between sources and their profiles.

KvB 5804-714



1dentified.
of determining the profile and estimated error.

contained the SARCAD code and percent by welght of sach specie in =

Where

Within each ARB application category only unigue profiles were

The profile records contained information concerning the method

In addition,

b

the SARCAD coding was not comprehensive, XVB and their subcon-

tractor, ARLI, added SARCAD ccdes Lln a logical manner.

were the cnly specie

file was crzated to contain SAROAD codes,

and ARB reactivity class.

e pro

gach proiile

i

Since 3ARCAD codes

identifier in the profile data bass,

il

2

a separata tabular

From the data files used in this inventory, eight reports wers

producad.

1.

A Total Organic Emission Report containing:

a.

They includad:

Source information {county, APCD Pcint
SIC No.)

Tetal organic emissions, ton/vear

Summer emissions, ton/day, broken down
emissions and weekend emissions

Winter emissions, ton/dayv, broken down
enmissions and weekend emissions

Emissicn profile key which will relats
species brzakdown in Item 2 bhelow.

These data were reported in two sortsd ord

a.

ID Neo.,

SsC Yo.,

into weekday

into weekday

£o an emissions

X s:

According to the ARB application catagories and including

rvoint and aresa sources (Report %1)

According to locatzcn in 10 Xm UTM gri
including peoint and area scurces (Repo

A plant identification index (Report 43)

d sgu
rt 32

ares and

)

An Emission Profile Listing winich lists each organic specie

(by name and code no.) emitted by a particular source cor

sourcze type, the reactivity class (according to the ARB'S
3-class system) of that specie, and the percent by weilght
of the total emit:iad hydrocarbens that the specie cont

butes (Report #4).

T -
-

speclies name, molecular welghts

>



3.

An Emissicon Summary consisting of the following data f£or each
1l Km grid square in the Basin (Report %#5):

a. Total organic emissions, ton/year
b. Individual specie emissions by code no., lb/vear

¢. Emissions for esach reactivity class: I, II, and III,
ton/year

An Individual Organic Specie Report showing the emission of
each specie broken down bv ARB Application Categories (Report #6).

An 8CC report listing the profile keys, application and emission
correction factors for all 3CC codes encountersd in the source files
reported in two sorted orders:

a. By SCC code (Report 47)

b. By profile key in order to reference all 3SCC codes
attributed to a given profile (Report % 2L

A more detailed description of these reports is presented in Section 2.4.1.

In addition to these reports which wexre delivered to ARB under

separate cover as computer printouts, the following data files were prepared

and submitted to ARB on IBM compatible magnetic tape:

1.

s

ul

An uypdated (for hydrocarbon emission) point source esmission
file in EIS format (File #1) (XVB Lapel No. 7077 and 7078)

An organic speciae profile file (File #2) (Label No. 113)
An arsa source data file (File #3) {Label No. 11

akel Ne. 114)

L

A chemical species description file (File %4) (

An SCC description file (File %5) (Label No. 112)

2-3 KVB £&04-714



2.3 ENGINEERING ANALYSIS

2.3.1 Point Source Emission Factors

There has been considerable intarest in the development of =2mission
factors that can pe employed to estimate emissicns Irom specific sources
based upon a kno&ledge of the pertinent operating characteristics of the
source. Such procedures are in common use throughout the country by local
control agencies to estimate air peollution emission ratss for 2oint and are
scurces. OCne of the primary objectives of the ARB organic compcund smissichn
study was to critically evaluate the emission factors for organic compound
emissicns used by the SCAQMD and local APCD's and to develop new emission
factors for sources not contained in the ZIS data system that were applicabls
to the South Coast Air Basin. The following discussion outlines the methed-
ology emploved during the analysis fpr point sources. Emission Zactors for
area sources have been separated into a separate section (Section 2.3.4) as

thay reguirad a significantly 4ifferent approach.

Polnt scurce emission factors for industrizl point sources in the
Basin were divided into thrae groups. The first group included the combusticn
of fuels and evaporative emissions from petroleum operations. In general,
emission rates from these sources had been calculatad by the local control
agencies using emission factors and the aporopriate information on fuel
usage, petroleum croduct throughput, etc. This group, especially petroleum
storage and transfer operation regpresented a large nart of the total aydro-
carbon smissions in the 3asin and thererfors was givep primary Smpnasis in

the analysis of point souxce =2mission factors.

The second group of sources included solvent svapcraticn. Zmissions
from these sources were generally not calculated by local control agencies
using emissicn factors but rather were detz2rmined from solvent uss question-
naires since the organic compound emissions were essentially predstsrmined
by the sclvent content of the materials employed. Therefcre, correction to
the EIS data base were made through updataes of the solvent use laventory
rathner than correactions tc emission factors. A discussion of the cuestion-

naires used tc update the BIS i3 contained in Secticn 2.3.3.

KVB 5804-714
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The third categery included much less significant industrial point
sources of o¢rganic compounds in the Basin such as metallurgical, mineral
and food processing coperations. For these sources, data contained in the
EIS data base were left intact and no corrections wexe attempted,

f

A. Approach--

A comprehensive listing of point source emissicn factors was found
in the EPA publication, '"Compilation of Air Pollution Emission Factors"
(Ref. 2-4), hereafter referred to as "AP-42." The SCAQMD had its own emis-—
sion factors which had been employed in the process of estimating emission
rates for industrial point scurces contained in the EIS data file. To a
certain extent, these emission factors were the same, because frequently
SCAQMD data were used as the basis for the development of AP-42 emission
factors. 1In other instances the emission factors differed because the SCAQMD
sometimes based its emission factors on its own test data in preference to

using AP-42 values.

A specific objective of this study was to examine the point source
emission factors used by the SCAQMD and AP-42.- This was done for three
reasons. First, much of the data used to generate emission factors for
specific source types such as petroleum cperations and the combustion of
fuels stem from studies conducted as far back as the 1850's. Considerable
debate 2ad been raised about their continued applicability in view of
improved technology, sampling procedures, etc. Second, certain emission
factors listed in AP-42 intended for use nationally may not necessarily
represent conditions in the Basin. Finally, it was necessary to generate

‘antirely new emission factors where none had existed previously.

KVB 5804-714
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rield tests were conducted to provide data to assist in emission
factor evaluation and development. In addition, data from several relatad
projects Table 2-1, specifically oriented to improving AP-42 emission
factcrs have been incorporated into this analvsis. In most cases, these
studies had been dirscted at conditions within the Basin making them dirasctly
applicable to the current s:tudy.

1

Comparisons nave cteen made between the emission factors used by the
SCACMD, those contained in AP-42 and those generated in this and related
studies, Where KVB felt that aveilable data disagrsed with the 3CAQMD emis-
sion factors, correction factors were applied tc the emission rates listed in
the EISZ data system to update these emission astimates. The intent was to

nave the ZI5 data file, delivered to the ARB, reflect the best and most r2¢ent

P~
o
rt
®
o

information available. This was a vital part of the improvements incerzo

into the final XVB data base.
B. Resulis—~-

Emission factors selectsd for evaluation in this study ar=s dis-
cussed in the following sections. Sources have been divided into four
groups: (1) fuel combustion, (2) petroleum transfer and storage, (3)
refinery fugitive emissions, and (4) petroleum production cperations. A
table for each of these source categories presents a general description
of the source, appropriate SCC codes, units emploved, emission factor
listed in AP-42, those used by the local control agencies, and those
resulting from recent investigations lncluding filield tests fLrom this

acto

(a1
[a

study. The "best" zmission 13 also given along with the correction

th

used to update the £I3 data files. A complate discussion of each table 1

a2lso presentad.

1. Fuel ccmbustion--If was aprropriate to investigate the organic

compound emission factors for the combustion of Zfuels used in the Basin.
Emission factors usad by the SCAQMD stem Lrom data generatad in the 1330's
(Ref. 2-5) and wers currently under revision during the study using mors

up-to-date test data.

XVB 5804-714
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AP-42 emission factors represented data accumulated over the last
several years and generally had an emission factor rating of A. These
emission factors, however, are still subject to revisions for specific

sQurces.

Emission factors developed during the current program were themselves
subject to error due to the broad nature of the test program and the limited
number of samplss that could be obtained for any one source type. S3ources
tested were selacted so that the tests would be representative of that general
sources type. A thorough evaluation of the test data was made to assure 1ts
accuracy. Table 2-2 presents a summary of the sources and emission factors

for fuel combustion evaluated during this program.

Among the most important of the emission factors investigated was
that from the combustion of residual oil in utility boilers. This represented
one of the largest uses of fossil fuels in the Basin. The emission factor
used by the SCAQMD was 2.6 times greater than that listed in AP-42. For this
source type, the results of the XVB test program conducted on a utility boiler
firing low sulfur residual o0il tended to suppert the lower figure. Conse-

gquently, a correction facteor was incorporated into the data management program.
1 inag E

Similarly, the SCAQMD emission factor for natural gas combustion in
utility boilers was nine times that of AP-42. However, in this case, since
the quantity of natural gas used by utilities has decreased dramatically in
recent years, a decision was made to forego emissions testing of thils source
type. Since this represented a r=latively insignificant sourze of organic

compounds, the SCACMD emissicon factor was not changed.

Refinery gas combustion, on the other hand, represented an important
industrial source of crganic compounds. In this case, good agreement between
the three amission factor scurces was obtained and no correction factor was

necessary.
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Industrial natural gas consumption also represents an extremely
large energy use in the Basin. As shown in Table 2-2, the emissicon factor
used by the SCAQMD was between the AP-42 and KVB emissiocn factors so that

again no correction factor appeared to be warranted.

Emissions from CO boilers treating exhaust gases downstream of an
FCC unit wers also evaluated. Since the SCAQMD used test results from
these units rather than 2mission factors, the comparison between 5CACMD
values and those cobtained in this program has been made for a particular
unit tested. Again, the SCAQMD value appearsd to be reasonably close to

that obtained during this study and no correction factor was necessary.

Natural gas combustion in IC engines represented another scmewhat
unique case. At the time of the study, sources of this tvpe were not inclu-
ded in the EIS data f£ile although a preliminary inventorv of IC engines in the
Basin had been made (Ref. 2-6). This inventory was incorporated inte the area
source data base for this study. A decision on an appropriate smission
factor was somewhat difficult to make. Data presented in AP-42 represented
emission factors of 800 hp units which are much larger than those typically
found in the Basin. The results of the tests conducted by ¥VE cn IC engines
also resulted in large emission rates; however insufficient data were obtained
tc generalize an emission factor. The AP-42 value was used as it was scmewhat
censervative, although it was fully rscognized that the emissicon rates from

these sources may »e higher.

2. Petroleum storage--Table 2-3 presents a comparison of the smission

Tactors used -0 2stimate organic compounds emitted from petroleum storage
operations. Perhaps no other source has received so much recent investigation
and is under so much controversy as thcse sources listed in this group.
Responding to this controversy coth the Western 0il and Gas Association {WCGA)
and the California 2ir Resources Board have initiated field test programs
(Refs. 2-7, 2-8, and 2-9) to investigate emission from petrolsum storage
operations. The results of the WOGA prograns as well as the revised AP-42

emission factors (Ref. 2-10) are listed in Table 2-3.

KVB 5804-714
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API Bulletins 2517 and 2518 are universally used to astimate emissions
from £loating roof and fixed storage tanks respectively. These formulas and
their application to conditions in the Basia nhave resulted in two programs

sponsored by WOGA.

Results of the first study on floating roof tanks (Ref. 2-7) are
presanted in Table 2-4. It has been widely published (Ref. 2-11) that
the results of this program dgmonstrate that emission estimatas using 2517
are twice those of actual test results. However, a statistical evaluation
of the data does not seem to support any conclusions about the relationship
of the API formula to actual test emissions. The correlation coefficient
which relates the two sets of data in Table 24 was 0.489 and therefore
not significant. Using Kendall's methcd of rank correlatiocn yielded an =ven
less significant correlation of 0.14. While a t-test on the API 2517 pra-
dictions wversus the actual test results did tend to improve by factoring the
API formulas by 0.80, it was falt that the flecating rcof data did not suppor:
any conclusions which attemprad to relate the test results to the API zradic-
tions. When no correlations exist, attempts o state which set of data wvas
more reliable could not be made. Therefore, 1t wés considered inadvisable
to use these data to make any estimate of a correction factor for API 2517.

The final inventory used emissiocn factors as calculated using API 23517.

TABLE 2-4. API 2517 CALCULATED VERSUS OBSERVED HYDROCARBON EMISSIONS

Hydrocarbon Emission Rats (bbls/vear)

Tank ' API 2517 Calculated Observed
A 510 35
B 30 37
o 131 o)
D 128 175
E 49 50
F 237 . 55
G 237 57
H 362 445
T 35 56
J 34 33
X 145 43
L 132 84
Y| 433 286

KVB 5304-714



Data from the program on fixed roof tanks (Ref. 2-3), presented in
Table 2-3, on the other hand, demonstrated that there was a correlation
between the various sets of numpers. The corxrelation coefficient between
the predicted and measured losses was calculated to be 5.749. This value was
accepted as representative of a significant correslation suggesting that APT
Bulletin 2518 does predict the trends in emissions based on storage tank

parameters. However, the API formula appeared to overestimats emissions.

In order to test the nypothesis that the emissions data calculatad
using the API formula represented the same data population as the actual
measured emissions (i.e. the means of the differences of the pairs of data
equal zero), the t-test was employed. For the API estimates versus the
actual test rasults, the calculatad value for £ is 2.1

limit for to at 0.05% ccnfidence and 20 degrees of freedom is 1.72S.

Thereiore, the data 4id not seem to represent the same population.

To tast the theory that the API formula was overastimating the
fixed roof tank emlissions, two numbers were chosen as factors for the APT
astimate. The actual ratio of the means of the two sets of data (0.38) was
used as one factor and 0.50 was also tested. (The correlation coefficient
was unaffected by changes in the estimated emissions factored by elther
0.58 or 0.680.} Resulting t values were 0.631 and 0.119 for correction
factors of 0.38 and 0.60, respectively, supporting the hypothesis that the

corrected smission vredictlions from API 2518 were not significantly different

rom the test data. A correction factor of 0.60 was therafore applied o

Ih

the ZIS data pase given in Table 2-3,

3. Refinerv fugitive smissions--An analysis of the emission factors

nsed to estimate fugitive emissions from valves and pumps in Oferation
within petroleum ra2fineries has been made. ZImission estimates for

both AP-42 and the SCACMD jenerally stem from an extsnsive study conductad
in 1958 cf air pollution emissions from petrolsum refining oreraticns
locatad in the Basin (Ref. 2-12). Considerable intersst nad been raisad
about the accuracy of these emission estimates in view of advances in

technology in the form of bettar valve and pump packing materials and improved

oump seal designs.

9]
]
s
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TABLE 2-5. MEASURED VERSUS API CALCULATED EMISSIONS FOR STANDING

STORAGE IIXIZD-ROCOEF TANKS

Measurad Loss

API Calculated
Breathing Loss

Tast No. {bbls/yr) (bbls/vr)
- 1 Negligibie 17
2 <1l 51
3 Negligible "9l
4 Negligible 10
5 1 iol
% degligible 21
7 224 607
8 164 257
9 122 856
10 Negligible 44
1 <1 26
12 & 74
13 240 167
14 3 17
15 g4 138
13 339 430
17 1,086 783
13 Negligible 61
19 9 298
20 Negligible 2
21 20 38
TOTAL 2,400 4,149

XVB 5804-714



Table 2-6 presents a summarv of the analysis of the emission factors

from fugitive sources within petroleum refineries. Since the SCAQMD did not

[

use emission factors o astimats emission rates from these sources but

rather used actual test data on specific sources only the emissicon Zactors

ja)
n

t
listed in AP-42 (Ref. 2-10) ar=s given. However, since both the SCAQMD and

oy

the emission sestimates are based on the same data from Reference 2-12, a
comparison of test data from the XKVEB study with AP-d2 values was made to

indicate if any correcticons to the EIS data were necessary.

A specific objective of the XVB field test program, therefors, was
to evaluate these emission factors listed in AP-42., Of courses, a test
program comparable to that described in Reference 2-12 was tevond the scope
of this study. Thersfore, a brief svaluation (as described in Section 3.0}
was conducted with the aim of assessing the relative magnitude of these
emission rates. The results of these tests are presanted in Table 2-7.
Given 1s a description of the device and the product carried, the *stal
number of devices inspected, the nunber and class of leakers identifizd
with the average leak rate measured (shown in parentheses) and the total
emissions from e2ach device. The corresponding emission factor on a per
device basis is also given. These tast results involve the inspection of

approximately 13,000 valves and cther fittings and 80 pumps.

rom the results of the tests

Hy

Several conclusions wars apparent
conducted on valves and fittings. As shown in Table 2-7, thers was a
substantial differsnce betw2en the average emission rate for wvalves and
that for metal connections in toth gas and liguid service. B3asad on
these rasults, emissions from metal connections such as flanges, unicns,
ties, stc. were assumed to be negligible. Note that thers also was a

significant difference tetween a2missions fox wvalves L1n gas servics as
cpposad to those carrying liguic products.
A composite emission factor for wvalves was determined by applving an

appropriate weighting factor o =sach of the gas and liguid smission facters.

Previous inventories (Ref. 2-12) had reported that the ratio of valves in

liguid sexrvice to those in gas service in refinery operations was apporoximatzly

3 to 1. Applving this ratio €2 the emission Zfactors listed in Table 2-7

resulted in a composite emission factor of 0.15 lb/day-valve. Using th

- 2-20
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results, the AP-42 emission factor of 0.15 lb/day-valve appeared toc ke

reasonable and no correction factor was applisd to the EIS data.

A s;mllar analysis for pumps was conducted. As shown in Table 2-7,
the product transferred and the type of seal both had a significant effesc:
on emission rates. Tests conducted on pumps servicing ligquid with a Reid
Vapor Pressure (RVP] less than 26 had a relative low emission rate as com=
pared with pumps carrying more volatile materials. Similarly, Ifor pumps
with hign volatile materials, packed seals leaksd at a rate five times that
of mechanical seals. In general, these results were consistent with values

reported in Reference 2-12.

A composite emission factor for pumps was difficult to determine
since no inventory of pumps comparable to valves was available. Therefors
a composite emission factor was developed using both the inventory data and
emission factor presented in Table 2-7. The emigsion factor for mechanical
and packed seals were 1.5 and 11 lb/se2al-day respectively with 2 composite
emission factor for all pumps of 3 1lb/seal-day. This result comrpared
favorably with the wvalues listed in AP-42 and no correction factor was

deemed necessary.

Additional field test data on emission rates from oil/watar
separators, cooling towers and compressor seals were cbtained during this
study. However, ilnsufficient data from the field test conducted as par:
of this program were available to perform a creditable aralysis of the

emission factors.

4. Petrocleum oroduction fugitive a2missions=-(Although Lthese sources

have been considersd as area sources and are included in Section 2.3.4, a
discussion of the methodology usad in determining =smission factors from
these sources was fz=lt appropriate due <o the similarity with previous

analyses.)

Table 2-3 presents the emission factors developed by XKVB to estimate
fugitive emissions in petroleum production operaticons. These represent new
data since emission factors from these sources had not appeared Previously

in AP=-42 or in the ZIS data base.

KVB 3804-714
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The emission factors for leaking valves and metal fittings wers
developed using the data in Table 2-9. The format for this table is
similar to that used in Table 2-7. These data represent the results of

the inspection of over 3000 possible leak sources.

As found in previous analysis for rafinery operations, the emission
rate from valves and fittings appeared to be highly dependent on both the
type of device and the product involved. Again, (1) =smission rates Zrom
metal fittings were much less than those from wvalves, and (2) valves in
gas service had higher emission rates than those in liguid service. A ‘
composite emission factor developed using the emission ratas and inventories
presented in Table 2-9 was determined to be 0.10 lb/valve-day. This was

comparable to that found for refining cperations.

A similar procedure for fugitive emissions from compressor seals
was used and the rasults are presented in Table 2-9. This represents daza
on only nine compressors (ouf of an estimated population of approximatsly

500) and therefore must have a lower lavel of confidence.

‘Another potential source of emissions was found to be the leakage
from the stuffing box around the pelish rod on the rod pumps used in

production operations in the Basin. This was shown to he axtremely
small in comparison to other leak sourcses.

Technigues ware also developed to astimate the evaporative loses
from standing oil in pump cellars and cil/water separatcrs. The 2mission
factor presented in Table 2-8 Ifor these sources raprasents compesite data

trem eight cellars and seven separators sSvaluated curing the current program.

KVB 5804-714
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2.3.2 Emission Profiles

A. Description--

A unique aspect of the current prcgram was the development of emis-
sion profiles, the identification of the organic compound species represehted
by the total hydrocarbon emission rates currently given in emission measure-
ments. Only one other study (Ref. 2-13) had previously attempted a breaikdown
into generic classes. That was done primarily for the purpose of dividing
emissions into reaétivity_classes. The results of that érevious study have

heen widely used in the Basin.

A primary objective of this program was to identify the crganic
compound emissicns for each stationary scurce type in the Basin and develop
a data management system capable of applying this information to the total
hydrocarbon emissions in order to calculate the emissicns of the individual
organic compounds. Thus an emission profile was formulated for each Source
Classification Code (SCC) emitting organic ccmpound species in the Basin.
Both peint and area sources were included. In certain instances a further
breakdown was made into individual industries identified by Standard Industrial

Codes (SIC).

Another objective of this program was to predict future emissicn
trends. Satisfying this objective required emission profiles based on SCC
number rather than individual plant profiles bSased on individual plant
characteristics. All plant devices identified by the same SCC and SIC
number were given the same emission profile. Conversely, it was important
that profiles be truly representative cf the device in general. Additional
advantages of developing aggregate profiles by SCC number were that:

(1) estimations based on larger data samples were more statically reliable
than single data samples, (2} the profiles were compatible with the EIS
concept by describing devices by the SCC number system, and (3) the volume

of profile data was reduced to a more manageable level.

KVB 5804-714



The initial intent was to provide a profile for each SCC listed in
the data base. In many instances, however, an individual profile was found
to cover several SCC and SCC/SIC combinations. The profile data base was
therefore formulated and indexed by a orofile number. Separate profile
numbers (with identical specie distributions) were giwven to specific SCC/SIC
combinations to facilitate data management, specifically the segragation of
emissions from devices with similar S5CC codes in two different industry

classes into the appropriate ARB Application Catsgoriss.

In =ach profile the organic species were identified by their
appreopriate SARCAD code, ARB reactivity classification (3 class) and molecular
weight. Zach profils was also "taggad" with other identifisrs to assist
those who may wish to use or evaluate these data. Associated with each
emission profile was an estimate of its relative error. This "Error
Estimate was strictly subjective and has been included to give a relative
level of confidence to the specific profile. No statistical significance

have been or should he givan to these srror estimates.

Given‘in the Appendix is a listing of the =smission profiles used in
the current study. Two reports are used to relate the profiles to the devices
in the inventory. The SCC report (sorted by SCC number and profile number)
lists all devices in the ianventory and gives the profiles number of the pro-
file that describes the emission breakdown for the particular device. The
profile report lists the profiles by profile number.

A profile contains a subjective estimats of the probable srror in the
profile and also lists the SAROARD code, chemical name and percent contribution
of each specia. The species are also summed 2y reactivity class. In zll
270 profiles were identifisd as being unigue by either the specie breakdown
or application category.

Table 2-10 presents the emission profiles for some of the most

significant source types in the 3asin.

XVB 5804-714
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B. Methodoleogy——

Two general approaches were used to formulate the emission profiles,
one where only one data poilnt was availlable to characterize many sources
and another where multiple data points were available. In cases where a
profile was available from only one source and that scurce was believed
to be representative of all such source types 1n the Basin, then that
particular source =2mission profile was used. An appropriate error estimate
was givén to reflect the relaiive confidence level of these data. .It was
anticipated early in the program that a significant number of source types
would fall into this category due to the limited amount of field tests
available. Therefore, test locations ware carefully selected on the basis
of the representative nature of their emissions to all other devices of that
particular type. In this way, data from this scurce could ke corresctly
applied to other non-tested sources. Teét results ars presented in Section
3.4. Similarly, questionnaires were submitted to and received from selacted
solvent users. Follow-ups were made to assure that the data from these large

and representative sources were cbtained.

Two examples of formulating profiles based on one data point from a
selected scurcs are the following. The first, concerned with the emission
profile typical of residual oil fuel combustion, was obtained by (1) recogniz-
ing that 95% of all residual oil combustion in the Basin occurs in utility
bollers, (2) selecting a boiler that was "typical" of such devices in the
Basin and finally (3) conducting a test on this unit. Multiple samples were

taken and the profile was based on an average composition.

The second 2xample involved the use of data Irom guestionnailres. Jne
source in the Basin, according to the SCACMD files, was responsible for 30%
of the emissions from adhesive zse. & guestionnaire was maliled to this source
and folleow-up contacts were made to assure that information from this sourxce
was recelved. The guestionnairs contained a comprehensive breakdown of the
composition of the solvent composition and usage which formed the basis for

the emission profile.

XKVB 5804-714
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This approach of using one analysis to characterize a general source
type also applied to profiles determined by inspection. For exampls, there
were a few SCC's that specifically identify the solvent used in a coating
operation or housed in a storage tank. In this case, a solwvent identified
by its SCC as toluene or xylene would be given an emission profile of 100%

of that organic compound.

The seccné approach used was to develop emi;sion profiles based on
data from several sources within a particular source type. This involved
(1) acquiring the data, (2) determining the relative magnitudes of each
source compared to the total emissions from the source type, and
(3) forming a composite profile by factoring the data from each source by
an appropriate weighting factor. In this manner, emission profiles were
developed for individual source types that in actuality represented the

average emissions from sources of that category (SCC number).

An example of this aporoach was the formulation of a profilg for
"Miscellaneous Qrganic Storage" in the Basin. While SCC numbers had been
assigned to storage tanks for gasoline, jet fuel, crude oil, wvarious solvents,
etc., the miscellaneous category covered all other petroleum products not
listed. Table 2-11 presents a summary of the calculation procedures employed
to determine this profile. Listed across the top are the various organic
croducts identified and the fraction of'the emissions from fixed rocof tank
storage for each based on information compiled from the SCAQMD file. Listed
down the page are the wvariocus organic species that have been identified in the
emissions from these products. The weight percentages of =ach specie
associated with the product is listed in the appropriate ¢olumn. The weight
percentage for asphalt and Stoddard solvent were determined Zrom XVB test
data. The adhesive percentages came from Juestionnaire data. The remainder
of the perceantages were specified (e.g. 100% for acetone) or estimatad
basad on contacts with industry (e.g. the breakdown of alcohols and keteone).
The weight percent of each organic compound in the composite profile was
determined by multiplying the weight percents by the appropriate fractions

and are listad on the right hand side.

XVB 3804-714
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C. Key Profiles=--

Due to the magnitude of the sources which they represent several
emission profiles were recognized to have a significant impact on the results
of the final inventory. These include gasoline vapors emitted from storage
facilities and marketing operations, crude oil wvapors released from production
and refining storage tanks, fugitive emissions from petroleum refininé
operations, architectural surface coatings, automotive spray painting, land
fills and natural forest emissions. Detailed discussions of the development

of these profiles are included in the following sections.

1. Gasoline storage and marketing--For the purpose of the ARB hydro-

carbon inventory, a general emission profile suitable for use for both
gasoline storage and marketing operations was desired. Such a proiile was
diffigqult to develop for saveral reasons. Flrst there was the problem of
determining a "typical” gasoline blend. There were eight major brands

and numerous independent brands of gasoline marketed in the Basin (Ref. 2-14).
Fach of these brands generally had three grades of gasoline including

regular, premium and unleaded. 1In addition, there were seasonal variations

in the properties of each of these grades as reported in Ref. 2-13. Therefore,
a composite gasoline blend properly accounting for esach of these factors

would have involved the incorporation of scores of gasoline samples.

Furthermore, obtaining a reprasentative sample from each stock reguired

"]

careful sample preparation with minimum vapor losses pricr to analysis. Th
analysis of gasoline liguid and vapor constituents representad perhaps the
most complex of GC/MS analvtical procedures due to the large number of
organic constituents {greater than 100) that were presant. It was
apparent, %therefores, that such determinations of vapor constituent wers

beyond the budget of this study.

Data for the gascline vapor emissicn profile wers obtained primarily
from 1974 ARB studies of gasoline compositions in the Basin (Ref. 2-14 and 15).
The objective of that study was to investigate differences in composition of

gasolines (liquid) that would influence emissions to the atmosphere both frem
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evaporative losses and engine exhaust. A blend of 535% leaded regular, 38%
leaded premium and 7% unleaded was prepared. These three types of gasoline
had each been blended from samples taken from large volume retailers of the

eight major brands as snown below in Table 2-12.

TABLE 2-12. GASOLINE SALES: PERCENTAGE OF TOTAL
FOR MAJCR CALIFORNIA 3RANDS

ARCO - 14.0
Dxxon 12.1
Gilf ’ 7.0
Mobil 1¢.1
Shell 14.4
Standard 2C.0
Texaco . 2.4
Union 13.0

Total 100.0

The composition of the liguid and the vapor at 70 °F were determined and

are presented in Table 2-13 as the emlssion profiles used Ior thls Laventory.

In selecting and validating these data it was noted that the samples
of gasaline blended and analyzed nad been purchased in mid September 1974
(Ref. 2-14). This means that the blend sheould have been representative of
the gasoline sold during 1975, the base year of the inventory. The validity
of blending and measuring as compared with analyzing individual products
and averaging the results was proved by the ARB (Ref. 2-15&) when thev
analvzed six samples individually and calculated an average composition
which they compared with the analysis of a composite mixture of the six

blends. The results agresed compound oy compound within 5-15%.

In this same study the ARB (Ref. 2-~-14) prasentad their GC analysss
results for the blends of Leaded premium, leaded regular and unlsaded. The
results for the lazaded premium and regular were ccmpared with results
published in 1368 by WOGA in 2z gascline marketing emissions study (Ref. 2-18}.
The agreement in composition was found to be very close. To validate the

unleaded gasoline composition a2 calculaticn was made of a gascline vapor

XVB 5804-714
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TABLE 2-13. EMISSION PROFILE FOR THE COMPOSITE AVERAGE GASOLINE
LIQUID aND VAPCR AT 70 °F IN THE SQUTH COAST AIR BASIN - 1975

(REF.

2-14 AND 2-1D5)

Welight %

Compound

Liquid
(Spills)

Vapor
{Evap. Loss)

Propane

Isobutane
Butane
Butenes

Isopentane
Pentane
Pentenes

2-methylpentane
3-methylpentane
Hexane
Methylcyclopentane
Benzene

2,3~dimethylgentane
3-methylhexane
2,2,4-trimethylpentane
Heptane
Methylcyclohexane
Dimethylhexane

) Toluene

Isc=-cctane
Octane
Isconcnane

m & v=Xylene
o=-Xylene

Nonane

Propylbenzene
l=chtyltoluene
1,2,4=trimethylbenzene
1,2,3-trimethylhenzene

Dimethylethylbenzene
Butvlbenzene

>
ClO
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compositicn based on the published composition of the unleaded gasoline
ligquid. This calculation involved the use of the laws of partial presssurs
and the gas law. The resulting vapor composition was compared with measure-—
ments of unleaded gasoline vapor made in early 1377 in San Diego during an
investigacion by KVB on gasoline marketing vapor recoverv systems. Table
2-14 presents a ccmpariscn of the two compositions. The two ara

similar except that the ARB compcsition nad approximately nine percent
clefins and cycloparaffins which wers not found in the 3an Diago test
gasoline. It was suspected that the San Diego tests were conducted using
straight-run gascline. Straight-run gasoline mesans that the gascline was
merely fractionated from the crude oil and not farmed by a cracking process
wiilch tends to form unsaturated and cyclic compounds. 3ince most gasoline
in the Basin is a blend of ‘the zracked and straight-run gasoline, it was

felt that the use of the AR3 composition was appropriate.

TABLE 2-14. COMPARISCON OF UNLEADED GASOLINE VAPOR COMPOSITIONS
WEIGHT PERCENT

o
Measurad* Calculated from Liguid'
Propane 3.7 2,2
N-Butane 26.1 31.3
I-Butane 11.8 12.3
N—-Pentane 12.2 6.9
I-Pentane 27.8 24.3
Nd-Hexane 3.9 1.0
I-dexane 7.1 5.1
I-Heptane 4.4 1.7
I-Octane 1.5 0.7
Qtaer 1.5 13.9 (olefins, cyclo-
paraffins and
aromatics)
Total 100.0 130.¢

*Sample collected from autcmokile gas tank £ill pipe during £illing operation
and analyzed by GC as described in Section 3.0

'Vapor composition calculaved from liguid compesition reported by AR3 in
Reference 2-14.
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2. Crude 0il storage--Approximately 45% of the crude oil refined in

the Basin is produced locally. The balance comes from several sources
including domestic and foregin suppliers. There exist significant differsnces
therefors between the crude oils stored in production and refining in the
Basin and that involved in marketing operations. The following discussion

is therefore divided into the thrze general areas of production, marketiag

and refinery operations.

a, Production operations--Results from the current inventory show that
the crganic compound emissions from crude oil storage at petrolesum production
operation account for 35 tons per day or approximately 5% of all anthroprogenig
gscurces. The emission profiles for the vapors released from these sources
were developed using data from the £f£ield tests conducted on this program and
the rasults of a recently completad study on fixed roof tank emissions

sponsorad by WOGA (Ref, 2-3).

A summary of the data used to determine this profile is included
ia Table 2-15., Since data from Reference 2-8 did not identify "normal”
and "isomer” compounds, the organic compounds for these tests have been
identified as "normal". The layout of this table is similar to previous
tables with the identification of the crude cils across the top and the
organic compounds listed vértically. The numbers in sach column represent

the waight percent of that specie in the associated crude oil wvapors.

As seen in Table 2-15, there was a wide variation in the organic
constituents of the crude cil vapors within the study area. The composite
emission profile was developed using the weighting facrtor listed with
each crude oii which represents roughly the fraction of the total crude
0il produced within the Basin according to the Califcornia Diwvision of 0il

and Gas (Ref. 2-17),

b, Refining operations--a similar procedure was used :o develop an
emission profile for crude oil storage asscociated with refining ¢perations.
A summary of the data used to calculats a compesite profile is included
in Table 2-15. The crude oil stored in refineries showd a much larger
variation in vapor compesitions reflecting the diverse origins in the

crude oil.
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Data in Table 2-16 represented vapors collected from both fixed and
floating roof tanks. However, insufficient data were available to allow a dif-
ferentiation betwesn vapors emitted from each tank type. Regulations bv the
SCAQMD recuire storage of petroleum liguids with a vapor pressurs greater than
1.5 psia in flocating rcof tanks. Therefore, it would seem reasonabls to
assume that differences between the vapor composition f£or crude oils above

and below tnis limit would exist.

c. Crude oil storage and transfer cperations--Table 2-17 presentslthe
data employed to determine a composite smission proiile for crude oil storage
and transfer operations primarily at marine terminals. Significant wvariations
in the crude o0il vapors were observed betwesn the varicus samples analyzed.

The data shown were taken from the WOGA Fixed Reocf Tank Study (Ref. 2-8).

3. Refinery fugitive emissicons—--A significant porticn of the field

test program inveclved the measurement and evaluation of fugitive emissions
frem lezking wvalves and pumps in refineries. This was done both to assess
the accuracy of esmission factors (discussed in Section 2.3.1) but also to
develop emission profiles "typical" of refinery operaticns. Recognizing
that such an undertaking was subject to numerous complications including
variations among crude oils and resulting products, differences between
varicus refineries and the extremely complex nature of refinery processes

in general, an attempt was made to meet this objective.

As discussed in Section 2.3.1, tests were conducted ko characterize
the emission rate from valve and pumps within petroleum refineries. To
complement these efforts, numerous samples of leaking vapors were collectad
and analyzed. These analyses wers belleved to be as representative of
leaks in refinery processing as is reasonably possible. As in the previous
analyses, the problem became cne of apporticning the leaks from various
product lines to form a ccmposite leak emissicon oreofile “"tyopical' of all

leaks from valves within a refinerv.

Figure 2-1 presents a schematic view of a simplified refining pro=
cess. Basically three types of products result from crude processing:

gases, low-viscosity liguids, and high-viscesity liguids.

KVB 3804-714
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TABLE 2-17. CRUDE QIL STORAGE, PETRCOLEUM MARKETING OPERATIONS

Organic Compound Crude Source
(Wt. %) Foreign Foreign Domestic Composite

Methane 6.0 0.4 1.5 2.6
Ethane 8.1 1.1 2.0 3.7
Propane 15.0 19.3 13.0 15.8
Butane 31.1 33.7 25.7 30.2
Pentane 12.8 22.7 20.1 18.5
Hexane 7.4 9.7 g9.3 3.8
Heptane 8.8 8.5 15.0 1.8
Qctane + _10.8 4.6 13.4 9.6
100.0 100.0 100.0 100.0

Ref. 2-8
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The primary scurce of gasecus leaks was fuel gas lines.
According to data issued by the SCAQMD, approximately 25% of the gas
used in refineries is purchased natural gas. The balance is the refinery

generated gas which varies from methane to butane.

Heavy liguids called "bottoms" were removed and used teo form heavy
fuel cils, coke and asphalt. For the purpose of this analysis and the
subsequent analysis on fugitive emissions from pumps, it was assumed that
the losses from product lines carrying heavy liquids were negligible. This
assumption was verified by field tests conducted during this program and was
thought to be due to either the leaks being self sealing or being so wisible

that maintenance is verformed within a short time pericd.

The intermediate stream was composed of ligquids that flow through
various paths and ultimately ended up as gasoline and other petrolsum
distillates. Thers were interactions between these three product streams
through the use of coking operations and vapor recovery which were intended
to produce a higher fraction of gasoline and distillate products. Apprcxi-'
mately 50% of the original crude oil (Ref., 2-18) that entered a rafinery
ultimately ended up as blended gascline. As shown in Figure 2-1, this
could have been through paths generating straight run gasoline, reformed

stock or cracked gascline to form the final gasoline products. Appreoximately

30% of the original crude became other distillate products.

a. Valves--As discussed in Section 2.3.1, the leak rate for wvalves in
gaseous products was 0.424 lb/valve-day whereas the comparable lsak rats
for valves in liguid services was 0.022 lb/valve-day. Estimates (Ref. 2-13)
of the tctal wvalves in gaseous and licuid service in refineries locatad
in the Basin wers 23.5% and 76.4% respectively. By applying these percentages
to the associatad l=z2k rates it was dstermined that approximately 83% of

leaks from valves result from those handling gasecus products.

Using the above information, a "typical" fugitive emission profile
for valves was generated. Table 2-18 gives a summary of the calculaticn

procedure. Listed azre the analyzed emission profiles for leaks in wvarious
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product streams along with the estimated contribution f£rom each to the
total. For the purpose of this analysis it was assumed that the percentage

of valves in liquid service are as follows:

Straight Run Gascoline 10%
Naphtha 10%
Reformate Stock 103
Gas-0il Stock 20%
Cracked Gasoline 20%
Distillate 25%

For this analysis, the distribution was not critical since the leaks from

valves in liguid service constitute only 15% of the total emissions.

Because 85% of the emissions are from valves in gas service, the
composition of the natural gas and refinery fuel gas had a very significant
influence on the composite emission profile. A much more detailed analysis
would have also incorporated leaks from other gaseous lines within the
refinery however data on these internal gaseous stock transfer were not

available.

b. Pumps--Tests were also conducted on 80 pumps to characterize emission
rates from these fugitive sources., For the purposes of this analysis it has
besn assumed that leaks from pumps occur only from the liquid product lines
as previcusly described. A summary of the calculation procedure is giwven
in Table 2-19. As with wvalves, a much more complex analysis was possible;

nowever, existing data are only sufficient to make a cursory estimate.

4. Architectural surface coatings--As described in Section 2.3.4,

architactural surface coatings rspresentsd a significant source of organic
compound emissions. These ares comprised of the contributicn of solvent
from countless applications of surface coatings supplied by literally

nundreads of paint manufacturers.

The approach uged to establish a composite profile was to use the

results of data generated by the AQMD and APCD's in the area. These agencies

KVB 3804-714
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had in their files all of the paint formulations and information on product
sales within their jurisdicticn. This information had been obtalned directly
from manufacturers and suppliers. Such an inventory was well bevond the

scope of thlis study.

?he most comprehensive architsctural ceating. study was conducted by
the San Diego APCD as described in the Appendix. The results of the SDAPCD
study are summarized in Table 2-20. This table gives the total solwvents
that were contained in the architectural surface coatings marketad in
San Diego County in 1974-75. This represented the most complete accounting
of solwvents used in this manner and was used to formulate the composite

emission profiles for this inventory.

5. Automotive surface ceatings~-One of the largest sources of industrial

solvent used in the Basin was surface coating cperations associated with
automotive assembly operations. Auto painting coperations in the Basin

include both water-based and oil-based formulations. An important aspect
of the current test program was to document emissions from each of These
sources to establish emissicon rates, compositicns, and the effects of the

water-pased reformulaticn on possible control strategies.

Presented i1n Table 2~21 are the results of the test program conductead
on the bedy priming and top coat operations for each of the coating typés.
The objective was to genarate a composite smission profile rspresentative
of both water -ased and olil based coatings. Given alsc in Table 2-21 are
the fractions of total emissions from sach of the coating tTypes. The conposite

emission profiles have been determined and are presented in Table 2-21.

6. Landfills--Table 2-22 presents the results of the samples of landfill
gases collected during the currant program. As expected, these gases were
primarily methane with trace gquantities of various other materials. Consider-
ing that there were approximatsly 1000 tons per day of total emissions from
these sources (see Section 2.3.4) these trace guantities represented signifi-
cant sources of each of the organic compounds to the atmosphere in excess of

one ton per day.

KVB 5804-714
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TABLE 2-20.

SCLVENTS USED IN ARCHITECTURAL COATINGS

IN SAN DIEGD COUNTY (1874-75)

Salvent lbs. Solvent los.
Acetons 324,315 Kerosens 554
Benzene 4,234 Metnhyl Amyl Ketone 681
iso-Butane 60 Methyl isg-amvl Ketone 12,912
Butanol 158,340 Methyl Amyl Acatatse 3,739
Butyl Acetate 257,417 Methyl Ethyl Xetone 571,769
ilso-Butyl Acetate 130,443 Metihyl n-Butyl Xetona 86,455
iso-Butyl Alcohol 60,9285 Methyl iso-Butyl Xetone 59,043
Butyl Cellosolve 5,636 Methyl Heptyl Ketone 15,300
Butvl Cellosolve Acetate 25,881 Methylene Chloride 29,299
Butyl Lactate 129 HMethanol 393,512
iso-Butyl isoc-Butyrate 619,574 Monochlorobenzene 207
Cg+aromatics 372,752 Monocethanolamine 2,870
Cellosolve Acszata 52,040 1 & 2 Nitro-propane 2,575
Cellosclve Solvent 75,212 Olefins 116
Cyclohexans 4,021 Paraffins & Naphthenss 4,159,717
Dizcetone Alconol 2,437 Pentoxone 3,876
Ortho-Dichlorobezene 1,309 n-Propancl 3,357
Diethylene Glvecel 1,543 iso-Propanocl 1,573,93%
Dimethyl Formamide 51,52%- n-Propyl Acetate 2,478
Dipentane 181 Liso-Propyl Acetate 1,483
Ethanol 59,804 Propylene Carbonate 610
Ethyl Acetate 11,140 Propylene Glycol 74,462
Ethyl Amyl Ketone 663 Tetrahvdrofuran 24
Ethyl Benzene 63,868 Triethanolamine 2,068
Ethylene Dichloride 1,144 Triethylene Glvcol 1,323
Ethylene Glycol 62,313 Trichlorcethylene 24
Hexane 302 Toluene 334,229
Turpentine 6,088
Zylene 269,177

XKVB 33C4-714
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TABLE 2-22. CLASS II LANDFILL SITE

R
.
h<
=
fus

o]
[49]
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Mathane

Ethane

Propane

Cyclopentane

N-Butane

.

Iso—~3utane
N-Pentane

Tarpenes

Perchlorsethylene

Toluene

o o O o O O O O o o

Xylene

100.0
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7. WNatural forest emissions--As discussed in Section 2.3.4, emissions

from the natural interaction between forest vegetation and the atmesphere
represented the largest source of organic compound emissions to the
atmosphere, equaling approximately 1200 tons per day. These emissions had
been identified by Rasmussen (Ref. 2-19 as consisting of terpenes.
Specifically & pinene emissions had been associated with emissions from

soft wocds whereas hard wood tended to emit iscprene. However, since the
identification and charactarization of these smissions was far from complste
a detailed profile dewvelopment £for the various forest types did not appear
warranted. Therefore in this study, emissions from forest vegetation

were identified simply as terpenes. Continued interest in those emission
generated by additional verification ¢of these =mission rates and more complete
identification ¢f the organic compounds considered will no doubt result

ultimately in a more detailed emission crofile.

2.3.3 Salvent Use Questicnnaires

Sclvent use guestlonnaires were prccessed primarily to cbtain infor-
mation on the quantities and specific types of solvents used in the Basin
during 1975 for use in develéping emission profiles and factors. Cther
infermation on process aquipment, control devices, future plans for modifi-
cations or expansion were also requested for checking the EIS data and fore-

casting emission trends.

KVB prepared the questionnaires using modified formats Ifrom
Reference 2-20. Sections were specifically directed to the following
solvent usexs:

. Degreasing COperations

. Dry Cleaning Cperations

. Protective and Decorative Coatings

. Fabric and Rubberized Coatings

- Miscellaneous Coatings

. Qvens

. Printing Cperations

XVB 3504-714



Data were regquested on an individual device basis using actual process racords
or best estimates from total plant consumption. Provisions for cenfidential
or vroprietary information were made. A copy of the organic solvent use

suestlonnaire is prasentad in the Appendix.

Individual guestionnaires were mailed to approximately 200 plants
witnin the Basin with reported total organic compound emissicns frcm solvent
use in excess of 25 tons per vear. Only the questionnaire forms that would
pertain to the individual source operation were included. fThe respense to

these questionnaires was conly 25% despite folleow-up 2y televhone.

0f those returned, the guality and completeness of the information
‘was axcellent providing detailed information on solvent composition and
operating parameters previously not available. Data werz obtained frcm a
wide cross section of industries which added depth to the data base. These
data, along with updatzd solvent use patterns for those firms visitad during
the field test program have Ceen incorporated into the Zinal emission

inventory.

2.3.4 Area S3Sources

An important aspect of the XKVB organic compound inventory was the
identification of sources of organic compound emissions not under permit and
generally not included or adequately charactsrized in previcus inventoriés.
These scurces were groured as waste disposal, petroleum cperations other than
refining, demestic and agricultural sources, geodgenic sources and natural
emissions. Because these wers Jdiffuse sources not zoncentrated like
industrial vcint sources, they are referrad to as area sources. Emission
factors fcr these sourcas were therefore based on land area, gpecpulation,

land use or cther criteria characteristic of the arsza source.

KVE 5304-714



Table 2-23 presents a summary of total hydrocarbon emission estimates
from each of the aresa sources considered. Precise zmission rates were
difficult if not impossible to estimate due to the complex nature of each
source type. A discussion of realistic limits to these valuas 1s gfressented

in subsaquent sections.

A second cbijective of the current project was to locate these area
sources gacgrapnically in the Basin. To this end, information was securad
from various governmental agencies on populaticn distribution, land use,
petroleum production operations, stc. Maps corresponding to the approximate
location of =ach scurce were developed for each source. Area sources tased
on population were distributed on a per capita basis based on information

received from the ARRB.

The following sections present a discussion of the methodologies
and references used in making :these estimates. In general, the procedurs
involved the establishment cf two factors, (1) an emissicon factor coupled

-

with (2) an appropriate inventory. Using this procsdure, improvements Lo

either factor can be readily employved to improve future estimates.

It must be pointed out that the emission factors and inventories
presented were developed for use in this study of the California South
Coast Ailr Basin and are not necessarily appropriate or applicable to other

study areas. Caution must be exercised in their application to other study

areas.
a. Waste Disposal--

1. Agricultural burning--The organic compound amissions from the burning

of agricultural wastes in California nave been recognized for sewveral years
(Ref. 2-21). The ARB and the EPA have sponsorsd several on-going studies
(Refs. 2-22, 2-23, 2-24) with the intent of developing emission factors for

such operations.

XVB 5804-714
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TABLE 2-23. EMISSION ESTIMATES FCR AREA SCURCES
(STATICNARY SCURCES CNLY)

Waste Disposal

Agricultural Burning
Sanitary lLandfills

Petroleum Operations

Froduction Operations
Marine Terminals
Gasoline Marketing
Natural Gas Transmission

Domestic and Commercial Sources

Architectural Surface Coatings
Solvent Use
Ffuel Consumption

Agricultural

Natural Zmissions
Orchard Heaters
Animal Wastes

Pesticides

Gaogenlc Scources

Natural Seeps

Torest Zmissions

Natural Zmissions
Forest Firss

Other Sources

Dry Cleaning

Asphalt Paving Operaticns

Tons/bay

20Q

70

80
30

300%*
40

*An additicnal 200 *tonsg/day is released above the inversion

layers at altitudes above 3500 ft.

KVB 5804-714



The ARB and local districts have also implemented regulations that
severely restrict the copen burning of waste materials, Existing regulations
(Ref. 2-25) require burn permits to be issued by local government control
agencies prior to the burning of farm wastas, burns conducted for rangs
improvement, forest management, pest control or the improvement of wildlife
or game habitats. Such burns can only be conducted during "permissive bHurn”
days as determined by local metecrological conditions. Burn permits recorded

the location and gquantity of material to be burned.

Annual reports by the ARB were issued with estimates of the air
pollution impact of these burns utilizing this inventory and the emission
factors referred to above. It was estimated by the ARB that 550 tons of
organic compound vapeors were emitted in 1875 due to agricultural burning
in the South Coast Air Basin. These emissions were distributed into the
agricultﬁral regions shown in Figure 2-2. The apportionment of these enis-
sions were made based on the data on agricultural waste generation reported

in the various county sclid waste management plans and preasented in Table 2-24.

2. Sanitary landfills--As shown in Table 2-25, over 15 million tons of

liquid and sclid wastes were disposed annually in the 45 major landfill sites
distributed within the Basin as shown in Figure 2-3. Several studies

(Rafs. 2-286, 2-27) indicated that appreciable amounts of methane rich gas

are generatad due to the bioclogical anerchbic decompositicon of these wastes.
The production rate of this gas appeared to be highly dependent on the Lvpe,
liguid confent, soil compoesition and age of the particular sits. These

gases represent not only a potential source of useful snergy but a large,

currently uncontrolled source of organic compounds to the atmosphere.

Mo precise astimate of the emissicns from landfill operations for
the study aresa existed. Resulté from the above mentioned references and
field tests during the current program were used to estimate the emissions
from these sources. Three approaches were available. The firxst was to
use the results from a recent study (Ref. 2-23) concerned with recovering
these gases. Generally it was assumed that 3-6 cubic feet of methane gas

are generated over the total period of decompeosition for =2ach pound of refuse.

XVB 53Q4-714
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TRBLE 2-25., EXISTING MAJOR CLASS I AND II SANITARY LANDEILL SITES
IN THE SOUTH COAST AIR BASIN
(Referenca - County Solid Waste Management Plans)
Puantity of Aenar=ed Tors/Year
Hdaste Qecsiyad Class Acreags Lizuid Soiid Toral
Ventura County, :37S
1. Qzeha 1z - 1,086 = 1,088
2. Santa Clara 1z 47 - 434,400 - 324,400
J. Toland Poad I 120 - 36,200 - ) 36,200
4. Simi I 230 = 144,800 - 144,800
All Other Class II Sitss 60 - 167,400 - 167,499
Total 457 731 835
Los Angeles Countcy, 1974
S. N. Valley Refuse Center Il 230 - 550,000 550.000
6. Bradley Avenue Oump sy 613 - 332,000 332,000
7. Penrsse Pit I 73 - 398,000 193,300
8. Hewitt Pi: 1I 117 - 436,000 436,200
3. cCalabasas Land Fill T 416 36,000 320,000 156,300
10. Miszsion Canven Land Fill II 1,491 - 1,394,000 1,394,200
11. Burbank ity Land Ti1ll II 133 - 75,000 75,200
12. Toyon Canvyon Land fill T 40 - 795,000 785,500
13. Scholl Canyon lLand Till 1z 484 ~ 45C,0Q0 45C,Q00
1l4. Palos vVerdes Land Fill I 295 280,000 1,300,300 1,532,000
15. Ascon II 65 85,000 422,C00 507,200
16. Operaring Tadustries I 190 177,000 589,000 766,000
17. city of whiterier rLand F:111 I 117 -~ 107,000 127,2C6
18. Puente H4ills tand Fill II 1,214 17,000 1,183,CC0 1,182,000
19, Azusa Western II 307 - 271,000 271,0G0
20. B.X.K. Land Fill I 383 254,000 352,000 806,000
21. Spadra Land Fill 1T 199 12,000 122,062 205,200
22. Harbor Dump Iz 25 - 16¢,000 160,200
23. Chiquita Canyen land Fill iI 40 - 3,000 33,000
All Other Minor Class LI Sites N.R. 38,050 56,950
Total 8,082 ag2, 200 3 341,900 12 203,200
San Bernardino County, 1974
24. Milliken Iz 106 - 215,500 215,500
25. Cajon t1-2 106 1 - 117,500 - 117,500
26. Ffontana Iz a2 - 44,000 54,20Q
27. Heaps Peak I 53 - 16,500 16,500
28. Coltoa I 94 - 93,700 93,700
29. Yucaipa II 560 - 34,600 34,600
38. 3ig Bear 1z 70 - 11,800 11,800
Total 1,081 581,300
Riverside County, June L378§
31. West Riverside II-2 63 - - 32,700 - 52,700
32. Cororna IT-2 101 - B8,350 =~ 88,150
33. Highgzaove II-2 220 - 8,100 2,100
34. Mead Valley Ii-2 240 - 3,100 8,100
38. Elisinore II~2 44 - 12,400 12,400
36, 3Zadlands Ir-2 304 - 15,500 15,3500
37. Double Butte II-2 580 - 61,380 61,380
318, Lanb Canyen IT-2 788 - 48,030 - 48,050
3%, Idyllwild Ir-2 30 - - 3,010 = 3,010
40. Anza Ir-2 10 - 1,850 1,580
Total 3,040 233 149
Qrange Zouncy, Jecember (375
41. <Qlinda i1 235 - 758,200 788,400
42. Coyotz Canyon Il $93 - 2,130,000 2,330,500
43, Santiago Canyon II 180 - 174,000 374,000
44. Prina DeSchecha I 245 - 478,000 473,000
Total 1,933 3,740,009 3,749,000
Santa 3arbara, .373
45. Tajiguas I 130 - 2102,9c0 202,200
GRAND TOTAL 11,380 13,782,425
2-60
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Assuming the lower rigure, this represents a 13% conversion bv weight of
waste to generated organic vapcrs. For the 15 million tons of refuse
deposited annually, this represented 2 million tons of methane gas or nearly

5300 tons per day, assuming that the decomposition period was one year.

The second approach usad astimates of the rates of carbon sscape
over the "lifa" of the £ill presentsd in a study by the California Stats
Water Quality Contrel Beard (Ref. 2-29). Using this study, it was found
that -

177
3.75 + 1.95¢

r =

where ¥ rate of carbon ascape (lb/ton rafuse-yeoar)

-
[

[}

age of refuse (years)

Notes that carbon is released as both methane and carben dioxide gas. To use
this relation, a gross estimate of the total quantity and age of wastes
presently "alive" in the Basin was neaded. I+ was assumed for the purpose

of this estimate that the guantity of materials disposad in landfills over

the last 75 years was constant and thersfore proportional to the total
population with the Basin. A summary of the resulting computation using

the above relation and the assumed age and guantity of reZuse alive in the
Basin is given in Table 2-26. As shown in Table 2-26, 90% of the carbon emis-
sicn result from deposits made in the last 25 years. Assuming 13% by weilght

of tne total carbon smitted is transformed to methane (Ref. 2-29), this would

iy

epresent 340,000 tons per year or approximately 930 uons per day of methane

amissions.

The third appreoach employed tast data generated by XVB during the
current tast oprogram. Utilizing t=schnigues described in Section 3.0, it
was estimated that 1300 lb/acre:-vr of gas were ewvolved Ifrom landfills. This
reprasentad 240 tons/day from the 46 sitas in the Basin. This howaver
represents the results from only two tests on relatively small landfill

surface ar=as of indeterminanle composition and history.

2-562 XVB 5804-714



TABLE 2-26. SUMMARY OF COMPUTATION QF TCTAL CARBON RELEASE IA0M
ACTIVE LANDFILL SITES DURING 1975 *

Refuse Total
% of 1975 Quantity Carbon

Refuse for Emissions

£ r (based on Period in 1975

Period (yr) (1b ¢/ton refuse) population) (10 +tons) (L0 1b)
1870-75 2.5 20.52 + 98 76.3 1566.49
1965-7C 7.5 9.63 92 71.7 £90.14
1960-65 12.5 6.29 83 4.7 406.68
1955-60 17.5 4.67 70 54.5 254.65
1950-55 22.5 3.72 55 42.8 159.38
1945-50 27.5 3.08 44 34.3 105.57
1940-45 32.5 2.64 35 27.3 71.98
1935-40 37.5 2.30 28 21.8 50.17
1930-35 42.5 2.04 23 17.9 36.55
1925-30 47.5 1.84 18 14.0 25.80
1920-25 52.5 1.87 13 10.1 15.91
1915-20 57.5 1.52 8 6.2 9.53
1310~15 62.5 1.41 4 3.1 4.39
1905-10 67.5 1.31 2 1.6 2.04
1300-05 72.5 1.22 1 0.8 0.95
Total 447.1 3401.23

*{Ref. 2-29)
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For the final organic inventory, the second approach was selected
because it appeared tc have the most data to substantiate the emissicn
factsrs. It was evident, however, that regardless of the aprroach used,

the organic compound emissions IZIrom these scurces wers appraciable,

B. Patrolsum Crerations——

1. Production operations--2s shown in Tabla 2-27, =sxtensive petroleum

production operations were underway in the Basin. Nearly 150 million barrels of
crude oil and 115 billion cu.ft. of natural gas were produced in 1975 (Ref. 2-17).
For this inventory only onshore production operations were considersd. These

production facilities were distributad throughout the study area as shown in

Prior to this ARB study, the magnitude and composition of organic
compound emissions from production operations other than tank storage were
essentially unknown. Tests wers conducted at two locations recommended by
the Western 0il and Gas Association as typical of such operations in the
Basin. Since only brief test programs wers possible during the current
program, the emission factors dsvelcped should be considered as representative

and useful for estimating purposes conly. DRiscussion of the test procedures
g purp ¥ T

employed and the emission factorys developed is included in Sacticns 2.3 and

3.0,

A summary of the emission factors and inventories usad in the current
study are given in Table 2~28. These inventories were made pased on data
from the California Department of 0il and Gas (Ref. 2-17), data from SCACMD
(Ref. 2-6} and numerous discussions with representatives of the major

vetroleum production companiss operating in the Basin. It must be emphasized

that these respresented data for the study arsa onlv and should not ze applied

arbitrarily to any other situaticn. <Confidence factors on a scales of A to

Z (A-high, E-pocr) were also assigned to assist in the evaluation of these

data.

~d
b
>
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TABLE 2-27. PETROLEUM PRODUCTION FIELDS IN THE SQUTH COAST AIR BASIN
(1975)
(Reference: California Division of Qil and Gas)

Average Number Qil Production Gas Production
of Producing Wells 103 3bi/ye 198 iedsyr
l. Aliso Canyecn 40 870 38,413
2. Bandini 32 141 207
3. dardsdale 93 154 616
4. Beverly Hills 179 5,144 7.168
5. Brea-Olinda 7386 3,183 4.136
8. Carpenteria sl 1,452 1.730
7. GCasacaic Hills 27 44 35
3. Casacaiz Juncztzon 27 473 1.308
9. Chino=8equel 8 E -
10. Della valley 33 99 i
11l. OCominques 132 1,033 503
12. East Coyoce 152 721 342
13. &1 Sequnda 8 37 19
14. Egperanza 13 23 -
15. Zureka 14 iz 1
16. Honor Ranch is 149 328
17. Hopper Tanvon 3 26 109
18. Huntingteoa 3each 1,1¢8 17,187 3,999
22, Inglewood 441 3,580 1,788
29. Kraemer 79 1,685 14
21l. Llong Eeach 623 2,534 1,582
22. los Angeles 48 32 358
231. MNohala 34 143 47
24. Montaivo 51 587 1,311
25. Monteshells 218 575 522
26. Hewhall 42 39 £
27, Newhall-Potrero a) 344 7,699
28. ‘iewport 239 1,425 40
29. Oax Sanyen 13 185 293
30. Oak Fark s 32 12
31.  Jdakzidge 0 - 207 81
32. Ojai 138 1.127 1,814
33. 9live a3 56 22
34. Oxnard 32 368 281
3S. Piru 7 3 -
36. PFlacentia 169 296 -
37. Plava Del Ray 52 70 15
38. Focrera i 129 150
39. Praco=Covona 13 &9 32
40. Ramona 11 179 B4
4l. Richfieid 257 1,868 i)
42. Rincon 3i1 2,919 3,729
43. Rosecrans 115 303 389
44. salt Laxe 57 1,019 761
45. San Migquleto : 82 1,734 882
46. Sansinena 116 738 1,151
47. Santa Fa Springs 218 709 588
48. Santa Paula 17 o] 2
49. Zanta Suzana 13 151 1,826
50. Sacicoy 33 200 150
51. Seal seach 173 1,208 355
52. Sespi 182 1,088 1,380
3. Shields 17 150 93
34. Sime 39 42 17
§5. Souch douacain 437 1,548 2,863
$6. Swmmarland Gff Shorse 22 259 1,328
37. Sunset Seach 5 12 -
53. Tapia 12 20 ’ -
3%. Tapo 28 sS4 8
60. Temascal 18 87 11
6i. Timbar Canyon 28 40 260
62. Taovreace 388 2,859 1,421
2l. Torrey Canyon 41 207 2,659
64. West Coyore 144 2,G39 184
€3. 4Wast Fountain 23 Eled 7
86. ‘Whittier 208 693 869
7. Wilmington 2,285 65,393 11,308
£€8. Ventura a7 10.943 €,77%
$9. Yorba Linda 485 3.728 11
TOTALS 11,310 145,162 116,331

VB 5804-714
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As shown in Table 2-28, petroleum production operaticns representead
approximately 68 tons per day of which 30% were from storage tanks. The
balance were primarily fugitive emissions from leaking valves and metal

connections and evaporation from standing oil.

2. Marine terminals--As shown in Table 2-29, significant quantities of

petroleum products were transfzsrred through marine terminals in the Basin.
These generally representsd (1) crude oil loading off the 5anta Barbara and
Ventura coasts, (2) crude oil delivery to refinerises in Los Angeles County
and (3} refined product loaded at the Los Angeles and Long Beach Harkors

and the El Sequndo Marine Terminal as illustrated in Figure 2-5. A descrip-
ticn of the varicus marine facilities within the study area can be found in

Reference 2-30.

TABLE 2-29. MARINE TRANSFER QOPERATIONS IN THE SOUTH COAST AIR BASIN

Quagtity Emission Factor Emission Rats
(10° gal) (1b/103 gal) (Ton/¥r}
Loaded
Tuel Oils 1304 0.0002 0.1
Gasolines 384 2.5 480.0
Distillates 8gl 0.005 2.2
Crude Qils 754 1.20 452.4
Lube 0Oils 29 < 0.001 0.0
Petrochemicals 57 0.56 16.0
950.7
Unloaded
Fuel 011l 351 - -—
Gasolines 627 -~ (Not determined -
Distillates 433 - - mobile -
Crude Oils 7724 - sources) -—
Lube Oils 86 - ——
Petrochemicals 17 - ’ -

XVB 5804-714
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Considerable interest was raised concerning the magnitude of these
emissions. Several studies directly applicable to this program were initiated,.
These involved a WCGA/Chevron crude oil loading program in Santa Barbara and
Ventura Counties (Ref. 2-31) and a SOHIC product transfer program in the 1os

Angeles/Long Beach Harbor area (Refs. 2-32, 2-33).

Zmission factors for crude oil loading ranged from 0.5 to 2.0 lb/lO3
gal (Ref. 2-10) and appeared to be a function of the condition and cleanliness
of the tanker pricr to loading as well as the croperties of the crude being
loaded. For the purpose of this inventory, an emission factor of 1.2
lb/lO3 gal proposed by Laird (Ref. 2-34) and used by both the Santa Barbara
and Ventura APCD's has heen emploved. Total organic compound emission rates

based on this emission factor are presented in Table 2-29.

The loading of refined petroleum products had recsived much less
recent investigation. Estimates of loading loses were made using a formula

developed by API (Ref. 2-35):

L =0.3 PW
where
L = loading loss lb/lO3 gal of lcoad
= true vapor prassure at storage temperature, psia
W = density of liguid at storage temperature, lb/gal

Inventorizs of the total product throughput in the harbors were obtained
from the Corps of Engineers (Ref. 2-36). These inventories together witi
the above =mission factor were emploved to generats the emission rates

given in Table 2-29.

Additional emissions resulting f£rom what is generally termed "unlcad-
ing losses" were considered and discarded. The great majority of these losses
resulted from shipboard operations including bilging and venting which take
place at sea as well as within the harboxr area. Since these operations are
small and more appropriately consider=ad as "mobile sources," they are not

included 1n the current inventory.

KVB 3804-714
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3., Gasoline marketing--Qrganic compound emissions from the transfer of

gasoline to automobile tanks has been reccgnized as a major source of emissions
£o the atmosphere and has been studied extensively. Control measures were
beling implemented in counties in Southern California to reduce these emissions
through vapor recovery technigques at both the tanker truck to storage tank
transfer (Phase I) and the nozzle to wehicle tank transfer operations (Phase
II). Phase I had been essentially completed within the Basin whereas Phase II
operations had yet to be started at the time of this study. A description

of both Phase I and II operations is presented in Section 4.0.

Emission factors have been recently revised (Ref. 2-10) to reflect
additional test data on gasoline marketing operations and the effectiveness
of these control measures. The emission factors used in this study (given
in Table 2-30) represent not only information from Reference 2-10, but also
discussions with rebresentatives of the EPA and the San Diego County APCD,
cne of the most active of the local control agencies in assessing the validity
of these emission rates and effectiveness of Phases I and II control measures.
Note that the emission factor for submerged £illing of underground tank (con-
trolled) is 0.7 lb/lO3 gal. throughput which represents a 90% control effi-
clency, rather than the AP-42 (Ref. 2~3f value of 0.3 lb/lO3 gal. throughput
which would represent a control efficiency of 95%., The 933% control efficiency

is believed to be too high.

TABLE 2-30. GASQLINE MARKETING EMISSION FACTOR

Emissicn Source 1b/103 Gal Throughput
Submerged Filling of Underground 0.7

Tank (Controlled)
Underground Tank 3Breathing 1.0
Vehicle Refueling Displacement 9.0

Loss (Uncontrolled)

Vehicle Refueling Spillage Loss 0.7

KVB 5804-714



These amission factors have been incorporated with an estimate of
gasoline sales in the Basin generated for this program. Estimates by the
California Board of Equalization (Ref. 2-37) indicated that 52% of the
total gasoline sales in the state occurred in the six counties comprising
the study area. This amount was corrected to account for the pepulation
of those counties which hawve aresas outside the Basin. A summary of this
calcuiation is presented in Table 2-31. This procedure resulted in an
estimatae ¢of 5.3 bkillion gallons of gasoline scold annually in the Basin.
Applying the appropriate emission factors from Table 2-30 resulted in an
average daily emission rate of crganic compounds from this source of 83 tons

per day.

These emissions have been distributad by estimated sales and location
of service stations as described in Section 2.2.2. Information on the sales
from individual stations was available for Ventura and Santa Barbara Counties
generated by surveys conducted by the local APCD's. Addéiticonal informaticn
on gascoline sales for specific service stations in Los Angeles County was

available in Reference 2-39, however not in a form suitable for procsssing.

4. Natural gas distribuatior--The average daily consumption of natural

gas by all sources in the South Coast Alr Basin i1s in excess of 1.5 billion
cubic feet. Although precise measurements are not avaiiable, the Southern
California Gas Company (Ref. 2-40) estimatad that of this total, 3.7 millicn
cubic feet (0.25%) or 83 tons per day were lost to the atmosphere as fugltive
emissions Ifrom valves, flanges and other metal connections as well as pipe

failures or raquired maintenance works.

This estimate was made by 3CGC my taking the differsnce between
purchased gas that enters the system and the total sales volume from all
users less internal SCGC usage. Of the remainder, 25% were assumed lost

as fugitive emissions and the balance as metering inaccuracies.

These =amissions have been distributed throughout the Basin on the
basis of population. This generally reflects the location of transfer
facilities and especially metzrs and their metal connections which have

Dean snown to ke the most crevalsnt source of fugitive emissions,

XVB 5304=714
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cC. Domestic and Commercial Sources--

Over 10 million people reside in the Basin. Therefore sources of
crganic compound such as domestic fuel burning, solwvent use, dry cleaning
and surface coatings which may appear to be small for 2ach individual, can
collactively represent large sources of organic smissions. Emission facters
were developed on this program on a per capita basis and wers distributad by

population.

1. Architectural surface zoatings--Estimates of the tcotal volume of

coatings apprlied to the surface of stationary structurs and marketed within
the Basin was difficult %o make due to the large number of manufacturers and
supplisrs involved. The most =2ffesctive approach was to use marketing
Juestionnalires. This proved to be very time consuming and costly cperation

without the legal authority to requirs responses by those guestioned.

Surveys that were performed Ly the local control agencies in
California showed that emissions of organic compounds from architectural
surface coating applicaticns were from 3.4 to 3.7 fons/1000 people/vear
(Ref. 2-41). The ARB sstimated that 93 tons per day of emissiocns result
from architectural coating within the Basin (Ref. 2-42) for annual emission
factor of 3.3 tons per 1000 people. In the same study it was estimated that
total smissions from architectural coating for the entire state amount=é to
193.7 tons gfer day or an annual smission factor for the state of 3.3 :ons
per 1000 pecple consistent with <he astimats for the South Coast Air Basin.
Thus 3.3 tons/1000 people/vear was used in thi

i
amissions within the study arsa of 37.% tons per day.

2. Domestic solvent use--Numerous products used in residences, commercial

establishments and industrial plants cortain organic solvent materizsls. Such
products included cleaning compounds, {loor waxes, cosmetics, and health and
peauty aids used in homes and commercial establishments (barber and beauty
shops, shoe repair shops, etc.) and institutions (schools, hospitals, churches,
etc.). The total contribution of sclvent evapcration from these products had
not heretofors neen attempted. Due to the large potential for crganic emis-

sions, it was felt necessary to detzrmine its magnitude.

XVB 5804-714



Two approaches were used. The first consisted of obtaining informa-
tion on product sales from a limited number of retail establishments in Orange
County. These sales data were divided by the approximate consumer population

for that establishment and an emission factor on a per capita basis was c¢btained.

The second approach used data from the Department of Commerce (Ref.
2-43) on the total vwalue of these products manufactured nationally. A national
use facter was then determined by dividing the total value by wholesals
prices for each product. These wholesale prices were determined by KVB through
a limited survey of local retail establishments and contacts with major manu-
facturing sales representatives. No itemized wholesale price informastion was
available. A summary cf the estimated national sales and solvent composition

is presented in Table 2-32.

Both approaches yielded an annual emission factor for all products
of approximately 1.1 tons per 1000 people. This corresponds to an emission

rate of 31 tons o total organic wvapors per day released within the Basin.

3. Domestic and commercial natural gas fuel consumption--Over 410 billion

cubic fget of natural gas were consumed annually by éomestic and commercial

users within the study area (Refs. 2-40, 2~44). An emission factor of 8 lb

per million cubic feet {(Ref. 2-4) was used which corresponded to an smission
rate of 4.5 tons per day and an annual emission factor of 0.1l6 tons per

1000 people.
D. Agricultural Sources--

1. Natural citrus emissions--Studies have shown that significant

quantities of t2rpenes are emitted as part of the natural biological cycle
of citrus trezes. An emission factor of 0.06 tons per year per acre of citrus

rees was Droposed by Zimmerman (Ref. 2-4%9),

Thers were approximately 85,000 acres of citrus trees in the Basin
which were distributed by specific type and county as shown in Table 2-33
(Ref. 2-44). Using this inventory and the emission factor it was estimatad
that 13.9 tons per day of organic compounds were emitted to the atmosphers

each year by this source.

KVB 53C4-714
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These emissions were distributed into aporoximate arcas of major
citrus growing activity as shown in Figure 2-5 based upon information obtained

from Citrus Industry representatives (Ref. 2-47).

TABLE 2-32. NATICNAL DCOMESTIC AND CCMMERCIAL SOLVENT SALES
Baged on Department of Commerce Data

Estimated National Total Weight
S@les Solwvents of Sglvents
Product (10 lbs) (wt. %) ({102 1lbs)
Furniture Polish 53 40 21
Floor Polish 87 40 35
Shoe Polisn 3 40 i
Metal Polish 8 40 3
Shaving Soap 56 5 3
After Shave 49 20 10
Perfumes, Toiletries 17 39 7
& Cosmetics

Shampoo 152 10 i5
Hair Tonics 5 5 0
Hair Spray 21¢ 59 124
Hair Rinses 23 3 1
Mouthwash 118 14 . 17
Creams 74 30 22
Suntan 0il - 9 50 5
Hand Lotion 31 20 10
Cleaning Loticns 23 e0 14
Rubping Alcohol 153 100 153
Deodorant 148 14 21
Nail Polish I S0 1
Nail Polish Remover 8 20 7

TOTAL 469

XVB 5804-714



YTL-708G dAM

‘Ep-¢ 90ou2I93oy

Ti8'v1 009°’ve ISV’ 1 SEV'TT A %A TY.10L
LLe'v oov’s 10¢ ¥SL'0T 6(8°G1 saburio
@,.HOCQH@\/

Z8L‘9 00v’8 £8¢ 70T Lev'1 sabuviQ ToaeN
oze'e 00g’'s £66 8vI'1 860 €T suouwary
ZES'T 005’2 Al 1897 8¢8g 3tnxgadexs
outpieuxag ues OPTSIDATY saTabuy so] abueao vINJUusp dox)D SNIITD

(SL6T) IOWMIDOVY AAOHD SMULID "€€-¢ TIAYL

2-77



P1L-¥08S AN

*9-g oanbtg
(Lv-2 ~390)
NSV ¥1Y 1SY0) HIAOG JHL NI 53A0¥9 SNYLID HOLYW 40 NOT1YI0]
JAISYIALY
0 N sano¥g snut1) [7]
JINVYO =
©
i~
1
i :
e ] ,
=3
ON1GUVNY3T NVS $3739NV SO
—I‘i'»l'ilv{ n”“u \l/‘\\.‘/‘/
———
r.llz)‘(\\()l\/\./(/
r V¥ INIA VUVANVE VINVS




2. Qrchard heaters--Orchard heaters were in common use in Ventura,

San Bernardino and Riverside Counties to protect the citrus orchards from
frost damage. It was estimated by the Ventura APCD (Ref. 2-48) that there

were approximately 22 heaters per acre in citrus growth in that county.

Organic compound emissions resulted primarily from the evaporation
of fuel 0il and not as a result of the combustion process (Ref. 2-4). There-
fore, even if the orchard heaters were used relatively infrequently, organic
compound smissions were still present any time there was standing fuel exposed
to the atmosphere. Emission estimates have been made in Reference 2-48A. The
summer evaporation (March through November) averaged 2 gal./heater while the
winter svaporation averaged 0.25 gal./heater, for a total of 2.25 gal./hsater-

year.

Emission estimates for the current program were based on published

figures by the local control agencies. Total emissions from these sourcas

were estimated to be 1200 tons per vear.
-

3. Animal wastes--The existence of methane and other components in the

gas generated by the biclogical decomposition of animal wastes had been
extensively studied. These investigations had keen aimed both at the
potential for esnergy recovery (Ref. 2-49) as was the case with landfill gases
and alsc to assess the harmful effects of these gases on livestock production

in confined areas (Ref. 2-50).

Results from a recent study (Ref. 2-5l1) were employed to estimate
the emission ratss from thase scurces. A summarvy of the calculaticns is
presented in Table 2~34. Inventories of the livestock zopulation for each
county were obtained from the County Agricultural Reports (Ref. 2-46). ror
these data, it was estimated that 77 tons per day of dases from animal

wastes were generated in the agricultural areas shown in Figure 2-2.

TABLE 2-34. ORGANIC COMPQOUND EMISSIONS FROM ANIMAL WASTES

Total Inventory Emission Factor Emissions

(10~ Head) {(1lb Toc/103 nead-day) (tons/dav)
Cattlie 147 440.5 32.4
Chickens 9992 7.0 35.0
Pigs ) 160.0 0.4
Horses 73 229.3 8.4
Sheep 87 33.2 1.4
Total 77.6
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4, Pesticides--Application of pesticides for agricultural and domestic
use have been included in pravious inventories of hydrocarben emissions con-
ducted by the local control agencies. These inventories have generally been

based on county reports in the State Pesticide Use Report {(Ref. 2-51A).

This procedure has alseo been used in the study. It was learned that
the data base for the State Pasticide Use Report had besn computerized by -
the University of California-Davis (Ref. 2-513). Arrangements were made
with the University to have the data reported for each pesticide on a town-
ship basis (to allow geographic distribution) and for the Basin as a whole.
It was estimataed fxom these data that the total emissions of pesticides in
the study area wers 3000 tons per year of which approximately 40% was non-

synthetic and 60% synthetic organic materials.

An estimate of the pesticide emissions due to domestic and commercial
use nas been made based on information from the Reference 2-51B for generzl
pesticide use in the Basin. An emission factor of 9 tons/100,0C0 people-vr

was developed from this data.

Recent more comprehensive examinations by CARB (Ref. 2-51C) have
shown that the pesticide use reports under estimate the emissions from this
source by factors of six and two for nonsynthetic and synthetic organic
materials, respectively. Based on these estimates, the total emissions
from these sources would be 17,000 tons per vyear. The quantificaticn of
these estimates was a complex problem as discussed in Refsrence 2-31B, and
therefcre the more conservative estimate , described anove, was usad in the in-

Ventory.
E. Geogenic Sourcas--

1. Natural seeps=--Figure 2-7 (Ref. 2-32) shows the location of the major

petroleum seeps within the study area. The presence of these seeps had

”n
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created significant local pollution problems due to

evolution of heavy oil and tar.

studies nad been conducted to guantify the smission rates Ircm two
large offshore seeps in Santa Barbara County (Ref. 2-32). The largest of
these was estimated to have organic compound emissicns of approximately 8
ons per day. The California Division of Cil and Gas was in the process of
mapping all existing oil szeps within the study arsa however no data cn s@gpags
or emission rates are expectad (Ref. 2-534).
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It was estimated by the Santa Barbara and Ventura County APCD's
that the total emissions from these sources ars approximately 4000 tons perxr

vear. These estimatss were used for the final inventory.
F. Forest Emissicns--

As illustrated in Figure 2-8, approximately 3.5 million acres of
forest, located in the nerthern, 2astern, and southern areas of the South
Coast Air Basin, constitute nearly 2/3 of the total area. While the
emissions Ifrom these forest areas may be significant, they probably have a
lesser impact on the smog problem in the c¢entral population area shown on
Figure 2-8 than the egquivalent anthropogenic emissions because of their ’
downwind location and the =leavation at which they occur. Approximatzaly 40%
of the forest area lies above 3,300 ft elevaticon which is the normal maximum
altitude of the inversion layer. While the forests are a source of natural
terpenes and combustion oroducts from forast f£ires, they also serve as a
sink for the anthropogenic emissions generated in the Basin which cause
damage to the plant life (Ref. 2-53). The forest areas referred to in this
report comprise all of the gpen land in the Basin which are grimarily of
scrub forest type. Natural emissicns from residential and commercial land-
scaping were ignored because preliminary measurements indicate that the
emissions from this vegetation is one or two orders of magnitude lower than

forest emissicns for comparable acreage.

1. Natural smissions--rield investigations (Ref. 2-19 and 2-56) indi-

cate that there are considerable Z~pinene, 2-pinene, and isoprene emissicns
from plant life found in the Scuthern California forssts. The primary
source of data on naturzl emission factors was Zimmerman, Washington Stats
University (Ref. 2-38). Some of these data were unpublished at the time

of this study. Information on the type and distribution of vegetation was

obtained from the National Forest 3Service (Ref. 2-57).

The emission rate data provided by Zimmerman are presentad in Table
2-35 along with the emission factors computed from these data. Table 2-36
presents a summary of the forast area by county and the type of vegetaticn

found in sach area. The National Forest Service provided data on the federal

KVB 5804-714
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TABLE 2-35.

FOREST NATURAL EMISSION RATES BASED ON LEAF BIOMASS

Active Dormant Annual
Emission Emission Leaf Emission
Torest Type Ratsa Rate Biomass Factor
{% Compcsition) ug/g-hr ug/g.0r 102 kg/km? ton/acre-yr
Hardwoods - - - 0.02
(60%) Oak 4 o] 3 -
(40%) Maple 1 0 3 -
Douglas Fir 1 0 11 0.02
Mixed Conifeor - - - 0.08
{(60%) Ponderocsa
Fine 3 1.5 11 -
{40%) Douglas
Fir 1 0 11 -
Pines 3 1.5 1l 0.1
Pin‘ion Juniper 3 3 3 0.04
Brush - - - 0.08
(85%) Sagsbrush* 12 4 3 -
{10%) Scrub Cak 4 0 3 -
(3%) Juniper 3 3 3 -

(Ref. 2-5

)

o
*Sagebrush squivalent to mesguite and chaparrel in emissions.
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land and assistad XVB on estimating the location and vegetation for pri-
vately owned lands. It must be emphasized that both the emission factors,
acreages and compositions ars estimates and more specific information on
the composition, emission rates, and acreage would improve the natural

emission calculations used in this inventory.

It was apparant from the vegetation cempositicon and the emission
factors presented in these takles that the crimary concern was with the
category of "brush". In the Basin, the primary types of brush found are
mesquite and chaparral. These are believed to have sinilar emission rates
to. sagebrush. The degree of uncertainty regarding this similarity is pro-
bably the same as the uncertainty in the basic emission rate levels for

sagebrush itself.

Zimmerman, in support of a national emission assessment, gensrated
emission rate and bicmass data based on tests performed in the northwest
and east coast arsas of the U.S5. For sagebrush, he reported emission rates
of 17 Ug/g-hr for both active and dormant periods with a leaf biomass of
3 x lOS kg/kmz. Howeveyr, racent measurements of Southern California vege-
tation have shown emission rates that ars lower, especially during the
dormant pericd. In Southern California, thers are two dormant periods
which occcur during the dry summer months of July, August, and September,
and during the winter months of December, January, and February. Zimmerman
measured emissions rates of 4 ug/g-hr for the dry dormant period which is
usually the worst period for ambient ailr guality. Based on an assumption
pv Zimmerman that the sagebrush active emission facteor for Scuthern Cali-~
fornia was lower than the 17 ug/g-hr found in aresas of year-~around preci-
pitation, a value of 12 uUg/g-hr was estimated £or this study, making the

average annual emission rate 3 Lg/g-hr.

The leaf bicmass estimate of 3 x 105 kg/km2 for brush is on the
low side of a world-wide inventory of leaf biomasses which (according to
aReE. 2-56) vary only by a factor of eight from the most densa tropical
jungle to a scrub desert like the Mojave in Southern California. Thus
the leaf bilomass value of 3 x 105 kg/km2 shown in Table 2~35 could be as
low as 2 x 105 kg/kmz, while the wvalue of 11 x lO5 kq/kmz also found in

) = vy . . 3, 2
the table for pine and fir forests could be as high as 15 x 107 xg/km™.

KVB 5804-714
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Applying the emission factors presented in Table 2-35 to the
inventory in Table 2-36 results in a total emission rate estimate of €00
tons/day. Considering that 40% of these emissions are released above the in-
version laver, only 300 to 400 ton/day are emitted into the mixing laver.

A value of 300 ton/day was used in Table 2-23.

The EPA intends to sponsor further emission rate measurements in
an attempt to improve the emission factors for vegetation types found In
Southern California (Ref. 2-58). These experiments should assist in further

clarifying the extent of natural emissions in the Basin.

2. Forest fires--Forest fires consumed over 80,000 acres of National

Forest and private lands in»the South Coast Air Basin in 1975 (Ref. 2-39).
These fires burned over 2 millicn tons of forest material. Studies (Ref.
2-23) had estimated that 14 pounds cf organic compounds were released per
+ton of forest material consumed. Therefore it was estimated that there were
approximately 13,700 tons of emission in 1975. Since these flres generally
occurred during relatively short périods, they constituted a significanc

source of organic vapor emission to the atmosphere.

G. Other Area Sources—--

1. Dry cleaning--For the purposes of this inventory, dry cleaning opera-

tion associated with residential customers were considered as an area source
distributad on the basis of population. Those‘establishments previously
listed in the EIS data base with total amissions less than 1Q tons per vear
were removed from the EIS data file. This catasgorization was reguired dus [0
the fact that these small dry cleaning establishments were 1ldentified in the
EIS data base for Ventura and Los Angeles Counties only. For the remaining
four counties, the EIS data base for these sources wers incomplets. Large
dry cleaning establishments (with emissions greater than 10 tons per year)
that generally use Stoddard solvents were retained as part of the EIS data

base.

VB 5804-~714



An analysis of the Los Angeles County permit files conducted for the
preliminary inventory resulted in a total emissions of 3800 tons per year for
these small dry cleaning gstablishments, of which 90% wers synthetic solvents
{perchloretiavliene) and 10% sStoddard solvents. This corrasponded to an
annual emission factor of 0.93 tons per 1000 people. Reports Zrom the
National Fabricare Institute (Ref. 2-60) listed the annual per capita con-
sumption of perchlorgethylene dry cleaning solvent in California as 1.75 to
2.0 pounds, c¢r an annual emission factor of 0.9 tons per 1000 pecple, which
showed excellent agreement. Total emissions from this source were thererfore

estimated to be 25.9 tons pexr day.

2. Aasphalt naving--The Asphalt Institute reports that 24 million tons

of road paving were laid in 1975 (Ref. 2-61). Data from the current ctrogram
. -6 -

showed that approximately 1 x 10 pounds oI total hydrocarbons were released

per pound of asphalt concrete laid. The smissicns in the South Coast air

Basin were therefore estimated to be approximately 0.1 tons per day.

2.4 INVENTCRY RESULTS

The final organic emission inventcry was prceduced in April 1978 using
EIS data tapes received from the ARB. The tape from SCAQMD was produced in
February 1978 and the tape from Ventura APCD was produced in December 1277.
Blacing a baseline datz on the inventory is difficult. The EIS efforts at
SCAGMD and VAPCD were initiated in 1975 but data processing, correcting and
updating contined from that time until the tapes usad cn this inventory were
£inally produced. Considering the span time involved in incorporating new
scurce data into the =I5 svstem, the mcst appropriate time base to assign

to the inventory is 1975-75.

An attempt to run a final inventory was made in August 1377 using the
first EIS tapes produced bv the SCAOMD and VAPCD. During the initial data
validation step in the inventory processing, a large number of data recoxds

wers found to be incomplete and in error with respect to data needed for tiis

inventory. Error messages were provided to the two contrel districts, whoe

KVB 5304-714
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completed or corrected the data entires. In April 1978, when the inventory
was finally produced, only & negligible number of records were rejected for
incomplete or inaccurate data. A check cf the data records was made to

attempt to locate any major point sources that had been omitted. Ncne were

found.

The area source data and emission profiles used in the inventory are
discussed in the previous sections. In this section, the results of the

inventory will be discussed.

2.4.1 Physical Description and Use Instructions

The inventory was deliveresd to the ARB in the form of three bound
volumes of computer printouts plus four reels of computer tape as menticned
in Secticn 2.2. The following is a more detailed descripticn of these repcrts

to help facilitate thelr use.
A. Volume I-~-

Volume I of the printed reports contains a plant index, an inventory

by application cateqory and an inventory by 1C kilometer grid sguares.

The plant index is aranged by counties and plant I.D. number. Five-
hundred and thirty one plants are identified. For each plant, the following
information is listed: County, Plant ID, 2lant Name and Address and UTM
Grid Coordinates. The other inventory reports identify the plants using the
ID number. Thersfore, the user must refer to the index %o learn the plant
name 1% he-locates an entry in the inventory that he wishes to check. If the
user wishes to lock up a specific souxce, he must scan the index observing
first the county (all plants are grouped by county [4200 is Los Angeles,

5440 is Orange, €420 is Riverside, /700 is San Bernardino and 8300 is Orangel),
then the plant name. The plant names c¢culd not be sorted into correct alpha-
betical order because of a software problem on the EIS system. Fortunately,
the Los Angeles County listing (by far the largest) is almost in zlphabetical
order. The first 228 sntires are in alphatical order. The remaining 125

plants in LA County and those in the other counties will require individual

2-88% KVB 35804-714



scanning. Once the plant has been located in the index, the complete emission

record can be found in the 10-Km grid f£ile by neoting the UTM coordinates

and the Plant ID Number.

The aApplicaticon Category Report contains the scurces grouped by appli-

cation categories {i.e., Petroleum Production, Petroleum Refining, Crganic
Solvent Use, Combustion cf Fuel, =tc.). The information listed for each
line item record is: County, 2lant ID, Point ID, SCC No., 3IC ¥o., Summer and

and Winter Imissions {ton/day), each broksn down into Weekday and Weekend emis-
sions, Annual Emission (ton/year), Profile Xey and UTM Coordinates. The Pro-
file Key 1s a2 reference to Volume III which lists emission profiles, a break-
down of the chemical elements comprising the total hydrocarbon emissions.

For small sources, the inventorvy may indicate 0.00 tons/day emissions. This
means that the dailvy emission is less than 0.005 ton/day or 10 lb/day. These
small sources were included because they are in a plant producing 25 ton/veaxr
or more. At the end of each applicaticn category listing, a summary is pro-
vided for Major, Minor and Area Sources. The Major sources are those listed.
The Minor scources ars point sources not listed because they nhave less than

25 ton/year emission and. are not part of a plant with 25 ton/year emissions.

Area sources are as discussed in Section 2.3.4.

The l0-Km Grid Report contains the same information as the Application
Category Report but the sources are grouped by their location in UTM Coordi-
nate grids. For each grid, the population and major city (if appropriate} is
listed. After the point sources are listad for each grid, a summary of minor
polnt and area scurxce emissions 1s indicated by Application Category. (The

printout only lndicates "Arsa Sources" but the data include minor golnt sources.
3. Volume II-—-

Volume II of the inventory report contains the One-Kilometer-Grid,

Emissicon Summary and an Individual Species Report.

The Cne-Kilometer Repor: lists for each set of UTM X and ¥ coordinates

the total organic emission (ton/vear), the fctal smission by reactivity class,

2-90 KVB 5804~-714



I, IT, III. (Refer to Table 3-32) and the emission of individual species
(lb/vyear) by SARCAD Code. The ccde numbers listed are the last four digits
of the SARCAD Code. In all cases the first number is "4" and therefore is
not listed. The emissions are given in four digits (except for the last
column "OTH"). 1In all cases the first three (two) diqits are significant and
the last digit indicates the decimal point location in places to the richt
of the left-hand side of the numbexr (e.g., 0670 = .067, 5385 = 53,800).

The Individual Species Report lists each species in order cf SARQAD
Code and provides a listing of amissions broken down into Application Cata-

gories. One hundred and one species are included.
C. Volume III--

Volume IIX contains a SCC Description Report and the Emission Profiles.
The SCC Descripticn lists 739 source categorias by SCC and SIC number, the emis-
sion profile key ({which indicates the applicable profile), the ARB application
category eqguivalent to that source, any emission factor correction (see Sec -
tion 2.3.1). The last two columns are of no significance. The SCC Report is

presented in two crxders, the first by profile key and the other by SCC number.

The emissicn profiles contain the Profile Key, an estimate of error
in the profile for any species, the reactivity class, SAROAD Code, ~hemical
name, molecular weight and weight % for each species. Also included is a sum-

mary of the emissions for the three ARB 2mission resactiviiy classes.

2.4.2 Total Organic Emissions

The total organic emissions in the Basin plus Ventura County ars
810,000 tons per year (2200 tons per day} of which 1€3% (350 ton/day) ars from
point sources. Over 5000 individual roint scurces are identified. A breakdown
of these emissions according %o application categories is presented in Table
2-37. Also presented in that table are the data from 1875 inventories conducted
by KVB (the preliminary inventory on this program published in the Interim
Report, November 1976) and a combined SCAQMD/Ventura APCD inventory for 1975
(Refs. 2-5, 4-48).

2-91 KVE 5804-714



panuTtjuo)d
- -- -- - -- -~ ant’e 061 007 no6e 06
oon’? 00R’7 -- -- - -- 0n0Gs 0
nor - nor ov b -- noy 05 051 007 01
one’ 1 - oot 'y aot’‘9 .- 001’9 006'S 007 oot 00t g ont
Ort o1 - .- -- - 066 058 o 0 (3
- -= - aov -- 0oy one aey 0% 0c 14
nne - [0 - -- - a0t e o, 066 ot
nog ' 1 - 00t { 0oov'y -- aov'y 0ong’ T (44 0g 000t Of
009°7 -- n09’'e -- -- ‘oY
00f ‘01 -- 0ot ‘ot 001’6 0or'6 Grrautag
ooc.mm - 0no‘ct (L -~ ont’'e oon'9e 00z 0s1 nov 9 0ot
o0’ 11 - oor ' 11 goL’ it - 00" 1T 000’ 71 oong 0011 onoG ote
[
00t'9 001’9 -~ 006 'R - sraayIuhyg
onL's -- onL'e L1184 -~ oo’z wnagoi1ag
oon‘k oot'9 onL'e 008’ 11 006’8 000°'vZ 000° b1 o6 (i1} ¢4 ooy on
|
000’ Gy, -- 0006y 000’ 6f 0no’e6f 000°'st 0006 0nos 0nn‘te 0091
- -~ -- - == 000'€t csueay, oM
001’1 - 001t -- ~- 046 butpeor -1eR
000 bs noo‘se nnt't no0 ‘LS oor‘zt 00’ 0f. “hIYyW aurjosen
0Ny -~ o' 11 -- 0nG's -- sy,
000’ L, 000°¢€ 000'¥Y 000’ 6L 00n'Ls 00027 000’'a9 000’ ta 0oz 00 0z?
00E ‘1 -—- 00f L -- [l ] 7061 12410
00f ‘R - onee - OIS £4 -- sxuny,
009’51 -- 009’61 0000t - 000" 0F 000°2Y 0061 ong 000’ op oot
oot'e --. 001t -- ane 000’ 51T 1010
00F ' 61 %c>.qd ooLy - ont." 11 000’ $1 =juey,
000'zz 009'pT \nonay. 00v’Z1 - 00r ‘71 000’ 6€ 000°0f 06 0061, a6e
1rinl LERLY Ivoq 1ra0l LT3 AT MNtrog 1104, PaaY 00 g (sanInog adhy, antaan
IOUTW 10(vey 1nley
) = 10 "ON)
(SL6T) ¥OAVIN/Auisy ANOLNAANT AMYNIWE 17IHA T3 AAN/S1A
HYAX/SHOL NOISSIWT
SATHOILNAANT NOISSIWI YIAVOA/AWOY ANY gAM/SIHd A0 NOSIMVAWOD " LE€-T ATV

Sawgp oSt
SAPEITISAY
ammimotabhy 3 poog
1903 3o quo)d
Butuing aysny
IPInUIY

teorhanpeany

BTG R

1410 -

huiseaibag -

buruvayy Aig -

1P0) ADVIING-JUAATOR

"HAYH MNATOI NG

huturyan unnfnring

TPOTY UMD (N1

cae) vorarotiddy



(089)
000°0S,

oct ‘e

0no‘ Lt
0S¥

05
000'8L

[(JAR]
000° ST

000'LL
,05b

,05

0006t

{ote)
000" ¥11

000’ 1Tt

cac.sﬂ

00Z' ¢
000" 6f

taog)
000 ‘S0t

000’9t

00z 1

000' 6€

(ong)
000'8C 1

ooz’ )
000'018

000°0LS

(osa’1)
000009

ong't
009°S
000V
000° 0¥E
000’82
20L°¢C(
000" vT1
000° €€
000° 01
0no° 11
009°1

000°0LS

(ot}
o0r° 11

00Z

1ol

vay

aujog

teaoy

PaTyY

RLUASL S

1r10],

voiy

LUTT X
Jouty

(oze)
0N ‘911

006t

RALR{3]
a0{ry

(SL6T) ¥IIVIA/aWDV

ANOLRIANT AMYNIWITINA

—]

LA nAR/S13

HYIL/SNOL HOTESIWR

£A2IN05
0026

£291P31 PICUITID

£2311 SNIIYD
sdaag

sliyIpUe]

3ISUN TruTUY
sa11d 153104
TeINIeN 3IS310J
1°0) "JIng "yosay
83ax}d 3INIONIIS
JUIATOS 21FSINCQ
Tquo) dYISWOd

06

panuTivuo)

Atuo gudvds  {Z)

Afuo einjuap (1)

{Aep/suo])
(Avp/su0a) 1vioy,

L3 8 B £:1:1 3 §-110)]

KVB 5804-714

™

[
|

o~

TLE-C JIAYE



The total amissions from the EIS/XVE inventory are greater than the
respective totals of the other two inventcries. However, the EIS/XVB inventory
accounts for a greater number of source tyvpes than the other two inventories.
The sources seem to pe consistent. The maior and minor point source emissions
were calculated directly from the SCAQMD and VAPCD EI3 data files. 2Adjustments
were made %o the emission factors of certain source types (8ee Section 2.3.1);
but, essentially, the inventory results reflect the basic ZIS inventory data.
Since the EIS data base was built from the previous permit files used to compute
the other two comparison inventories, it is encouraging to note the similarity
in this area.

Seventy percent of the emissions are from arsza scurces essentially
unaccounted for in previous inventories., The largest of these are from land-
£ills (which produce over 900 tons/day of 99% methane gas) and from trzes and
srush (which semit approximately 300 tons/day of terpenes.)

The refinery emissions in the EIS/KVB inventory are nigher than thoss
in the previous inventories. This is due exclusively to the EIS cata. KVB
made no adjustments in this area. Petroleum industry emissions account for

over 20% of the point source emissicns and 18% of the total emissions.

2.4.3 EZmission by Species

A breakdown of the total organic emissions by species is presentsd
in Tabla 3-38, whicﬁ is arranged in order of SARCAD Code z2nd includes the
reactivity class designation for each compound. Table 2-33 is a summary of
Table 2-39 which is an application category rsport for each of the species
accounting for 1000 tons/year or greater.

Methane accounts for half of the total emissions and i1s censicdered
ralatively unreactive. The methane listing in Table 2-32 can be used zo
determine non-methane hydrocarbons from each application category as presentad

in Table 2-40.

2.4.4 Spatial Distributicn

A map showing the spatial distribution of the emissions is shown in
Figurs 2-9. Table 2-41 identifiss the grids with emissions of ovar 20 tons/

day.
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TABLE 2-38.

SOUTH COAST AIR BASIN
ORGANIC SPECIES INVENTORY

EMIZSSIONS BY SPECIES

Chemical Name SAROAD Code React Class Tons/Year
Methane 43201 1 415,000
Tthane 43202 1 17,000
Etnylens 43203 k] 6,400
Propane 43204 2 14,000
Fropylene 43208 3 1,600
Acecylane 43206 1 2,500
Cyclopentane 43210 z 700
N-3Butane 43212 2 25,000
Butane 43213 3 j-Tale]
I-3utane 43214 2 7,300
N-Pmntane 43220 2 1l,000
Pancans 43224 H 2,800
Hexane 41231 2 14,000
Heptane 43232 2 4,400
Qctane 43233 2 3,300
I-dexane 43236 2 6,700
I-Heptane 43237 2 2,100
I-0czane 43219 2 1,300
Cyclohexane 43240 2 8,800
I-Nonane 43242 2 1,100
I-Decane 43243 2 2,500
C=-7 Cycloparaffin 43253 2 3,00¢
c-8 " 43254 2 400
Terpenes 43256 3 124,000
Mineral Spirits (C-4 to 8) 43263 2z 10,000
I-P=ntane 43268 2 17.000
Methyl Alzohol 43301 1 2,000
Ethyl Aleohel 433C2 3 6,000
N-Ffropyl Alcohol 43303 3 500
I-Propyl Alcohol 43304 3 12.000
N-gZutyl Alcohol 433C5 k| 2,000
_ z-Bucyl Alcohol 432086 3 200
Cellosalves 43308 & 4330% 3 300
Glycol Ether 43367 k| 2,300
Glycol 43168 3 800
?ropylene Glycol 43369 3 600
Tthylene Glycol 43379 3 200
Ethyl Acstate 43433 2 300
Propyl Agetate 43434 2 700
N-BUutyl Acercats 434135 2 4,800
Cellosolve Acezate 43443 3 600
Isopropyl Acetats 43444 k| €40
Isobutyl Acetate 4344% 3 500
Dimechyl Formamide 43450 2 200
Isobutyl Isoputgrate 41451 2 2,000
Formaldenyde 43502 3 2,400
Acetone 43551 1 7,100
Methyl Ethyl Xatone 43852 2 8,100
Methyl N-Butyl Xecone 4355% 2 200
Mechyl-Isobutyl Ketcne 43560 2 2,000
Ethylamine 43721 1 300
Trimethylamine 43740 1 300
Fyeon 11 43811 1 300
l.l.i=Trichlozoethane 438135 1 2,800
Perchloroethylens 43317 1 20,000
Methylbromide 43819 1 500
1.1.2-Trichicroechans 43820 1 2,700
Naphtha 45101 2 1,700
Benzene 45201 1 3,400
Toluene 45202 | 12,C00
Ethyl Benzane 45201 3 1,800
Isomers of Xylene 45222 3 5,200
isomers of Ethyltolusne 45227 3 300
Isomers of Diethylbenzene 45229 3 200
Isgmers of Trimechyl=~ 45230 3 20Q
benzens 310,090
2-95 XVB 5804-714



TABLE 2-39.

SPECIES DY APPLICATICN CATEGORIES

KVE = . CRGAMIC CUMPUUNDY EBMiSSIuNS REPORT - INDIVIOUAL SPECIES REPQKRI
SARDAD LO0E _LREMILaA NAME MOLEC. WELGHT . REACTIWLTY CLASS
432401 MHETHANE 15,04 L
U, H
APPLICAT]ON CATEGCRY EMISSIONS (TUNS/YEAR) OF TOTAL
PETROL EUH PRUDLLT TUN 13770.02 3.32
R PEIRULEUN REFLNING 34 1949 Q.84
PETRULEUM MARKETING 28715.486 0.92
CRG S3L SURFALE CUAT 2957.0%5 0. 7L
CRG S0L QTHER 144,28 U4
CHEMICAL 16.613 0.80
ME TALLURGICAL 547.89 Q.b3
_ . MINEAAL 15,96 0.9t
WASTE BURNING 45.92 J.01L
COMBUSTION QF FUELS L1494. 59 T
FOUD ANO AGRICULTURAL 147.85% 0.0%
UNCLASSIFLED 31596348409 8oa0T
MISCELLANEQUS [NOUSTR 3938, 61 Q.99
- TUTAL 414956, 24 100.00
KYb - CRGANLIC LCUMPUUNCS EMISSIUNS REPONRT - INDIYVIOUAL SPECTES REPONRT
. SARUDAD CURE CHERECAL NAME MULEC. WelGHT REACTIVETY CLASS
43202 £THANE 30.47 1
k4
APPL {CATIUON CATEGORY EMISSIUNS (TONS/YEAR} GF TOTaL
PETRULEUN PRODUCT [UN 2662.80 L5.49
_ __ PETROLEUM REFINING 1185.97 6.75
PETRUL EUM MARKETING 3786. 97 21.91
URG SOL SURFACE COAT 222.46 1.29
JRG SOL OTHER 19.73 o.l1l
CHEMICAL 3. 57 Q.02
MeTALLURGICAL 4l.92 0.24
- ____HMINERAL 10.01 J.06
WASTE BURN MG 0. &0 0.00
COMBUSTIAON OF FUELS 81.50 Qa7
UNCLASSIFIED 9289.938 $3.74
MLSCELLANEGUS [NDUSTR Ge 20 U«00
— —e TUTAL 1728%. 9% _99.99
K¥g - CHGANLL COMPOUNDS EM{SSIUNS RZPURT - [INOLIVIDUAL SPECIES REPURT
__SAWCAD CCDE . CHEMICAL NAME CMQLECs WwEIGHT REACGTIYITY CLASS
#3203 ETHYLENE 28.05 3
- b
APPLICATICON CATEGGAY EMISSIONS (TUNS/YEAR) GF TOTAL
PETROLEUM PRODUCTION £81.01 10459
PETROLEUM REFIMNING 100440 id38
PETRGLEUM MARXETING 10.76 347
LAG SOL SUHFACE CLAT 38.92 t.ld
ORC 50t CIRER 1.57 wa32
CHEALCAL 4224317 1.47
METALLURGICAL 143.9%9 242%
MINERAL 4,03 0.07
WASTE BURNING 108.u8 1.48
CunmBysSTION OF FUELS 19.02 J.30
FOGD AND AGRICULTURAL 2,03 3.93
UNCLASSIFIED 5060.29 78.53
TQTAL 0933469 LCJe0L
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TABLE 2-39. {Continued) .

wVu - GRGANLC CumPuunDy CMLISSIUNY AEPLRT - INDEVIUUAL SPECILS REPURT
SARLAU CLUE CHEM {LAL NAME MULEC. melinT HEACTIYITY CLASS
43204 PRUPANE w09 2
£
APPLICATICN CATEOURY EMISSIONY {TONS/YEAR) OF TulalL
PeTRUL BUM PRUDUCT [UN 3962. 49 28.72
L PETRULEUM REFINING 4281.79 ‘ 31.03
PEIROLEUM MARKETING 2204,.82 15.98
ORG SCL SURFACE (Gar L36.08 1.30
QRG SOL CTHER 6.53 0.05
CHEM{CAL 0,01 0.00
METALLURGICAL lla4l Q.08
L __ MINEHAL la b7 Q.11
WaSTE BURNING .70 .23
CLUMBUSTIGN UF FUELS 176.08 L.28
FOOD ANO AGRICULTURAL 0.20 3.00
URCLASSIFLED 2390,20 20,95
PESFICIDE USE 98,61 2.71
MISCELLANECUS [NDUSTR , 2.55 : . V.02
. TGTAL L37968.18 109.01
A¥B =  ORGANIC COMPOUNOS EMISSIONS REPURT - [NOLVIDUAL SPECIES REPURT
—SABCAD COOF CHEMICAL MAME _ . MOLEC. WEIGHT ... REACTIY¥LTY CLASS
43205 PROPYLENE 42,08 3
PO 3
APPLICAT QM CATEGURY EMLSSIONS (TONS/YEAR) OF TOTAL
PETROLEUN PRODLCTIONM 17.32 2.33
PETROLEUN BEF [NING 282,75 LT.04
QRG SOL OTHER 23447 l.48
- CHEMICAL 92.94 5.80
AE TALLURGICAL 10455 Q.00
MINERAL 8425 J.51
WASTE HURNING 33,31 . 2.03
et COMBUSTION UF FUELS - b 02 2y
FOUD AND AGAICULTURAL Q.62 D.04%
UNCLASSEFLED 1Q53.85 85.79
M SCELLANEUUS IMDUSTR 23.11 L.44
TOTAL 1e02,95 100.00
(3T - ORGANIL LUMPOUNUS £MSS(ONS REPQRT - INGLVIOQUAL SPECIES REPULAT
34RCAU COOE CHENICAL NapE MOLEC. WEIGHT REACTIVITY CLASS
43206 ACETYLENE 28.04 1
b
APPLICATIUN CATEGURY EMISSIAONS (TONS/TE AR QF TCTAL
PETRGLEUM PRUDUCT ION 195.91 7.99
.. PEIRGLEUR KEF[NING J.65 J.1%
CHEMICAL 10.32 Q.s2
METALLURGICAL 10.03 G.al
WAL E GURNING 11.15 Gea8
COMEUSTIUN OF FUELS .85 0.03
FGUD AND AGRICULTURAL v.20 0.01L
. _UNLLASSIFIED 2217.20 0.9
Al SCELLANECUS {NOUSTR 2.94 . 0ul2
TGTAL 2492.8% 100.00
L T T L I . o e i o o e e e e o et vt e e e My i i i o
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TABLE 2-39. (Continued).

kY3 _ < QROGANIC LOHPCUNDS EMISSIONS REPOART - INDIVAQUAL SPECLES REPORT
—SAROAQ CQODE _ CHEMICAL NAME MQLEC, wE{Gon] REACTLVITY CLASS.
43212 N—=BUTANE s8.12 2
. . kY
APPLICAT [ON CATEGODRY EMISSIUNS [TUMS/YrAR} QOF TOTAL
o " PETRCLEUN PRUDUCTION 5113424 20.82
PETROLEUM REFINING Tadu. 08 310.39
PETROLEUM MARKETING 1070, 71 28.79
__ ORu SOL SURFACE COAT 1040.313 hald
ORG SOL QImER 15.06 0.08
. CHEM[CAL d.02 0.30
He TALLURGICAL 12.78 0.05
MLNERAL 25.52 0.l0
WASTE BURN ING 11.21 0.05
_ COMBUSTION GF FUELS 607.53 2.47
FOLO AND AGRICULTURAL 0.20 Q.00
UWNCLASSIFLED 2999, 49 12.03
PESTICIOE USE 24i.05 0.98
__MISCELLANECGUS TNOUSTR t.37 0.ct
TOT AL 24557469 99. 99
AVE = JRCANIC CUMPUUAGS UMISSIUNS KEPLRT - INGIVIOUAL 5PECIES REPUKT
__SARCAQ CTUE CHEMILAL NAME MULEC, WEfGMT KEACTI{VIFY CLASS
53214 {50-sUTANE 58412 :
APPLICATIGN CATEGURY EMISSIUNS (TONS/YEAH) OF TOTaL
PETRULEUM PRUDUCT ION 474.87 ¥.06
o PETROLEJM REFINING 2968.55 39.75
. - Pr TROLEUM MARKETING 2521.517 33,77
OHG SUL SURFACE CLAT locé G.02
URG $GL OTHER lla13 9a15
CHEMICAL J.01 0.00
MINERAL 25,35 Q.34
. wASTE BURNING l0.50 O.l4
COMBUSTION UF FUELS 129.38 1.73
FUOD AND AGAICULTUNAL 0.20 0.00
UNCLASSIEFIED 1045.17 14.990
PESTICIDE USE 16470 1.03
Ml SCELLANEQUS (MNOUSTR 0420 Q.00
T TGTAL TaoT. 49 99.99
AVa . = _QRGANLE COHPOUNDS EMISSIUNS REPGRT - (NDIYIOUAL SPECIES REPORT

—SAKGAQ CQOE  CHESICAL NABE
43220 N-PENTANE

APPLICATION CATEWURY
PETROL EUM PROCULCT LUN
PETROLEUM REFINING
PETRULEUM MAAKETING
e ChREMICAL
METALLURGICAL
MINERAL
WASTE BURMING
COMoYsSTION GF FUELS
FGLO ANO AGRICULTURAL
CUNCLASSIFLED
PESTICIDE USE
RISCELLANEQUS [NOUSTR

_. TataL

CMQLEC, wElgnT
72.15

EMISSIONS (TGONS/LYEAR]D

2692.53
3485,.59
3544453
G.0Q2
8.52
15.29
10443
236,40
0.20
361 .93
17%.31
548

10839,42

SEACIIYXEY CLags .

E
UF TOTaL

25.55
33.34
33.65
0.00
Q.08
Q.15
3.10
2424
G.00
I.43
Lebo
Jaln

59,99

5304-714
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TRABLE 2-39.

kYU =

SARLAQR

4322

{Continued!} .

SRGAMIL COMPUURIS LHLISTLNS

LOQE CHEMICAL NAME
L] 1-PenTENE

APPLICAT ION CATLOURY

Pr TRULLEUM REFINING
PETHROL CUM MARRKRETINW
ORG S0L OTHER

M{NERAL

WASTE GSURNING

FUOU AND AGHICULTURAL
B{SCELLANEQUS INDUSTR

Reproduced from
est available copy.

K¥8 -

—SARQAD CQDE .
43231

QRGANIC COMPQUNOS EMISSIONS

CHEMICAL NANE
HE XANE

TAPPLICAT[ON CATEGURY

PETROLEUM PROOUCTION
_PETROLEUM REFINING
PETROLEUM MARKET NG
GRG SOL SURFACE COAY
ORG S3b OTHER

CHEMICAL
ME TALLURGLCAL
MLNERAL

Kvi -

— SAHEAQ Cupe
43232

WASTE bBURNING
COMBUSTION OF FUELS
FULD AND AGAICULTURAL
UNCLASSIFLED
PESTICIDE USE

1aTAL

Ur AN G COMPUUNDS EHESSLUNS

CHEMICAL NAME
HEP TANE

APPLICATION CATEGGRY

PE IRALEUM PRODUCTION
PETROLEUR HEFINING
PETROLEYM MAMKETING
QRu SOL QTHLR

HME TALLURAGICAL

MINERAL

wA3TE BURNING
COMSUSTION CF FUuELS
FUGD AND AGRICULTURAL
UNCLASSIFLED

TOTAL

¥}
I

REPUKRT - INDUVIWUAL SPECIEY REPGRY
MOLEC. WEIGHI REALTIYLTY CLASS
70.13 3
%
EMISSIONS [ TONS/YEAA) CF TGTaAL
TIs .79 26479
1980. 413 70.948
Se.ta g.19
Q.00 a,00
32.21 Lel7
Qaol V.32
23.50 .85
27161.715 100.00
REPOAT - INDLVIDUAL SPECIES REPORT
ROLEC, WEIGHT REAGTIVITY §LASS
B&.LT 2
E
EMLSSIONS {TCNS/YEAR) SF TOTAL
Loed.37? 1l.61
L685.24 11.73
1231420 8.67
Qa2 Q.01
1%.99 D.11
54,03 Q.38
10.29 Q.07
19.064 Na13
75.90 0.53
332,52 i34
28.58 0.19
£E914.013 62.19
202470 1.3
%1 96.05 99,99 °
REPUAT - INGIVIDUAL SPECIES REPUKT

HULEL. WwElGHT
Laud. 20

EMISSIONS [ TUNS/YEAR )

telloenld
513,22
129 .47
Je45
P
3ell
75.34
Hatsd
Le45
2018,80

h411.90

99

REACTIVITY CiLass
2

3
OF TQTaL
al.84%
LiesT
T.43
Yal2
Loa9
G.07
L. 71
Gy l9
Q.03
43,53

99.93
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TABLE 2-39. (Continued).

K¥B . = . URGANIC GOMPOUNDS EMISSIGNS KEPQRT =  INUDIVIOUAL 5PECLES REPURT
SAROAD COOE .~ CnEMICAL NAME._ . __ MGLEGC. WEIGHT REACTEVLTY CLASS.  ___
©3233 OCTANE 114-23 2
—_— z
APPLICATICN CATEGORY EMISSIONS [TUNS/YEAR) uF TOTAL
T PETROLEUM PROGUCT LCH 1058.67 29.99
PETRGLEYM REF [NING [ 4.1b
PETRCLEUM MARKET]NG 31.22 2.58
o GRG SOL SURFACE CUAT 136,07 1.4d6
OKG SQL CTHER 0.db 0.02
ME TALLURG]CAL 0.4l %.01
AINERAL 0.05 3.90
NASTE GURNING 15-313 2.13
FUQD AND AGRICULTURAL Loba Qa4
o UNCLASSIFIED 2018.80 57440
TaraAL 1529,39 99.99
kYU - CRUANIC COMPQUNDS ©MISSIUNS KEPURT - INOUIVIDUAL SPECIES REPURT
SARQAQ CQLE CAEMTCAL NamE 4QLEC, WEIGHT HEACTIVLITY C(LASS
«3d36 #ISCHERS UF FAEXANE 46417 2
T
APPLICATIUN CATEGGAY EMISSIUNS ETOAS/YEAR) GF TUTAL
PETRULEUM PRGOULT 1ON 919.74 12419
.. PETROLEUM REFINING 221718 34.24
PETAUL EUN MARKETING 293147 44,08
CHEMICAL 0.4 3.00
ME TALLURGICAL 1.42 0.02
MINERAL 15. 76 0.30
WASTE BURNING J.01 d.Q4Q
___CCHMUUSTION OF FUELS 166427 Z.50
PESTICIDE USE 443,15 bab1
T3TAL 6650.62 100,00
A¥AB  _ -  QRGANLC COMPOUNDS EMEISSIONS REPQRT - INDIVIDUAL SPECIES REPQRT
CGOOE _ CHEMICAL MARE .. MULEL . WEIGAT REACTIVLTY CLASS
43237 BISOMERS OF HEPTANE 100420 2 .
-
T T T APPLICATION CATEGUAY EMISSIONS (TONS/YEaR) UF TOTAL
- PETROLEUM PRCOUCT LON .71 G.18
PETRULEUM REF LNING 1259419 80. 25
PETROLEUNM MARKE TING 734439 3514
GRG SAL QTHER LS+48 QeTd
ME TALLURGICAL 0.0t 0,00
HINERAL 240l O.gz
COMBUST [UN UF FUELS Thaeo9 1.57
T TOT AL 2089.28 133490
KVe - GHGANIC COMPOUNGS cMISSIONS AEPORT =  [NUIVIOUAL SPECIES REPORT
__SARMAD GLuE CHEMICAL NAME MOLEC. nELGHE RCACTIVITY CLASS
23239 BLSOMERS UF CCTANE 114.23 2
APPLICAT [ON CATEGORY EMI{SSIONS { TONS/YEARY uf TCTAL
PETROLEUM PRODUCTION 12.16 3.450
PETKULEUA REF INING 4 |Geth 30,91
PETROLEUM MARKET[NG 767433 56.85
OKG S0L SURFALE CUAT 891 351
LRG SOL ORY CLEANING 19.52 1.08
QMG SUL UEGREASING 133 0.10
UKG S0L GTRER 1.73 0.1
ME TAGLLURGICAL u.ot 0,00
MINERAL 0.37 9.03
COMBUITION UF FUELS 135.0Q1 10.30
TUTAL 134981 109.01L
- 2=-100 KVB 5804-714



TABLE 2-39. (Continued!

KV ..z URGANILC COUMPQUNQDS EMLSSIONS REPORT - (NOIY{QUAL SPECIES REPORT
HEALCAL NAME . . HOLEG. mEicnl oo REAGTIVITY LLAg: .
43244 #CYL LOHE XANE 84416 2
- z
APPLICATLON CATEGURY EMISSIONS (TONS/YEAR] GF TaTAL
T 7T T T PETROLEUM PRUDUCT LGN 0.17 0.00
PETHULEUM REFINING . 309.67 I
PETRULEUM MARKETING 753,48 B.79
ORG SOL SURFACE COAT 227.15 2.45
ORG SOL QTHER Jlz.78 3. 65
_ _ . CHEM[CAL 18.63 Q.22
ME TALLURGICAL Lot 0.02
HINERAL ————— . 9.01 9 el
WASTE BURNING 0.01 J.50
. CCMBUSTION OF FUELS 16490 3.20
FUUD AND AGRICULTURAL 18.19 Jao4z
YNCLASSLFLED 6895.23 d0.42
oo TOTAL 0 B3T3.62 100.31
K¥8 - URGANLC CUMPUUNDS EMISSIONS REPUKT =  [NDIVIOUAL SPECLES REPORT
$ARUAD CQUE CHEMICAL NaME MOLEC, WE(GHT ;
EACTLV]TY
43242 PUSUNERS F NONANE 123.25 ) V;;' cLass
. H
APPLICATIUN CATEGURY EMISSTONS {TONS/YEAR) OF TOTAL
PETRULEUR PRCDUCT [UN 4.01 9.00
.. PETROLEUM REFINING 260,05 23.49
PETHGLEUN MARKETING 123.84 10.98
ORG SQL SURFACE CuAT 188,71 1o, T4
ORG SUL DRY CLEANING 495,53 %3.9%6
ORG SUL DEGREASING 45,31 .02
ORGC $OL GTHER 9.05 071
e METALLURGICAL 0.09 901
MINERAL 0.05 0.00
TQTAL 1{27.04 99.99
s¥g .= ORGAMIL CONPOUNOS EMISSIONS REPGRT =  INCIVIDUAL SPECIES REPURT
__SAS0AD LO0E  [HEMICAL NAME MOQLEL. WELIGHT REACTIVITY CLaSS. . _
43243 #150MERS OF DECANE 142.28 2
- - - i
APPLICATION CATEGORY EMLSSIONS {TUNS/YEAR) OF TOTAL
- PETRULEUN REFINING 539.47 21451
e PETROLEUM HARKETING 94420 3.4
ORG $OL SUARFALE CJAT 4d1.29 19.19
GRG SOL ORY CLEANING 1257.98 SQelh
ORG SCL DEGREASING L15.01 “4.58
DARG 3L OTeER 20.53 0.82
—_ TOTAL 2508.58 10Q.30
VB = URGANLC CUMPUUMOS EMISS{GNS KePURT = INDIVIOUAL SPECLES AEPORT
SAkdaAd Cupe CreM [CAL NaME MILEC. wEILAT REACTIVITY CLASS
43253 #C-7 CYCLUPARAFFING 98.19 2
2
APPLICATION CAIECURY eMISSIONS (TONS/YEAR) - CF TOTAL
PETRCLEUM PRODUCTION 1816.23 59.32
PETROLEUH REF [NING 142.37 4470
Pt TROLEUM MARKETING 8l.17 2.54
0Ryu SOL QTHER 139.42 4.0l
CHEM{CAL 0,08 0,90
HE TALLURG{CAL VaQL 000
MINERAE 7.45 0.26
PEATLCIQE USE 343467 21.33
TUTAL 30234.00 16G0.00

XKVB 3804-714
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TABLE 2-39. (Continued).
BVE . - ORGANLIC CORPOUNDS EMLSSIONS REPORT -  INGIVIDUAL SPECLES REPORT
_SAR040 CONE = CHEMICAL MNAME MOLEC . WEIGRT . REACTIVITY CLaSs. _ .. _ _
43256 FUERPENES 136,24 3
o o X
APPLICATICN CATEGGRY EMISS[ONS [TONS/YEAR) 0F TOTAL
o UNCLASSIFLED 205847.04 L00.00
) TOTAL 205887.04 100.Q0
KYE - URGANIC CUMPOUMUS LHISSIOUNS REPGRT =  INDIVIOUAL SPECIES AEPORT
SARUAD COUE CHEM{CAL HAME MOLEC. wEIGHT REACTIVITY CLASS
43a3 BHIRERAL SPIRLTS 114,00 2
APPLICAT [ON CATEGLGRY EMISSLONS ( TCHS/YEAR) OF TaTaL
UMG SUL SURFALCE CUAT 8410.35 80.45
. _ _DRG SUL OTAER 1212480 11.60Q
CHEMICAL 9.71 3.09
PESTICIDE USE §21.76 7.86
TGTAL 10454 .58 100.00
K¥B . = ORGANIC COMPOUNOS EMISSIDNS REPORT -  [NHOIVIOUAL SPECIES REPQAT
_SARUAQ CCAE _CHEMICAL NAME MULEC. WE[GHT REACTIVITY CLASS . _ . _.
43268 SISOMERS OF PENTANE 12.15 2
- 3
APPLICATICON CATEGGAY EMISSIONS (TONS/YEAR) 3F TQTaL
T PETROLEUM PRODUCTILN 127.91 4.35
PETROLEUM REFINING 8d05.069 35.87
PETROLEUM HARKETLING 94T7T.45 54460
. CHEMICAL Ga02 0.00
ME TALLUAGICAL 12.78 9.08
MENERAL 12.10 0.07
WASTE BURNING 0.0% 0.30
emmem— CUMBUSTIGN QF FUELS 110.07 1.85
UNCLASSIFIED 2%.é2 G 17
PESTICIOE USE 1u9.83 1.01
1aTaL 16745, 16 102 .00

KYE -

SARQAD CLug
43341

CHEMLCAL NAME
METHYL ALCORUL

APPLICAT [UN CATEGORY

PETRUOLEUM REF INLNG
PETROLEUM MARKETING
ORG SOL >URFACE Cual
URG SOL OTHER
CHEMLCAL
UNCLASSIFLED
M{SLELLANEQUS

iINOUSTR

2-102

UHGANIC COMPOUNDS ERISSLIUNS RUPULRT -
MOLEC s wWELGHT

3.us
EMISSIGNS {(TUNS/YEAR)

Te.il
18.986
363 .47
1a9.45
joele
1299.10
6. 58

INDIV{OUAL SPECIES REPUAT

REACTIVETY CLASS
1

Ed
QF TUTAL

1.13
0499
18,28
4453
2.33
89435
0.33

KVB 5804-714d
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TABLE 2-39. (Continued}.
K¥B = ORGANIC COMPCUNOS EMISSIUMS REPORT =  INOLYIOUAL SPECIES REPORT
_— _LO0E . _CHEMICAL NAME MOLEC. WEIGHT . REAQTLIVITY CLASY ...
43302 ETHYL ALCDHOL 44.07 3
1
APPLIGCATION CATEGORY EMISSIONS (TONS/YEAR) QF TOTAL
PETROLEUM REF INING 116.49 1.9%
____PETROLEUM MARKETING 18.97 0,32
ORG SOL SURFACE COAT 124.18 S5.43
ORG SGL QTHER 04T .29 10451
CHEMTCAL 1477 0.25
UNGLASSIFIED 4883.1% 8l.46
Ml SCELLANECUS [MOUSTR $.27 0409
- ) TOTAL 5970412 tau.ol
Mo - CRGANLL CUMPOUNDS EMIS3TUNS REPURT - INOTViOUaL SPECIES REPCRT
... SARQAD COQE CHEMLICAL NANME MOLEC, wWELGHT REACTIVITY CLASS
43304 1SU=-PROP YL ALCUMOL 60,09 3
e
APPLICATION CATEGORY EMISSIUNS (TUONS/YEAR) OF TOTAL
PETRULEUM REFINING 13l.el 1.06
PE TRLLEUM MAKKETING 19,32 d.16
ORG S0L SURFACE COAT L162.31 9.34
ORG SOL GIHER 7150.43 5435
CHENICAL 27,23 0.22
UNCLASSIFIED L0303.482 83.00
MISCELLANEQUS INJUSTR 19.22 J.15
107AL 12413. 74 100.00
[31) - CRGANIC CUMPOUNDS EMISIIONS REPORT - INQLYIQUAL SPECIEY REPURT
—SARCAD LCOE  CHEMICAL NAME _  HOLEC. WEIGHY  ~  REACTIYETY CLASS_
43305 N-BUTYL ALCOHOL Tael2 3

"APPLICAT LON CAIEGORY

QKRG SOL SUMFACE COAT
—— ORG S0L QTHER
CHEMLCAL
_ UNCLASSIFIXQ
#ISCELLANEOUS INDUSTR

TGTAL

Kvy

CHEMICAL NanE
sl YCuL ETHER

__SaHUAD CLJE
43361

APPLICATION CATEGUHY

ORG SOUL SUKRFACE COAT
RRG 3QL CIRER
CHEMICAL
WHCLASSIFLED

CRGANLC COMPOUNRULS M {SSILNS REPORT

3 -
EMISSIONS LTONS/YEAR) QF TOTAL

1258.06 63.81° 7
SRR £ o 2% 1 S 7233
Fors | d.34

532.94 21.08
27.54 L.40

1969.44 100.00

St o e s et . e i ettt . Bt St e el Sl e s

(MOl W{LDuAL SPECIES REPQRT

MULEC. WEIGHT REACTIVITY CLASS
02.07 3
£
EMISSIUNS {TuUNS/YEAR ) UF TOTAL

1374.04 59.50

11,39 0.49

2.81 Jall

921,58 39.89

2310,42 109.00

2-103 KVB 5304-714



TABLE 2-39. (Continued) -
AYH = _ QRGANIC COMPUUNDS EMISSIONS REPORT =  IND{VINUAL SPECLES REPGHT
—aABCAL CODE . . CHEMICAL NAME . _  HOL<C. wEigHT REAL LYl YTY LoASs
43435 N-BUTYL ACETATE 116.16 2
- - 3
APPLICATION CATEGORY EMISSIONS ([ TONS/YEAR) OF TOTAL
"7 URG SOL SURFACE COAT 3407 .40 Ta.48
ORG 0L QiMER . . . 188,92 be13
CHEMICAL 1.22 Q.03
UNCLASIIFIED 377.10 21.38
TGTAY 4574, b4 100.00
K¥HB =  ORGANIC COMPOUNDS EAISSIONS REPURT -  JNOLVIDUAL SPECIES KEPORT
_SAAAD CORE . CHEMICAL NAME MOLEC. WELGHT REACTIYITY CLASS
w3451 ¥1SQBUTYL ISOBUTYRATE ledall 2
— 3
APPLICATION CATEGORY EMISSIONS (TONS/YEAN] OF TQTAL
© UNCLASSIFLED 2031.93 100.40
- ) TOTAL 2031.93 160.50
EYS . = ORGANIC. COMPOUNDS EMISSIONS REPCAT - INOLY [DUAL SPECIES REPORT
HEMICAL MAME  MOLEC, WELGHT . _.. . REALTIYIIY CLASS
43502 FORMALOQEHYDE 30.03 3 .
TTTTTTTTTAPPLICAT IGN CATEGQRY EMISSIONS (TONS/YEAR) OF TaTAL
- T PETROLEUN PRODUCT ION 0.02 ~0.00
PETROLEUH REFINING _ . 490,03 20420
PETROLEUK MARKETING 1074 [V
_ _ORG SGL OTHER Fab1 0.39
CHEM ICAL 17.55 0.72
HE TALLURGICAL 1l.3e J.41
MINERAL 0.07 0.00
e MASTE QURNING | - 0.25 , 9.01
COMBUSTION OF FUELS LT87.34 3.67
 UNCLASSIFIED 88.02 2.75
MISCELLANEQUS INOUSIR 32.71 1.35
- TOrAL 2426412 100.00
RV~ UKGANIC CGMPGUNDS EMISS{uns KEPGRT -  [KOIVIUUGL SPELELS REFOR(
SARCAD CLUE CHEMICAL NAME HOLEC o A& [uAT

431551 ACETONE

APPLICAT ION CATEGORY

S8.08

EMISSIONS (TONS/YEAR)

PETROLEUM REFINING 960.20
- PETRULEUM MARKET NG J3a 94
ORG SUL SURFACE CDAT 4352.21
QRG SOL UTHER 256460
CHEMICAL F.b4
MINERAL 0. 06
WASTE HURNING 2.8¢
COMBUSTION COF FUELS L2474
UNCLASS (FLED 178%7.50
ML SCELLANEQUS EMUUSTR 17.49
TaTaL T135.19
2-10C4

REACTIVITY CLASY
[}

%
OF 10TAL

betd
Jeid
wie2¥
3.0l
Qala
Q.00
Qa4
LeTo
25.186
L.029

10001

K7B 5804-714
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TARLE 2-39. (Continued).

wyls -  CRGANLIC COMPOUNUS SMISSLUNS HEPGRT = [NOIVI{DUAL SPECIES REPORT
SARQAQ Cauk CAEMECAL NAME MULEC, WE LT REAGTIVITY CLASS
43552 METHYL ETHYL KETONE 72.10 2
£
APPLICATIUN CATEGURY EMISSIONS (TONS/YEAR) CF TUTAL
PETRULEUM REF INING 335.86 aolir
o PETROLEUM MARKET [NG 33.92 Q.42
ORG 50L SURFACE CUAT 57162.71 70.95%
ORG 50t OTRER 34,25 Q.42
CHEM{CAL 7.39 3.09
HINERAL jane Ueuv
UMCLASS LFLED 1865437 22.97
M SCELLANEQUS {NOQSTR 77.08 Q.95
rarac a122.30 100.01
kvl = ORGANIC CUMPOUNOS EMISSIONS REPQRT - INDIVIDYAL SPECLIES REPQRI
—SARDQAD CODE .~ CHEMICAL NAME MOLEC. welGHT BEACTIVITY CLASS
43560 METHYL 1S08UTYL XETONE L 0Q.ls 2
. ]
APPLICATION CATEGORY EMISSIONS (TONS/YEARD Of TOTAL
N "7 PETROLEUN KEF INING 177.33 317
PETHULEUM MARKET]NG o ... . lesSe . . ... V.88 _
CRG SOL SURFACE (OAT 1493.23 1744
_ _ORG SOL QTHER d.62 0.45
CHERICAL 2.9% d.15
e _ UNCLASSTIFIED 199.86 10.33
MI SCELLANEGUS INDUSTR 30,849 L.58
BR{ Y. 1934.58 ) 100420 ~
Kyl - GRGANLC CUMPGUAUS EMISSIGNS REPORT - [NOIVIDUAL SPECIES REPURT
.. 5ARLAD CJDE CHEMICAL NAME MOLEC, WEJGHI REACTIVITY CLA33
«38 L4 leloel=THRILHLORGETHANE 133e42 1 \
APPLICATIUN CATEGORY EMISSIONS [TUNS/YEAR) OF TLTAL
GRG SUL OEGREASING 2594458 100.00Q
16TAL 2594.58 160,00
1.3':] - ORGANIC COMPUUNDS EmISSIONS REPQRT - INDIVIDUAL SPEGIES REPORT
— SARCAD COOE CHEMICAL NAME MULEG + WEIGHT REACTIYITY CLa%§ . ___ .
43817 PERCHLORGE THYLENE 165.83 1
- H
APPLICAT ION CATEGORY EMISSIONS (TONS/YEAR) Of TUTaL
- PETRULEUM REF INING 216431 1409
PETROL EUM MARKETING L 31,39 . 9.117 o
ORG SOL SUMFAGE (G0aT 177.91 9.90
e DRG SOL ORY CLEANING 12835.18 bl
URG SOL DEGREASING 497,11 27.7%
cew oo CRG S04 QTHER 7.39 Q.04
CHEMICAL 2T.46 0.14
—_ — UNCLABSIFIEQ ... . _ _1020.07 5415 -
e e TOTAL 19815.32 100,00

2-1053 KVB 5804-714
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TABLE 2-39. {Continued).

AVE -  UHGANIC COMPUUNDS EMISSLONS REPCRT = INUIVIOUAL SPECIES REPORT
SARUAG LUUE CHEMICAL NAME MULEC. WEIGHT REACTIVITY CLASS
- «3820 Lale2=THICHLORUETHANE 131.56 1 .
APPLICAT [ON CATEGLRY EMISSIGNS { TUNS/YEAR) GF TOTAL
ORG 50U DEGREASING 2737.39 100.00
T TGTAL 2737.39 100.00
KYE = _ CRGANIC COMPOUNDS EMISSIONS REPURT = [NOIVIOUAL 2PECIES REPURT
— SAROAQ. CURE ChEMIGAL NAME MULEC. WELGHT REAGTYITY Cpasy
+5101 NAPTHA 114.00 2
T
APPLICATION CATEGORY EMLSSIONS {TENS/YEAR) OF FOTAL
" ORG SOL SURFACE COAT 1115.50 85.25
ORG SQU QTHER | . 8,133 0.49
CHEM (CAL 82.07 4.40
wGaD PROCESSING 4400 d.23
UNCLASSIFIED ©59,465 29,23
TGLTAL 1709, 55 106.00
K¥B = ORCANIC COMPCUNDS EMISSICNS REPURT  ~  [NOLVIDUAL SPECIES AEPORT
—AROAD COOE_ O CHEMICAL MAME . _ MAOLEC. WEIGAT REACTLYLIY CLASS | __
45201 BENLENE 78.11 L
. 1
APPLICATION CATEGGRY EMISSICNS {TONS/YEAR) OF TOTAL
PETRUL EUA PROCUCT 10N 1247.87 36.94
_ PETRULEUM REFLNING 566448 19.73
PETROLEUM MAAKET{NG 182.24 il.32
. ORG SOL SURFACE COAT 53.89 .80
ORG SQL OTHER 10.01 0,30
CHEMICAL 103,43 306
METALLURGI CAL 90.31 2.57
.. AINERAL 20.05 0.59
WASTE BURN ING 1.97 0.06
LAMBUSTIUN GF FUELS 128.41 1.58
FUUD AND AGRICULTURAL 3.20 0.09
PEST IC IDE USE 673, 84 19.9%
. TOTAL 3377.70 $9.99
K¥g = URJANIC COMPOUROS EMISSIUNS REPURT - [NDIVIDUAL SPECIES REPURT
. 3ABUAD CULE CREM ICAL NAME MOLEG. wEIGHT REALTIVETY LLASS
452902 TGLUENE 92.13 3
3
APPLLCAT [CN CATEGURY EMISSICNS { FUONS/YEAR) OF TOTAL
PE TRULEUM PROOUCT TUN 502.45 4.25
.. PETRGLEUA REFINING 115,19 5.96
PE TROLEUH MARKE TIAG 333.89 T.lt
URG $0L SUKFACE COAT 57848.214 49,40
URG 501 QFRER 1285.132 10.97
CHEMICAL 49,43 Daad
MEYALLURGICAL 8.0 3.07
. M[NERAL 0.36 0.00
WASTE BURNING 0.02 0.00
CUNBUSTIUN UF FUELS 33.80 0a29
FO00 AMO AGRICULTURAL $5.20 Dew?
UNCLASSIFED 2072.10 17.58
PESTICIDE USE 273.92 2.34
TGIAL 11717.51 103.30

ra
]
.

105 KVB 5804-714
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TABLE 2-39. (Continued).

1Y - ORGANIL CONPOUNDS EMISSIONS REPGRT - {MO{VIOUAL SPECIES REPQRT

wSARQAQ COOE . . CHEMICAL NAME _ . . MAOLEC. wEIGHT . REACTINILTY CLASS .
45203 ETHYLBENLENE 106,14 3
e 3

APPLICAT[ON CATEGORY EMISSIUNS (TONS/YEAR) OF TOTAL

- QWG SUL QTHER 137. 01 B85

CHEMICAL 0.03 0,00

FOUD AND AGRICULTURAL 20.94 1,32

UWMCLASSIFIED 1432434 504023

TLTaL 1590.92 Luwedld

KvE - ORGANIC COAPGUNUS EMI3SIUNS HEPGRT  ~  INULVIDUAL SPECLES REPGKT

SARUAD CLSE CHEMICAL NARE MOLEC. wkIGHT REACTIVITY CLASS
45222 SISOMERS UF XYLENE 106, 186 3
<

APPLICAT{ON CATEGGHY EHISSIONS (TONS/YEAR) OF 10TAL

PETROLEUM PROCUCT 1GN V.38 0.0l

PE THULEUM AEF INING 413,20 .92

PETROLEUM MARKE I1NG 745487 14.29

ORG SUL SURFACE COAT 1933.91 37.05

JKG SUL OThER L 6. 55 0.32

CHEMECAL Loush . 0432

HETALLURGI CAL 0.01 0.04

£000 AND AGKILULTURAL 65.55 Le28

UNCLASSLELED 12Q6409 21.11

PESTICIOE USE 421.76 1574

TQTAL 5219456 100.02

2-107 KVB 5804-714



TARIE 2-4C. METHANE,/NONMETHANE ORGANIC EMISSIONS

Emissions Ton/Year % of Total
Application Category Total Organic Methane Ncnmethane Nonmethane
Petroleum Producticn 39,000 14,000 25,000 &
Petroleum Refining 42,000 2,500 38,000 10
Petroleum Marketing 68,000 29,000 39,000 10
Solvent Use = Surface Coating 45,000 3,000 42,000 11
Solvent Use - Other 33,000 170 33,000 3
Chemical 1,300 17 1,300 <1
Metallurigcal 1,000 500 500 <1
Mineral 250 40 200 <1
Waste Burning 550 50 300 <1
Compustion of Fuel 5,900 1,500 4,400 1
Food & Agriculture 400 150 200 <1
Unclassified (natural) 570,000 360,000 210,000 33
Misc. Industrial 4,300 3,9C0 400 <1
Total 810,000 410,000 400,0QC0 106
{Ton/Day) (2,200} (1,1C0) (1,100)

XKVB 5804~-714
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5 to 20 Tons/Day

>20 Tons/Day

Spatial distribution of stationary source organic emissions

Figure 2-9.

d indicate emissions in tons/day) .

in gri

(numbers



TABLE 2Z-41. MAJOR 10-KXM GRID EMITTERS

UTM Coord. Nearest Emission Principal

/W N/S City Ton/Day Source Type

290 3788 Cxnard .32 90% Landfill

350 3820 Castaic 38 Landfill

360 3820 Bouquet Cyn 23 Landfill

360 3810 Bouguet Cyn 55 Landfill

360 3780 Sepulveda 97 Landfill

360 3750 LA Intern A/P 23 278 Pt Scurces

370 37390 Sunland 53 Landfill

370 3780 Burbank 20 177 Pt Sources

370 3740 Torrance 117 Landfill

380 3800 Ravenna 39 " Landfill

380 3760 Downtown LA 31 330 Pt Sources

380 3740 Paramount 8% 50% Pt and Area Sources

‘ {50% Landfill

380 3730 LA Harbor 66 55 Pt Sources and
{Oil,Production

390 37860 Monterey Park 64 70% Landfill

400 3780 El Monte 121 Landfill

410 3790 Baldwin Park 21 . Landfill

420 3750 Diamond 3ar 56 Landfill

420 3710 N. Laguna 132 : Landfill

430 3720 E. Irvine 27 Landfill

440 3700 S. Clements 35 Landfill

450 3770 Fontana 21 50% Landfill
{50% Pt Sources
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SECTION 3.0

FIELD TESTING

The field tests conducted on this program provided a realistic assess-
ment of the organic emissions from stationary sources id the Basin. From the
outset the experimental plans and procedures were coordinated with numerous
government and industry associations to benefit from the advice of other
researchers, avecid duplicaticn, identify representative sources and insure
high data guality. In that standard measurement procedures for organic emis-
sions are as yet unestablished, KVB felt it important to obtain a consensus
of those active in the field in‘developing those plans and procedures. ARB,

EPA, SCAQMD and WOGA were the agencies most inveolved in this coordination.

The following sections present the experimental methods employed, an
evaluation of data quality by an independent consulting f£irm, and a discussion

of test results.
3.1 AFPROACH

The number of staticonary sources of organic emissions in the Basin
is huge. The objective of the test program was to provide as much informa-
tion as possible to characterize the organic emissicns from these sources.

An initial goal af 600 to 800 samples was astablished.

The EPA has categorized pollution sources using a system of Scurce
Classification Codes {(SCC). The sources in the Basin account for approximately
350 SCC numbers. For each of these an emissicn factor and an emission profile
was required. In many cases emission factor data were available. Very little
data were available on which to base emission profiles. Therefore, the maior
emphasis was given to obtaining emission profile data with emission flow rates

taken whenever possible as a routine part of the test.
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From the preliminary inventory it was determined that petroleum
production, refining and marketing accounted for 50% of the emissions in
the Basin and solvent usage accounted for 40%. Major plants were identified
in each source types such as refineries, oil fields, printing, automobile,
and rubber plants. Special sources like a steel mill, landfill, chemical

plant, etc. were also listed.

Industry was found to be cautious and concerned about this testing.
They often regquested a full technical briefing. The petroleum industry
used WOGRA as an agent to monitor and control their participation. As a
result of this concern a great deal of engineering time was regquired to
galn entry tc plants for testing. Even after tests were completed, there
were return visits to review data. In the case of WOGA, formal presentations
of plans and results were made for each site tested. On one oil f£ield test,
WOGA engaged a consultant to take samples along with KVB for comparative
analyses. (Good agreement was obtained which added to the cxedibility of

the program data as indicated in Section 3.3.)

To minimize the amount of coordination work, KVB took the approach
of testing as many different types of sources as possible at each plant
visited consistent with the total number of tests budgeted for that source

oxr device type.

The test crew consisted of two engineers and two technicians. On
major tests all four worked together, These major tests required from two
to ten working days at each plant. In order to complete sampling of alil
devices on the SCC listing, occasionally the crew divided into two-man teams
to collect two or four samples on a special device or process that could not

be obtained during a major test.

As an attempt to characterize the fugitive emissions from a refinery
KVE engaged AeroVironment Inc. (AV) to measure upwind and downwind and predict
the refinery emissions by diffusion modelling. At the same time KVB was in
the refinery measuring the source emissions. This test is summarized in

Section 3.4 and a <omplete report is included in the Appendix.
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All GC/MS analyses of the field samples were conducted at Analytical
Research Laboratcries Inc. (ARLI) who alsc measured aldehydes and total
organic content. A two man level of effort in the laboratory supported
the field operation and was the limiting element in the analytical sequence.
KVB performed some total crganic measurements using an FID, and AV also per-
formed sampie analysis on a Beckman 6500 GC. However, all speciation for

emission profile purposes were performed by ARLI.

In all, 818 field samples were taken by KVB and analyzed at ARLI
or KVB. Approximately 50 samples were taken by AV and analyzed at ARLI
or AV. In addition, approximately 50 GC/MS runs were conducted by ARLI

in developing the program methodology and evaluating the data gquality.

A summary of the plants and device types tested was presentad in

Section 1.0.
3.2 METHODOLOGY

Sampling and analysis methodology described in this section was
developed during the Phase I period of the program. The objectives wers
to develcop techniques and equipment as necessary to (1) détermine the
hydrocarbon emission rate from both ducted and fugitive sources, (2} collect
and preserve representative samples of these emissions and (3) analyze the
samples for their organic chemical composition. The general approach to
emission rate determination was to either measure the emission rate or to
determine it by calculations from process data or by experiment. From
sources with stacks, emissions were determined by pitot traverse. Various
techniques were usad on fugitive emission sources. Where information was
available on the amount of organic material lost from a process, this was
used to determine emissions. Where the emissions were due to lsaks or
spills or other types of fugitive zmissions, attempt was made to either
measure or estimate those emissions. In scome instances, special experiments
were conducted to obtain estimates of emission rates. An example of the
type of experiments that were conducted is the determination of the amount
of solwvent which was emitted from an architectural coating as it was drying
or curing. KVB's tests indicated that as much as 30 to 40 percent of the
solvent is permanently retained in the paint after it is cured. Other experi-
ments included emissions from open ponds, asphalt paving, auto gas tank filling,

and domestic solwvents. XVB 3804-714



For analytical purposes, samples of emission gases were collected

in the following type of containers:

. tubes filled with activated charcoal
. borosilicate glass bottles
. Tedlar bags

. ¢lass bulb containing 1% sodium bisulphite solution
{(aldehyde determinations).

The charcoal sorbent tubes were used to collect aliphatic organic
compounds with boiling points above that of n-pentane and all other compounds
from Cl - up. The gas collection bottles and bags were used to collect ali-
phatic compounds with boiling points below that of n-pentane. On most major
sources, a combination of sorbent tubes and either bhags or bottles were used.
Bags or hottles were used for the entire compound range when utilized for

grab sampling.

All samples were analyzed using gas chromatography (GC) and mass
spectrometry (MS) techniques on a tandem GC/MS apparatus. The bottle or
bag grab samples were introduced directly into the apparatus while the samples
collected on charcoal were f£irst extracted with carbon disulfide. Because of
the survey nature of the program only those GC peaks which contributed at
least 1% of the total hydrocarbons were identified unless a substance of

special importance was suspected to exist in the sample.

Presentad in the folleowing sections are a detailed description of
the field test and laboratory equipment, some explanation for their selecticn,
the results of test runs using this equipment, and a detailed description of

test procedures and data reduction techniques followed during the program.
3.2.1 Sampling
A. Equipment Description--

1. Sampling train--XVE designed and built two identical portable sampling

units that ccould:

measure stack gas tamperaturs and velocity
. Eilter out particulates larger than 2 microns

. collect samples in sorbent tubes, glass or polybags.
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Figure 3-1 illustrates the assembled sampling trains. Materials

of construction were as follows: -

all metal components were stainless steel
seals were Viton or Teflcn
containers were borocsilica glass

flexible connections were latex rubber of minimal length.

The general flow diagram, Figure 3-2, illustrates all components of the

assembly which are available to be switched into several sampling modes

to conform to requirements dictated by the source to be tested. The

components are:

The above

a sample nozzle

a filter holder with 2.5 micron pore size glass fiber filter
a filter and line heater and thermostatic control

an impinger train containing LiQH crystals

a bqrosilicate (Pyrex) gas collection bottle

4 sorbent tube train with thermometer and vacuum gauge

a Brocks flowmeter with nsedle valve flow control

various interior and exterior valves and connectors as,
indicated in Figure 3-=2

a meter connection to PD gas meter

a pressure gauge and pvrometer for use with a pitot tube,

system was unitized within a portable aluminum closure. Its

interior arrangement permitted significant freedom o¢f directional orienta-

tion for rigging convenience. In addition to the packaged sampling unit,

the following additicnal test ecquipment was used:

two pitot tubes for velocity measurements

two thermocouples for stack temperature measurements

three dry gas meters ‘

additional glass sorbeﬁt tubes containing charcoal sorbent
two Gast vacuum pumps

six Spectrex diaphragm pumps

two squeeze bulb type hand pumps

KVB 5804-714



Reproduced from

best available copy. KVB

> AR ey

s WA
o TS ot Y )

et < A

Figure 3-1. XVB hydrocarbon sampling trains.
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50 Csr and N2 determination
. a Draeger gas detector with detector tubes

an Orsat analyzer for CO, CO Q

a TLV sniffer with recorder (a total hydrocarbon tester
with 0-10,000, 0-1,000, and 0-100 ppm range)

. an anemometer

. thermometers of wvarious ranges

. liguid sampling equipment, graduated cylinders, and funnels
. rigging tools

two VW micro buses as support vehicles for equipment transportation.

Typical test setup and confiqurations are discussed later under sampling

methods.

2. Sampling Train Selection--

a. LiOH Impinger--The lithium hydroxide in the dry impinger train was
selected for use based on experience gained on the Apcllo space capsule.
Initially an ice water impinger was considered for moisture, NOx, SO0x, and
CO removal. The problem with this approach was that it was felt that the
alcohols and some other oxygenatas would be highly water soluble and would
not be eaéily separated for analysis. (The impinger scolution was analyzed
for nhydrocarbons.) LiOE was used in the Apollo life support system T0 adsorb
primarily CO,. In the sampling train it neutralized NOx and SOx which would
react with the hvdrocarbons and adsorbed mest of the condensed moisture.
Furthermore according to Apollc datz the L1ICH does not adsorb hydrocarbons.

A C52 extraction and a hydrocarbon analysis were made on the impinger contents

and no aydrocarbons were found,

The probe, filter, line and valves leading to the impinger wera
maintained at less than 22C °F. Some light condensation was found downstream
of the impingers in the collection bottles and sorbent tubes but this did not
interfere with the hydrocarbon determinaticns. The water content of the
exhaust gases was determined using a separate water knockout train, or

agquasorb.
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b. Sorbent--The suitability of several different tvpes of sorbent mate-
rials was investigated. The materials tested included: Tenax GC, Carbosieve
B, activated charcoal, and XAD-2 resin. The criteria observed in the selec-
tion of the scrbent included quantitatiwve retention and recoverability of
every analyte possible. These gualities were dimensionalized by measurement
of breakthrough velumes and recovery efficiencids. Table 3-1 presents the
breakthrough volumes of the sorbents (25 °C) for hexane and benzene. These
analytes were considersd to represent about the upper limit of materials
that can ke analyzed in gas grab samples. Carbeosieve B and activated charccal

showed particularly high retention capacities.

Ancther important parameter in sorbent selection is the analyte
recovery efficiency. Elevated temperature, thermal stripping (with a purge

gas or in vacuo) or adsorbed compdnents on Tenax, Carbosieve B and XAD-2 was
considered but later rejected because the entire sample must be committed in
a single determination. Recovery efficiencies using the thermal/purge-gas

technigques also showed high molecular weight discrimination (see Table 3-2).

TABLE 3-1. RETENTION EFFICIENCIES CF VARIQUS SORBENTS

Breakthrough volumes,* l/g sorbent

Benzene Hexane
Carbasieve B 47 55
Tenax GC ) 3 1.4
XAD-2 Resin 12 20
Activated Charcoal 30 43

*Measured as the volume of gas/grams of sorbent in cartridge to
give a 0.1% FID response to gas stream containing 50 ppm of test
component.

KVB 5804-714
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TABLE 3-2. RECCVERY EFFICIENCY CF PURGE-THERMAL
STRIPPING COF SELECTED ANALYTES

TENAX Carpbosieve B XAD-2
% Recavery % Recoverv % Recovery
Benzena 105 - ——
n—C7H16 100 1r -
n—CSH18 99 <1 —_—
n-C9H20 94 <1 -
n—ClOH22 72 <1 62
n--CllH24 67 <1 60
n_C12H26 87 <1l -
“'C13H28 38 <1 -
n_C14H30 56 <1l -
n-ClSH32 61 <1 -
n—ClSH34 46 <1 -

Solvent stripping for analyte =lution preparatory to chromatographic
analysis was investigated. Carbon disulfide (CSZ) was found tec ke an attrac-
tive solvent. Many of the other common solvents, such as methylene chlcride

(CE Clz), chloreform, hexane, benzene, ete., tended to swamp the chromatogram,

2
obliterating any signals of components that have boiling points even decades

higher.

Unfortunately, it was found that Tenax GC is soluble in C52 as well
as in CHZCLZ. Carbosieve B showed poor recoveries with solvents. Testing
was therefore primarily focused on solvent extraction of activated charcoal

with CS2 and XAD-2 resin extraction with CH Clz (CS. alsec dissolved XAD-2).

Table 3-3 presents the results. Mueller ané Millei (Ref. 3-1)

reported similar efficiencies for halegenated and oxvgenated hydrocarbons
using charcoal adsorpticn followed by CS2 elution. Based on the data they
presentad and the precedent set by the Naticnal Institute for Occupatiocnal
Safsty and Health (NIOSH) in the selection and published (Refs. 3-2 to 3-4 )
characterization of the charcoal/C82 analysis scheme, the use of coconut-
derived activatzd charccal as supplied by Mine Safetv Appliances or SKC, Inc.

was selected as the material of choice for scurce sampling.
s ; LG «vB 5804-714

3-1C



TABLE 3-3. SORBENT RECOVERY EFFICIENCIES FOR NORMAL
ALKANES USING SOLVENT ELUTION TECHNIQUES

Activated Carbosieve XAD~2 Resin/
n-Alkane Cha:coal/C52 B/CS2 CH2C12
n—C6 97 <l.0 Solvent
Masked
n—C7 98 <1.0 Solvent
- Masked
n-C8 92 <1l.0 ) Sclvent
Masked
n-C9 87 <1.0 Solvent
Masked
n—ClO 30 <l.0 100+
-C <
n 11 a0 1.0 97
n—ClZ 20 <1.0 -
-C & -
n 13 100+ 1.0
n--C14 76 <1.0 -

3. TLV Sniffer--The Bacharach TLV sniffer was selected for use on this
program to (1) provide a preliminary estimate of total hydrocarbon emissions,
{(2) provide an indication of variatiocns in hydrocarbon concentrations in the
exhaust gas due to process changes and (3) assist in the quantifying of fugi-
tive emissions. It also served as indicator check on the results attained by
GC/MS analysis of fuel samples. This device was selected because compared to
other total hydrocarbon measuring devices it was smaller, lighter in weight,
fast responding and less expensive. The price was under $1000. Other devices
of total H/C measuring capabilities cost $3000 or more. These other instru-
ments are more versatile and possikbly more accurate. However, the Bacharach
is explosion-proof (FM approved) whereas some of the more expensive units were

neot.
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The TLV sniffer is an improved versicn cf a lower-explcsive-limit
(LEL} detector of combustible orcanics with an improved sensor and an
accuracy greater than the conventional LEL type instruments. It detects
hydrocarbon emissions and quantitatively records them in ppm as hexane;
however, this read-out can be converted to any specific nydrocarbon or LEL
readings. Because it is FM* approved, it can be used in refineries or )
other locations where potential explosive mixtures exists. It incorpcorates
a contact mass sensor with resistance to catalytic poisonlngs, an axplosion
proof potentiometric recorder output, automatic wvoltage regulation, meter
display, sampling pump and a rechargeabls battery power scource. The system
uses the heat of combustion of the gas-in-air mixture as hydrocarbon sensing.
A relative rssponse curve supplied with the instrument permits gquantitative

measurement cof some individual gas species.

Table 3-4 illustrates the conversion factors for converting meter

readings of hexane to other gases.

Figure 3-3 illustrates the conversion factors of ppm readings to

LEL eguivalents.

TABLE 3-4. MULTIPLYING FACTORS FOR CONVERTING ppm METER READINGS OF HEXANE-~
CALIBRATED INSTRUMENTS TO pem CONCENTRATIONS COF COTHER GASES ON TLV SNIFFER

Gas Detectead Factor Gas Detected Factor
Acetone 1.5C Methane 1.58
Acetylene 1.78 Methanol 3.71
Benzene 1.02 Methyl Acrylate 3.37
1,3 Butadiene 1.52 Methyl Chloride 3.81
Butyl Acetate 2.08 Methyl Chloroform 4.44
Carbon Disulfide 5.92 Pentane 1.04
Cyclo Hexane 1.02 Perchlorethylene 13.66
Ethyl Acetats 2.22 Propane 1.14
Ethylene Oxide 2.05 Styrene 2.25
Heptane 1.05 Tcluene 1.03
Hexane 1.00 Trichloroethylene 6.40
Hydregen 1.45 vinyl Chloride 2.24
M.E.K. 1.60 Xylene (Q) 1.64

* FM: Fire Marshall
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B. Sampling Method--

After permission for testing had been recsived from plant management,
plant visits and on-site inspections of the source were made. The following

preparatory information was obtained:

plant size and location
. Process parameters: type, temperature, process mass flow
- plant safety requirements

. sampling facility and accessibility.

This information was used by XVB's field test engineers to prepare equipment
and recording forms and analytical support. A definite test date was

scheduled in coordination with the management of the plant or scurce to be
tested.

1. Train selection~--The specific sampling train configuration to be

used on a particular source depended on the following factors:

. the classes of organic compounds sxpected in the emissions
. the temperature of the emissicns
. the water content of the emissions

. the type of emission flow {(i.e., ducted or fugitiwve).

Table 3-S5 indicates the sampling equipment used for 17 different scurce

types. For each ducted source the universal sampling train presented earlier
in Section 3.2.1.A was adapted as indicated in Table 3-3 by the "mode" numbers
one through five. Tigures 3-2, 3-4, and 3-5 show the first three of these
different adaption modes. Modes four and five involve the measurement of
fugitive emissions. Figures 3-6 through 3-2 illustrate the sampling setups
for a typical fugitive source, in this case a petroleum transfer line valve.
In Figures 3-6 and 3-7 the setups for a cold valve are shown for two different

leak rates while in Figures 3-8 and 3-9 the setups for a hot valwe (T > 160 °F)

are shown,
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Figure 3-2 illustrates the train setup for high temperature combus-
tion source sampling. The train filters out particulates at stack tempera-
ture, collects andehvdes, collects meisture, NOx, SOx and CO on LiQH in
two impingers, and collects hydrocarbons by entrapment in a bottle and by

adsorption in sorbent tubes.

Figure 3-4 illustrates the sample train as used sampling high and
low temperature sources with insignificant water vapor content. The train
filters out particles, collects ahdehydes, and collects hydrccarbons by
entrapment and by adsorption. It records fluctuation in total hydrocarhon

emissions using the TLV snifier,

Figure 3-5 shows the configuration used in sampling cold solvent
sources such as dry cleaning, degreasing and painting processes. The train
filters particulates, monitors total hydrocarbon emissions fluctuations,

and entraps hydrocarbons in gas collection bottles.

Figures 3-6 and 3-7 illustrate sampling setup for testing fugitive
smission sources. The rate of emission 15 measurad, total hydrocarben
concentrations monitored, and gaseous emissicns are collected for analysis.
In Figure 3-6 the H/C leak rate is so great that the vapors £ill the tent
and drive the gas meter. In Figure 3-7 a pump is used to draw purified air

thrcugh the tent £o pick up the smitted E/C vapors.

Figures 3-8 and 3-9 illustrate test setwp for sampling a high
temperature fugitive emission source. In Figure 3-8 aluminum foll is
substituted for polyfilm and ratss are measursd as Figqure 3-6 or 3-7. When
the foil cannot be used the setup in Pigure 3-9 is used. The temperature
of the source is measured, a grab sample is obtained in a gas ccllection
bottle, and the concentration of total hydrocarbons is measured. The leak

rate is chtained by applying engineering judgments.

KVB 5804-714
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2. Ducted sources--BExhaust gas volumetric flow rate was determined by

measurements using EPA Method #1 described in the Federal Register. These
measurements were checked by material balance calculations if sufficient
source information was available. Before testing, approximation of the
gaseous hydrocarbon'concentrations was made utilizing a Draeger gas detector

with specific indicator tubes, or the TLV sniffer or both.

The ducted sources were sampled at an accessible point c¢lcocsest to the
point of average gas velocity. An attempt was made to maintain an isckinetic
sampling rate. Sampling time was adjusted according to hydrocarbcon concentra-

tion to avoid breakthrough on the sorbent tube.

The test data and process data were recorded throughout the test. At
the end of the test period the impingers were sealed, labeled and delivered
to the laboratory. The sorbent tubes were removed from the train by discon-
necting the flexible tubings from them, sealed with polyethylene end caps,
labeled, identified and placed_into a shipping container. The gas collection
bulbs, bottles and bags were closed, labeled, identified and shipped to the

laboratory for analysis.

Wherever possible, a small sample of the process feed and that of the
product were obtained for analytical determinations, such as evaporation rate

and vapor pressure. These data were used toc obtain a material balance.

The TLV sniffer was used to indicate expected or unexpected process

fluctuations.

3. Pugitive sources--The measursment of emission rates for non-ducted or

fugitive emissions required ingenuity on the part of the tast crew. As
mentioned esarlisr, frequently these emissions were estimated or calculated
on process data such as solvent make-up rates or on experimental data such
as evaporation rates or emission factors for petroleum storage tanks. In
certain cases, it was desirable to make selected measurements in order to
estimate total emission rates. The most useful techniques for detecting and
measuring leak rates involve the use cf bubbling scap soluticons and tenting
with polyfilm sheeting. XVB used this appreach in refineries, chemical plants,
etc. where leakage losses could not be readily detected from the process
flow rates.

KVB 3804-714
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The appzroach used was to usually check all of the accessible nydro-
carbon-transfer fittings (valwves, £flanges, etc.,) for signs of leakage (stains,
etc.). Next the fittings were checked with scap solution, Figure 3-10.
Fittings showing leakage with soap solution were categorized as to their
estimated leakage rate: low, medium, or high. Depending on the time avail-
able and the number of "leakers", a selected, representative number of leakers

ware tented and their emissions measured.

The test setup for measuring leakage rates is shown in Figqure 3-7.
The small Spectrex pump pulls a low rate of air through the polyfilm envelope.
The air drawn into the envelope is filtered to remove background hydrocarbon
where necessary and is metersd with a rotameter as shown. The outlet air
and aydrocarbon mixtures is metered and delivered to the TLV analyzer where
the total hydrocarbon level is measured continuously. When a steady state
has been reached, the TLV analyzer reads a constant ppm level. Readings are
taken for several minutes. Then a Tedlar bag of the emissions 1s taken.

The total hydrocarbon leak rate is determined by the following calculations:

3
-5 by =
HC = 1.36x10 PPmTLV b4 &

where

HC = hydrocarbon leak rate, lb/hr

pmeLV = parts per million total hydrocarbon concentration
detected on TLV as hexane

ft3 = meter reading on gas meter corrected to 80 °F and 29.9 in. Hg,
in cu. ft.

. . . 3 -
t = time 1in minutes £t~ was measured

-5 1 80 min/hr
L-36x10 "pPm = 758 X 375 723/ 1io-mole

X 286 (Mwt. of Hexane)

This calculation was checked with the data from the Tedlar bag. The
volume of emissions collected in the bag and the filling time of the bag was
measursed and recorded. The total hydrocarbon content of the bag was determined
by GC analysis in the laboratory as well as the specie breakdown and average

molecular weight. From this information the total hydrocarbon esmission rate

KVB 5804-714
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was determined to check the results determined by the TLV. The percent
composition determined by GC analysis was used to apportion the total

hydrocarbon emission rate among the various species.

Based on these measured lesakage rates, the leakage rates for other
fittings were estimated on the basis of cbserving their performance during t@e
soap-solution test, KVB also applied the use of the TLV sniffer to determine
relative total nydrocarbon emissions from these types of fittiggs. This proved
to be successful and it became particularly wvaluable for use on hot fittings

and on pump seals.
3.2.2 Analysis

The primary analytical chemistry work on this program was performed
by Analytical Research Laboratories Inc. (ARLI), Monrovia, CA. Their final
report is presented in the appendix, ARLI assisted KVB in the design of the
sampling train, the selection of a sorbent and the design of a quality control
system. Portions of their work were reported in Section 3.2.1 (sorbent
section). This section is a summary of the sguipment and methods used in

analyzing £field samples.

Samples received from the field included: 500 ml or 250 ml glass
bottles, Tedlar bags, glass tubes containing charccal sorbent and 100 ml
flasks containing 1% sodium bisulfite solution. The bottles, bags and
sorbent were analyzed for all organic species while the ligquid in the flask

was only analyzed for aldehvdes.

Most of the gasecus samples in the bottles and bags were analyzed
within 2-3 days following receipt, except for a small number that were
processed as long as two weeks later. Several tests were made with synthetic
sampies to evaluate storage effects on the contents of capped charcoal
sampling tubes. Recoveries did not change, within experimental error,
between 24 hours and 30 days. Therefore, the charcocal samples could stand
for longer periods without fear of losses, and were not usually analyzed until
after the gas samples in the same sets had been analyzed. The charcoal eluates

were usually run within an hour after the carbon disulfide was added to

extract the sample components.

KVB 5804-714
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Initial analysis of all samples was conducted using a gas chromato-
graph (GC). Lower beiling component identifications were based on retention
times established by repeated analyses of standards. If there were guestions
as to the positive identity of a GC peak,* the sample was rerun using GC/MS
methods for the identification. This approach was often necessary because
2 number of chromatcgraphic peaks contained at least two and sometimes three
components. The mass spectra also provided a basis for detérmininq ratios
of the components in the GC peak being examined. These data were then used
in making quantitative measurements of the contents of chromatographically
unresolved but computer-integratable peaks. All peaks which contributed at
lease one volume percent of the total organic vapor were identified and

quantified. A sample report of a sample analysis 1s presented in Table 3-6.

A Beckman Model GC-55 equipped with a precision temperature-programmed,
column oven and a flame icnization detector (FID) was used for most of the
GC work performed on the program. The column was 1/8" 0.D. by 6 ft. long
stainless steel tubing containing a stationary phase of 100-200 mesh Poropak Q. .
Using the analytical conditions described below, this column furnished good
resolution of the lowest boiling materials encountered while still eluting
with good results the higher beiling hydrocarbons representing the top of

the range of interest.

Analyses were performed using helium as the carrier gas at a flow
rate of 30 cc/min. Detector gas flows were: H2 - 40 ¢c/min; air - 300
cc/min. The following conditions were used for GC analyses: & min. at 40 °C
followed by temperature programming at 10 °C/min to 130 °C and holding at

190 °C for approximately one hour.

The GC column effluent of the Beckman GC-55 gas chromatography was
split into two streams. One stream was directed to the FID of the GC, the
other to a heated trﬁnsfer line which carried thé stream to a Finigan Jet
Separator and into the mass spectrometer. The separator provided a twenty

fold concentration of the material of interest in the gas stream.

*Conventicnal gas chromatograph data are recorded on a strip chart with a
recording pen which moves literally in proportion to the concentration of the
gas being emitted from the GC column. The resultant image on the chart is a
peak~shaped trace whosa area is proportional to the guantity of the gas present.
Thus the term peak is used to refer to an indication of a component of the gas

mixture being analyzed.
KVB 5804-714
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SAMPLE NUMBER:

ARB
CODE

1

1
3
2
2
2

2 COMPOUNDS OF ARB CLASS I
3 COMPOUNDS OF ARB CLASS II
1 COMPOUNDS OF ARB CLASS I1I

EPA
NUMBER

43201
43202
43203
43204
43212
43214

TABLE 3-5.

GC ANALYSIS REPCRT

TYPICAL COMPONENT ANALYSIS

[/C ENGINE ExHAUST
BOTTLE 10130 A

CHEMICAL NAME MOL.WT

METHANE
ETHANE
ETHYLENE
PROPANE
N—BUTANE
I[SO-BUTANE

16
30
28
44
58
58

TOTALS

Uc/L

2860.
378.
35.
370.
101.
58.
3770.

BWT

74.
10.
1.
9.
2.
1.
1¢0.

TOTAL PPM FROM GC AS HEXANE

TOTAL PPM FROM TOC AS HEXANE

3-28

PPM VoL

4350. 87.
307. 6.
4.9 1
205. 4
42.3 0.
0

0

[F e R N S O V]
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The mass spectrcmeter used on this program was a Consolidated
Electrodynamics Corporation (CEC) Model 21-104. This was a 180 degrse
magnetic sector instrument having an electron impact icn source and an
electron multiplier detector system which permitted modernately high-

speed mass scanning.

Multiple MS scans were taken when a GC signal was cbserved on the
strip chart recorder. Multiple scan studies indicated that apprcximately
2 seconds were required for the maxima to be obsarwved by the MS. Multiple

scans were required to insure representative ion pair formation.

Mass spectra were interpreted manually using such reference works

"Compilation of Mass Spectral Data," Cornu, A. and R. Massot,
Heyden & Son, Ltd., Londen, England, 1966.

"Index of Mass Spectral Data," AMD II, Americal Society for
Testing and Materials, Philadelphia, 1969.

. "Bight Peak Index of Mass Spectra," Atomic Weapons Research
Establishment, Aldermaston, England, 1970.

"Atlas of Mass Spectra Data," Stenhagen, E., et al., Inter-
science, New York, NY, 1969.

. "API Project 44 Selected Mass Spectra Data," Thermodynamics
Research Center, Texas A&M University.
When an unknown peak could not be positively identified by this
means, the spectrum was compared with the mass spectra of some 27,000
different compounds in the library of the Cyphernetics Corp. Mass Spectral
Search System. This computerized search system was directly accessible on
a time-shared basis. It was successfully used to verify assignments made

during the earlier work on this program.

3 spectrophotometric methed similar to that specified by the NIOSE
was used for the determination of aldehydes. The total wvolume of ligquid in
the aldehyde sample flasks was measured, and an aliguot taken for the

determination. The sample was allowed to react with a modified Schiff's

XVB 5804-714



reagent prepared from rosanaline hydrochloride and sodium bisulfite. After
a suitable development time, the adsorbance was read at 580 mU against a
reagent blank on a UV-vis spectrophotometer. Concentraticn was read from

a calibration curve. The same determination was performed on a sample of
the sodium bisulfite used for collecting/stabilizing the aldehydes and a

1 ug/ml formaldehyde standard. Results were calculated and reported as
total micrograms of formaldehyde equivalent in the sample. The minimum
amounts of aldehvdes that could be detected by this method were typically

1-3 yg total {(as formaldehyde).

3.2.3 Data Reduction

In the field, the tctal volumetric emissions from a source.were
measured. The laboratory analysis provided composition data in the form of
weight of individual specie per unit volume (i.e., Hg/ml). The calculations
required to convert these data to weight/unit time of the indiwvidual species
were performed using the test data and calculation sheets shown in Table 3-7.
For each test the completad Page B, "Summary: Emissions to Atmosphere" is

enclosed in the Appendix.

The veolumetric measurements of ducted sources were made using EPA
Method 1 as described in the Federal Register, Volume 36, Number 139,
August 17, 1971. Standard c¢onditions used in all calculations were 60 °F
and 29.95 in. of mercury pressurs. Gas density correction facters were
based on Chapter 3 of the "Scurce Testing Manual" published by the Air Pollution
Control District of Los Angeles County, 1972 (now SCAQMD Metro Division}.
Page E of the XVB data forms (Table 3-7) shcws the step-by-step computation
for deriving the gas correction factors for volumetric source analysis

using moisture content and Crsat data.

Combustion source flow rates were measured by Method 1 and checked
using Orsat analysis and combustion calculations based on fuel analysis and
process data pertaining to the source tested. The method used is described

in detail in Section 5.4 of the "Source Testing Manual”.

XKVB 5804-714



10.
11.
12.
13.
14,
1s5.
16.
17.
18.
19.
20.
21.
22.
23.
24.

. Av. Gas Velocity, FPS (see page F)

TABLE 3-7. TEST DATA AND CALCULATICN SHEETS

(Nine Sheets)

KvB

Sample Codes

Test No.

e ————————

. SUMMARY CF RESULTS

Name of Firm (see page C}

Page _A-

Data

Plant Location (see page C)

Basic Equipment (see page B)

Control Equipment(see page B)

Equipment Tested (see page 8)

Process Weight Per Hour (see page C)

Test: {see page C)

Sampling Station (see page D=1 & G)

Gas Temperaturd,®F (see page F&D-1)

Gas Flow Rate, SCFM (see page F)

Material Sampled(see page D-1 § G)

Time of Test-Begin (See page D-1)

Time of Test-End (see page D-l)

Net Sampling Time, Min. (see page D=1

Conc., Gr./SCT (see pgs. B,D~2 & G)

Cone., Gr/S5CF at 12% CO2 (see pgs.B,D0~2 & G)

Conc., Volumes ppm (see pages B,D-2 & G)

Pounds/Hour (see pages B,D-=2 & G)

Collection Efficiency, i (see page B)

Water Vapar, Vol. % (see page E)

€05, Vol. %{Stack Cond.) (see page E)

0,, ¥o0l. % (Stack Cond.) (see page E)

2
CO, Vol. % (Stack Cond.} (see page E)

Nz, Yal. % (Stack Cond.) (see page E}

Tested by

KVB 5804-714



KVB

Sample Code

Test No. Tested By

Date Page B-

SUMMARY: EMISSIONS TO ATMOSPHERE

Name of Firzrm

Location of Plant

Type of Operaticn

Unit Tested

Efficiency of Control Equipment, 3%

Gas Flow Rate, SCFM Gas Temp. °F (see page D-1)

Test Method

COMPOUNDS ANALYZED EMISSICNS

Name Mol. Wt. ppm ug Gx./SCF | Lbs/Hour tons/vear

KVE 5804-714



KVB

Sample Code

Tested by:

Date

Page C

STATEMENT OF PROCESS WEIGHT OR VOLUME

Firm Name

Address

DATA ON OPERATING CYCLE TIME:

Start of Operation,Time

£nd of Operation, Time

Elapsed Time, Minutes

Idle Time During Cycle, Min.

Net Time of Cycle, Minutes

DATA ON MATERIAL CHARGED TC PROCESS DURING QPERATING CYCLE:

Material Weight lbs, gal
Material or lbs, gal
Matcerial Volume lbs,gal
Material lbs,gal
Material lbs gal
Marerial lbs gal
Material lbs, gal
Total:

Signature
Title

KVB 5804-714



KVB

Sample Code

Firm and Unit

Test No. Page D-1

Sampling Station Date

SAMPLING TRAIN DATA AND CALCULATIONS

Gas Meter Flow Meter = Imping. THC
Readlnd Vac. |Tlemp. iReadind Vac. | Temp.|| Temp. |Sam-|Moni-Btack]
. Cu Ft. [In.Hg | °F dcc/min|In.H °F a Tem
Time -ng F le |tor P
Vm By Tm_ V. P Te T; t. |pom af
Sy —5 —
Net  -i- Nets-—| Av. {Av. -iNet*--| Av.~ | -Av.” AV .~ -] . [Av. )

*Net Vg Cu.-Ft. = total cc x 3.531 x 10-5

Material type sampled

Source Flow Rate SCFM {line J of page F)

A
B.
C. Condensate Veolume, ml
D Condensate Vapor Volume, 0.0026 x ¢ x (460 +Tm}/(29.9-PL), &
E

1 Total Sampled Volume, Impingers = Vp+D, CF

E, Total Sampled Volume, Sorbent = V. + (D x-%iw)f cr

Fl Sampled Volume in Impingers =-:[E; x 320 x (29.9—Pm)1/[29.9 x (460 + Tyl
SCF

F2 Sampled Volume in Sorbent Train = {E2 % 520 x [(29.9 -PS)}/{29.9 x (460 +

Tg)1, SCF

Continued on page 3B

KVE 5804-714



KVB

Sample Code

Firm Name and Unit

Test No. Page D=2

Sampling Station Date

SPOT MONITORING DATA BY DRAEGER OR TLV SNIFFER

CONCENTRATION 1
INSTRUMENT USED | FUNCTIONAL DATA COMPOUND NAME pom | Grs/SCF | Lbs/Hour |

KVB 5804-714



)

O

4]

ry

G-

H.

KVB

Sample Code

Firm and Unit

Test No. ) Page I-

Sampling Station Date

WATER VAPOR AND GAS DENSITY CALCULATIONS

Percent Water Vapor 1n Gases

Gas Pressure at Meter, In. Hg (Absolute)

vVapor FPressure of Water at Impinger Temp.,In.Hg

Volume of Metered Gas, Cu. Ft.

Volume of Water Vapor Metered,BXC/A, Cu.Ft.

Volume cof Water Vapcr Condensed, Cu,.Ft.*

Total Volume of Water Vapor in Gas Sample, D+E,Cu.Ft.

Total Volume of Gas Sample, C+E, Cu.Ft.

¥ Water Vapor in Sampled Gas, 100 x F/G

* See D on sampling train data sheet, page D-1

{4

Gas Density Correction Factor

Weight Per Mole

Component Volume Percent X Moisture Collection X Mol.Wt.= Wet Basis
Water 1.0 18.0 -
CarbonDioxide Dry Basis . 44.0

CarbonMonoxids Dry Basis 28.0

Oxygen Dry Basis 32.0

Nitrogen + .
"Inerts Dry Basis 28.2

Average Molecular Weignt

. . . ) Av.Mol.Wt.
Jensity of Gas Referred to Air = 8.9t

- : - 1 =
Gas Density Correction Facter =‘\!L-OO =
=

oJ

KVB 5804-714
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1

Sample Code

KvB

Firm and Unit

Plow Rate, 520 x I/(H+460), SCEM

3-37

Test No. Page f=
Sampling Station Date
Time GAS VELOCITY DATA
Sfart
= {iVel.He Temp. vel. Vel.HeacﬁTemp.i Vel. Vel.Head Temp. Vel.
point ||In. Hp0| °F Ft/Sec.|In.Hz0 | °F [Ff/Sec. |[In.Ha0 | °F [Ft/Sec.
—Linish
Average Veleocity (Traverse)Ft/Sec
Av. Velocity(Ref. Point) Ft/Sec ‘4—-——-—- —————
Flue Factor A/B
Pitot Cocrrection Factor
Gas Density Correction Factor
Corrected Vel., AxDxE, Ft/Sec
or BxCxDxE, Ft/Sec | {
Area of Flue, Sg. Ft. 1 i
Average Flue Temp.. °F 41 I
Flow Rate, FxGxel, CrM :..._ _...._._.4!

KVB 5804-714
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KVB

Sample Code

Firm and Unit

st No. ———— Page G=

Date

GRAB AND BAG SAMPLE RESULTS
HYDROCARBONS, ALDEHYDES

. - Sample

SAMPLE T'ypepand Components opm pEm Grains/SCF

STATION R 3 Stack Stack LBS/HR

Sampling Dry . cL :
. X Conditlions {Conditicns Loss
Time Basis

Location

Temp., °F

Humidity, 3

Locaticn

Humrdity, 3%

Location

Humidity, %

KVB 5804~/Ll4
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KVB Page H

CONVERSION FACTORS AND CONSTANTS

Unless otherwise noted, all conversicn factors and constants are at standard
conditions of 80°F temperature and 14.7 psia pressure.

TD CONYERT FROM 10 WULTIPLY

grasins/cubic foat s parts per miliion {by voliunme) 5.416 x 104/&
per cent by volume 5.416/M
milligrams/cubic meter 2289
ailligrans/cubic foot 64.8
milligrama/liter 2.29
pounds/1000 pounds air’ 1.87
pounda/cubic foot 1.429 x 10~4

parts per million (by volume) grains/cubic foot 1.846 x IO‘SE
per cent by volume 10-4
milligrams/cubic meter 4.23 x 10-2i
milligrama/cubic foot 1.196 x 1073y
milligrams/liter 4.23 x 107

per cent by volume parts per million (by volume) 104
grains/cubic foat 0.1846M
milligrams/liter 0.423M
milligrams/cubic foot 11, 96M

milligrams/cubic meter grains/cubic foot 4.37 x 10_4
parts per million (by volume) 3.7/
milligrams/cubic foot 0.0283

milligrams/cubic foat grains/cubic foot 0.01543
partsy per million (by volume) 836
willigrams/liter 0.0353

milligrama/titer grains/cubic foot 0.437
parts per million (by volume) 2.37 x 104/3
milligrams/cubic foot 28.132

cobic feet liters 28.32

litera cubic feet 0.03531

grama grains 15.43

grains milligracas 54.8

pounds grains 7000

M = molecular weight

3=39 KVB 5804-714



The reported hydrocarbon concentrations were calculated from the

laboratory results as follows:

The hydrocarbon concentraticn provided by the leboratory was on
a dry, COZ—free basis. This was converted to actual moisture and C02
conditions at the source by the relation (page B of Table 3-7),

(100 - W.V. - CO»)

°ae T (Cucla 100
where,

CHC = concentration of hydrocarbons at source (actual) conditions,

parts per million by wvolume
(CHc)d = concentraticn of hydrocarbons; dry, CG_-free basis, from the

analysis; parts per million by volume

W.V. = water vapor in source gases, percent by volume

C02 = carbon dioxide in source gases, stack conditions, percent

by volume

The water vapor concentration was measured during the source test
using an ice water impinger or Aquasorb tube. The carbon dioxide concentra-
tion was obtained from Crsat analysis (dry basis), converting to stack

conditions by multiplying by the factor (1-M.W./100).

The reported emissicn rate of hydrocarbons was calculated by the

general relation,

Moo = 1381077 o QONW.)
where,
MHC = emission rate of hydrocarbons, pounds per hour
Q = stack gas flow rate, standard cubic feet per minute (SCFM)
(M.W.)Hc = molecular weight of hydfocarbon

XVB 3304-714
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-7
The 1.58x10 factor came from the following unit analysis:

3 ,
1b . ppm) ft ) (60 min 1b } 1 mole ]
Muc {h Cyc (FPM) X |745] * R [MW hr ) x  MWloo (oole ) | 379 £e2
M [Q) = 0 W) ((1/10%) x (60/379) x (1b/hr)]
He \hr he Ny ®

=7
1.58x%10 cHC Q (M.W.)HC {1k/hx)

The conversion factors used in the taest series are summarized on

Page H of Table 3-7.

3.2.4 Ambient Tests - Douglas Refinery

The emissions from a refinery were characterized by measuring the
organic compound concentrations upwin& and downwind and using plume disper-
sion modelling techniques to calculate a source emission rate. Because
refinery emissions are primarily of the fugitive type (i.e., from leaks,
spills, and open ponds rather than from stacks), characterizing these
emissions requires tens or even hundreds of thousands of individual mea-
surements. At best, this program could only test some representative
sources (i.e., valves, flanges, pumps, etc.) and then extrapolate these
measurements for an estimate of the entire refinery. If this complex scurce
could be treated as a single point source by defining a plume of emissions,
it seemed possible that the source emissions could be defined by the con-
centration changes in the plume. The process <¢f predicting downwind air
pollution impacts of potential new plants had developed to an acceptable
science. There the source emissions are defined and the downwind concen-
trations are calculated. The approach taken on this program was the reverse.

The downwind concentrations were measured, and the emissions were calculated.

KVB 5304-714



KV3 engaged AeroVironment, Inc., (AV) to perform the ambient testing
and modelling while the KVB engineers simultanecusly determined the refinery
emissions using discrete source accounting techniques invelving source
sampling, egquipwment Lnventorying and emission calculations on an item by

item basis.

AV's final rasport of this =xperiment is presented in the Appendix.

This section presents a sumarv of that raport.
A. Sice Selection--

After a thorough survey of all of the rafineries in the Basin, AV
selected the Douglas Refinery in Paramount, C3A as the tast sits for the
following rsasons:

. Location - the refinery was located in an arsa largely

residential and commercial - several miles
from any other major source of nydrocarbons

. Metazorology - in the early morning hours when trafrfic
interference is least the wind was Zound to
be stable with a light (5 mph) and unifcrm
wind

. Size - this was one of the smaller refineriss in the
Basin and thus the problems of piume moni-
toring were minimized.

Agrsement with this selection was received from ARB and WOGA
although it was realized that the Douglas rafinery is a specialized refinsry
that has only a faw of the processes found in other refineries in the 3asin.
Tor =he first atZampt 3t this type of test, it was concedsd by all that zhis

site was an acceptable choice.
B. Test Approach-=-

Four tast runs wers ccnductaed cover an eight day period at rhe end
of November 1376, A& system of receptors was arranged as shown on the RAg
in Figure 3-11. A source of sulfur hexafluoride (SF_ ) was insta-led at a

central location in the refinery (Figure 3-11). SP6 was ralzased at a rats



ROSECRANS AVE.

COMPTON BLVD.

@ Cantreras St.
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Jefterson St.
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@
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g b . a O SF5 Release
< S 2 >l B airab
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o
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o

Figure 3-11. Schematic representation of test site for November 23, 1977.
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of 2.5 lb/hr. By knowing the ST_ release rat= and the receptor point con-

)
centrations, the source/receptor relationship were to be established by
diffusion modellinq: Both SF6 and hydrocarbons were measured simultaneously

so that the source/receptor relationship established for SF6 at that time

would alsco be applicable to hydrocarbons.

At each receptor location the air was sampled for four hours (3:30
to 7:30 a.m.) replacing collection bags at the end of each hour. The bag
contents were analyzed on site (at the AV mobile lab) for methane, non-methane

hydrocarbons, CO and SF The bags were then delivered to ARLI for GC/MS

5"
speciaticon of crganic contents.

C. Meteorology——

On three of the four test days the atmosphere was calm. Wind was
generally from the north with a speed of 3-7 mph, a typical drainage flow
in that area. Occasional wind shifts were experienced. On one run the
conditions were too calm and both upwind and Jownwind receptors recorded
about the same concentrations. Wind direction was recorded continuocusly at
the AV mcbile laboratory. Helium-filled ballocons were released to check the

uniformity of wind direction at higher elevations.

D. Test Results--

Table 3-8 is a summary of the test rasults. A run number was
assigned for each hour. Runs 5-8 which correspond to the November 24
test runs were not tabulated because of the calm conditions mentiocned above.
The receptor location designation is consistent with that given in Figure
3-11., The reader is resiferred to the appendix for further details on

receptor location which were varied slightly cn each of the test days.

The contribution of the refinery plume to a specific receptor point
was the difference between that receptor point and the point upwind. This was
true for'SF6, J.HC, CH4
These net results were used for diffusion modelling. A magnification factor of

and CQO provided that no interference was prasent.

1l.36 was used in the AV hydrocarbon measurements to correlate with ARLI data

as discussed in the AV reports.

KVB 5804-714
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E. Diffusion Model--

The AVQUAL diffusion model, in conjunction with local measurements
of ambient test conditions, was used to predict concentrations downstream
of the refinery. Subsequently, AV attempted to validate cr “calibrate" its
diffusion model using the test data presented above. Because of apparent
meteorological changes in the refinery which were not detected at the mobile
laboratory site, substantial differences existed between the SF6 concentra-
tions predicted by the model and those actually measured, Variations were
attributed to large structures (tanks, towers, etc.) and high-temperature
processes in the refineries which caused increases in vertical wind velocity
ef up to two orders of magnitude. To use the AVQUAL diffusion model, cali-
bration data were developed for selected runs. These are shown in Table 3-9.
In the table, a  is the vertical dispersicn speed and A is the ratio of

vertical to horizontal dispersion speed. The difference in the latter two

parameters between "measured" and "calibrated" should be ncted.

. Emissicn Prediction--

L]

After calibrating the AVQUAL the refinery was divided into five zones.
Using receptor concentrations and calibrated meterological data the source
concentrations were calculated. The predicted emissicns in lb/hr are shown
in Table 3-10. The KVB calculated emissions are shown in Table 3-1l. For
comparison the "Total" emission column in Table 3~10 should be compared for
the "Total” row in Table 3-11. Specifically the averacge prediction of 26 lb/hr
should be compared to XVB's predicted nighttime emission of 134 lb/hr. The
"SCAFCD" values indicated were the emission rates listed in the SCAPCD permit
file as of mid 1976. The "AP-42" values were computed using the squipment
inventory taken by KVB and emission factors for that equipment. The "KVB/ARB"
column reflacts KVB best predictions using emission factors reflacting test
data taken at the Douglas refinery. The nighttime emissions are lower because

the fixed rocof storage tanks are inhaling at night and do not emit.

A possible cause of the discrepancy between the AV prediction and the
XVB source testing results was the vertical diffusion of the hydreocarbon gas,
especially the lighter ends so that the fenseline monitors did not receive

a representative concentration. Source testing data clearly indicated
KVB 35804-714
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TABLE 3-10,

HYDROCARBON EMISSION PREDICTIONS FOR VARIOUS SOURCE
CATEGORIES OF THE DOUGLAS REFINERY IN LB/HR

Run No. Qi Q5 Q3 Qy Q5 - Total

1 3 " a 0 39 47
9 14 g 0 0 10 24

10 12 0 0 3 i5

11 18 0 0 1 19

15 23 0 0 0 23

Avg. 15 0 0 1 10 26

Q] = process areas and emulsion plant

Q, = asphalt plant

Q3 = loading-unloading facilities

Q, = fixed roof storage tanks

Qs = floating roof storage tanks

KV3 5804-714




TABLE 3-11. COMPARISCN OF KVB'S PRELIMINARY HYDROCARBCN EMISSIONS
SQURCE TESTING RESULTS WITH THE RESULTS CALCULATED BY
USING THE SCAPCD AND AF-42 DATA FOR THE DOUGLAS REFINERY
IN LB/HR

KYB/ARB
SC APCD | AP-42 |24 Hr. Av.| Night
Stack Emissions L1 26 13 13
Fugitive Emissions 84 123 54 54
Tank Storage and Transfer 90 95 95 67
TOTAL 135 244 162 134

CH4 emissions from the refinery. However, AV's ambient testing data showed
little or no difference for the upwind and downwind CH, data. It is possible
that under the very stable conditions most of the CH4 emitted would diffuse
upward, and thus is not detectable in the ground level. Heavier hydrocarbons
{in relaticn tec air) under the same stable atmospheric conditions would tend
to diffuse downward., However, the various thermal processes in the refinery

cause substantial updrafts which could cause upward movement of hydrocarbon

gases heavier than air.
G. Conclusicng~=-

Despite some indication that with further work the AV diffusion
model might be able to predict refinery emissions with ambient sampling data
{(i.e., high wind velocity and additiocnal receptor stations above ground lewvel),
KVB did not feel that the results of these tests warranted the further use of
the method. Criginally, it was planned to use this method on two sources if

the refinery results turned out to be satisfactory.

KVB 5804-714
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3.3 QUALITY CONTRCL

A comprehensive quality control program was conducted as an integral
part of the overall organic-emission field tests. The program featured:
1. Calibraticn of field test instruments with ASTM methods
and NBS standards

2. Frequent response-factor calibration of laboratory
instruments

3. Interlaboratory checks for accuracy

4. Concurrent samples taken from the same source with
separate but identical trains for precision checks

w

Separate total organic content analysis to backup
the GC analysis

Unannounced "blanks" of zero gas, calibration gas, etc.

G.
7. An independent QC ceonsulting team.

From the outset KVB engaged the serviges of three experts in the field
of organic analysis, Drs. James N. Pitts, Jr., Daniel Grosjean and Barbara
Finlaysen-Pitts working as a team from EcoScience Systems Inc. (ESS). This
team participated in the initial ewvaluation of the sampling eguipment and
analytical methodology and defined a quality program with the above mentioned
features. The special QC tests (duplicates, blanks, round robins, etc.)
accounted for approximately 10% of the test budget and afforded an excellent

assessment of measurement errcr which was as follcows:

1. The total hydrocarbon-emissions were good to within + 25%.

2. values for the emissions of individual hydrocarbons, however,
were less certain than that for total hydrocarbons.

3. The sum of the errors in sampling and analyses for individual
alkanes probably was in the range of 25-50%.

4. The concentrations of oxygenates, arcmatics and halogenates

must be considered lower limits only with the possible error
being a factor of three or more.

In addition to the above numerical assessment ESS concluded, "In
summary then, the most feasible and reliable field sampling and lahoratory
analytical techniques were employed in this program to yield accurate source
emissions data. The latter can be confidently applied to the development of

a hydrocarbon emission inventory f£or stationary sources in the S5CAB with

'state-of~the~art' accuracy and precision.”
KVB 3804-714
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The ESS report is presented in the Appendix. Their report contains
not only a discussion af selected data which lead to the above numerical
error assessment but copies of comparative test data calibration data

report forms documenting blank sample analyses results, stc.

Prgsented below are some selected data which illustrate the basis

of the conclusions reached by ESS.

3.3.1 Round Robin and Sample Recovery Tests

Before beginning the field tests an analytical program was conducted
to establish assurance in sampling and analysis for stationary pollution
source studies. This included an evaluation of field sampling sgquipment,
laborateory gas sampling, instrument variability, standardization of gas
chromatographic analysis columns, accuracy and precision of data. To test
these parameters, four calibration gases were procured in "X" bottles from
Precision Gas Preoducts, Inc. including selected (1) aliphatic hydrocarbons,
(2) aromatic hydrocarbons, (3) oxygenated organics and (4) halogenated
organic compounds. Concentrations wers specified and controlled by the
KVB program manager who retained certifications until anazlyses were per-

formed.

Upon receipt of the four "K" bottles, three sets of samples were
prepared in 250 ml gas collection bottles by XKVB and delivered to ARLI,
the SCAPCD laboratory in Los Angeles and the ARB laboratory in E1 Monte,
(Only the aliphatic and aromatic samples were sent to the ARB.) The results
of these analyses are presented in Tables 3-12 through 3-15. Added to each
standard as a contrcl compound was hexane selected because of its unreactive

nature and low adsorptivity.

Two of the sampling trains shown in Figure 3-1 were used to collect
samples of the four calibration gases using the setup shown in Figure 3-12.
Results of the analyses of these samples ars compared to other analyses of
these calibration gases using various handlinq and analysis methods are

presented in Tables 3-16 through 3-19 and discussed below.

KVB 5804-~714



TABLE 3-12. QUALITY ASSURANCE ALIPHATIC STANDARD

all data are reported in ppm in nitrogen.

Certified Analytical Results

Compound Contents* ARLT SCAPCD CARB
Ethylene 51 50 21 pd
Propane 53 47 27 32
Propylene 53 57 32 30
1,3-Butadiene 51 3# 28+ 28
Iscbutane NR NRi NR a.4
Hexane 50 . 50 30 40
Heptane 51 46 24 D
Isooctane 50 43 26 D

*Analytical information prepared by Precision Gas Products Co.
+

Identified as-l-butene
5p = Identified but not quantified (insufficient sample)

#The ARTT recovery of butadiene was significantly below the
cextified composition. This was apparently caused during thermal
desorption treatment of the sample bottle and transfer equipment.
SCAPCD and CARE labs are believed not toc have heated the sample
bottles.

*NR = not reported

KVB 5804-714
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TABLE 3-13. QUALITY ASSURANCE ARCMATIC STANDARD

All data reported in ppm in nitrogen.

Certified Analytical Results
Compound Contents ARLT SCAPCD CARRB
Benzene 52 50 15 34
Toluene 48 46 11 34
Ethylbenzene 49 S1 5 20
Chlorobenzene 50 51 3 NR
Hexane 49 S0 20 35
Xylene NR NR 3 D
NR = Not reported D = detected but not quantifisd
TABLE 3-14. QUALITY ASSURANCE HALCGENATED

HYDROCARBON STANDARD

All data reported in ppm in nitrogen.

Certified Analvtical Results

Compound Contents ARLI SCAFCD
Freon 113 48 47 22
Hexane 50 50 5
Methyl Chloride S5 48 NR
1,1,1 Trichloroethane

(Methyl chloroform) 50 46 37
Chloroform 49 46 49

NR - Not reported

KVB 5804-714



TABLE 3-15. QUALITY ASSURANCE OXYGENATED
ORGANICS STANDARD

All data reported in ppm in nitrogen.

Certified Analytical Results

Compound Contents ARLI SCAPCD
Methanol 53 4 NR
Acetaste 52 43 7
Iscpropanol NR NR 9
Methyl Ethyl Ketone

(2-Butancne) 51 45 2
Methyl Isocbutyl Ketone 48 42%* 20
Hexane 48 50 37

* Identified as Z2-hexenone

KVB 5804-714
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Recovery studies using the aliphatic hydrocarbon standard indicated
some limitations in sampling or analysis. For example, when the collection
train was used as shown in Case 5 of Table 3-16, 32 liters of gas at the
selected flow rate of 3 liter/minute showed a breakthrough of low molecular
weight hydrocarbeons on charcoal. This, of course, did not affect sample
collection because the intended use of the adsorbents were for compounds
beoiling above 80 °F. Low values repcrted for butadiene seemed to indicate
polymerization or decomposition. The analytical data-for Case 2 showed a
recovery of only 3 ppm when the sampling container was heated to approximately
120 °F during transfer to the chromatograph. Case 3 of the gas sample was
transferred to the GC loop without heating (33 ppm of butadiene was recovered).
Because ARLI and the other referee laboratories found approximately 30 ppm
of butadiene in all tests, it can be assumed that the gas phase of the
Precision Gas Standard contains only this amount. Either wall adsorption or
catalytic polymerization within the "X" bottle could explain the difference
between the analyzed and gravimetrically prepared material. The accuracy

observed for sorbent collected hydrocarbons above C_ was within experimental

5
error. It was also indicated that heating of the glass grab sample containers

to 100 °F would maximize recovery of the lower hydrocarbons, < C4.

Table 3-17 shows the data obtained on the aromatic hydrocarboﬁ gas
standard sample. These data showed that accuracy could be achieved within
the limitations of analytical repeatability. Warming the grab sample Zottle
of tecluene and =thylbenzene appear to improve the yield. Unexplained
retention of chlcocrobenzene on the charcoal was ocbserved although 80%
recoveries cf higher molecular weight compounds are considered acceptable
by most laboratories and government agencies. No corrections were made

for hydrocarbon sampling to actual and projected stack emissions.

Table 3-18 reflects the analytical studies made on halocarbon gas
mixtures. These data are not consistent with the accuracy and reproducibility
of the hydrocarben data. It would appear that for the higher molecular

weight halogenated materials, between 20 and 30% losses occurred simply on

KVB 5804-714



standing in the metal "K" bottle. Case 5 of Table 3-18 illustrates this
condition. The loss of methylene chloride in grab sampling appeared to

be real although in ARLI's previous experience with analyzing for traces
of methylene chloride there had been no problem. Methyvlene chloride elutes
with carbon disulfide from a Porapak Q column. Therefore, no accurate
measure of concentration could be made. The reported value of < 0.1 ppm
appeared tc be a small shoulder on the solvent peak and was probably an

impurity in one or bhoth of the compounds.

Table 3-19 presents the results obtained for oxygenated oréanic
materials. If it can be assumed that the amount of methyl alcohol Efound
in the "K" bottle bv analysis, restandardization, and reanalysis (as was
actually performed in the laboratory) were corract, the. recoveries were
within 20%. Methyl ethyl ketone elutes with hexane from the Porapak Q
column. However, from other recovery data, standards and grab samples of
the Precision Gas mixture, and response factors applied to the measured
area, the calculated concentration reported under Case 4 and 5 agree

within the experimental limits.

The oxygenated materials were strongly adsorbed on the glass bottle
walls. This was apparent in the data present for the grab-train samples of
Case 4 and 5 as well as the ambient grab sample of Case 3. All field grab
samples that were expected to contain oxygenated materials were warmed and
the transfer lines maintained at an elevated temperature injection into

the GC.

3.3.2 Intarlaboratory Field Sample Analysis

During the test of the Huntington Beach 0il field emissions WOGA
used a consulting firm, RETA, to monitor KVB's procedures. RETA collected
duplicate samples of gas in grab bottles which were analyzed by the Union
0il Research Labcratory in Brea, CA. A comparison of the XVB-ARLI results
with those of RETA«Union are shown in Tables 3-20 through 3-25.

KVB S5804-714



TABLE 3-~20. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION QIL LABORATORIES
TESTS ON LEAKY VALVES

KVB Sample #10062

KVB-ARLI RETA Union 0il
Gas Bottle Gas Bottle
Compound ppm . DOMm
Methane 523,000 ' 455,000
Ethane . 38,000 27,000
Propane 20,700 13,000
Cyclopentane . 88 00
n-Butane 4,890 2,900
i-Butane ' 3,980 2,500
n-Pentane 778 400
i-Pentane 1,270 700
Methylcyclopentane 476 -
Isomers of hexane 370 500
C=-7 Cyeloparaffins 450 -
C-8 Cycloparaffins 54 —-—
Benzene 17 -
KVB 5804-714
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TABLE 3-21. COMPARISON QOF RESULTS COF XVB-ARLI AND RETA-UNIOWN OIL LABCRATORIES
TESTS ON LEAKY VALVES

-KVB Sample #10105a

KVB-ARLI RETA-Union 0il

Gas Bottle Gas Bottle
Compound DRt prm
Methane 816,000 710,300
Ethane 28,700 35,700
Propane 29,800 36,200
Cyclopentane 574 -
n-Butane 14,700 19,000
i-Butane 3,010 1¢,200
n-Pentane 4,350 6,500
i=-Pentane 5,890 8,400
Hexane 3;020 -
Isomers of Hexane 1,950 20,400
Cyclohexane 321 -
c-7 Cyclop;{raffins 2,010 -
C-8 Cycloparaffins 166 -

KVE 5804-714
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TABLE 3-22. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION OIL LABORATORIES
TESTS ON LEAKY VALVES

KVB Sample #10063A RETA-Union Qil

KVB-ARLI
Gas Bottle Gas Bottle

Compound ppm oom

Metﬁane 16,300 15,000
Ethane 2,050 800
Propane 300 100
n-Butane 36 .
i-Butane ; 23 .
n-Pentane 12 .
i-Pentane 8 100
Hexane ' 47 100

TABLE 3-23. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION OIL LABORATORIES
TESTS ON LEAKY VALVES

KVE Sample #10072a _ ‘
RETA-Union 0il

KVB-ARLI
Gas Bottle Gas Bottle

Compound PP, _ppm

Methane 13,900 15,200
Ethane ‘ 786 1,000
Propane 438 500
n-Butane 128 100
i-Butane 37 100
n—-Pentane 23 -—
i-Pentane ) 33 —

KVB 5804-714
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TABLE 3-24. COMPARISON OF RESULTS QF KVB-ARLI AND RETA-UNION CIL LABORATORIZS
TESTS ON LEAKY VALVES
KVE Sample #10090 RETA-Union Oil
KVB-ARLI Gas Bottle

Compound GasEg%ttle ppm
Methane 688 1000
Ethane 42

Propane 29

Cyclopentane 4

n-Butane 20

i-Butane 14

n-Pentane 32

i-Pentane 18

Methylceyclopentane 39

Iscmers of hexane 25 300

C-7 Cycloparaffins 102

C-8 Cycloparaffins 71

C-9 Cycloparaffins 10

Benzene il

3-70
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TABLE 3-25. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION OIL LABCORATORIES

TESTS ON LEAKY VALVES

‘KVB Sample #10094B

RETA-Union Oil

KVB-ARLI
Gas Bottle Gas Bottle
Compound opm pom
Methane 6280 8300
"Ethane 356 300
Propane 112
Cyclopentane 1
n-Butane 52
i-Butane 15
n~-Pentane 27
i-Pentane 12
Hexane 119
Heptane 1
Isomers of Hexane 14
Isomers of Heptane 4
Benzene 3

3-71
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Although these samples were taken sequentially rather than simulta-
neously, the results in these tables show good agreement for total hydro-
carbons as well as for the two major components methane and ethane. For
example deviations from the mean methane concentraticn ranged from -28%
to +10% the average deviation being 13%. The agreement was consistent over
a range of concentrations from under 700 to over 800,000 ppm. The greatest’
discrepancieé pexcentagewise were in the low concentration spe cies. This

latter phenomenon was generally observed throughout the QC program.

3.3.3 Redundant Field Samples

On selected sources two or three independent trains were inserted into
the source for simultanecus sampling. The analyses ¢f the samples were per-
formed without informing the laboratdry of identical nature of the sources.

The results of some of these tests are presented in Tables 3-26 through 3-30.

Table 3-30 presents the results of two train configurations, one
with the LiOH agent in' the impinger and ocne without. Note that for that
stack the results were unchange with or without the use of LiOH which was

used in every combustion source test.

KVB 5804-714
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TABLE 3-26. REDUNDANT TESTS AT A PRINTED CIRCUIT BOARD
PHOTCETCH OPERATICN

Train 1 Train 2
Bottle Sample Ppm ppm
Methane Q 28
Zthane 0 39
Propane " 66 72
T-Butane 40 51
Methanol 4200 4500
Dichloromethane 23000 25000
1.1.1 Trichloromethane 47 38
Charcoal Sample {0.59 SCF) (0.71 scE)
Methanol 59 17
Dichloromethane * *
1.1.1 Trichloromethane 18 10
Benzene 2 1.1
Toluene 0.6 1.4

*C52 solvent masked the dichloromethane., Refer to bottle sample.

KVB 5804-714
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TABLE 3-27.

REDUNDANT TESTS AT AN AUTOMOTIVE ASSEMBLY PLANT

Train 1 Train 2 Train 3
ppm pPPm PPm
Bottle Sample
Methane 3.1 3.1 .
Ethane 1.1 1.1 .
Charcoal Sample {0.70 SCF) (0.57 SCF) (0.46 SCF)
Heptane 1.5 0.9 0.8
TABLE 3-28. REDUNDANT TESTS AT A UTILITY BOILER
Train 1 Train 2
—2pm BPp®
Bottle Sample
Methane 0 1.4
N-Butane 0.5 o
Charccal Sample
Hexane 0.1 0
Acetone 0.2 1.8
Aldehyde 2.2 2.2

3-74
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TABLE 3-29. REDUNDANT TESTS ON A GAS TURBINE EXHAUST

Train 1 Train 2
pem —PEm
Bettle Sample
Methane 0.8 0.7
Charcoal Sample Q o
Aldehydes 6.0 6.0

TABLE 3-30. REDUNDANT TESTS ON A REFINERY CC BOILER

Train 1 Train 2
With LiOH With LiCH
ppm ppm
Bottle Sample
Methane 2.2 ) 2.3 .
Charcoal Sample
Hexane 0.2 0.2
Aldehydes 2.1 2.1
Train 3 Train 4
Without LiOH Witheut LiOH
ppm __Ppm '
Charcoal Sample
Hexane 0.2 0.2

Aldehydes 2.1 2.1

KVB 5804-714

3=75



3.4 TEST RESULTS

3.4.1 Summary

The key results of all field tests are summarized in Table 3-31.
The process name is a brief description of the process or device tested
with an indication whether or not a control device was involved. The KVE
Test No. was the contrcl number used to identify samples and results
between the field, laboratory and office. The XKVB Code was assigned to
identify the plant and test site. Except for Douglas 0il Co. the specific
test sites will not be identified. Because of the unique series of ambient
tests run at Douglas (Section 3.2.4) it was necessary to reveal this source

to better appreciate the test accomplishment. Whers a control device was

Input - Output
Input

is indicated. The total hydrocarbon emissions are based on KVB measure-

tested the measur=d control efficiency ( X 100, percent)
ments (lb/hr) extrapolated using information provided by the source or
the AQMD on operational data (hr/day, days/wk, whk/vr). In the columns
headed "Species by % wt of Total" is a breakdown of tﬁe total organic
emission by the three reactiyity classes defined by the ARB as shown in
Table 3-32. A detailed breakdown of organic compounds for each of these

tests is presented in the Appendix.

Care must be taken in using the guantitative data in Table 3-31
and the Appendix as typical of the process. While KVB attempted to test
these devices under average or typically representative conditions, it
must be realized that most of the processes tested were time dependent
and many varied from product to product in the same plant. XVB's tests

were of a survey nature. Actual sampling time was under twenty minutes.

The data are most valuable as an indication of the type of com-
pounds being emitted and some assessment of how much to the extent of
judging the validity of cother available emissions data. As discussed in
Section 2.0 KVB used these data to check the emission factors in AP 42

and those used by the SCAQMD in preparing their emissions inventory.

KVB 3804-714



VTL-v08S 9nX

Aoey BT
. voqarooIOnYT g
- 1t 68 9826°0 OLT°0 | t8E0°0 - - - 1z 600°0 -€| LL-0t-zjvw9et101 jueyg redoywor)
autTdumy
-moq(a Axeaq
1 1 86 e e PEEV 0 | TEOOT'O - - - o 180°0| €-€] LL-0T-2] SETOT Juelqg festway)
“uMODY
Axyuwy dume
- 001 - £V 0 8L0°0 810°0 - - -~ St 0°€9) T-€ LL-6-2| vetot uetd TeITWIYD
Keosp 39TINQ  “uyouy
Iouang moag buyjynsaa pAyuy ‘yayg
uoyierado Tesydiave € 14 €6 ovs $°86 w522 | 283 o]0t 18 96LLY 1-€ LL-6-Tf zetot uelg [eoTWAYD
spaqg
{eonsiey) 03 Ul
£t €9 1 4 €L692 906€ 1 ZA R - - - (LA 4 [ £4383 £-2 tL-6-29] zosot| swaxg eanaviboyoy
s)oelre
uoaas 03 peorviodeiyxs ‘ . sueg tersydiaag
‘painsedw YOPV1ls dUQs 14 69 € [ AT4 ¢ 91 L-es - - - - | «05Z90 -2 tL-6-9] 10601 | ss®13 sanavibooy
137IN0
IUBQI0S [POIIVYD
(44 :14 114 SLé LTy L°0Y - - - sz $Z6EB] Y 96 1-Z| LL-6-9] 00SOT] ssoaa sxnavaboroy
ao3euTuel
T-1 ‘UaAQ €N
6 69 144 1°0€ €°s 6€°2Z - - - (4] 8ro1 S-1} 9L-6-1Y] 1Z001 ssaxg buraurxg
92Zrit pPeuULqQUO) Yirioy 7
18st 9L-6-11] ZZOO1 yinog seairg Gf
t 96 [4 :144 4 96S 681 - - - . -
0 ﬂmvah v/e-1 9L-6-11} 02001 sserg Burjurig
gso1g v
T> ;1 9 151 | 14 8t’'s - - - o TOLY| Z-1] 9L-6-11] 61001 sso1g buyryurag
sso1g €f
4 Ly 15 ;14 9°9 e - - - ) 000z 1-T| 9L-6-11] 81001 8301y Buyautrag
s)1eUsy £ z 1 Kep/ai ELYAA /qy ) [] 2 [} W35 | Xouapa | epon ®3eg “on SWeN £520014
8se1) sse(d ssel) suotssiwgy oyuebio (elol [+] 02 0D | x37vM 2yvy ~1333 aax st 150y
qayy L1 ayv . IEI0 Hho1a | 1033U0) any
1®730] 30 “3Im y Xq sayoads L3250
EYTNS3Y (eo73A{euy

SITNSTY ISAL 40 XAVWWNS “TeE-€ FidgY

3-77



V1L-¥08S €AX

TU# anyep

euyy svg Axq

- 141 98 t10°0 10°0 €00°0 - - - r b0 6-5 | LL-OT-T ] TLOOT PI213 110

@t PATPA

auyy svy Xxq

- 00T - v0o 0 1°0> 10°0 - - - 14 1z o 8-S | LL-0T-T] 0L00¢ pla13 170

23971 {20114)

. poumsse I930a1] I31°9

t41 v L 61°0 €0°0 €00°0 1°81 0} 6°0 8°'s ot L-S | LL~-0T-1] 69007 piata 110

anyiea ZSIN

. auyy sen Aag

- [ 49 98 9v°€ $9°C sh1°0 - - - 4] £sTo 9-6{ LL-DT-T{¥BI001 pPiaTI 110

v ; sATYA 60

auy] seqg Axg

- (41 98 aucdxv.ﬁ vnOuxm.w mucax@.m - - - 0 100°0> S-6 | LL-OT-T| 99001 riavg 110

PATPA TR

. auyl svo Aig

- vt 98 (114 vSy'o ¥ot1-o - - - [ 810 v~ | LL-OT-T] S9001 praty 110

arze

autl svy [ong

- 1 98 88z°0 050°0 i10°0 - - - 0 0z0°'0 €-S | LL-0T-T] ¥9001 pPiatd 10

XDTTOAIUC) TOA]

- L (1 2L0°0 £10°0 €00°0 - - - [ 950°0 -G | LL-0T-1}] €9001 P1ata 110

45 - sdeiy, woig

BATPA SPD IPM

- €1 i8 Z6° 1 ®°0 80°0 - - - ] €v0°0 1-S | LL-ot-1] z9oot PIaty 110

Uap AOPIS

91 6 117 £9°¢ 69¢°0 o - - - [4-D 9512 V96 €-v i LL/LT/y Tent uanro ¥ “dg auteg

1310

R K —XRUANAAY JY

sv 9 6v - SE°§ 1 41: N1} €zesof zr'o1 | vo] ot | zs°E 6950 SY6}  Z-¥ | LL-LT-T] TZT0T | venp 3 “dg ureq

FLICH

. ~Y2UIngI9IIVY

0s S St 96 |20 4t vl 9'61 0 [ vy €28 1-v | LL-LZ-1) Oziot | weno 3 “ds Juyeg

2721031501310913

& Y Xreuiay t z 1 >mv\o: h»\ﬂ n/qy Nﬂ [y [y [Y wIos|{ Kousrd] epold a3%q “OR 2ﬂz;am000.-m
SERLD | SBUID S8R0 | BUOTES A Djuebi0 1¥I0% o 03] Zoa| zerem| erew| -1zim | man sy | 3say
ay v auy es1g mnotg|1o13v0n any

1v30L Jo "3m v Aq 8syoodg L3347
FYINESY (esTyAyeuy

* (penUT3UOD) TE-€ HIGAYL

-78



vTL-v08S daM

HZL-S TT7M

LSH moq1a

- 12 98 zL0°of €10°0 €00 "0, - - - [ L1-o Tz-§ | LL-ET~T | ZOTOT P12ty 110

eary dung

YZiL T1em

9 9v :19 ee~.J 1t0°0 L00°0 - - - z - 1ZT-6 | LL-ET-T 00101 PIATy 110

azL 4s Tien

- 0s 0s $20° 0| 000 100°0 - - - 14 (42801 0z-s | tL~eT1-1 | 66001 P1213 110

aAalEA butse)

NZL T1eM

- zy 8s ot ° 0] 60°0 z0°0 - - - [4 ¥i5°0 61-5 { LL-£1-1 | 86001 PIATY 110

oateA 928

supt 110 2pn1)

- 1t 68 vZ¥Z°0| L¥¥0 0| T1T0TO°O - - - 4 €8%°0 81-5 | LL-2T-T | ¥600T PL214 110

BATPA SPD I0M

418-54 T1°M

- €1 L8 960 " 0| z0°0 v00-0 - - - T tz-o L1-S jLe-2t-1 ] €6001 PI2t3 110

79§ uvorun

1805 T19M

- 1 68 2t z°o $0°0 - - - 0 z80°0 9T1-G } LL-TT-1 ] Z60OT pIa21a 110

BATCA STH 19N

FTB-S0 1M

- 0s 0s PELLLUN SR L AR Y ML 544 - - - z 801°0 ST-§ } LL-2T-T | 16001 pP1ats 1710

18 05 TI2M

- 08 0z j _owaect| ome's| otxo-z - -1 - z | 610°0 v1-5 | LL-T1-1 | 06001 PIftd 110

IDUNMNS

11 ' ago1 (buraty)

XOIUTM Xg1e31] Xaival

[ ¢ A\ 6S -4 ({11 Ad1] 65v-0] 0°PY ols v [ 3 9092 €1-6 } LL-T1-1 | 68001 PIPYy 110

) auel 123vM 0H

1 16 8 £ 9 11 2] €61 - - - z - Z1-§ | LL-T1-1 | 0BOOT PIeYY TYO

aaten 91l

auty apni)

- 68 A 9°t 990 ST 0 - - - (1] 10 T1-6 | Le-tr-1 | stoot pP12¥3 110

aAten LEN

suty 110 8pnNIy ¢

- €T L8 ¥29°0 1o 970°0 - - - (1] 95°0 01~ | LL~01-T | Z£0OT PI913 110

[EELUET t 3 1 Kep/qi ELYAS ay/qy [ No [ H305| ASusyo [ epod aieg “ON OWUN €83503d
[L1:2 6] [:1:1:2 6] L-1.3- fe uoyssfwg djuehiy (vI0, [¢%) 0D | 1e3eM oIty | 1333 aa LI A AS9L
sy ayy ayy FLEEN) mo14[10a3u0D an

1v308 Jo ‘In & Aq sayoods (1100
LR RGEEL IR UL RS CLT]

* (panuUauo)) [€~€ AIAVL

3-79



PTL-p08S €9AM

*‘Adod 3|qejieae 153q
wouy pa>npoudaey

dumg 004

- 001 - 89°1 1€°0 L0°0 9-L | LL-TT-¥) LLZOT Kisuriay 110

9Lz01 Iagrod 00

16 €1 9t L°vs 6°6 8Tt 11 o]8°€tY T°€1 1018681 S/1-L | LL-T1-¥| TLzO1 Axauryoy 110

327anQ Jauang

~1933JY ‘6f SSoig

L8 bt €1 L1°0 ¥0°0 oo 8Lt o}z 1 8°'g 976t W v-9 LL-v-vr} L5701 LGRS ERIRR G

I9[UYl TANINAARTIY

6% ssoi1g

L L £4 14 8y°0 60°0 96°0 184 V] 4] 1z 976¢ -9 LL-¥-¥| °S2Z0T AutlutrTy oyt

Jetuy IsLie3e)d

Ma nDH.m

Lt L 9L 8 vt v-9 so°e| 9°81 0170 z°9 [A41:] - -9} Le-v-v| sszot hutIUTIY O3

. ' A31In0 Isdtese)d

€8 ssoiag

- (A Ls 966 S PLY 6°€8 9°ST ojvr-z S 9 zise *BoN 1-2 LL-%~-V ] ¥STOY futautig ouary

H-ZLAs 11em

t L 96 8T 91s%°0 1 3:10 8 1) 8°0 t'ojtoot 8 61 1792 16~-S 1 LL-ET-1] 96001 PT1213 170

1118 11°M

€ 1 96 Lt L ] 1tt-o Lz QL6 1°81 9°8t 0E-G | LL-TE-E€ ] TSZOT PI2Yd 170

LS 113

£ 1 96 €762 €°'s (2 § €0 LA A 00T 6°SS 674G | LL-TE-E] 05ZOT PIoII TO

q9zL 65 11°M

€ 1 96 ay’¢e L0 Sr1°0 0"t 1T"T)v-ot 6°LY 8°6T 8Z-S | LL-1E~-€ | 6¥ZOT PI=Td 11O

TN aareA

- 001 0 vZ°'0 10 10°0 - - - [¢] ozl o0 Lz-5 1 LL-v1-1} L0101 PI171d 110

Teag uoIstg

9Z# r1ossaaduod

- (24 8L e 65°0 [ - - - ] Zv0°0 9Z-S [ LL-Y1-T] 90101 PIe1A 110

abeas ast

9z48 xo0ssdidwo)

- [ £4 8L 89°¢L 1A B4 e'o - - - 0 ¥t o §T-S | LL-v1-1] sotrot P19Y4 110

- 14 98 s 1 $9Z°'0 19070 - - - (4] 901°0 ¥2-S | LL-PT-T| POTOT | ®ATPA ‘PI(PY4 110

Izeus

£ER xo0ssordwo)

- € Lé t°s 01 teo - - - 4 o6Y 0 €T-6 { LL-vT-T | tOTOY P1913 110

s)1eway € z 1 Kep/qr ak/L Iy/qt % Y [y Y Waos | Kouais] apo) ayeq “oN ewey §S3501d
1:3:1:2 ) sseld sseld BUCTSS(WI STUPHID (€30, 0 [¢)0] nou A0IVY 23¥y | -1333 ami 1AM 182y
oy qHY iy 1e510 Mot froxrvon oAx

1301 Jo "3m & Lq 8571525 L]

83InsdY Jesyykieuy

* (peanuT3uo)) TE-€ TIAYL

3-80



P1L-¥08S €A

{tves dumg) aamol

6L w - Lozt € £5°0 - - - 4] 8L0°0 8Z-L} LL-S1-P] 00EOT Kxsutyay 170
1eas dumg

9 €6 1 [X4 ] 10°0 n«OAxn.N - - - 4 TLOo"0 LZ-L] LL-S1-v} 66201 Azsuyzoy 110
1eag dumg

1 a8 - 0z°0 ~|o~uh.n nvcaxn.a - - - 4 650°0 9Z-L| LL-v1-p]| 86201 K1sutrgey 1v0
aoyeredag

ndb (14 L6201 Idv 68

- 001 - oLt sL°9 [A - - - 0 ooot /0T-Lf LL~-PT-b|-T6Z0T Aznurg~y 110

1e0S BATEA

- 001 - ¥e-o 1°0> 100 - - - 4] 100°0> 61-L] LL-VI-V] 16201 Aiaurzay 110

' 1v95 anyfep

9 9z a9 voL v°1 1€-0 - - - o L60°0 B81-L] LL-¥TI-¥| 06201 Kiouyzay 170
1eas aAafep

v 1s ] y0°Z TLE " Of S60°0 - - - 4] €10 LTI-L] LL-vT-¥]| 6BZOT Kizuyzan (vo
1035 aATPA

144 (119 ] §°8T vt (A1) - - - o LiAe] 91-L}] LL-¥Y~¥] B8BZOL Kxauyzay 110
- Teas AATEA

TL ;14 - 91°0 Nnoﬁxm.N nucaxh.w - - - /] 100°0 ST-L| LL-v1-¥] LBZOT KRisuryow 110
193s 2A[PA

TL :14 - L°ET $°1 s 0 - - - 0 $80°0 b1-L]) LL-€T1-P} 98201 Kipurzay 110

1935 AATTA
EA ¢ [1:] S €°S 060 [ 21} - - - 0 £€v10°0 €1-L | LL-€1-v] sBZOT Kxouyzoy 170

1298 DATPA
tA ¢ [11:] S Tt z°a S0°0 - - - o ¥€00°0 T1-L | LL-EX-¥| vBZOT Kxauyzan 110

oatep Axea1
auerd se9 D03

[44 ;14 6 6°1 z° 91 - - - 0 16Z°0 TT-L | LL-TT-V| ZOB20Y LEC L § (o)
. uyeaqg o~= anog
uym/o0 uerg seo 004
- 66 T vloaxw.a muc~xn oucdnm.o - - - o 10 ot-L | LL-21~¥| 18201 Axsuyzoy (10
W49
/0092v
uoyey 19mog,
-nax1y 08z01 - Buytood 6k D04
- 001 - 82°LY vl q Lo - - - 0 A2IEM 6/8-L } LL-11-~F |-6LZ0T Kxouyzen 110
S){Avutay € i z 1 Kep/ay ak/s an/qr [ No b Wa2s | Kouayo| epo) axeqg . *ON uweN 52014
L1 §o) 112 &} L-1:1-2 fo] suoyssyuga SyuebI( te3og 0 03 | 193eM eIvy| ~y334 amt 189} ELEYA
v v ;484 1es30 MO14 [TOX3U0D) any
1%308 3o "Im % Aq sayoads BSUH

BI{OETH (esyIkieuy

) * (poTuTIU0)) TE-€ TTAVL

3-81



vTL-¥08G HAX

-7 e e

trag dung

(8] 58 z mnO—xa.a Q|O_tn.c —T..::o._ - - - 4 7L0°0 St-1| Lr-07-v ]| ozrov Kamigoy 110

1rog dumg

£t <8 4 Nlaqu.d m\:~:¢.~ vuc_xv.n - - - k4 TvoCo Y¥-L ) LL-02 V| 6ICOT LEEIRS LTS £ 70}

auasoTay ‘ding

- 001 - (210 3 t4 2] 91 0 - - - (4] pinbyy £6-2 ] tt-0z-v | BIFOT Kiauryom t10

dumqa angep

- 66 1 ki 0 4 60 az'n - -~ - 0 Zvo°o Tv-L) LL-02-v | L110% Kxaurgyon 110

teag dumg (asarg

- 0ot - FAN | 270 500 - - - o pinbty o-L 4 LL-0Z-% | 91001 Kraurgon 110

770 amaean

Gt s8 - 91°'9 st ve o 01 ojy 1t [ A [ATAN] 0b-{ | LL-6T-b | S1C0T Ramugzon 110

tZ8 wem

sz 9 67 [ 43 €9 (A2 ¢ 9t 08 ot 61 (2 244 6E-L | LL-6T-% | BTIEOT Kxsur3ay 110

BAIPA

- 001 - 96°0 z°0 vo o - - - o ¥200°0 8t-L] LL-61-% ] 1101 Kiaurgon 110

9>d0>

- - 0ot 95°b a0 61°0 - - - o +¥0°0 LE-L ) LL-6Y-% | 0107 Kisuryam tvo

aATPA

- - o0t 912 v-o 60°0 - - ~ ] ZZ0°0 9€-L | LL-6T-¥ | 6NEDY Aiauygyay 110

BALPA

[42 St €t 7°se 9 o'ty - - - 1. O [1:) 1] SE-L | LL-aT1-¥ } BOLOT Kiaurgey 110

AATFA

1L St vt L{U tie o wo-o - - ~ 0 ] szo'o PE-L ] LL-BT-V | LOTOT Kisutgow 110

PATPA

w St LAl v-st 8T t9°0 - - - 0 8600 CE-L ] LL-B1-% | 90101 Arawryon 1vo

AATTA

- oot - $°9 aut c'o - - - 0 6£0°0 TE€-L | LL-BY-¥ | SOLOX Kxputgon tro

trag dung

8s 44 0z 6791 ot 89 - - - 0 05T 1 -4 | Le-pt-v | vOorOT L1aurgaw 110

{vers duwng

s - 0z St [ 6°0 0z 0 - - - 14 600 | ot-t | LL-RU-¥ | tOfOT Kraurgan 110

1eag fdung

9v 143 - AE0°0. OTXZ L| 0TX9°1 - - - 4 6v0°0 6Z-L | LL-81-¥ | zOtOT Kiautgoy 110

FXTENE 14 T L SE.CT7GTH LA LA TSN S S T N A S PR RGIERE) BELGS IR “on [ MUEN S8R0
FRPL1D SSw10 sew() SHOTSS MY oyurbag (elo], ~O 02 NOU EES T 2yen | -1333 AAN ELEIA asay,
auy Y oy 1530 ] noa Jrorno) AN

1230y jo " v Xq saroads snel
Sy{usay (wotikieuy T -~ 1 N

T * {(panuTauUo)) 1€~-€ TIAVL

3-82



V1IL-%08G €dAX

ﬁ 4 65201
€6 - L £€6°9 |10 S°v a 0|92z 9°s - /1-01 te-a-v | n5201 aryqing, sen
A B lelali]
- 13 16 LU a4 909°t 096°1 - - - 4 18143 9-6 {L-Yv7-T ] S+ZO1 Avads antsaypy
- - oot L9 o1 visve 1s8° bt - - - z o6 -6 |Le-vz-£ | vvzot ansvaaboq abiey
0T 67 1s LA A4:1Y 1) B 41 ot-zz - - - z 19es V-6 | LL-E7-E | E¥7OY Wyioog Avadg
8 65 €€ 6°891 vtz'ee 6L°b1 - - - 4 tLor €-6 | LL-EZ-t ] THTZOT winog Aeiads
- - 001 9L 61¢ ") Lve o - - - 4 oty -6 jLL-€T-T] 1vZOl angvalbag iems
L (44 w 2°¢6 L0°SY 61’8 - - - 4 a8 1-6 { LL-EZ-£ | 6£Z01 | yroog Avads uteq
AUl
TsqQY Cqred “I9yY
001 - - 980¢ €995 s 18t - - - z €19 -8 fLL-TZ-t ] Lreot *HIN dey, "6rw
137 INQ
‘RQY "qQIe) "10¥
0ot - - 0°9 0t €St o - - - 6°¢€ tott V66 1-9 | LL-TZ-t | 9€T01 ‘63N adry, “hed
tzh z2aeon
- - oot £2°0 N;Q—Xu.v mnouxo.m o 0s-L | LL-TT-v] 97EO1 Axauyyayg (10
BAIPA
9 6 4 muo—xs.— nlc_xq vucunh - - - (4 190°0 6b-L | LL-1T-¥| bZEOL Kamutryay 110
BATPA
A €8 S vuo—xv.w mnomxm.? oucaxa.m - - - z 9{.0°0 av-¢ | LL-12-¥| tzEOT Kaaurgon 110
1pag dung
€ 58 Al vlcﬁxha.ﬂm-o_th.m cu:xmc.m - - - z Loto Ly-L | LL-TT-b} T2EO0T LSLULE LU AR 8 13]
1ong dung
- 001 - L [Ty at'o - - - o pinbry abv-f | LL-T1T-V| 1TEON Kanurgon 1Yo
SNIruay 3 4 1 Xep/ai 1X/% au/qq [Y Y [ kY waos | XouRTol apod Py “ON PN SEAD0Id
L e LELA ¢ L to RUSTHR T DTUOLI]) {WI0Y, ] ~o 02 ~oo IIPMY ey -1337 AAN Isay IsaL
auy av quv FEET - mo(a]1oraae; ant
e300l 3 ¥R ¥ Aq 59154 L13.%)
L N GRED I CETE LS G

v

* (penuUT3uUo)) TE~-€ AIAYL

83



Ado> s|qejieae ysaq
woly padnpoiday

Y1L-p08S €AN

AMMOTA 7IOT yueyg,

- 001 - vE0'0 900°0 n1c~xv.~ - - - 167 ovs -t 91-11] 9L-Z-71 ] 95001 Kaauygoy 110
IGLLEE ERDEITEETGE 1Y
|5:] Le - 81 Y0 fLO°0 09 -] 1°6 ey S69T ST-T1| 9t-1-z1} ss001 Araviyay y10
7098
anyemy rreiydsy
Ly €5 - S 0t 15°S 17"t e 1°0] 8’9 A Z9bs v1-11] 9r-1-21 ] vsoot Axauryon 110
* oSt
Wd0D
mota sr01vavdag gy
- o0t - 96°0 at'o v0°'0o - - - - aAnrm CI-T{} 9L-1-C1 | €£5001 Kamurgon 110
- im g
Aranonnyy zoddvep
Ly 214 S vvi o 900 900°0 - - - 0 ta0°0 ZU-11] 9L-t1-721 ] 1500¢% Kinuvyon 110
. : 005z Rury,
- 96 v L ARAN 9°07 [ 4 - - - 4 - 0T1-111 9L-1-721 ] sL0O0OT Arautryon 110
£000G Xury,
- 06 ot - - - 4 - 6-1T 9L-1-71 ] 9¥001 Kiaurgon (ro0

£0008 yunry,

- 4} [ 9°LS 501 | k4 - - - 14 - a-11] 9L-v-z1v | tvoot Arautiog 110

00621 Ruvy

TOTeO 1ave| - 56 s AR 9°07 Ly - - - 4 - L-11 9L-1-zt | 9voor Aisurgon 110
) SOE-a dumg

- 00T - 6L°0 1o 9200 - - - L 9-11}9L-0f-11 | svo0t Kamuryen 110

SlE-a antep dung
| 66 t 8'v | onol oo0z-o - -1 - ol woo s-11)oL-0e-11 | vo0OT K1aut3ow 110

JOYPIDHIDINL 100G

4 a6 - LEet |14 L56°01 6701 o] t'e Gt atee b-11}9L-67-11 | €¥00T Kraurzow 110
0057

HAD 20mog,

2 bl ANTyoe) aom ooy

- 001 - (41 0°92 0°9 - - - 1RIPM -1 9L-62-11 | Z+001 Krautyan 110

(D1 aareap puMpdirn

194 144 vi /7°C o G60°0 9°g ojL'e S'vi TLye -1 9L -62-11 | 1001 Kiautrgow 110
sote
Ip1eDH IMMTOYAY
L €6 - [ 4] XA ¢ 08Z "0 L 0ol 6°L f°G1 SLEY 1-T1{9L-6Z-11 ] nkOOT Kasurzon 1o
] 3 = - —— s URNUN SN PRRS—— Y e f WU - S
ER R € C 1 Aep/at uN\e /q1 Y * Y Y wWaas | Koviato]  apon /vy “ON TIIPN S8aD0 1Y
sse1) SSE1D SERIO[T HUGTRET [ L {oN A (o) [o58] 200 | 2nrd eary| -r33a LY 1say, pLLN S
ayy qauy ks Jesig Mot 3{ oo AN
1°308 30 "Im v Aq s537100dg] sneR

STUVEST P31 TATS Uy """~ 1

BSOS I D - o —

* (ponufiuod) 1¢-€ TIEVY

3-84



YIL-v08G €AX

yaoog

Keadg aawyag utveyq

- 00t - 98-CY +08°9 9ES°V 1T (4] 0 91 | 4343 44 s-£1 LL-€~G | $SEOT paseg AunAog

APTING APUINqIDYJY

IAomg TRy

»9 9t - :1: 0 4 TEL O s0s°0f ®©°LY 0°0jO0°Y 9 ozLtt :4 y-€1 LL-T-6 | £5E0T PIse] AUBATOS

IATUL 19UINQIII IV

Iayowsg jutey

L it 19 oL-te ¥S9°g 668°¢ 0°61 [} 0 |ss°y yoztt €-£1 LL-T~G | TSEOT pasryg juaayos

INQ I2UANQAAIJY

Joutag IUtwyg

L - | X4 oLy soL°o 99% "0 z°st 092 -] 95L01 we I-tTl LL-z-S ) 15£01 paseg J1ULATOS

Jafur asuiIng

. SEFELELUNSERTIAE-X]

{s1ouang Z) poase juaalosg

S - S6 € set SL°0t 0Z°1Z - - - 4 14:143 1-€1 LL-T-5 | 0SEOT “Inuer oany

yuel dvg pesg 694

- 66 1 | A8 154 8-0¢ 9T "6t - - - [ A 4 6LLE v-21 | LL-6Z-S | £EOVOT *Byn @313, Icaqany

sIoqNy, Trem

~9pTIS 2371UM 9K

- 6 8 9-°8ve £zt 91°Z9 - - - 9°1 | 49:13 €-2T § LL-5T~S ] t0VO1 *Bb3W eary xoqqny

Quawa) yamml S4

1 L6 [4 L1 28 £4 4 0°9¢ 96°L1 - - - st TLvS -2t | LL-52-S | 000X *BIW axyy apqany

ENPY

SIUDATOS ragny, b

1 96 € et 8°091 $6° 1S - - - L1 990 1-2Y § LL-SZ-S | 00POT *b3W ®I1y, 1eqany

DATRA SPD 1PNY

- YL 9z €50°0 ato‘o mncaxa.ﬂ - - - 0 6v0°0 1T-IT | 9L-T-2ZT1 | 19001 Kxaurzay TYO

9ATeA SE9 [BNg

- €8 Ly 8t°s sv6°0 9120 - - - [} €z o 0Z-1T | 9L-2-¢T | 09001 Kzaurgay 110

. €09-g dung

- 001N - 0°s 6°0 1270 - - - - mucaxvé 61-TT §9L-2-2T { 65001 Axaurzen 110

§09-3 demg

- 001 - T°9T 38 4 60°1 - - - - nlgx—.h 8T-TT | 9L-2-21 | 85001 Aiauryey 170

HAD

0052 IIMOL

LS b Buyyoo) apni)d

- 00t - L°1e - 2 FA S - - - I930M L1-11 | 9L-2-21 | LSOOT Axaurzey 110

sY1eway [ 4 1 Aep/qt ak/L ay/qy Nv LY [ [ Wads | Kouat1dy ™ apop | aeq “OoN sweN SS000Xd
[-1:1:2 6o} [-1:1:1 fe] sse[D{ Suoyssywy ojuebig yeioy (] 0d Too | 303 em arey -1333 aay [ asor 1827,
LS auy ik s es1Q MOo14 |Toauoy aat

1e30], 3o ‘am § Xq sayoads ssey
S3[N6ad (eoy13kieuy B

° (penuT3u0)) 1€~€ TIEGYL -

3-85



VP1L-v08S aad

BUOTES TS SUME 9AT OF
paumsse sem |100q puo

-238 B} pur ‘poyssy (Z) syroong
sem yjooq [ ‘yjoq Aeids anzeonmotg
10J ©1¢ SUOTSSTUy - 001 - 91°1 PLTIO} eDZT°O - - - [4 0657 8T1-€1 LL-G-S | L9101 auTed 2uroq-Inavy

aspiow
N drag avoomory
- oot - 122 [A % BaY) 622°0 - - - 4 149:13 L1-€1 LL-5-5 | 99101| auyeg ouloq-aeiey

AU IINQARIZY
o13A1eIv) yvoodoyg,
(44 T 95 €1°ot 0zs°1 8v0°1 at \] 1 SG°Y 6TE6 VGO 91-€Y LL-£-G | S9E01]ureg pasey Juoayog

ATING IBUIANQINIJY
91341e1v) 3vondoy

L 19 . € 66°92 L6y 'y 866°2] f£°61 0 )] 9a°t €£96 st1-tx LL-E-S | PIEOTjIuTRg Paseg Julalog

13000

. Aeadg aroondoy,

- 0ot - 6Z°LT T60° v eete - - - 91 at 1ot bU-E1 LL-P-S ] €IE01]IuTRg PAse JUAATOS

yiroon

Ar1dg yeondog,

- 001 - vLosY 09€°2 BZ9° 1 - - - 91 LOT6E £1-€1 LL-¥-S | Z9E0T{3uted paseq Junat0g

yaocog

Keads eondoy,

- 0ot - gc-9z S66°€ 8zL"Z - - - 9°1 ovize TT-ET | LL~¥-S | T9E0T|3urvg paseg JuAA10S

111007

Aeadg avondoy,

- 0ot - 1T°89 8IZ°01 ¥s0°L - - - 91 86901 Ti-€t LL~T-S {09F0T frugeg paseq JUnATDg

yicon

Keads avoodoy,

- 00t - €'t 09Z°0 6L1°0 - - - 9-1 0SST1 ot-€£1 LL-P-S [6SEOT auTeg pesvg JuRAT0Ss

yioog

Kexdg yeoadoy,

- a0t - £0°C S0E°0 ow-o - - - 91 S9521 6-€1 LL-P-C [BSEOT[ANTRY paseyg AUAATOS

t(300g Keads 1owyag

- oot - 06°02 bET"C 19tz - - - S°1 62618 e-tt LL-E~5 | LSEQT Puted paseg JUAATOg

qivon Aeads anwyrg

- 001 - 00°€S ave°tL 18v°s - - - S° T BL6ZS L-t1 LL-E~-S [O9SE0T AuTeg paseq 1UAATNG

Yyooq Keads xamyryg

- 001 - 09°L9 |jLev ot 166°9 - - - 91 66LLE 9-€£1 LL-€-5 JGSEOT PUTPd pased lunatog

LEEEEN] € [4 1 | Kep/qi aK/L aq/qy 2 [ ) [Y W3Ds| Aoustal epod EELL] “ON PUEN SSaDOXg
859D 8se1D sse(d SUOISSTWY DdTURHIO Twiog 0 o) 02| xo3eM [eMt -1333 amt 1sal, aeey,
™y oy oy i Ips10 Mot 3| foxjuod a

1e10]), 30 ‘I A Aq satdads Ssel
S3Insod_{es1akieuy T :

* (pPTUTIUOD) TE~€ TIAVIL

-86

™



VIL-v08S dad

“oacqe 1910¢
~ LSTOTR 3Isal anx yoon
103 @seq elep ‘g1se} Aexdg yvoodoy, z#
t3trexed syeoyrdyay | - 0z 08 L0 62 68y "€ L18°1 - - - T 0z16Y BI-%T | LL-9T-T | BITOT | IUTPg Pur0q-133°N
Tanoqe 19101
- LSTOTH 3s9L AN Y000
303 aseq ejep ‘s3sey Aeads jvoddoy, z#
1a11ered ayeorrdyay | ~ st 58 ST 62 86v°€ [44: 201 - - - 4 oztsl LT-p1 | LL-9T~T | L9101 | IUTeq Buxcq-Iaden
‘aAoqe 19101
- LST0TN 38531 aax yioog
203] aseq eIvp ‘631593 Aexds qvo) dojy, z#
1atyexed ayeoyrdyay | - tz Le L6°1E [11: 28 1 866°1 - - - z oriet 91-v1 | £LL~9T-Z | 99101 | Juyeg duI0q-InITH
yiooq
f Aeads aveon dog, 14
6 1z TL 96°21 LL°Te 1870 - - - 0 L4:1 291 ST-¥1 § LL-SY-Z | S9101 | Juteq eurog-aaien
[ IB[INO
z0rerauour odr3
147 ot 81 8L°91 SE°T 669°0] T°8T -1 ve'e 91621 288 | bU-vT | LL-ST-Z | ¥ITIOT | JuTeg durOqQ-I12730MN
RESLIS ¢
x0yer3UTOUr odil
92 - 1 4 26°€6 (X241 L9°S} S61°0 | Z00°0] -~ | 6Z0°0 | LETET €T-vT { LL-ST-Z ] €9T01 | Juyeyd Surog-yajem
*oeas
Keadg vod dog, 28
- 1 4 96 91°9¢ | 47904 4 9T-T - - - S LETLE TT-vT FLL-YT-T | Z9T0T | JuTeg ouioq-123°H
g)oels Z1 03
pajetoderInd gyoeys yaoog
§ 103 93wx mOT3 AR 1t 19101 § Keads avo) dog 2Z4
uo paseq suUOYESyury, - 61 18 €°80¢ 866°9¢ [«OLZ°61 - - - 4 6LEE6T /B-¥T | LL-P1-T |-LSTOT | 3uteg suioq-1923vH
usA) 2wty TH
LA - 1] ez Y 15°T [4: 2] - - - S 00862 L-¥T | LL~-PT-2Z ] 96101 | Juyed suxoq-raijem
syovye €1
yaooqg
SS101 Keids zewmrrg TN
6 - 16 Le"96 | voB- 11 8ri-9 - - - T joecrsel 9/T-vT | LL-ST-Z FOST0T | Intey, suzoq-393wH
3I21INQ 23uINng
. . ~1313¢ IPOOIMOTS
L9 (U €z 8e°t Loz°o €Yol TUst 0 ju°'t 178 1P6S we | oz-e1 LL~S-S | 69E01 | FuT1Pg AuxOq-TIAILH
397Ul x_uINg
~1933y Ir0omOtld
- 001 - 98°9 8ce°T 916°0 61 - = |ss® 8629 61-€Y LL-5-G | 89£0T | UTP DuIOQ-I2IOM
8 Ieusy 13 4 1 Xep/ar xX/L ay/qy W LY No Ay Waos | Kouay™ spod ajeq “ON BUPN $SAD0XJ
ssetd sse1d sge() | suoyssywld JjuvbIig €30y, 0 00 00 | abaem eIy 1333 amt asoy, 183l
v a3y aHy 2'SIQ Moty ~0uu=ow [: TN ]
{230} 3o "Im g Aq saroarg ssvy
sy[nsod reoyyhreuy

* (paNUF3UO0D) 1€~ TIAVL

3-87



Y1L-v08S aaXx

Iayyoeqg

z €57071 wea3is pPaITy 110

9t 1T (44 9°69¢ 9°99 | 2401} z°9 0} e8°01 | Lz69v9 /1-81 LL-T-% | zsTOY MeLg 1amog

z z1 98 [:1: A8 444 6L°S6 Le-1z [ 2024 1'o| 2°¢t £°t 619t [ATA LL-L-7 | 0ETO0T auybug o1

Jueyg se9

- v 96 8IL T ste"o zL0°0 - - - 0 6£0°0 T-Lt LL-L-T | 62101 aAteA ‘Juery suo

397IN0 "owuINng

uobAxq oyseq

- oy 09 188 43 ¢ 9L LT t4 - - - - 8 }9t60%C L-9T[9L~€2-T1 | LEOOT Teathanyyresey

Jue(g burisjurg

6 - 16 09t 9°69 061 8T 0T} 9T 8°L |9LEZST 9-91{9L-£Z-11 | 9E00Y 1eo16.anTreIRN

vA oovuing aserq

- - 001 8-91 8°7 L'o| o°v ol et €1 | 000SS S-91}9L-€T~1T | SE00t eorbanyresay

d tAQ YD

ST - 8 096 6°ZL1 o'oY | 8°L 8L vt [ A 4 [ 2:20 49 $-9T}9L-£Z-11 | vEODY 1eorhanyyeasy

O unaQ aYo)d

143 - 88 26117 L AR :1X €88 | €°81 rreiLe Z¥ | 00zor €-9T{LL-€T-11 | €E£00T 1e01ban(1eIaK

oH Iatang ‘dyooag

x03 yazeay uado 9p

| 4 tA4 | 4] s TL S0 €1 z0°¢ ot 0] 2°0t €1 1962¢ N6Z| T-9U}9L-£Z-11 | Z€0OT teaybangreray

. yorur “drooaxg

yixeoay undo o

S 8 4] $°96 sE- Lt (4128 [ 4 T°0§ ¢°11 L°ex 1962Z¢ T-9T}9L-€T~-TT | (€001 eorbantirion

1300g Arids

62 112 - 8-z1t 65°0Z L'y |10°0Z o 0o L'y LYOL 1-S1| 9L-7Z-6 | 10001 jureq oany

Yioog

\ Aeads aanbow

ot 6v 1z 95°z01 1€zt -9 - - - 0 LEGEL 1Z-51| LL-L1-T | TLYIOT | JUTeg DUIOQ-XdIPH

. uang

. K1g -saupv TAuTA

€ 114 (4 T°6S o1°L oLt - - - 0 6S€LT 0Z-Y1} LL-9T-7 | OLT0T | FIUTRY JUI0Q-TITEM

yioon

Aexdg -soypy TAurp

At ov 9v 8 96°0 0s°0 - - - (4] 8€001 6T-PT| LL-9T-Z § 69101 | Iuyeg SUI0Q-TIIEN

s} X wuoy € z 1 Kep/qy ak/y, aq/qy W Y No Y | wWios | Aousia| Bpod 3yeq ON BWOeN REI00Tg
[:1:1:2 fo] [:1:1-3 ¢+ sse1d suoysajuwy ofurbig 1viog 0 00 0D | 187eM oayen | ~1333 am Isay E LAY
quy oy ek 1810 noT 3 Jloajuod g

1P10], Jo ‘am y Aq satoadg 6SEH
s3y[nsay yeofykqeuy

* (ponuyT3u0d) 1€~ T1GYL

3-88



pTL-V08S €9AX

Nuey,
9 - ’ ~ 9-%Z|94-0Z-01 | L0OOT Arsuy3sy 1710
wmeailg
yserd 9-g dumg
9 68 S T1e°0 90°0 €10°9 - - - - - P-vZ|9L-07-01 | 90001 Kxautyoy 110
uey
v 11:] 144 €-vZ|9L-0Z-01 | SO001 Axaurzoy 110
suey,
€ 06 L Z-+7]9L-02-01 | ¥0001 Kxourgsy 110
ITUn ¥AT108@ OO D04
A4 |:1:] - 98°0vS 80L°86 9€s° L 6°1 0]9°v1 [EE°6 L59TE 1-vZ]9L-61-0T | €£0001 Kiauryow 110
~deag (doa
. ~uu\u:\n~ ~3xoeia) ateydsy
polvmy 88 82301 MOTJ, v 99 ot - ?o?m.o - - - 9°1 » 1-£2) LL-LT-E ]| pETOT burarg
107000 MOTA
T 66 - 9°8ZZ | 8L9° 1P 918 °€ ¢, - - - 14 962 T-27| tL-1-t | teooe 1estbanyelen
x0X1q 3v0o) IBWIAG
v S6 1 9°6v bE0°6 791§ - .- - T sILe -7 LL-T-E | TZOOT 1eorhanyrernn
authua J1
1 4 3 £6 88°2¢ 100°9 0LE " Y| 9°¢ 1°Tj9cerjseL 6L2 E-1Z}] LL-1-t | eLr01 Jueig obrmag
ehngtIaus) ®bpnys
- - 0ot L9°86 | 900°'8B1 1Y - - - 6°% BT T-12] LL-£T-27 ] SLt0T juerg abemag
x0jexeuToul obpnis
- ot o6 $6°S 60°1 :12 e $°6 -15'8 6°9 0£21 T-1Z| tL-£T-T § vitot Jueyg wbhemas
(1enbo
paumsse) suaAd yyoq
103 SUCTIPAJUIIUODee 09ze €-02] LL-1-2 [S9Z101 ss13s03362Q
UBAQ 133POIMOTJ
- 1 66 oot 0°'zs 0°09 - - - T 9962 €-07 LL~-T~T N9Z10T aeseabaq
. Huraiear] TrIoW
- vl 98 IRt S b1 6°€T] -~ - - 4 £82¢ Z-0Z| LL-T-T} sz10t F95e3165q
aaseaabaqg zodep
- - 001 (4 8 9 S 9 - - - 4 Z80¢€ 1-0Z] LL~T-T] pZ10T asseaabog
Roels 12k1q eyqunyg,
odAy juaatos ‘poas,| - 007 - 16°52 ov 8€9° N - - - 9°g je¢ 1-61} LL-0E-C | LVZOT « SA2ueaYy Aaq
SxIeway [4 k4 T Kep/qt xX/L /gy Y [Y LY Y W3S Xouaya | eapod 83eq “oN aweN SSIn01q
L-14:2 fo [-1.12 ¢ ) sse1o | BUGTSETad STUPHYD (P304 NO 0o NOU a99vm|  oey -1324 ant asag 1891
T oy sy ELERD) mro1g | toxavon . ant
12305 3JO "am 3 Aq seyoads s5ey
Ey{tsod {POTIATOUY

* (penuy3uod) 1€-€ TTAVL

3-89



YT1L-v08S d9AX

Axaaooay aodep
- 66 1 8-LZ} 2L -ST-11 | BOOOZ 1114 auryosen
Axanooay 2o0dep
- 66 1 L~LTEAL-ST-T1 } LOOOZ 1173 aurtosey
Kxanoney aodep
- 66 1 9-cz]9L-s1-11 | 90007 1113 auryosen
Kxanoday aodep
B oot - s-tz]9t-st-11 | so00z T11a aurgosey
Kxanonoy todep
- (102 ¢ - P-LZ|9L-ST-TT | vOOOZ 1173 aurosey
KanAaocosy xodep
- €-LZ] 9L-8-11 { £000C 1713 surgosen
ajqelyear Kaonooey xodep
§33e1 MO ONy - 001 - - T~LT] 9L-8-11 { Z0O0OZ 1113 auytosey
atqetyeae Axoaooay aodep
BI3eX MOT] ONs . 1-LZ] 9L-8-11 ] 10002 1113 surjosey
somng
uojiedy(dde 733/ay payidde|rad 21319 buyjooy
3O 832X pOIPUTISY, ot 09 ot Niouxw.v n|o~xv.@wuu~xa.~ - - - 9T v 1-92§ LL-8Z-€ } 9¥Z0T avy, Hutjooy
a33eay
BWOH - IBTINO
Iouang sey TPINIeN 9{q1319912p JON 516 1-6Z) LL-TZ-C } GEZOT | "uang [TyIudpISay
dumg abxeud 203
- (1103 ¢ - 9z0°0 S00°0 1100°0 - - - - Nlo~x~.~ 6-%¥ZLL-02-0T | 11001 Kxauyyan 110
yeay dumg 004
8 18 Tt 8-¥Z2 9L ~-0Z2-07 | 0100Y K1duy3an 110
wdb 0G|

. MOTJ Jo0reredeg 14¥
- oot - [ 2414 Ly 90°{ - - - - EREL/Y L-FZ [92-02-0T | 60001 Krsuryoy 110
59 auyl
6 89 €T 9-b7 19L-02-01 | 80001 Kxputzon 110
s)1eway [ z 1 Kep/q1 aX/L any/qy Y Y Y LY W3Ds| Xousrd | apod ayeq “ON DWEN £§PD01g

88210 :1-1-2 o} [:1:1-4 6o BUOTSSYWY DSTuvbig pelog mo 0 Ncu 19730M arey| -v333 AN 159y, RLEAR

Y oy Hav 1es30 motdf roxuod any

12304, 3o -am § AQq sajoadg] ssny
SITOSSH (oo TYATe Uy

* (PONUTIUOD) TE~E AIGYL

3-90



Y1.-%08S dAX

sbutddyig pesyriomM
- oot - LLo ovt-o T€0°0 S1-87 | LL-S1-t | oozot P12t 170
|aATEA
- 49 Lo 9L°8 09°1 S9€°0 - - 0 2zZ1°0 ®1-8Z | LL-ST-E | 66101 P192T3 110
uotzerodeay
x03R1vdas T4Y
- 001 - 1°82¢C 998°6S | 699°t1 - - - - €1-87 | LL-ST-€ | LETOT P1313 170
uoyietodeag
xoreaedag 14y
- 001 - 8°591 sz ot Lo6°9 - - - - Z1-8Z [ LL-ST-E | 96101 PIoTa 110
K1naooay xodep
YUEY Spiempg
- St st 1°€ t4 48 4 ¥96°0 - - 0 ist-o T1-8Z | LL-ST-E | S610T PIatl 110
uo31q 9bruyeaq
wieg yueg,
- oot - TETS 7556 1°812 - - - - ot-8z | tL-v1-¢ | t6101 P18YTd 110
®ATeA L1N 4SS
- Tt 89 10t 99°¢ 9€8°0 - - o 6820 6-82 | LL-YY-€ ] €610 pret: Tyo
330 INys seH
- 43 L9 1z°s 156°0 [AsAd - - [} SLoo 8-8Z | LL-bY~£ | Z6T0T P23 110
. A1vaooay
xodep yuey,
- LY €8 85T 6Z°0 990°0 - - 0 950°0 L-BT { LL-%T-€ } 16101 pre13 110
K3aaonoy
xodep yuey,
- LS £ 0s vt $9°Z $09°0 - - 0 114 ] 9-8Z | LL-P1-€ | 06101 P1e1l 1Y0
Kasnonay
aodep yuey
- a9 e Lot 09°S 6LT° 1 - - [} Lzr-o S-87 | LL-¥1-€ | 68101 pIota 110
eATeA J0ss5a1duwo)
- ;14 E4 4 90°pE 1z°9 6Tyt - - [} 69€ 0 b-8Z | LL-¥I-€ | LBTOT P1913 YO
oatep Jossaadwo)
- (13 os 29°SE 0s°9 vev°1 - - 0 osv o €-82 [ LL-v1-£ | 9BT0T P21 Y10
sATvA 10sseadwo)
- as v 960°0 z0°0 v00°0 - - /] 100°0 T-8Z | LL-PI-E | SBTIOT PIa211 10
. ) 1eag rossarduo)
- as [44 68°0¢ ¥9°s L87°Y - - o L4 4] T-82 | LL-¥I-¢ | pBTOT prats 1v0
LRSI [ 4 T Kep/at xX71, a4/qy Y Y Y WiDS | Aousid| epod ERLS] “ON PN SSPD01g
s891D 881D 89v{D BUOTES (@Y STUCEIL 1Oy 0o 02 | 103eM oyey | -v333 ant a8y, assl
v auy v qes10. mot13 |jtoxauop anst
tejol jJo Im § Aq sa159ds sSER
TIINEOR TesTIATOUY
b3

* (panut3uo)d) 1€-€ FIAVL

3-91



PT1L~-P08G €A

3addyxas vi
- - 001 €°814 [o] 2 13 [ 4 - 4 - - - 4 oL16 T-1€ | LL-ST-T| 11101 CRREEN (31
9832033 pIeog NI
- - 001 1°S0Y 0t1°61 »1°6 - - - 4 S6TT T-1¢ | LL-5Z-1] O1Y0T SIUNATOS
cdep xoyrubnrduy
A 314 sseihiaqry
- 001 - S€°Y 6T 0 svo ot - - T zeLy -0t LL-8-t ] TB101 saarsaupy
*de) xo0yeubaxdur
00t sseybiaqry
- 001 - [\Tage 00°1 08-°1 (114 - - T°T E4:144 -0t LL-89-€ ' £910Y SAATSNPY

*dep

'

162
6°0¢t €9°S €0t 6vL01 uang butrhiag
«den 203euboadwy
- 66 1 9°tZ1 S6V " TT LA 4 4 [124 0 o T2 001 1-0¢ ti-8-€} os101 LERS S SN
- z 86 96°0TZf TSE'Ov| €T Bl 61 0 £E| 6°°1 AR 1-67 | LL-Z-€ ] 6L10T trr3pued
HPRT AATPA
- [ Ly -1 2 ar°1 LEED - - - 1 vit-o zz-82 | LL-91-¢ | otzot P19ty Y0
eI PATPA
- 61 18 L6°1 6S€°0 Z80°0 - - - [} S90°0 1Z-82 | ti-st-€ | tozot PI214 110
Buise) aaraqg sey
- (%4 L9 oL'9 (420 6L2°0 - - - L] 960°0 0Z-8T | LL-ST-€ | 90201 pIory 1Yo
' IUDA fURY, YSTN
- 0z 08 t4Ad €19°0 ve1°0 - - - 0 vitr-o 61-82 | LL-ST-€ | £0Z0T proeta 1o
BATPA - IRy uey
- £e L9 (2354 690 °0 L07°0 - - - 1} Leo-o 81-8Z | LL-S1-€ | Z0ZOY PIa13 110

s11om
fuionpoad pg 03 pejey v0Z01 U 3210 ¢ |
~ode13Ixa [1oM ®uO 103 10Z01 J1oM aFriaay
SUOTRETNI ©bvIoAY, - 0ot e 0°82 €Z6°t w9971 . LL-ST-t | 00201 P{d13 110
IR 11
- 0071 - n|0~xo.~ vnoaxo.m vnaﬁxo.w L1-82 §LL~ST-€ | vOZOX PI314 1v0
pod 1ayong
/ounersn Burxoey
- 9 v 20°0 nnouxm.m muo—xu.a - - - 4 060°0 91-8Z }LL-ST-€ | 10701 PI21a 1to
s)ewoy € [4 1 Rep/qy ak/g n/qq [ Y Y Y WADS Aouato| apod @3ed | ‘oM sueN S50001g
-1:1.3 6o s9e1) 8se[)] SUGTES{WE STuvbip {eiof 0 03 NQML 227em | oaew | 1333 ant 159l EEERA
oy oY quy JIes19 mo13 froxavon any
1e3Ing 30 ‘am y Aq s9100ds LI
B1[Ns0 (eof3kieuy

© (PINUT3U0]) TE-€ aiavL

3-92



P1L-¥08S 9nX

Tatoumy,

. uedry Axq

- - 001 (A 44 [4: 284 8Lt (124 0 0 9" 9€ T, -2t | 9L-62-6 ] rooot S13uen{)

UBAOD UPDIDS TR

~- - 0ot 0°€T 9€°Z €Tt - - - z 6tY 9-1¢ | LL-SZT~T] L1TOT BIVIATOS

punoifyoeg

Juatquy ooy

- - oot L°68 $°91 8°¢L - - - [4 S-1€ | LL~ST-1} 91101 SIUBATOS

aaddyrig z§

- 1 66 $°SSS £6°001 (o114 - - - 8°Y 1es v-1€ | LL-SZ-1 ] YTI0T savaatos

. xaddi11g 7§

- 1 66 6°TIL $°621 66°19 - - - 8 1 €S €-1€ | LL-sz-1 | £1101 EEUEFRT.T

8XIeWIY € (4 1 Aep/qt xX73, ay/qy [ LY ‘ Y W3S | XiaTd | apol LRI “OnN WEN 65a001q
L3-A-2 ¢ sseld 8setd SUQISSTwg O1uebig (®IO]L NO (o8] NOU aP3eM a@3ey -13J3 HAX 188L 53],
Y qay auy 1es10 Mo13 J1o2310D an

1°301 30 ‘3Im v &q sardadg ssel

€3(18od (COTIAToUV

s (ponuTiUuO)) 1€~ TIAVI

3-93



TABLE 3-32.

OF ORGANIC COMPOUNDS

ARB REACTIVITY CLASSIFICATICN

Class 1
(Low Reactivity)

Class II
(Mocderate Reactivity)

Class III
(High Reactivity)

Cl—C2 Paraffins
Acetylene

Benzene
Benzeldehyde
Acetone

Methanol
Tert-aklyl alcchols
Phenyl acetate
Methyl benzoate
Ethyl Amines
Dimethyl formamide

Perhalogenated
hydrocarbons

Partially halecgenated
paraffins

Phthalic Anhydride**
Phthalic Acids**
Acetonitrile*

Acetic Acid

Aromatic Amines
Hydroxyl Amines
Naphthalene?*
Chlorchenzenes*
Nitrogenzenes*

Phenol

Mono-tert-alkyl-kenzenes
Cyclic Xetones

Alkyl acetates
2-Nitropropane

C3+ pParaffins
Cycloparaffins

n-alkyl Ketones
N-methyl pyrrolidone
N,N-dimethyl acetamide
Alkyl Phenols*

Methyl phthélates**

All cther aromatic
hydrocarbons

All OClefinic nydro-
carbons {(including
partially halogenated)

Aliphatic aldehydes
Branched alkyl Xetones
Callosclve acetate
Unsaturated Ketones

Primary and secondary
C2+ alcohols

Diacetone alcchol
Ethers

Cellosolves

Glycels*

C2+ Alkyl phthalateas*¥
Qther Esters**

Alcohol Amines**

C.T Organic acids +
di acid*~>

C3¥ di acid anhydrides**

Formin** (Hexa
methylene~tetramine)

Terpenic hydrocarbons

Qlefin oxides**

*Reactivity data are either non-existent or inconclusive, but conclusive data
from similar compounds are available; therefore, rating is uncertain but

reasonable

** Reactivity data are uncertain
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Table 3-23 is a breakdown of the organic species detected during
the program with its reactivity class, the concentration levels found and

a list of the sources that emitted that compound.

3.4.2 Discussion

The following are some dbservations on the test results for various
categories of devices tested during the program. The code number indicated

on the tables below refer to Takle 3-31.
A. Printing (Codes 1, 2, and 6)--

Three types of printing processes were tested: flexographic.
rotogravure and lithographic. The flexographic process had no controls
and was emitting less than a hundred tons propyl..acetate (Class 2) per
year. The rotogravure plant had one of the largest charcoal adsorbers
(120,000 SCFM capacity) in the Basin which was new and working very
well (over 96% =2fficiency). Even with controls the plant was found to
emit over 200 tons/year of aliphatic (80%) and aromatics (20%). More
than half of this came from ventilation fans located in the roof of the
building {peripheral fans) used to remcve fugitive emissions. They were

not controlled because of their low concentration.

The lithograph plant had two afterburners, one catalytic and one
thermal (non-catalytic). The non-~catalytic unit performed well. The ©64%
efficiency was procbably caused by the low inlet concentration at the time
of testing. The catalytic unit was operating poorly with a negative effi-
ciency of 27%. The natural gas used in the afterburner was not reacting
efficiently in the catalytic burner. As a result, over 100 tons per year
of low reactivity methane and ethane were peing released each year. One
ton per year of olefins found in the inlet to the catalytic burner was com-
pletely destroved, so the unit had significant benefit. KVB found this
combustion inefficiency on several catalytic afterburners. KVB was
advised by the operators and SCAQMD field test personnel that there is a

universal problem in this area.
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TABLE 3-33A.

TEST RESULTS BY SPECIES, ALCOHOLS

ARB Concentrations,
Name Class opm  measured Source Type

Methyl Alcohol 1 1 - 100 Appliance enamel,
Flexcgraph ink,
Landfill, Printed
circuit stripper

Ethyl Alcochol 3 0.1l - 10 Appliance enamel,
Flexograph ink

Isopropyl Alcochol 3 0.1 - 1.0 Lithograph ink inlet
to control only
(thermo burner)

n Butyl Alcohol 3 1 - 10 Appliance enamel

Isobutyl Alcohol 3 c.1 - 1.0 Appliance enamel

TABLE 3-33B. TEST RESULTS RY SPECIES, KETONES
ARB Concentrations,
Name Class prm measured Source Type

Acetone 1 0.1 - 100 Adhesives, Appliance
enamel, Flexocgraph
wnk; Landfill gas,
Plastics coatings,
Power plant combus-
ticn, Sewage gas,
Water based paint

Methyl Ethyl Ketcne 2 1 -100 Appliance enamel,
Plastics cocatings

Methyl Isobutyl Ketone 2 1 -10,000 Magnetic tape

: coating
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TABLE 3-33C,

TEST RESULTS BY SPECIES, THIO COMPOUNDS

ARB Concentrations,

Name Class ppm measured Source Type
Thiols, 3 10 - 100 Refinery sour water
Ethylmercaptan
Butyl mercaptan
Thiophenes 3 100 - 1,000 Refinery sour water

TABLE 3-33D. TEST RESULTS BY SPECIES, ESTERS (ACETATES)
ARB Concentrations,

Name Class PpPm measured Source Tvve

Ethyl Acetate 2 0.1 - 10 Adhesives,
’ Land£fill gas,
Water based paint
n Propyl Acetate 2 10 - 100 Flexograph ink
Isopropyl Acstate 2 0.1 - 100 Flexograph ink
n Butyl Acetate 2 1o - 100 Appliance enamel

3-97
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TABLE 3-33E.

TEST RESULTS BY SPECIES, HALO-COMPOUNDS

ARB Concentrations,
Name Class ppm measured Source Type
Fluoro-trichloro- 1 10,000 - 100,000 Refrigerant £ill line
methane gas
Difluoro-dichloro- 1 100,000 - 1,000,000 Refrigerant £ill line
methane - gas
Methylene Chloride -1 L -10,000 Landfill gas,
{(dichloromethane) Lithogragh ink,
Printed circuit
stripper sclvent,
Rubber masking paint

1,1,1-Trichloro- 1 1 - 1,00C Metal degreaser

methane fluid, Printed

(methylchlozrcform) circuit stripper

Vinyl Chloride 3 0.1 - 1.0 Landfill gas

Methyl Chlcride 1 1 - 10 Printed circuit,
Process Plant

- Background

1,2 Dichloro- 3 1 =10 Landfill gas

ethylene

Perchlorocethylene 1 0.1 - 1,000 Adhesive, Appliance

(tetrachloroethylene) ) enamel, Landfill
gas, Metal degreaser
fluid, Rubber
masking plant

Trimethylfluorosilane 1 0.1 - 10 Steel furnace gases

KVB 5804-714
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TABLE 3-33F. TEST RESULTS BY SPECIES, ARCMATICS

ARB Concentrations,
Name Class pPpm measured Source Type

Benzene 1 1 -10 Appliance enamel
10 - 100 paint; Automotive

100 - 1,000 water based paint;
1,000 - 10,000 Coke oven gas; Crude
oil, heavy API®, gas:
Crude oil, light API®
gas; Dip enamel
paint; Flexograph
ink; Gasoline;
Lacquer paint,
autcmotive; Landfill
gas; Natural gas
combustion; 0il
field gas drier;
0il field sump;
Paving asphalt;
Refinery process
gas; Refinery pump
seal leak; Refinery
sour water;
Refinery stock for
blending:; Roofing
tar; Rotogravure
ink; Rubber sol-
vent; Stripper
solvent for printed
cireuits; vinyl
acdhesive

Toluene 3 L -10 Appliance enamel
10 - 100 paint, Automotive

100 1,000 water based paint,
1,000 ~ 10,000 Auteomotive lacguer
paint, Dip enamel
paint, Flexegraph
ink, Gasoline,
- Landfill gas,
Satural gas pilot
light combustion,
Process gas com-
bustion, Refinery
blending stock,
Refinery process
gas, Refinery pump
leak, Rafinery sour
water, Roofing tar,
Rotogravure ink

Lylenes 3 1 -10 Appliance enamel

10 - 100 paint, Chemical
100 - 1,000 blending process,
Dip enamel paint,
- B Flexograph ink,
Gasoline, Landfill
gas, Refinery blend
stock, Refinery
pump leak,
Rotogravure ink

Ethylbenzene 3 1 -1 Appliance enamel
paint
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TABLE 3-33G.

TEST RESULTS BY SPECIES, ALDEHYDES

Name

ARB
Class

Concentrations,
DPM measured

Source Type

Formaldehyde

1 - 1c0

Combustion Sources:
Appliance snamel
oven afterburner,
Gas combustion, Gas
turbine, Lithogxaph
ink afterburner,
Natural gas IC
engine, Pilot burner
gas, Power plant
beoiler ¢il, Refinery
CO boiler, Refinery
process heater,
Sewage-sludge gas
burning IC engine,
Solvent based auto-
motive paint oven
atterburner-cata-
lytic afterxburner,
Water based auto-
motive paint after-
burner, Water based
automctive base
¢coat spray booth,
Water based auto-
motive base coat
fume incinerator

TABLE 3-33H.

TEST RESULTS BY SPECIES, OLEFIN OXIDE

Name

ARB
Class

Concentrations,
prm measurad

Source Type

1,4 Dioxane
(Diethylene dioxide

0.1 - 1.0

vVapor degreaser
solvent

(W)
i
=
O
(@]
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TABIE 3-33I. TEST RESULTS BY SPECIES, ACETYLENES

ARB Concentrations,
Name class pPpm measured Source Type
Acetylene 1l 1 -10 Steel processing
coke ovens,
sintering plant
TABLE 3-33J. TEST RESULTS BY SPECIES, CYCLOPARAFFTINS
ARB Concentrations,
Name Class ppm measured Source Type
Cycloparaffins 2 1l - 100% Appliance enamel

paint; Automotive
solvent based
paint, primer, top
coat; Crude oil,
light API?, heavy
API®, wet and dry
gases; Dip cnamel
paint; Gasoline;
Landfill gas;
Paving asphalt;
Refinery blend
stock; Roofing tar;
Rubber adhesive;
Rubber solvent;
Rotogravure ink
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TABLE 3-33K. TEST RESULTS BY SPECIES, CLEFINS

Name

Class

Concentratiens,
ppm measured

Source Type

Ethylene

1l ppm to 100%

Appliance enamel
paint; Automotive
paint, solvent
based primer oven,
afterburner; Auto-
motive paint,
solvent based top
coat oven, catalytic
afterburner; auto-
motive paint, water
based primer oven;
Coke oven gas;
Gasoline; Lithograph
ink catalytic after-
burner; Natural gas;
Paving asphalt;
Refinery process
gas; Roofing tar;
Sewage sludge gas.,
IC engines

Propylene
Butene
Pentene, 2tc.

1 ppm to 100%

Appliance enamel
paint; Automotive
solvent based
primer paint; Ccke
oven gas; Crude oil,
heavy API®, wet and
dry gas; Flexograpn
ink oven; Gasoline;
Landfill gas;
Paving asphalt;
Refinery blend
stock, process gas,
pProcess gas heater;
Sewage gas; Sinter-
ing plant, Steel
mill

Terpenes

10 - 1loo

Landfill gas
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TABLE 3-33L. 'TEST

RESULTS BY SPECIES,

PARAFFINS

Concentrations,

Source Type

pPpm measured

1l ppm to 1l0OC%

Adhesives; Appliance enamel;
Asphalt processing; Automcotive
solvent based primer paint oven
and afterburner, top coat oven
catalytic afterburner; Automo-
tive water based basecoat paint,
top coat paiat and oven; Coke
oven gas; Crude oil, light API®,
heavy API", wet gas, dry gas;
Degreaser, Flexograph ink ovan;
Gas turbine, Gasoline; Landfill
gas; Lithagraph ink catalytic
afterburner, thexmo atterburnsr;
Natural gas; Paving asphalt;
Power plants; Refinery fugitives,
progess gas, process heaters, CO
boiler; Roofing tar: Rotogravure
ink; Sawage Gas; Stripping
solvent for printed circuits

ARB
Name Class
Methane 1
Ethane 2
Propane
€17
C4 and higher and 2

their isomers

1 ppm to 100%

Adhesive, vinyl: Appliance enamel
paint; Automotive solvent based
paint, primer, topcoat, catalytic
afterburner, thermo afterburner;
Automotive water based paints,
undercoat, topcoat, overns, after-
burner incinerater; Autcmotive
lacquer paint; Cleaning solvent,
stoddard; Crude oil, light API”,
heavy API®, wet gas, dry gas:
Degreasaer; Flexegrapn ink oven;
Gascline; Landfill gas: Litho-
graph afterburners; Paving
asphalt; Refinery hlend stock,
procass gas, process heater;
Rotogravure ink, Roofing tar:
Rubber adhesive; Rubbper solvent;
Stripper solvent for printed
circuit board
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B, Chemical Plant (Code 3)=-

The emissions from this plant are low. However, when KVB tested
the pthalic anhydride afterburner, the burner was cocrroded and functioning
improperly. After replacing the burner the plant personnel had the unit

retested and reported that the methane emissions had been nearly eliminated.

c. Electrostatic Spray Booth and Oven (Code 4)-—

In this process appliances were electrostatically coated with
solvent based paint in an oven heated by the exhaust gases from the oven
incinerator. The painting operation was automated. The lncinerator itself
was 94% efficient but since half of the gas was recirculated the actual

emissions to atmecsphere were further reduced to a factor of 96%.
D. 0il Field (Codes 5 and 28)~--

Based ¢on three fugitive emission tests on two oil production fields,
KVB estimated the oil field emissions £for the entire Basin. With the
advice of the WOGA Production Subcommittee, XVB selected the fields tested
to be representative of two different types of operations found in the
Basin. The field in Huntington Beach produced a heavy (API°14) crude using
IC engine-powered rod pumps. Periodic steam injection was used-to improve
production. The field in Saticoy produced a light (API°34) c¢rude using
both elactric-powered rod pumps and gas-1lift techniques. In the latter
technique compressed natural gas is injected into the well to raise the
crude to the surface. Characteristic of most oil fields in the Basin, both
of these fields had a tank farm for oil/water separatiocn and gas compression

eqguipment.

Leaks in fittings and seals, evaporative loses from open wvessels,
and exhaust gases from IC engines and process heaters were the sources .
of emissions. A technique of spraying fittings with scap soluticn was used
successfully to locate and roughly guantify leaks. Qwer 3500 fittings were

tested in this manner. Every accessible fitting in a given location was

KVB 5804-714
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systematically sprayed and logged indicating the fitting type (valwve,
flange, etc.), line size, product in the line, pressure and temperature

of the product, and the size of leak detected (none, small, medium or
large). If a leak was detected; it was tagged "small," "medium" or

"large" depending on the judgement of the engineer or technician performing

the test.

Measuring the leak rates and sampling the escaping organic gases
was conducted using the tenting technigque described in Section 3.2 and
shown in Figure 3-13. Most of the "large" leakers were tested for leak
rate. Scme of the "medium” leakers and a few of the small leakers wexe
measured to "calibrate"” the visual appearance which was the primary

method of quantifying the smaller leaks.

Emissions from open vessels like waste water separators or oil
well cellars were estimated by cocllecting samples of the material in the

vessel and performing evaporation tests in the laBoratory.

1. Test Results—-

Tables 3-34 and 3-35 show the results of testing seven wells at
each field. At the Saticoy field only the gas—-lift wells were testsd
since the rod-pump well were used exclusively at the Huntington Beach
field. The tables show how many fittings of each type were tested and
how many leaks of what size (small, medium or large} were found. Table
3-36 summarizes the leaks by the type of product in the pipe line and the
temperature and preséure of those products. The dry gas lines were found
to have the greatest leakage. Dry gas was used at the Huntington Beach
field to fuel the IC engines (30~-40 psig) and at the Saticoy field to
effect the gas lift operation (200 psig). The wet gas and crude oil were

products from the wells being transported to the tank farms.

Tables 3-37 and 3-38 present leak test results for the respective
tank farms. Table 3-39 combines the tank farm data and summarizes the data
by the material in the pipeline. As for the oil wells the leaks in the tank
farm arca were found primarily in the gas lines. A few small or medium
leaks were found in the crude lines at duntington RBeach but none were found
at Saticoy despite a concentrated effort in which nearly 1000 fittings were

sprayed with soap solution. KVB 5804-714
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TABLE 3-34. HUNTINGTON BEACH OIL FIELD, LEAK TEST RESULTS
7 ROD-PUMP WELLS

Total Leakers Identified
Device Type Tested Small Medium Large
Flanges 61 0 0 0
Valves - gate a8 11 2 2
" butterfly 7 0 0]
plug/ball 85 0 0
relief 7 0 v Q
Threaded Connections
- ells 159 5 0 0
tees 94 1 0 0
unions _ 78 - 1 2 1
couplings 24 0 0 0
swages s3 0 0] 0
bushings 13 0 0 G
others ‘ 68 0 1 9
Total 747 19 5 3

KVE 5804-714
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TABLE 3-35. SATICOY OIL FIELD, LEAK TEST RESULTS
7 GAS LIPT WELLS

Total Leakers Identified
Device Type Tasted Small Medium Large
Valves - gate 35 10 5 0
Threaded Connections
- ells 36 1 0 0

tees . 15 o 0 0

couplings 42 10 1 1

others 29
Controi valves 7 Q C 1l
Total 164 21 6 2

KVE 5804-714
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TABLE 3-36. OIL WELL LEAKS, SUMMARY BY PIPELINE CONDITIONS

Conditicons

Temperature Pressure Total Leakers Identified

Product (°F}) {psiq) Tested Small Medium Large
Wet Gas 90 a0 - 110 255 2 0 1
Dry Gas 70 30 - 40 130 16 5 2
70 80C (gas lift) 164 21 6 2
Crude 20 80 - 110 362 1 0 0
Total 91l 40 11 5

3-109
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TABLE 3-37. HUNTINGTCN BEACH OIIL FIELD, LEAX TEST RESULTS

TANK FARM

Total Leakers Identified

Cevice Type Tested Small Medium Large
Flanges 181 0 0 0]
Valves - gate 243 16 ©o11 5
butterfly 113 o] Q 0
plug/ball 44 1 o} 1
relief 8 0 0 o]

Threaded Connections

~ alls 103 0 0 0
tees 49 Q 1 0
unions 19 1l 0 1
couplings 27 1 0 o]
bushings 12 1 0 0
others 29 2 C 0
Total 828 22 12 7
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TABLE 3-38. SATICOY OIL FIELD, LEAK TEST RESULTS

TANK FARM
Total Leakers Identified

Device Type Tested Small Medium Large
Wet Gas Lines
Flanges 95 0 Q 0
Valves - gate 122 7 4 2

plug/ball 49 0 0 1

relief 10 0 0 0
Threaded Connection

- ells 48 0 ] ]

tees 8 : 0 - 1 0

others 12 0 0 4
Control Valves 8 0 0 4
Total 362 7 5 11
Crude Line Fittings 932 0 0 0

XVB 5804-714
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TABLE 3-39. OIL FIELD TANK FARM LEAKS, SUMMARIZED BY PIPELINE CONDITICNS

Conditions

Temperature Prassure Total Leakers Identified
Product (°F) (psig} Tested Small Mediuam Large -
Wet Gas Amb. L0 - 45 436 8 5 8
Drv Gas Amb. 55 312 15 10 10
Crude Ampb. - 180 20 - 85 1189 6 2 0
Waste Water Amb. - 180 20 - 40 32 ¢) o] 0
Dump Line Amb. Amb. 173 C 9] Q

Total 2122 29 17 13

KVE 5804-714
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The gas and compressor plant results are summarized in Tables 3-40

and 3-41 respectively.

To quantify the leak rates designated small, medium and large, the
actual leakage was measured on 21 fittings as shown in Table 3-42. Large
leaks were found to be greater than 0.08 ft3/min which for methane corresponds
to a leak rate of 0.9 tons/year. The largest leak in the group was 0.29
ft3/min correspeonding to 3.1 ton/vear of methane. Medium leaks ran between
0.006 and 0.08 f£t>/min with a minimum leak rate of 128 lb/year of methane.
Small leaks ranged down to as small as 0.0002 ft3/min or 4 1lb/year of
methane. This established the overwhelming importance of the large leakers
on the total emissicns and validated the visual technigue for estimating

sméll and medium leak rates.

The fugitive emission data reported above were used to compute
emission factors and emission profiles for petroleum production operations

as discussed in Section 2.3.

At the sSaticoy field a special study of the effects of routine
maintenance was made. Forty-three leaking fittings, primarily valves, were
tightened by 0il field personnel in an attempt to stop the leaks. No seal
replacement or other major overhauling was attempted. The results are in
Table 3-43. More than 50% of the leaxers were stopped by a simple
tightening of the packing nut.
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TABLE 3-40. HUNTINGTON BEACH OIL FIELD, LEAK TEST RESULTS
GAS PLANT (4 OF 6 COMPRESSORS IN SERVICE)

. Total Leakers Identified

Device Type Tested . Small Medium Large
Compressor Valves 40 1. 4 1
Covers 160 1 1 4
Wet Gas Valves 29 0 3 3
Wet Gas Flanges 70 1 0 0
Total 299 3 8 8

TABLE 3-4l. SATICOY QIL FIELD, LzAK TEST RESULTS
COMPRESSOR PLANT (L OF 2 CCMPRESSORS IN SERVICE)

ctal Leakers Identified

Device Type Tested Small Medium Large
Compressor Valves 12 0 0 3
Covers 6 0] 0 0
Wet Gas Valves and Flanges 60 5 1 0
Dry Gas Valves and Flanges 93 3 2 0
Dry Gas Control Valves 3 0 0 3
Total 174 3 3 6

KVB 5804-714
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TABLE 3-42.

QOIL FIELD LEAK RATE DATA, MEASURED

Leak Rate Designation
Fluid (f£3/min) (soap spray)
Wet gas 0.17 Large
Dry gas 0.08 Large
Wet gas 0.29 Large
Wet gas 0.11 Large
Wet gas 0.12 Large
Dry gas 0.18 Large
Dry gas 0.26 Large
Dry gas 0.02 Medium
Wet gas 0.04 Medium
Dry gas 0.086 Medium
Dry gas 0.009 Medium
Crude 0.007 Medium
Crude 0.009 Medium
Wet sas 0.006 Medium
Wet gas 0.04 Medium
Dry gas 0.0009 Small
Crude 0.0005 Small
Dry gas 0.0009 Small
Crude 0.002 Small
Wet gas 0.004 Small
Crude Q.0005 Small

3-115
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TABLE 3-43. -SATICOY FIELDS, EFFECT OF VALVE TIGHTEMING

Number No
Identified Stopped Reduced Effect

Gate valves

Small leakers 16 14 0 2

Medium leakers 5 2 1 2

Large leakers : 5 1 0 4
Other valves & cennections

Small leakers S 5 0 Q

Medium leakers 3

Large leakers 1 0 0 1
Control wvalves 8 0 0 8
Total 43 24 1 18

KVB 5804-714
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E. Refinery Emissions (Codes 7, 11, and 24)--

The objectives of the refinery tests on this program were tc (1)
obtain emission profile data (% composition), (2) check emission facters in
AP-42 and (3) evaluate ambient testing as a means of characterizing refinery
emissicns. The ambient tests were discussed in Section 3.2.4. The fugitive
emissicn rates from eight major refineries were measured in the late 50's
by the LA APCD in a joint Federal, State and District project. These test
results were the basis for most emission factors in AP-42. It was felt
that the testing permitted by the ARB program budget would be sufficient
to validate the AP-42 emission factors or determine that current maintenance
practices and sealing technology had caused a reducticon in emission factors.
Also by sampling and analyzing the emissions from typical refinery‘processes

an emission profile for various refinery processes was obtained.

One major refinery {(Code 7) was tested primarily for device type
emission factors. The small Douglas Oil refinery (Code ll) was tested for
ambient test evaluation as discussed in Secticon 3.2.4. Another small
independent refinery (Code 24) was used for scome preliminary testing to

checkout test procedures.

The effort included stack tests on process heaters and FCC units
plus fugitive emission tests on wvalves, fittings, pumps, compressors,
cooling towers and oil/wéter separation pools. As discussed in Section
3.2.1, fugitive emissions from process hardware were detsrmined by spraving
the components with scap solution and characterizing the leak rates by the
rate of bubble formation. By measuring a number ¢of small, medium and large
leaks a characteristic leak rate was determined for each of these leak
sizes. Emissions from cooling towers and pools were estimated by determin-

ing organic evaporation rates from samples taken from these sources.

The samples taken from refineries for laboratory analysis are
summarized in Table 3-31., A breakdown of organic compounds for each emis~-
sion sample listing in Table 3-31 is presented in the aAppendix. The refinery
fugitive emission measurements are summarized in Table 3-44 and discussed
below. The emission factors used in the emission inventory are discussed

in Secticn 2.3.1.
KV3 5804-714
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TABLE 3~44., OIL REFINERY FUGITIVE EMISSION SUMMARY

Total Leakers Identified
Device Tvpe Tested Small Medium Large
Valves 5765 157 62 33
Flanges 11821 38 20 7
Pumps 115 30 4 7
Compressors 5 1 Q O
Separators 3
Cooling Towers 3 .

KVB 3804-714
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1. Refinery Valves and Flarnges--

A bhreakdown of valve and flange test results is presented in Table
3-45. The number of flanges tested was approximately twice the number of
valves since most installations of valwves in pipelines involve two flanges.
In spraying fittings with soap soluticon all of the accessible valves and
flanges in a process aresa were inventoried and tested. The valve type
breakdown shown was based on the testing at the Cocde 7 refinery while those
listed as unclassified were measured at the Code 11 refinery. 1In test