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ABSTRACT 

To provide detailed data for modeling the photocha~ical formation of 

atmospheric oxidants and information on \vhich to base comprehensive conerol 

strategy, an inventory of gaseous organic emissions from stationary sources 

was conducted in the California South Coast Air Basin. Unlike most organic 

emissions inventories in ~~e past, this one included the development of emis­

sion profiles, i.e., a breakdown of ~~e individual organic species which con­

tributed at least 1% of the total organic emissions from each source. Based 

on a comprehensive field sampling and laboratory GC-MS analytical program, as 

well as survey and literature data, 140 uni~e emission profiles were developed 

to describe hydrocarbon emissions for 740 SCC/SIC categories. The va~io~s 

profiles identified from one to ~~irty different species. 

The inventory accolli~ted for all known stationary source organic emis­

sions including major and minor POL~t sources, and area sources (oil produc­

tion fields, architectural coatings, domestic solvent usage, etc.). The inven­

tory was prepared in ~~e EPA's Emission Inventor] Subsystem (EIS) format. All 

sources were located by Universal Transverse Mercator (UT~) coordinates. 

Also, a study of available control techniques for organic emission 

for various applications was performed. Control tec~~ique descriptions, a;pli­

cation considerations and cost effectiveness data were compiled. 

Finally, a prediction of emission trends based on expected grcw~~ and 

control strategies was made. 
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SECTION 1.0 

OVERVIEW 

1.1 INTRODUCTION 

Organic compounds emitted from stationary sources contribute to the 

formation of smog in the atmosphere. These compounds (often referred to as 

hydrocarbons) react 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 each other in the atmosphere 

to form long chain organic molecules which contribute to the a~~ospheric aero­

sol, another constituent of smog, which limits visibility. The ability 0: the 

various organic compounds to form oxidants or organic particulate matter varies 

with each specie of hydrocarbon and the measure of this ability is referred to 

as reactivity. 

For some time scientists have been measuri~g the reactivity of organic 

compounds (with regard to both oxidant ana aerosol formation) using smog 

chambers to simulate a~~ospheric conditions. Prior to this program, ~he actual 

hydrocarbon a~issions from stationary sources had not been characterized by 

species. Only the total organic emissions or at best the methane/non-methane 

composition (also referred to respectively as "non-reactive" and "reactive" 

hydroca=bons) we=e available in existing inventories. 

In order to develop an organic emission control strategy for G~e 

California Sou~~ Coast Air Basi~,* the ARB initiated this program to i~ventory 

organic compound emissions from stationary sources, investigate control tech­

nology and forecast emissions for the next ten years. The inventory would 

reveal which compo~~ds are being ~itted by various sources ~~d where G~ey are 

located. It would also specify the reactivity of those compounds according 

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

*The South Coast Air Basin for the purposes of this study includes part of 
Santa Barbara, Ventura, Los Angeles, Orange, Riverside, and San Bernardino 
Counties. 

1-1 K'lB 5304-714 



organic emissions from point, area, anthropoga~ic, and natural sources. 

Sources were 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) coordinates, and the Sources were to 

be grouped into ten-kilometer grid squares. Other portions of the study 

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

Later in the program, a requirement was added to present the inventory 

data in the Emission Inventory Subsystem, Permit and Registration (EIS/P&R) 

format. EIS/?&R (hereafter referred to as EIS -- a computerizGd data system) 

was developed by the EPA to be used by all local and. state agencies for their 

own records as well as to provide data to a national data bank. ?~other added 

requirement was the reporting of emissions, specie by specie, for each one kil­

ometer grid square in the Basin. 

1.2 SUHMARY AJ.'lD CONCLUSIONS 

In order to accomplish these objectives, ~~e first steps were to prepare 

a prelimina~J ~nventory of total organics (wi~~out specific species), to identify 

the major sources, and to determine the distribution of emissions among the 

various source types. 

Next, a field test program was conducted to characterize emissions 

from sources selected on e,e basis of the prelimina~l inventory, emphasizing 

those source types comprising the greater amount of the emissions. Organic 

species contributing at least 1% of the total organic composition were iden­

tified using GC/MS analysis. Over 600 samples were collected and analyzed 

from various equipment in the following locations: 
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Adhesives Mfg. Plant 
Aircraft Plant (2) 
Appliance Plant (2) 
Asphalt Plant 
Auto Body Shop (2) 
Automobile Plant (2) 
Chemical Plant (2) 
Dry Cleaning Plant 
Equipment Mfg. (2) 
Gas Compressor Plant 
Gas Pumping Station 
Gaso line Sta tion 

Equipoent tested included: 

Adhesive Spray Booth 
API Separator (6) 
Asphalt Paving 
Basic Oxygen Furnace 
Blast Furnace 
Charcoal Adsorbers (4) 
Chemical 11.111 
Chemical Process 
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 (5) 

Landfill 
Magnetic Tape Plant 
Oil Field (2) 
Oil Refinery (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 (6) 
Incinerator (10) 
Li thograph (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 (6) 
Valves (24,000) 
Vapor ~ecovery Tank to Car (3) 
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 source, by collecting 

ana analyZing air samples taken ~pwind and downwind of the refinery. Diffusion 
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modeling techniques were used to predict emission factors from the refinery. 

The resulting emissions predicted by this indirect technique were lower than 

those determined by direct source methods by an order of magnitude. This 

was probably caused by vertical dispersion of the hydrocarbon ~~issions, which 

could not be adequately detected by fenceline measurements. 

Test results were augmented by questionnaire responses and litera­

ture data to establish bo~~ emission factors and emission profiles (percent 

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 (SCC No.) and industry category (SIC No.). 

Where possible, emission factors, determined from field tests, were compared 

for validity wi~~ factors contained L~ AP-42, and those in the SCAQMD data 

base. No existing emission factors were found for oil production, IC engines, 

and landfills. 

Coincident with this work, the Sou~~ Coast Air Quality Management 

District (SCAQMD) (Los ~~geles, Orange, Riverside, and San Bernardino Coun­

ties), and the Ventura and Santa Barbara County Air Pollution Control Dis­

tricts (VAPCD and SBAPCD) were compiling new EIS files for ~~eir individual 

districts. These County EIS data files were provided to KVB, Inc. hy the 

ARB, along wi~~ a breakdown of population data for the Basin in 1 KID grid 

squares. 

The las~ step in the program was to generate a final inventory. The 

EIS data were the basis for ~~is KVB final inventory. The emission factors 

used in the EIS files were reviewed by KVB and adjusted where necessary by 

applying correction factors determined from source tests to specific sources 

or to a group of sources identified with a certaL~ Source Classification Code 

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

addition, sources not contained in the EIS files, primarily area sources, 

were added to the data base. 

The final inventory was delivered to the ARB under separate cover as 

computer printouts and magnetic tape files. The prima~l elements are as 

follows: 

1. A Total Organic Emission Report by ARB Application Category 

2. A Total Organic Emission Report by Ten-~~ Grid Squares 

3. ~n Emission Profile Listing 

1-4 KV~ 5804-714 



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

5. An Individual Organic Specie Report by Appli­
cation Category 

6. A Point Source Emission File in EIS For~at (Tape) 

7. An Emission Profile File (Tape) 

8. An Area Source File (Tape) 

9. Miscellaneous Indexes, Listings and Files (Tapes) 
to Support the Items Above 

The inventory which has a baseline of 1975-1976, 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 sources account for 1850 

ton/day total hydrocarbon emissions. 

The petroleum industry accounts for 20% of the total emissionsi 110 

ton/day from production, 120 ton/day from refining and 190 ton/day from market­

ing. Solvent use accounts for another 10% of the organic emissions. 

The largest source category is landfills, which account for over 40% 

of the total a~issions, 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 populated 

area, therefore, their contribution to smog formation in the metropolitan area 

is probably of ~uch less significance than the anthropogenic emissions. 

The primary organic species emitted are: 

Ton/Day (Avg.) 

Methane 1100 
Terpenes 300 
Pentane 80 
Butane 70 
Hexane 60 
Perchloroethylene 50 
Ethane 50 
Propane 40 
Isopropyl Alcohol 30 
Toluene 30 
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The emissions of compo~~ds rated as Class 3 1 highest photochemical 

reactivity, account for 500 ton/day, of which 300 ~on/day are natural terpenes. 

Other Class 3 emissions include: 

Ton/Day 

Isopropyl Alcohol 30 
Toluene 30 
Et..'J.ylene 20 
Ethyl Alcohol 20 
Xylene 15 
Pentene 10 
Butyl Alcohol 6 
Glycol Ether 6 
Formaldehyde 6 
Propylene 4 

A brea~down of the sources of individual species emissions by 13 

application categories (i.e., petroleum refinerl, solvent use, combustion of 

fuel, etc.) is provided in Section 2.4. 

In addition to the emission inventory, an investigation of 'control 

techniques for various application categories was performed. Control tec~iques 

described in this report include: 

a. Activated carbon adsorption systems 

b. Thermal and catalytic incinerators 

c. Vapor condensation systems 

d. Scrubbers (absorption syst~~) 

e. Vapor space elimination (e.g., floating roof tanks) 

f. Liquid/vapor exchange systems for fluid transfer 

g. Enclosure (covering drains, sewers and separators) 

h. Process and material changes (e.g., solvent substitutions, 
high solids coatings, etc.) 

i. Improved maintenance. 

Over 60 industrial and commercial processes are considered. For each process, 

applicable control techniques are identified. Finally, cost effectiveness 

data (S/unit weight of pollutant reduced) are developed for the techniques 

listed above. 
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with so many different processes and plant configurations involved, 

it is possible to determine most cost effective control technology only on a 

plant-by-plant basis. For the control of organic emissions from exhaust 

stacks, without a change in the basic process, activated carbon adsorbers 

and incinerators are the preferred add-on devices. For low ~ydrocarbon con­

centrations (around 100 ppm), carbon adsorption is more economical. For con­

trol of high concentrations (around 25% of the lower explosion limit, i.e., 

12,000 ppm for hexane), carbon adsorption is both economical and can produce 

a profit if recovered solvents can be reused or sold. If the organic material 

cannot be reused, then for the high concentrations, incineration with 

primary heat reCQvery (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 ppm and 10,000 ppm, the difference 

in cost effectiveness could be a factor of 10. 

The conversion of architectural and industrial coatings to water­

borne and solventless formulations should continue at the current ra~e over 

the next ten years. The pacing items are (1) necessarj 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-year forecast of organic emissions in the Basin indicates that 

the anthropogenic a~issions will decline by 65% by 1986. Anthropogenic methane 

emissions will probably be reduced by 50% while non-methane emissions will be 

reduced by 70% since most control methods are less effective on me~~ane than 

on non-methane emissions. A projection of nat~al a~issions was beyond the 

program scope. 

This report consists of four sections. section 2.0 deals with the 

emission inventory describing the data sources and presents the detailed 

data used in its compilation. Various summary tables and plots are also 
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presented. Section 3.0 deals wi~h the field test program presenting sampling 

and analysis methodology, test results and an assessment of data quality. 

Section 4.0 is a summary of control technology state-of-the-a~t. Of major 

interest is Section 4.4 which provides cost effectiveness data for using 

control techniques. Finally, a prediction of future emission trends is pre­

sented in Section 5.0 based on expected industrial and population growth, 

control technology implementation, and control legislation. 

1.3 RECOMMENDATIONS FOR FURTHER RESEARCH 

1.3.1 Standard Procedures for Organic Emission Measurement 

The measurement techniques employed on this program met the objec­

tives of characterizing typical emissions. The techniques were of necessity 

universal in application, covering emissions of pure hydro~arbons as well as 

organic compounds containing oxygen, nitrogen, halogens, etc. If future 

control strate~l involves placing a limitation on organic emissons, then 

some measurernenc standards must be established similar to those now spe­

cified in the Federal Register for NOX, SOx, particulates, H S, etc.
2 

It was observed on this ?rogr~~ ~~at the collection and recovery of 

certain species was dependent on the techniques employed. Some materials 

used in sampling trains like plastic tubing are known to adsorb certain 

compounds. These are avoided in the ~lB sampling train. Heat~ng the col­

lector to release the sample is effective on certain compounds but causes 

others to undergo a chemical change. Some types of GC columns are more ef­

fective than others for separating certain compounds. Also, a GC will have 

different responses to various compounds. Certain oxygenated compounds such 

as aldehydes and carboxylic acids essentially fail to respond while esters, 

ketones, alcohols, ethers, and alicyclics behave as pur hydrocarbons. wnile 

the GC used on G~is program was calibrated for varying responses for ~no'~ 

compounds, it is possible that certain unexpected compounds may have gone 

undetected. On certain solvent sources such as automobile pain~ing, there 

seems to be a surprising lack of oxygenated compounds. 

Therefore it is recommended that a research program be conducted to 

define specific equipment and procedures for measuring the various classes 

of organic compounds. The program must include sufficient evaluation test­

ing of the selected techniques to establish values of accuracy and precision. 
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The EPA is aware of this need and is sponsoring some work in ~~is area. 

They have divided the organic emissions into three categories: (1) synthetic 

organic compounds, (2) oxygenated solvents, and (3) pure hydrocarbon com­

pounds. Procedure work books are being prepared for Category (1). Category 

(3) has not been handled yet but is admittedly routine. They are without a 

good answer on Category (2) which is the situation in Which KVB has also 

found itself. One aspect that EPA is not addressing is speciation. They 

are only interested in measuring methane, ethane, and total organics. For 

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

1.3.2 Investigation of Org~~ic Solvent ~~issions from Paint Spray Booths 

Emissions from paint spray booths have been estimated based on pai~t 

usage times the fraction of solvent in the paint. At~empts at a material 

balance in measuring actual emissions indicate that the calculation method 

may produce higher results. Many oxygenated solvents are water miscible and 

their vapors may be absorbed by water curtains used in spray booths to 

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

GC analysis. 

Another interesting observation made on this program is that the 

emissions from water-based paint operations in an automobile ass~~ly plant 

are sL~ilar in tonnage and reactivity to those from a similar solvent-based 

painting opera~ion. 

Therefore it is recommended that a research program be conducted to 

characterize the release of organic a~issions from new automobile painting 

operations comparing those using wa~er-based and solvent-based paints. 

1.3.3 Development of Measuring Techniques for Evaporative Emissions 
from Petroleum Sources 

Separators, ponds, cellars, sewers, and cooling towers appear to be 

significant sources of hydrocarbon emissions. Attempts to characterize 

emissions from these s~urces on this program met with varied results. Con­

sultation with o~~er investigators in the field revealed similar frustra-

tions. Future control strategy may require establishment and enforcement 

of maximum emission level from evaporative sources. 
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Therefore, it is recommended that research be conducted to develop 

reliable measura~e~t techniques for evaporative sources of nydrocarbon 

emissions. 

1.3.4 Gasoline Marketing Data 

Because gasoline marketing is one of the large sources of hydro­

carbon emissions in the Basin, the control of these emissions with vapor 

recovery systa~s is an important part of any air quality improvement stra­

tegy. To handle the control of such a large number of sources, a computer­

ized system would De a great convenience. A source of compu~erized infor­

mation regarding gasoline station location, chroughput rate, hours of 

operation, etc. exists in a private company, Lundberg surveys, North 

Hollywood, California, who update the data regularly and sell this infor­

mation to oil companies as printed reports. \~hile their computer tapes 

are jealously guarded with regard to oG~er private industries, it is 

possible that. a magnetic tape version of this report could be obtained 

for government purposes. 

Therefore, it is recommended that the L~~dberg survey tapes be 

secured to support the conerol of gasoline station hydrocarbon emissions. 

1.3.5 Development of an Organic Compound Flux Gage 

Because of the difficulties encountered in measuring organic emis­

sions from large evaporative sources such as storage tanks as well as 

separators, cooling towers, etc. as mentioned above, an instrument which 

could measure G~e flow of hydrocarbon vapors would be useful. Devices 

exist to measure concentrations of organic vapors in the form of sniffers. 

The proposed device would measure the vapor flow in weight per unit area 

per unit time. ~vD began the development of such a device under wOGA 

sponsorship at a low funding level, but the project was later termi~ated 

because it appeared that it would require some extensive development just 

to evaluate the proposed concept. The KVB instrument was based on using 

two cryogenically cooled ~~arti crystals to collect and weigh the organic 

vapor. Whether or not the quartz crystal microbalance approach is feasible, 

seme method of measuring flux should be investigated and, if possible, 

developed. 
K'lB 5804-714 
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Therefore, it 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 development of 

a prototype unit capable of being evaluated in the field. 

1.3.6 Oil Field and Off-Shore Platform Emissions 

KVB estimated oil production emissions based on emission factors 

developed from field tests at two oil fields. These factors were applied 

on a per-well basis using the California Divison of Oil and Gas informa­

tion on the number and location of oil wells. This was the best estimate 

that could be made within the program budget limitations. Previous 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 componen~ 

emission factors. The API is currently sponsoring a program to develop 

oil 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 required. The APCDs have 

performed only a limited amount of inventory work on oil field emissions. 

The~efore, it is recommended that further research be conducted 

to characterize oil field emissions. The program should include an inven­

tory of equipment and testing as necessary to develop or confirm a~ission 

factors for the equipment identified. 

1.3.7 Emissions from Stationary Ie Engines 

The KVB inventory identifies Ie engines greater than 30 HP 

because G~ey require permits and are in the EIS file. Smaller engines are 

used throughout the Basin and do not require permits. Each oil well at the 

Huntington Beach field has a 60-HP engine. There was not enough time to con­

duct an inventory of these small engines. 

The organic emission factors in AP-42 were based on engines much 

larger than those normally found in the Basin. KVB's lL~ited testing 

showed little agrea~ent with the AP-42 values. 
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Therefore, it is recommended that an inventory be made of Ie engines 

in the Basin and that selected testing be performed to develop emission 

factors. In addition to organic emissions, NOx should be measured to check 

emission factors which were questioned in KIm's NOx inventory report to ~~e 

A..~. 

The SCAQMD is currently engaged in an effort co locate ~~ese engines. 

Depending on their success, this may fulfill the invencory need. A program 

to develop emission factors would still be appropriate. 

1.3.8 Refinery Maintenance 

As discussed in Section 4.0, the cost/benefits of a special emission­

control maintenance program in a refinery are debacable. KVB could only 

afford a few exploratory tests which revealed some potential for significant 

benefits to be achieved by such a program. 

Therefore it is recommended that a special research program be con­

ducted to determine what the cost/benefit racio would be for a program in 

which a mainta~ance crew were dispatched on a continuing basis to detect 

and correct any leaks that exist. The program should determine optimum 

crew size, frequency of slirleillance, and recommendations for equipment 

and techniques to be employed. The feasibility of such a progrwn would be 

determined based on estimates of costs and anission reduction tonnage. 
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SECTION 2.0 

INVENTORY 

2.1 DATA SOURCES 

The data used in this organic emission inventory were obtained from 

the following sources: 

1. Various government agency files 

2. Field testing 

3. Questionnaires 

4. Literature 

5. Engineering analyses 

6. Personal contacts with government and industry personnel. 

All county enforcement agencies were in the process of a total recom­

pilation of their permit files using the EPA's EIS/P&R* (Ref. 2-1) format 

(referred to as EIS hereafter) during the ?eriod of this inventory. The 

computerized pe~t file from Los Angeles County and the permit files from 

the other counties were used to obtain da~a for the preliminary invento~l. 

It was planned that the final inventory would ~e compiled using the new EIS 

data base for the major poin~ sources as soon as data entry was completed 

and checked for all counties in the inventory. The following key data were 

contained in the EIS data base: 

1. Plant name, address, ID No., etc. 

2. Standard Industrial Code (SIC) 

3. Source Classification Codes (SCC) 

4. UTM Coordinates 

5. Stack Height 

6. Pollutant Identification 

7. Emission Factor 

8. Throughput Rates 

*Emission Inventory Subsystems/Permit and Registration 
KVB 5804-714 
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9. Estimated emissions 

10. Seasonal variations 

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

For minor sources in LA County, the original germit file was used. 

Also a compu~er tape file of gasoline station locations in LA County was 

received from the SC AQMD. Both of these files had location coordina~es on 

a one mile square grid basis. The ARB provided an algorithm for converting 

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

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

which was used to distribute population related area source emissions. 

Field test data were used to formulate emission profiles and to 

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) . 

Questionnaires were received from approximately lQO industrial 

sources wi~h comprehensive data on their solvent and fuel usage. Data 

received were used to develop emission profiles and to check values con­

tained in the district files. 

There was a great deal of activity in the area of organic emission 

assessment by other agencies and contractors. A list of those programs Nhich 

provided valuable data for this inventory are summarized in Table 1. Excellent 

cooperation and data exchange were main~ained with those contractors and 

agencies listed. 

Other sources of information included personal contac~s with various 

industry associations (dry clea~ing, refinery, asphalt, printing, etc.) and 

government agencies (especially the ArtS, California Division of Oil and Gas, 

EPA Office of Air Quality Planning and Standards in Durham, EPA Kegion 9, 

local air pollu~ion dist~icts and the Southe~n California Association of 

Governments, SCAG). 

From data received from the above sources, comprehensive ~nalY5es were 

conducted to derive emission profiles in a form compatible with the i~ventory 

format. fu,alyses of test data from this and rela~ed programs listed in ~able 

2-1 were perforned to create or evalua~e existLng emission factors. 

K\~ 5804-714 
2-2 
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2.2 8ATA ~~AGEMENT 

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

included: 

1. EIS data for major point sources for SCAQ~ID 

2. Minor point source data from the SCAQI1D (Metro Zone) 

3. Gasoline station data for SeAQ~ID (Metro Zone) 

4. EIS data for 'lentura and Santa Barbara County (major and 
minor sources including gasoline stations) 

5. Petroleum production field 

6. Additional area data for sources such as forests, landfills, 
architectural coat~ng, domestic solvent use, etc. 

7. Emission profiles 

8. Population distribution by one kilometer grid 

9. Emission factor adjustments to EIS data 

The available EIS data processing software was incorporated for 

processing the EIS data. In this system individual sources could be modified, 

added or deleted. KVB added a feature which also permitted the data to be 

modified by see number. For example, the emissions in the EIS data base 

from certain fixed roof tanks (identified by a specific see number) appeared 

to be too high based on recent test data. The emissions from those 

tanks were modified by one correction factor applied co all the emissions of 

that specific sec number. 

The profile data was organized with sec number as the key. The 

specific organic specie emissions for any source were determined by factoring 

the total source emissions by the profile of specie weight percentages. 

Area source emission rates were added to G~e EIS data file using w~e 

emission factor and inva~cories presented in Section 2.3.4. These sources, 

including natural emissions, architectural surface coatings, and gasoline 

marketing, constituted a large portion of the total emissions in the Basin. 

Since a standard for.nat was not yet available for describing emissions not 

meeting the EIS point source criteria, KVB chose to develop an area source 

data base for this purpose based on general guidelines proposed by the ARB 

(Ref. 2-4). The format was designed co allow description of emissions 

Dy ~~eir one kilomecer grid location and process (or activity) 

~VB 5804-714 
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Gasoline marketing data for this data base were acquired in three 

ways. In Los .~geles County, information concerning 10,000 stations in the 

Basin was computerized; however, individual station throughputs ~ere missing. 

KVB chose to take the total sales for Los Angeles County and apportion the 

through-put by the total storage tank volume at each station. For Ventura 

County the gas station data were included in the EIS file. ?or 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. KVB assigned 

new emission factors to the data. For the remaining counties the gas station 

emissions were apportioned by residential area based on the total county 

sales. These gas station data were formatted in the KVB area source fo~at. 

Since the EIS point source data base did not contain G~e 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 area source format. Data on the emissions from minor point sources not 

under permit were also obtained and included in the KVB area source data 

base. 

Finally the ~VB area source data base contained data from all area 

sources identified by the KVB engineers. These emission sources included 

waste disposal, petroleum operations other than refining, domestic and agri­

cultural sources, geogenic sources and natural emissions. 

All point sources in the inventory ~ere given an SCC n~~er whic~ ~as 

occasionally qualified by L~e SIC number. For area sources, process codes 

devised by the ARB Staff ~ere used in lieu of sec numbers. A file was created 

with all information relative to these see numbers (or process codes), the 

emission correction factors to be applied to all sources wi~~ the given 5CC/ 

SIC number; the profile key to identify the profile for ~~is source type, the 

relevant ARB application category, and summer or winter differentials to be 

used to alter emissions seasonally if warranted by ~~e source type. This sec 
file was used as ~~e major system link between sources and their profiles. 

KVB 5804-714 
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Within each ARB application category only unique profiles were 

identified. The profile records contained information concerning the method 

of determining the profile and estimated error. In addition, each profile 

contained the SAROAD code and percent by ,.eight of each specie in ~he profile. 

iihere the SAROAD coding was not comprehensive, KVE and ~~eir subcon-

tractor, ARLI, added SAROAD codes in a logical manner. Since SAROAD codes 

were the only specie identifier in the profile data base, a separate tabular 

file was created to contain SAROAD codes, species name, molecular weights 

and ARB reactivity class. 

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

produced. They included: 

1. A Total Organic Emission Report containing: 

a. Source infor~tion (county! APeD Point ID No., sse eTo., 
SIC No.) 

b. Total organic emissions, ton/year 

c. Summer emissions, ton/day, broken down into weekday 
emissions and weekend emissions 

d. Winter emissions, ton/day, broken down into weekday 
emissions and weekend emissions 

e. Emission profile key which will relate to an emissions 
species breakdown in Item 2 below. 

These data were reported in ~wo sorted orders: 

a. According to ~~e ARB application categories and inclUding 
point ~~d area sources (Report =1) 

b. According to locat~on in 10 ~~ UTM grid squares and 
including point and area sources (Report ~2) 

A plant identification index (Report #3) 

2. An Emission Profile Listing which lists each organic specie 
(by name and code no.) emitted by a particular source or 
source type, the reactivi~y class (according to ~~e ~IS 
3-class svstem) of ~~at specie, and ~~e percent by welght 
of the total emitted hydrocarbons that the specie contri­
butes (Report #4) . 
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3. An Emission Summary consisting of t~e following data for eac~ 

1 KID grid square in the Basin (Report #5): 

a. Total organic emissions, ton/year 

b. Individual specie emissions by' code no. rib/year 

c. Emissions for each reactivity class: I, II, and III, 
ton/year 

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

5. An see report listing the profile keys, application and emission 
correction factors for all see codes encountered in the source files 
reported in two sorted orders: 

a. By see code (Report ~7) 

b. By profile key in order to reference all see codes 
attributed to a given profile (Report #2). 

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

In addition to these reports which were 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. An updated (for hydrocarbon emission) point source emission 
file in EIS format (File in) (KVB Label No. 7077 and 7078) 

2. An organic specie profile file (File #2) (Label No. 113) 

3. An area source data file (File #3) (Label No. 111) 

4. i'. chemical species description file (File #4) (::'abel No. 114) 

5. An sec description file (File #5) (Label No. 112) 

2-9 KVB 5804-714 



2.3 ENGINEERING ANALYSIS 

2.3.1 Point Source Emission Factors 

There has been considerable interest in the development of emission 

factors that can be employed to estimate emissions :rom specific sources 

based upon a ~~owledge of the pertinent operating characteristics of the 

source. Such procedures are in common use throughout the country by local 

control agencies to estimate air pollution emission rates for point and area 

sources. One of the primary objectives of the ARB organic compound emission 

study was to critically evaluate the emission factors for organic compound 

emissions used by the SCAQMD and local APCD's and to develop new emission 

factors for sources not contained in the ~IS data system that were applicable 

to the South Coast Air Basin. The following discussion outlines the me~~od­

ology employed during the analysis for point sources. Emission factors for 

area sources have been separated into a separate section (Section 2.3.4) as 

~'J.ey required a significantly different approach. 

Point source emission factors for industrial poin~ sources in the 

Basin were divided into three groups. The first group included ~he combustion 

of fuels and evaporative emissions from petroleum operations. In general, 

emission rates from these sources had been calculated by the local control 

agencies using emission factors and the appropriate information on fuel 

usage, petroleum product throughput, etc. This group, especially petroleum 

storage and transfer operation represented a large part of the total hydro­

carbon emissions in the 3asin and therefore #as givep primary emphasis l~ 

the analysis of 9ci~t sou~ce emission fact~rs. 

The second group of sources included solvent evaporation. 2missions 

from these sources were generally not calculated by local control agencies 

using emission factors but rather were determined from solvent use question­

naires since the organic compo~~d emissions were essentially predetermined 

by the solvent content of the materials employed. Therefore, correction to 

the EIS data base were made through updates of the solvent use i~ventory 

rather than corrections to emission factors. A discussion of the question­

naires used to update the EIS is contained in Section 2.3.3. 

KVB 5804-714 
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The third category included much less significant industrial point 

sources of organic compounds in the Basin such as metallurgical, mineral 

and food processing operations. For these sources, data contained in the 

EIS data base were left intact and no corrections we~e attempted. 

A. Approach--

A comprehensive listing of point source emission factors was fo~~d 

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 sources 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. In other instances ~~e emission factors differed because the SCAQMD 

sometimes based its emission factors on its own test data in preference ~o 

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 operations and the combustion of 

fuels stem from studies conducted as far back as the 1950's. Considerable 

debate had 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. FL~ally, it was necessary to generate 

entirely new emission factors where none had existed previously. 

KVB 5804-714 
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Field ~ests were conducted to provide data to assist in emission 

factor evaluation and development. In addition, data from several related 

projects Table 2-1, specifically oriented to imFrovi~g AP-42 emission 

factors have been incorporated into this analysis. In most cases, these 

.studies had been directed at conditions within the Basin making them directly 

applicable to the current study. 

Comparisons have been made between the emission factors used by the 

SCAQMD, those contained in AP-42 and those generated in this and related 

studies. Where KVB felt that available data disagreed wi~~ the SC~Q11D emis-

sion factors, correction factors were applied to the emission rates listed in 

~~e EIS data system to update these emission estimates. The intent was to 

have ~~e EIS data file, delivered to the ARB, reflect the best and most recent 

information available. This 'Nas a vital part af the improvements incorporated 

into the final ~J13 data base. 

B. Results--

~~ission factors selected for evaluation in this study are dis-

cussed in the following sections. Sources have been divided into four 

groups: (1) fuel cornbustion~ (2) petroleum transfer and storage, (3) 

refinery fugitive emissions, and (4) petroleum production operations. 

table for each of these source categories presents a general description 

of G~e source, appropriate SCC cades, units employed, emission factor 

listed in AP-42 , those used by the local control agencies, and those 

resulting from recent investigations including field tests from ~~is 

study. ':'he "best" emission is also given along wit.'"1 the correction factor 

used to update the EIS data files. A complete discussion of each table is 

also presented. 

1. Fuel =ombustion--rt was appropriate to investigate the organ~c 

compound emission factors for the 'combustion of f~e1s used in the Basin. 

Emission factors used by the SCAQMD stern from data generated in the 1950's 

(Ref. 2- 5) and were currently under revision during the study using more 

up-to-date test data. 
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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 

sources. 

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 samples that could be obtained for anyone source type. Sources 

tested were selected so G1at the tests would be representative of that general 

sources type. A thorough evaluation of the test data was made to assure ~ts 

accuracy. Table 2-2 presents a summary of the sources and emission factors 

for fuel comoustion evaluated during this program. 

Among the most important of ~~e 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 ~his 

source type, the results of the KVB test program conducted on a utility boiler 

firing low sulfur residual oil tended to support the lower figure. Conse­

quently, a correction factor was incorporated into the data management program. 

Similarly, the SCAQ~1D 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 testi~g of this source 

type. Since this represented a relatively insignificant source of organic 

compounds, the SCAQ~ID emission factor was not char-ged. 

Refinery gas combustion, on the other hand, represented an important 

industrial source of organic compolli~ds. In this case, good agreement between 

the three emission factor sources 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, ~~e emission factor 

used by the SCAQMD was between the AP-42 and KVB emission factors so that 

again no correction factor appeared to be warranted. 

Emissions from CO boilers treating exhaust gases downstream of an 

FCC unit were also evaluated. Since the SCAQMD used test results from 

these units rather than emission factors, the comparison between SCAQl1D 

values and those obtained in this program has been made for a particular 

unit tested. Again, the SCAQMD value appearea to be reasonably close to 

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

~atural gas combustion in IC engines represented another somewhat 

unique case. At the time of the study, sources of this type were not inclu­

ded in ~~e EIS data file although a preliminary inventory of IC engines in the 

Basin had been made (Ref. 2-6). This inventory was incorporated into the area 

source data base for this study. A decision on an appropriate emission 

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 KVB on IC engines 

also resulted in large emission rates; however insufficient data were obtained 

to generalize an emission factor. The AP-42 value was used as it was somewhat 

conservative, although it was fully recognized that the emission rates from 

these sources may be higher. 

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

factors used to estimate organic compounds emitted from petroleum storage 

operations. ?erhaps no other source has received so much recent investigation 

and is under so much controversy as those sources listed in this group. 

Responding to this controversy both the Western Oil and Gas Association (WCGA) 

and the California Air Resources Board have initiated field test programs 

(Refs. 2-7, 2-8, and 2-9) to investigate emission from petroleum storage 

operations. The results of the ~OGA programs as well as the revised AP-42 

emission factors (Ref. 2-10) are listed in Table 2-3. 
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API Bulletins 2517 and 2518 are universally used to estimate emissions 

from floating ~oof and fixed storage tanks respectively. These formulas and 

their application to conditions in the Basi~ have resulted in two programs 

sponsored by WOGA. 

Results of the first study on floating roof tanks (Ref. 2-7) are 

presented in Table 2-4. It has been widely published (Ref. 2-11) that 

the results of this program demonstrate that emission estimates 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 2-4 was 0.489 and therefore 

not significant. Using Kendall's method of rank correlation yielded an even 

less significant correlation of 0.14. r,~ile a t-test on the API 2517 pre­

dictions versus the actual test results did tend to improve by factoring the 

API formulas by 0.60, it was felt that the floating roof data did not support 

any conclusions which attempted to relate the test results to the API predic­

tions. When no correlations exist, attempts to state which set of data Nas 

more reliable could not be made. Therefore, it was considered inadvisable 

to use these data to make any estimate of a correction factor for API 2517. 

The final inventory used emission factors as calculated using API 2517. 

TABLE 2-4. API 2517 CALCULA~ED ilERSUS OBSERVED HYDROCA-~ON EMISSIONS 

Hydrocarbon Emission Rate (bbls/year) 
Tank API 2517 Calculated Observed 

A 510 55 
a 30 87 

C 131' o 
o 128 175 
E 49 60 
F 237 55 
G 237 57 
H 362 445 
I 35 56 
J 34 33 
K 145 43 
L 132 84 
M 433 286 
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Data from the program on fixed roof tanks (Ref. 2-8), presented in 

Table 2-5, on the other hand, demonstrated that there was a correlation 

between the various sets of numbers. The correlation coefficient bet"een 

the predicted ~,d measured losses was calculated to be 0.749. This value was 

accepted as representa~ive of a significant correlation suggesting that API 

bulletin 2518 does predict the trends in emissions based on storage tank 

parameters. nowever, the API formula appeared to overestimate emissions. 

In order to test the hypothesis that the emissions data calculated 

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 results, the calculated value for t is 2.11 while the acceptance 

limit for t at 0.05% confidence and 20 degrees of freedom is 1.725. 
a 

Therefore, the data did not seem to represent the same population. 

To test the theory that the API fo~ula was overestimating the 

fixed roof tank emissions, two numbers were chosen as factors for the .;PI 

estimate. The actual ratio of the means of the two sets of data (0.58) was 

used as one factor and 0.60 was also tested. (The correlation coefficient 

was unaffected by changes in the estimated emissions factored by either 

0.58 or 0.60.) Resulting t values were 0.631 and 0.119 for correction 

factors of 0.58 and 0.60, respectively, supporting the hypothesis that the 

corrected emission predictions from API 2518 were not significanLly different 

from the test data. A correction factor of 0.60 was w~erefore applied to 

~~e EIS data base given in Table 2-3. 

3. Refinery fugitive emissions--An analysis of the emission factors 

used to estimate fugitive emissions from valves and pumps in operation 

wit~in petrole~~ =efineries has been made. Smission escimates for 

both AP-42 and tr.e SCAQMD qenerally stem from an extensive study conducted 

in 1958 of air pollution emissions from petrole~~ refiDing operations 

located in the Basin (Ref. 2-12). Considerable incerest had been ~aised 

about the accuracy of these emission estimates in view of advances in 

technolo~I in the form of better valve and pump packing materials and L~proved 

p~~p seal designs. 
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TABLE 2-5. MEASURED VERSUS API CALCULATED EMISSIONS FOR ST&~DING 

STORAGE FIXED-ROOF T~NKS 

API Calculated 
Measured Loss Breathing Loss 

Test No. (bbls/yr) (bbls/yr) 

- 1 Negligible 17 

2 < 1 51 

3 Negligible ·91 

4 Negligible 10 

5 1 101 

6 Negligible 21 

7 224 607 

8 164 257 

9 122 856 

10 Negligible 44 

11 < 1 26 

12 6 74 

13 240 167 

14 3 17 

15 84 138 

16 339 490 

17 1,086 783 

18 Negligible 61 

19 9 298 

20 Negligible 2 

21 20 38 

TOTAL 2,400 4,149 
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Table 2-6 presents a summary of the analysis of the emission factors 

from fugitive sources ~ithin petroleum refineries. Since the SCAQ~1D did not 

use emission factors to esti~ate emission rates from these sources ~ut 

rather used actual test data on specific sources only the emission =actors 

listed in AP-42 (Ref. 2-10) are given. However, since both t~e SCAQMD and 

t~e emission estimates are ~ased on the same data from Reference 2-12, a 

comparison of test data from the KiTB stUdy ~ith AP-42 values was made to 

indicate if any corrections to the EIS data ~ere necessary. 

A specific objective of the ~,~ field test program, therefore, was 

to evaluate these emission factors listed in AP-42. Of course, a test 

program comparable to that described in Reference 2-12 ~as beyond the scope 

of this stUdy. Therefore, a brief evaluation (as described in Section 3.0) 

was conducted with the aim of assessing the relative ~agnitude of these 

emission rates. The results of these tests are presented in Table 2-7. 

Given is a description of the device and the product carried, the total 

number of devices inspected, the nunber and class of leakers identified 

with the average leak rate measured (shown in paren~~eses) and the total 

emissions from each device. The corresponding a~ission factor on a ?er 

device basis is also given. These test results involve ~he inspection of 

approximately 18,000 valves and other fittings and 80 pumps. 

Several conclusions were apparent from the results of the tests 

conducted on valves and fittings. As shown in Table 2-7, there was a 

substantial difference between the average emission rate for valves and 

that for metal connections in bo~h gas and liquid service. Based on 

these results, emissions from metal connec~ions such as flanges, wlions, 

ties, etc. were assumed to be negligible. ~ote that there also was a 

significant difference between ~issions for valves in gas service as 

opposed to those carrying liquic prodUCtS. 

A composite e~~ssion factor for valves was determined by applying an 

appropriate weighting factor to each of the gas and liquid emission factors. 

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

liquid service to those in gas service in refinery operations was approximately 

3 to 1. Applying this ratio to the emission factors listed in Table 2-7 

resulted in a composite emission factor of 0.15 lb/day·valve. using these 
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results, the AP-42 emission factor of 0.15 Ib/daY'valve appeared to be 

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

A similar analysis for pw~ps was conducted. As shown in Table 2-7, 

the product transferred and the type of seal both had a significant effec~ 

on emission rates. Tests conducted on pumps servicing liquid 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, for pumps 

with hign volatile materials, packed seals leaked at a rate five times that 

of mechanical seals. In general, these results were consistent wiw~ values 

reported in Reference 2-12. 

A composite emission factor for pumps was difficult to determine 

since no invento~l of pumps comparable to valves was available. Therefore 

a composite emission factor was developed using both the inventory data and 

emission factor presented in Table 2-7. The emission factor for mechanical 

and packed seals were 1.5 and 11 Ib/seal-day respectively with a composite 

emission factor for all p~~ps of 3 Ib/seal·day. This result compared 

favorably w~th the values listed in AP-42 and no correction factor was 

deemed necessary. 

Additional field test data on emission rates from oil/water 

separators, cooling towers and compressor seals were obtained during this 

study. However, insufficient data from the field test conducted as part 

of this program were available to perform a credi~able analysis of the 

emission factors. 

4. Petroleum ?roduction fugitive ernissions--(Although these sources 

have been considered as area sources and are included in Section 2.3.4, a 

discussion of the methodology used in determining emission factors from 

these sources was felt appropriate due to the similarity with previous 

analyses.) 

Table 2-8 presents the emission factors developed by KVB to estimate 

f~gitive emissions in petroleum production operations. These represent ne,. 

data since emission factors from these sources had not appeared previously 

in AP-42 or in the EIS data base. 
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The emission factors for leaking valves and metal fittings were 

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 refinery operations, the emiss~on 

rate from valves and fittings appeared to be highly dependent on both the 

type of device and the product involved. Again, (1) emission rates from 

metal fittings were much less than those from valves, and (2) valves in 

gas service had higher emission rates than those in liquid service. A 

composite emission factor developed using the emission rates and inventories 

presented in Table 2-9 was determined to be 0.10 lb/valve·day. This was 

comparable to that found for refining operations. 

A similar procedure for fugitive emissions from compressor seals 

was used and the results are presented in Table 2-9. This represents data 

on only nine compressors (out of an estimated population of approximately 

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

Another potential source of emissions was fo~~d to be the leakage 

from the stuffing box around the polish rod on the rod pumps used in 

production operations in the Basin. This was shown to be extremely 

small in comparison to other leak sources. 

Techniques were also developed to estimate the evaporative loses 

from standing oil in p~~p cellars and oil/water separators. The emission 

factor presented in Table 2-8 for these sources represents composite data 

frcm eight cellars and seven separa~ors evaluated during the curren~ program. 
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2.3.2 Emission Profiles 

A. Description--

A unique aspect of the current program was the development of emis­

sion profiles, the identification of the organic compound species represented 

by the total hydrocarbon emission rates currently given in emission measure­

ments. Only one other study (Ref. 2-13) had previously attempted a breal<down 

into generic classes. That was done primarily for the purpose of dividing 

emissions into reactivity classes. The results of that previous study have 

been widely used in the Basin. 

A primary objective of this program was to identify the organic 

compound emissions for each stationary source 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 emissions of the individual 

organic compounds. Thus an emission profile was formulated for each Source 

Classification Code (SCC) emitting organic compound species in G~e Basin. 

Both point 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 emission 

trends. Satisfying this objective required emission profiles based on SCC 

number rather than individual pl~,t profiles based on individual plw,t 

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 of the device in general. Additional 

advantages of developing aggregate profiles by sec 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 see number system, and (3) the volume 

of profile data was reduced to a more manageable level. 
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The initial intent was to provide a profile for each sec listed in 

the data base. In many instances, however, an individual profile was found 

to cover several sec and See/SIC combinations. The profile data base was 

therefore formulated and indexed by a profile number. Separate profile 

numbers (with identical specie distributions) were given to specific See/SIC 

combinations to facilitate data management, specifically the segregation of 

emissions from devices with similar sec codes in two different industry 

classes into the appropriate ARB Application Ca~egories. 

In each profile the organic species were identified by their 

appropriate SAROAD code, ARB reactivity classification (3 class) and molecular 

weight. Each profile 'rlas also "tagged" wi t."1 other identifiers to assist 

those who may wish to use or evaluate these data. Associated with each 

emission profile 'rlas an estimate of its relative error. This "Error 

Estimate" 'rlas strictly subjective and has been included to give a relative 

level of confidence to the specific profile. No statistical significance 

have been or should be given to these error estimates. 

Given in the Appendix is a listing of the emission profiles used in 

the current study. Two reports are used to relate the profiles to the devices 

in the inventory. The sec report (sorted by sec number and profile number) 

lists all devices in the inventory and gives the profile number of the pro­

file ~hat describes the e~ssion bre~~down for the particular device. The 

profile report lists the profiles by profile number. 

A profile contains a subjective estimate of the probable error in the 

profile and also lists the SARO~~ code, chemical name and percent contribution 

of each specie. The species are also s~med ~y reactivity class. In all 

270 profiles were identified as being unique by either tie specie breakdow~ 

or application category. 

Table 2-10 presents tie emission profiles for some of the mos~ 

significant source types in ~he 3asin. 
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B. Methodology--

Two general approaches were used to formulate the emission profiles, 

one where only one data point was available 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 source was believed 

to be representative of all such source types in the Basin, then that 

particular source emission profile was used. An appropriate error estimate 

was given to reflect the relative 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 were carefully selected on the basis 

of the representative nature of their emissions to all o~~er devices of that 

particular type. In this way, data from this source could be correctly 

applied to other non-tested sources. Test results are presented in section 

3.4. SL~ilarlYI questio~~aires Here submitted to and received from selected 

solvent users. Follow-ups were made to assure ~~at the data from these large 

and representative sources were obtained. 

~NO examples of formulating profiles based on one data point from a 

selected source 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 utili~y 

boilers, (2) selecting a boiler that "..as "typical" of such de'lices in the 

Basin and finally (3) conducting a test on this 1lnit. Multiple samples were 

taken and the profile was based on an average composition. 

The second example involved the use of data from questionnaires. ~ne 

sourCe in the Basin, according to the SCAQ~~ files, was responsible for 90% 

of the emissions from adhesive use. A questionnaire was mailed to this source 

and follow-up contacts were made to assure that information from this source 

was received. The questionnaire contained a comprehensive breakdown of the 

composition of the solvent composition and usage which formed the basis for 

the emission profile. 
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This approach of using one analysis to characterize a general source 

type also applied to profiles determined by inspection. For example, there 

were a few SCC's that specifically idencify the solvent used in a coating 

operation or housed in a storage tank. In this case, a solvent identified 

by its SCC as toluene or xylene would be given an emission profile of 100% 

of that organic compound. 

The second approach used was to develop emission 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 approach was the formulation of a profile for 

"Miscellaneous Organic Storage" in the Basin. r,~hile SCC numbers had been 

assigned to storage t~~ks for gasoline, jet fuel, crude oil, various 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 

products identified and the fraction of the emissions from fixed roof tank 

storage for each based on information compiled from the SCAQMD file. Listed 

down the page are the various organic species that have been identified in the 

emissions from these products. The weight percentages of each specie 

associated with the product is listed in the appropriate column. The weight 

percentage for asphalt and Stoddard solvent were determined from KVB test 

data. The adhesive percentages carne from questionnaire data. The remainder 

of the percentages were specified (e.g. 100% for acetone) or estimated 

based on contacts with industry (e.g. the breakdown 'of alcohols and ketone) . 

The weight percent of each organic compound in the composite profile was 

determined by multiplying the weight percents by the appropriate fractions 

and are listed on the right hand side. 
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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 vapors released from production 

and refining storage tanks, fugitive emissions from petroleum refining 

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 profile was 

diffi~ult to develop for several reasons. First 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). 

Each of these brands generally had three grades of gasoline including 

regular, premium and unleaded. In addition, ~~ere were seasonal variations 

in the properties of each of these grades as reported in Ref. 2-15. Therefore, 

a composite gasoline blend properly accounting for each of these factors 

would have involved the incorporation of scores of gasoline saIT~les. 

Furthermore, obtaining a representative sample from each stock required 

careful sample preparation with minimum vapor losses prior to analysis. The 

analysis of gasoline liquid and vapor constituents represented perhaps the 

most complex of Gc/MS analytical procedures due to the large number of 

organic constituents (greater than 100) that were present. It was 

apparent, therefore, that such determinations of vapor constituent were 

beyond the budget of ~his study. 

Data for the gasoline vapor emission profile were 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 from 
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evaporative losses and engine exhaust. A blend of 55% leaded regular, 38% 

leaded premium and 7% unleaded was prepared. These three types of gasoline 

had each been blended from samples ta~en from large volume retailers of the 

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

TABLE 2-12. GASOLINE SALES: PERCENTAGE OF TOTAL 
FOR MAJOR CALIFO~~IA 3RANDS 

A.QCO 
Exxon 
Gulf 
Mobil 
Shell 
Standard 
Texaco 
Union 

Total 

14.0 
12.1 
7.0 

10.1 
14.4 
20.0 
9.4 

13.0 

100.0 

The composition of the liquid and the vapor at 70 of were determined and 

are presented in Table 2-13 as the emission orofiles used for this inventory. 

In selecting and validating these data it was noted that the samples 

of gasoline blended and analyzed had been purchased in mid September 1974 

(Ref. 2-14). This means that the blend should have been representative of 

the gasoline sold during 1975, the base year of the inventory. The validity 

of blending and measuring as compared with ~nalyzing individual products 

a~d averaging the results was proved by the ARB (Ref. 2-15A) when they 

analyzed six samples individually and calculated an average composition 

which they compared with the analysis of a composite mixture of cne s~x 

blends. The results agreed compound by compound within 5-15%. 

In this sa~e scudy the ARB (Ref. 2-14) presented their GC analyses 

results for the blends of ~eaded premium, leaded regular and ~~leaded. The 

results for the leaded premium and regular were compared with results 

published in 1968 by WOGA in a gasoline marketing emissions study (Ref. 2-16). 

The agreement in composition was found to be very close. To validate the 

unleaded gasoline composition a calculation was made of a gasoline vapor 
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TABLE 2-13. EJ.'HSSION PROFILE FOR THE COMPOSITE AVERAGE GASOLINE 
LIQUID AND VAPOR AT 70 of IN THE SOUTH COAST AIR BASI~ - 1975 

(REF. 2-14 AND 2-15) 

Weight % 

Liquid Vapor 
compound (Spills) (Evap. Loss) 

Propane 0.1 1.8 

Isobutane 0.5 6.6 
Butane 2.2 19.8 
Butenes 0.4 1.8 

Isopentane 8.0 29.0 
Pentane 4.2 10.6 
Pentenes 2.5 6.2 

2-methylpentane 5.9 6.3 
3-methy1pentane 3.0 2.6 
Hexane 3.8 2.5 
~1ethylcyclopentane 3.6 2.1 
Benzene 2.4 1.1 

2,3-dimethy1pentane 3.3 1.2 
3-methy1hexane 2.4 0.8 
2,2,4-trimethy1pentane 3.5 1.1 
Heptane 2.5 0.6 
1-1ethy1cyc lohexane 1.1 0.2 . 
Dimethylhexane 1.7 0.3 
Toluene 9.7 2.1 

Iso-octane 3.6 0.5 
Octane 1.3 0.1 
Isononane 1.2 0.2 
m & ?-Xylene 9.9 1.2 
a-Xylene 3.6 0.4 

Nonane 0.6 
Propylbenzene 0.3 
3-ehty1toluene 6.5 0.5 
l,2,4-trimethylbenzene 3.8 0.3 
l,2,3-trimethylbenzene 1.4 0.1 

Dimethy1ethy1benzene 2.7 0.1 
Buty1benzene 1.7 
> C 2.2

10 
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composition based on the published composition of the unleaded gasoline 

liquid. This calculation involved the use of the laws of partial pressures 

and the gas law. The resulting vapor composition was compared ~it~ meas~re-

ments of unleaded gasoline vapor made in early 1977 in San Diego during an 

investiga~ion by KVB on gasoline marketing vapor recovery systems. Table 

2-14 presents a comparison of the t;v~o cornpositions. The t,.,..,o a.re 

similar except that the ARB composition had approximately nine percent 

ole fins and cycloparaffins which were not found in the San Diego tes~ 

gasoline. It was suspected that the San Diego tests were conducted using 

straight-run gasoline. Straight-run gasoline means that the gasoline was 

merely fractionated from the crude oil and not formed by a cracking process 

which tends to form unsaturated and cyclic compounds. Since most gasoline 

in the Basin is a olend of·the cracked and straight-run gasoline, it was 

felt that the use of the ARB composition was appropriate. 

TABLE 2-14. COMPARISON OF UNLEADED GASOLINE VAPOR CCt'~OSITIONS 

I'1EIGHT PERCE~T 

.J.. 

Measured* Calculated from Liquid' 

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 24.8 
:l-Hexane 3.9 1.0 
I-Hexane 7.1 6.1 
I-Heptane 4.4 1.7 
I-Octane 1.5 0.7 
Other 1.5 13.0 (olefins, cyclo­

f'araffins and 
aromatics) 

Total 100.0 100.0 

*samp1e collected from automobile gas tank fill pipe during filling operation 
and ~~alyzed by GC as described in Section 3.0 

'vapor composition calcula~ed from liquid composition reported by A~ in 
Reference 2-14. 
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2. Crude oil 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 differences 

therefore 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 three general areas of production, marketing 

and refinery operations. 

a. Production operations--Results from the current inventory show that 

the organic compound emissions from crude oil storage at petroleum production 

operation account for 35 tons per day or approximately 5% of all anthroprogenic 

sources. The emission profiles for the vapors released from these sources 

were developed using data from the field tests conducted on this program and 

the results of a recently completed study on fixed roof ta~~ emissions 

sponsored by WOGA (Ref. 2-8). 

A summary of the data used to determine this profile is included 

in 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 wi~~ the identification of the crude oils across the top and the 

organic compounds listed vertically. The numbers in each column represent 

the weight percent of that specie in the associated crude oil vapors. 

As seen in Table 2-15, there was a wide variation in the organic 

constituents of the crude oil vapors within the study area. The composite 

emission profile was developed using the weighting factor listed with 

each crude oil which represents roughly the fraction of the total crude 

oil produced within the Basin according to the California Division of Oil 

and Gas (Ref. 2-17). 

b. Refining operations--A similar procedure was used to develop an 

emission profile for crude oil storage associated wi~~ refining operations. 

A summary of ~he data used to calculate a composite profile is included 

in Table 2-16. The crude oil stored in refineries showd a much larger 

variation in vapor compositions 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 between vapors emitted from each tank type. Regulations by the 

SCAQMD require storage of petroleum liquids with a vapor pressure greater than 

1.5 psia in floating roof tanks. Therefore, it would seem reasonable to 

assume that differences between the vapor composition for crude oils above 

and below this limit would exist. 

c. Crude oil storage and transfer operations--Table 2-17 presents the 

data employed to deter~ine a composite emission profile for crude oil storage 

and transfer operations primarily at marine terminals. Significant variations 

in the crude oil vapors were observed between the various samples analyzed. 

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

3. Refinery fugitive emissions--A significant portion of the field 

test program involved the measurement and evaluation of fugitive emissions 

from leaking valves and pumps in refineries. This was done both to assess 

the accuracy of emission factors (discussed in Section 2.3.1) but also to 

develop emission profiles "typical" of refinery operations. Recognizing 

that such an undertaking was subject to numerous complications including 

variations among crude oils and resulting products, differences between 

various 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 to characterize 

the emission rate from valve and pumps within petrole~~ refineries. To 

complement these efforts, numerous samples of le~~ing vapors were collec~ed 

and analyzed. These analyses were believed to be as representative of 

leaks in refinery processing as is reasonably possible. As in the previous 

analyses, che problem became one of apportioning the leaks from various 

product lines to form a composite leak emission profile "typical" of all 

leaks from valves within a refinery. 

Figure 2-1 presents a schematic view of a simplified refining pro­

cess. Basically ~~ree types of products result from crude processing: 

gases, low-viscosity liquids, and high-viscosity liquids. 
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TABLE 2-17. CRUDE OIL STORAGE, PETROLEUM :~~RKETING OPERATIONS 

Organic Compound Crude Source 
(·"'t. %) Foreign Foreign Domestic Composite 

Methane 

Ethane 

Propane 

Butane 

Pentane 

Hexane 

Heptane 

Octane + 

Ref. 2- 8 

6.0 

8.1 

15.0 

31.1 

12.8 

7.4 

8.8 

10.8 

100.0 

0.4 1.5 2.6 

1.1 2.0 3.7 

19.3 13.0 15.8 

33.7 25.7 30.2 

22.7 20.1 18.5 

9.7 9.3 8.8 

8.5 15.0 10.8 

4.6 13.4 9.6 

100.0 100.0 100.0 

KVB 5804-714 

2-43 



R
e
fi

n
e
ry

 
F

u
e
l 

G
d

S
 

S
tr

a
ig

h
t 

H
un

 
G

d
so

li
n

e
 

C
ru

d
e
 

N
il

p
th

a
 

I 
F

r
a

c
ti

o
n

-
H

e
fo

J
.:

m
c

r 

a
t 

io
n

 
I 
I

I
-

C
a

s-
O

i 
1 

G"
" 

(4
\)

~
 

P~:
~t~

 I
: 

L
PG

 
(3

\)
 

G
a
s

G
as

 

B
le

n
d

e
d

IB
le

n
d

in
g

•
I 

C
ra

c
k

e
d

 
G

a
so

li
n

e
 

"" 
C

I:
a
c
k

in
g

 
U

n
i.

t 

G
a
s
o

li
n

e
 

(
4

5
\)

 

R
et

o
l-

m
ed

 
S

to
c
k

 
S

e
p

a
ra

te
d

 
C

ru
d

e
 
o

il
 

I
I

tr
o

m
 
P

ro
­

l'
J
 

I 
D

is
ti

ll
a
te

s
d

u
c
ti

o
n

 
I 

(3
0

\)
.j:

>.
 

.j:
>

. 

I 
B

O
ll

 o
m

s
 

O
o

tt
o

lU
S

 

t_
 

_
_

_
_

_
_

t 
.-l

Ie
av

y
 

P
r-

o
d

u
c
ts

 
(1

0
\)

 

F
iy

u
re

 
2

-1
. 

R
e
fi

n
in

g
 

p
ro

c
e
s
s
 

sc
h

e
m

a
ti

c
. 

K
V

B
 

5
8

0
4

-7
1

4
 



The primary source of gaseous 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 outane. 

Heavy liquids called "bottoms" were removed and used to form heavy 

fuel oils, 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 conduc~ed during this program and was 

thought to be due to either the leaks being self sealing or being so visible 

that maintenance is performed within a short time period. 

The intermediate stream was composed of liquids that flow through 

various paths and ultimately ended up as gasoline and other petroleum 

distillates. There 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. Approxi­

mately 50% of the original crude oil (Ref. 2-18) that entered a refinery 

ultimately ended up as blended gasoline. As shown in Figure 2-1, this 

could have been through paths generating straight run gasoline, reformed 

stock or cracked gasoline to form the final gasoline products. Approximately 

30% of the original crude became other distillate products. 

a. Valves--As discussed in Section 2.3.1, the leak rate for valves in 

gaseous products was 0.424 lb/valve-day whereas the comparable leak rate 

for valves in liquid service was 0.022 lb/valve-day. Estimates (Ref. 2-13) 

of the total valves in gaseous and liquid service in refineries located 

in the Basin were 23.6% and 76.4% respectively. By applying these percentages 

to the associated leak rates it was determined that approximately 85% of 

leaks from valves result from those handling gaseous products. 

Using the above information, a "typical" fugitive emission profi.le 

for valves was generated. Table 2-18 gives a summary of the calculation 

procedure. Listed are the analyzed emission profiles for leaks in various 

KVB 5804-714 

2-45 

https://profi.le


--
--

--
-

-
-
-

-
-

'l'
A

B
L

E
 

2
-1

8
. 

C
O

M
P

O
S

I'
I'

E
 

P
R

O
E

'I
L

E
 

F
O

R
 

R
E

F
IN

E
R

Y
 

F
U

G
I'

l'
IV

E
 

E
:M

IS
S

IO
N

S
 

FR
O

M
 

V
A

L
V

E
S

 

S
tr

ll
ii

g
h

t 
R

W
l 

R
e
t
o
n
n
.
1
t
~

 
G

3
5

-0
i1

 
C
r
~
c
k
c
d

 

l
-
t
'
~
!
l
~
=
-
Y

 
G

d
tj

 
_

_
_

_
~
~
t
l
l
r
3
!
-
~
_
~
~
~
l
i
l
l
=
-
-_

_
_

_
 !
.
!
.
.
.
:
'
l
~
~
~
._

__
__

 
S

to
c

k
 

_
_

_
 

S
to

c
k

 
G

a.
5u

li
,:

t;
! 

D
l
:
j
t
i
l
l
~
t
t
:

 _
~
_

_
_
~
~
o
5
i
.
~
~

__
_ 

-
-
_
.
~
~
~
-
~
-
-
-
-

f.
c
a

c
ti

o
n

 
o

f 
£
1
~
i
~
5
i
.
o
n
s

 
0

.6
4

 
0

.2
1

 
O

.O
lS

 
0

.0
1

5
 

0
.0

1
5

 
0

.0
] 

0
.0

3
 

0
.0

4
5

 

O
'y

"
:,

h
lC

 
C

O
ll

lp
o

u
n

l.
ia

 

__
_j
Y
~
_
r
Y
l
·
C
l
.
:
~
~
L
_

 

l
~
C
l
l
t
t
t
l
l
~

 
1

6
.4

 
8

4
.5

 
1

0
.0

 
.1

. 
2 

2
0

.6
 

E
 th

..
.l

 li
t!

 
5

.1
 

1
1

. 
a 

0
.9

 
3

. 
U

 
1

.0
 

5
.8

 

l'
I.

')
p

d
h

t:
 

1
5

.9
 

3
.6

 
0

.2
 

0
.6

 
1

3
.9

 
)
.
 ]

 
5

.]
 

1
1

. 
5 

j-l
 [

O
i<

i 1
e

fl
Q

 
0

.4
 

0
.1

 

N
-U

u
la

u
c
 

2
6

.0
 

0
.5

 
0

.7
 

0
.6

 
2

4
.7

 
6

,5
 

1
.1

 
1

2
.7

 
1

0
.]

 

l-
U

u
td

ll
t:

 
I
I
.
 ] 

0
.1

 
2

.S
 

'/
.4

 

B
u
l
.
~
l
l
C

 
1

.1
 

:l
-P

I.
.:

II
L

o
.f

1
C

 
9

.4
 

1
.3

 
1

.3
 

2
1

.5
 

1
.4

 
1

9
.7

 
1

1
.0

 
'/

. 
7 

l-
l'

C
ll

t"
lI

e
 

1
0

. 
'} 

0
.4

 
3

.8
 

2
1

. 
4 

5
.0

 
7

.0
 

1l
-1

l·.
..'

x.
.t!

\C
 

2
.0

 
) 

.2
 

6
.2

 
1

9
.3

 
1

1
.8

 
1

5
.4

 
9

,0
 

3
.4

 

IV
 

!-
I
jl

;X
,;

li
lt

..
: 

1
.)

 
1

.1
 

6
.6

 
6

.0
 

1
2

.0
 

]
.0

 
1

.6
I ... 

U
-I

:l
.:

p
ld

.n
c:

 
0

.1
 

1
.4

 
1

.0
 

1
0

.0
 

0
.]

 
1

4
.9

 
!J

.b
 

1
.4

(J
"\

 

l-
-l

k
p

L
d

,l
lc

 
0

.1
 

].
4

 
1

6
.0

 
2

.0
 

0
.8

 

N
-
(
)
c
l
~
u
\
e

 
5

8
.1

 
6

.4
 

9
.7

 
7

.9
 

9
.9

 
1

.8
 

I-
O

c
ta

n
e
 

4
.7

 
5

.6
 

4
.1

 
3

.0
 

0
.4

 

N
-L

lO
J

l.
.'

l.
IW

 
2

.!
J 

8
.3

 
4 

. .
J 

6
.5

 
0

.6
 

I-
Ik

>
ll

d
/l

t=
 

8
.5

 
2

0
.6

 
(1

.2
 

0
.5

 
0

.5
 

N
--

D
e

c
a

n
c

 
].

5
 

1
4

.!
J

 -
4 

0
.6

 

1
-(

h
":

C
a

o
C

 
2

.6
 

1
6

.6
 

0
.3

 

C
-l

 
C

y
c
lo

p
a

r
3

:f
in

s 
1

.0
 

2
.4

 
3

.9
 

0
.2

 

C
-
~

 
C
y
c
l
o
p
a
r
~
t
f
i
!
\
~

 
0

.2
 

0
.6

 

C
-9

 
C

y
c
lo

p
a

r
a

ft
in

s 
2

.6
 

4
.0

 
0

.3
 

0
,1

 

'j
'u

lI
K

-n
c

 
3

.2
 

6
.2

 
}

.3
 

3
.0

 
0

.5
 

X
y

le
n

e 
2

.6
 

'/
.0

 
1

.6
 

0
.2

 

B
e
n
~
,
.
I
.
:
l
l
c

 
1

.4
 

2
.5

 
0

.5
 

0
.1

 

C
y

c
lu

h
c

>
I.

..H
It

: 
-
-
-

-
-
-

~
 

-_
!.

.:
.~

 
_.

.!..
:..Q

. 
_2

.:.
.!.

~
-
-

1
0

0
 

1
0

0
 

1
0

0
 

1
0

0
 

1
0

0
 

1
0

0
 

1U
O

 
1

0
0

 
1

0
0

 

--:
-:
:.
~=
--
=-
~=
=-
--
:=
:.
..
-=
-=
=~
--
:-
-=

=-
--

==
==

::
==

--
=-

--
=-

=-
=-

-=
=-

-=
-:

--
:-

==
--

--
-=

=-
=-

-=
-~

-=
=-

=.
 =-

=-
=-
=-
-=
-=
-~
--
=-
==
=-
==
-:
::
==
:.
..
-=
==
=-
==
-~
~-
==
--
:-
~~
:.
.:
==
-~
=-
=-
--
=-
=.
=.
..
.-
==
==

 
.. 

,
(.

 '1
0

 

E
v
a

 
5

8
0

4
-7

1
<

1
 



product stre~~s along with the estimated contribution from 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 Gasoline 10% 

Naphtha 10% 

Refonnate Stock 10% 

Gas-Oil Stock 20% 

Cracked Gasoline 20% 

Distillate 25% 

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

valves in liquid 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 ~uch more detailed analysis 

would have also incorporated leaks from oG~er 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 

been assumed that leaks from p~~ps occur only from the liquid product lines 

as previously described. A summary of the calculation procedure is given 

in Table 2-19. As with valves, a much more complex analysis was possible; 

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

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

architectural surface coatings represented a significant source of organic 

compound emissions. These are comprised of the contribution of solvent 

from countless applications of surface coatings supplied by literally 

hQ~dreds of paint manufacturers. 

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

results of data generated by the AQMD and APCD's in the area. These agencies 
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had in their files all of the paint formulations and information on product 

sales within their jurisdiction. This information had been obtained directly 

from manufacturers and suppliers. Such an inventory was well beyond the 

scope of this study. 

The most comprehensive architectural coating. study was conducted by 

the San Diego APeD as described in the Appendix. The results of the SDAPeD 

study are sUIT~rized in Table 2-20. This table gives the total solvents 

that were contained in the architectural surface coatings marketed in 

San Diego County in 1974-75. This represented the most complete accounting 

of solvents used in this manner and was used to formulate the composite 

emission profiles for this inventory. 

5. Automotive surface coatings--One of the largest sources of industrial 

solvent used in the Basin was surface coating operations associated with 

automotive assembly operations. Auto painting operations in the Bas~n 

include both water-based and oil-based formulations. An important aspec~ 

of the current test program was to document emissions from each of ~~ese 

sources to establish emission rates, compos~tions, and the effec~s of the 

water-based reformulation on possible control strategies. 

Presented in Table 2-21 are the results of the test program conducted 

on the body priming and top coat operations for each of the coating types. 

The objective was to generate a composite emission profile representative 

of both water based and oil based coatings. Given also in Table 2-21 are 

the fractions of total emissions from each of the coating types. The composite 

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 current program. As expected, these gases were 

primarily methane with trace quantities of various other materials. Consider­

ing that there were approximately 1000 tons per day of total emissions from 

these sources (see Section 2.3.4) these trace quantities represented signifi­

cant sources of each of the organic compounds to the atmosphere in excess of 

one ton per day. 
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TABLE 2-20. SOLVE~TS USED IN ARCHITECTURAL COATI~GS 

IN Sfu~ DIEGO COUNTY (1974-75) 

Solven1:. Ibs. Solvent Ibs. 

.:'l.cetone 
Benzene 
iso-Butane 
Butanol 
Butyl Acetate 
iso-Butyl Acetate 
iso-Butyl Alcohol 
Butyl Ce11osolve 
Butyl Cellosolve Acetate 
Butyl Lactate 
iso-Butyl iso-Butyrate 
C8+Aromatics 
Cellosolve Ace~ate 

Cellosolve Solvent 
Cyclohexane 
Diacetone Alcohol 
Ortho-Dichlorobezene 
Diethylene Glycol 
Dimethyl Formamide 
Dipentane 
Ethanol 
Ethyl Acetate 
Ethyl &~yl Ketone 
Ethyl Benzene 
Ethylene Dichloride 
Ethylene Glycol 
riexane 

324,315 
4,234 

60 
158,340 
257,417 
lJO ,443 
60,985 

5,036 
25,881 

129 
619,674 
372,752 
52,040 
75,212 

4,021 
2,437 
1,309 
1,543 

51,529­
181 

59,804 
11,140 

663 
63,868 

1,144 
62,513 

303 

Kerosene 
Methyl Amyl Ketone 
Methyl iso-.~yl Ketone 
Methyl Amyl Acetate 
"lethyl Ethyl Ketone 
Methyl n-Butyl Ketone 
Methyl iso-Butyl Ketone 
Methyl Heptyl Ketone 
Methylene Chloride 
Methanol 
Monochlorobenzene 
Monoethanolamine 
1 & 2 Nitro-propane 
Olefi:ls 
Paraffins & Naphthenes 
Pentoxone 
n-Propanol 
iso-Propanol 
n-Propyl Acetate 
iso-Propyl Aceta1:.e 
Propylene Carbonate 
Propylene Glycol 
Tetrahydrofuran 
Triethanolamine 
Triethylene Glycol 
Trichloroethylene 
Toluene 
Tur::?entine 
Xylene 

554 
681 

12,912 
3,739 

571,769 
66,455 
59,043 
15,900 
29,299 

393,512 
207 

2,870 
2,575 

416 
4,169,717 

3,876 
3,357 

1,673,935 
2,478 
1,483 

610 
74,462 

24 
2,068 
1,323 

24 
534,229 

6,088 
269,177 
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TABLE 2-22. CLASS II L~~DFILL SITE 

% by \'it. 

~1ethane 98.6 

Ethane 0.1 

Propane 0.1 

Cyclopentane 0.2 

N-Butane 0.2 

Iso-3utane 0~1 

N-Pentane 0.1 

Terpenes 0.1 

Perch1oroethylene 0.3 

Toluene 0.1 

xylene 0.1 

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

from the natural interaction between forest vegetation and the atmosphere 

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 a pinene emissions had been associated with emissions from 

soft woods whereas hard wood tended to emit isoprene. However, since the 

identification and characterization of these emissions was far from complete 

a detailed profile development 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 emission rates and more complete 

identification of the organic compounds considered will no doubt result 

ultimately in a more detailed emission profile. 

2.3.3 Solvent Use Questionnaires 

Solvent use questionnaires were processed prL~arily to obtain infor­

mation on the quantities and specific types of solvents used in the Basin 

during 1975 for use in developing a~ission profiles and factors. Other 

information on process equipment, control devices, future plans for modifi­

cations or expansion were also requested for checking the ErS data and fore­

castL~g emission trends. 

KVB prepared the questionnaires using modified formats from 

Reference 2-20. Sections were specifically directed to the following 

solvent users: 

Degreasing Operations 

Dry Cleaning Operations 

Protective and Decorative Coatings 

Fabric and Rubberized Coatings 

~liscellaneous Coatings 

OVens 

Printing Operations 
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Data were requested on an individual device basis using actual process records 

or best estimates from total plant consumption. Provisions for confidential 

or proprietary information were made. A copy of the organic solvent use 

~uestion~aire is presented i~ the Appendix. 

Individual questionnaires were mailed to approximately 200 plants 

wi~~in the Basin with reported total organic compound ~~issions from solvent 

use in excess of 25 tons per year. Only the quest~onnaire forms that would 

pertain to the individual source operation were included. The response to 

these questionnaires was only 25% despite follow-up by telephone. 

Of those returned, the quality and completeness of the information 

. was excellent providing detailed information on solvent composition and 

operating parameters previously not available. Data were obtained from a 

wide cross section of industries which added depth to the data base. These 

data, along with updated solvent use patter~s for those firms visited during 

the field test program have been incorporated into the final emission 

inventory. 

2.3.4 Area Sources 

An important aspect of the .KV3 organic compo~~d inventory was the 

identification of sources of organic compound emissions not under permit and 

generally not included or adequately characterized in previous inventories. 

These sources were grouped as waste disposal, petroleum operations other than 

refining, domestic and agricultural sources, geogenic sources and natural 

emissions. Because these were diffuse sources net concentrated like 

industrial point sources, they are referred to as area sources. Emission 

factors for these sources were therefore based on land area, population, 

land use or other criteria characteristic of the are~ source. 
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Table 2-23 presents a summary of total hydrocarbon emission estimates 

from each of the area sources considered. Precise emission rates were 

difficult if not impossible to estimate due to the complex nature of each 

source type. A discussion of realistic limits to these values is presented 

in subsequent sections. 

A second objective of the current project was to locate these area 

sources geographically in the Basin. To this end, information waS secured 

from various governmental agencies on population distribution, land use, 

petroleum production operations, etc. Maps corresponding to the approximate 

location of each source were developed for each source. Area sources ~ased 

on population were distributed on a per capita basis based on information 

received from the ARB. 

The following sections present a discussion of the methodologies 

and references used in making these estimates. In general, the procedure 

involved the establishment of two factors, (1) an emission factor coupled 

with (2) an appropriate inventory. Using this procedure, improvements to 

either factor can be readily employed 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 Air 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 ~urning--The organic compound emissions from the burning 

of agricultural wastes in California have been recognized for several years 

(Ref. 2-21). The ARB and the EPA have sponsored several on-going studies 

(Refs. 2-22, 2-23, 2-24) with G~e intent of developing emission fac~ors for 

such operations. 

KVB 5804-714 

2-55 



TABLE 2-23. EMISSION ESTIMATES FOR AREA SOURCES 
(STATIONARY SOURCES ONLY) 

Waste Disposal 

Agricultural Burning 

Sanitary Landfills 

Petroleum Operations 

Production Operations 

Marine Terminals 

Gasoline Marketing 

Natural Gas Transmission 

Domestic and Commercial Sources 

Architectural Surface Coatings 

Solvent Use 

Fuel Consumption 

Agricultural 

Natural Emissions 

Orchard :J:eaters 

Animal 't'1astes 

Pesticides 

Geogenic Sources 

Natural Seeps 

?orest Emissions 

Natural Emissions 

Forest Fires 

Other Sources 

Dry Cleaning 

Asphalt Paving Operations 

Tons/Day 

2 

900 

70 

3 

80 

80 

100 

30 

5 

15 

3 

80 

15 

10 

300* 

40 

25 

1 

*An additional 200 tons/day is released above the inversion 
layers at altitudes above 3500 ft. 
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The ARB and local districts have also implemented regulations that 

severely restrict the open 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 wastes, burns conducted for range 

improvement, forest management, pest control or the improvement of wild~ife 

or game habitats. Such burns can only be conducted duri:1g "permissive burn" 

days as determined by local meteorological conditions. Burn permits recorded 

the location and quantity of material to be burned. 

Annual reports by the ARB were issued with estimates of the air 

pollution impact of these burns utilizing this lnventory and the emission 

factors referred to above. It was estimated by the ARB that 550 tons of 

organic compound vapors were emitted in 1975 due to agricultural burning 

in the South Coast Air Basin. These emissions were distributed into the 

agricultural regions shown in Figure 2-2. The apportionment of these emis­

sions were made based on the data on agricultural waste generation reported 

in the various county solid waste management plans and presented in Table 2-24. 

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

liquid and solid wastes were disposed annually in the 45 major landfill sites 

distributed within the Basin as shown in Figure 2-3. Several studies 

(Refs. 2-26, 2-27) indicated that appreciable amounts of methane rich gas 

are generated due to the biological anerobic decomposition of these wastes. 

The production rate of this gas appeared to be highly dependent on the type, 

liquid content, soil composition and age of the particular site. These 

gases represent not only a potential source of useful 2nergy but a large, 

currently uncontrolled source of organic compounds to the atmosphere. 

No precise estimate of the emissions from landfill operations for 

the study area existed. Results 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 first was to 

use the results from a recent seudy (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 decomposition for each pound of refuse. 
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TABLE 2-25. EXISTING MAJOR C~SS I &iD II Sfu~ITARY LANDFILL SITES 
IN THE SOu~H COAST AIR BASIN 

(Reference - County Solid Waste ~anagement Plans) 

Quanti~" of ::\eoot"":.ed. Tons/Yea-I; 

°dastg :::>ec=-.i 'Jerl '::.?-ss .~c!'edc'!' Li,=u~d SoL lC 70tal 

Ventura Count:v, "J75 

l. OZeha II 1,086 - 1,086 
2. Sa.nta Clara II 47 - 434,~00 - 434,400 
3". Toland Road II 120 36,200 - 36,200 

~. Sill1i r 230 - 144,300 - 144,300 
All Other Class II Sites '''<;0 - 167,400 - 167,400 

Total 457 783,88~ 

Los Angeles Countv, 1974 

5. ~. 'lalley Refuse Cent.er II 230 550,000 550,000 

6. Bradley Avenue OUI:lp ~ ... 63 332,000 332,000 
7. ?enrcsc ?it II 73 398,000 398,000 
3. Hewitt Pi: II 117 436,000 436, JOO 

9. Calabasas Land FEl I 416 36,000 320 ,000 356, 000 
10. Mission Ca.nyon ~nc Fill II 1.491 1, 394, 000 1,394, JOO 
11. Burbank Ci::y Land Fill II 133 75,000 75,000 

12. Toyon Canyon Land F11l .~ 40 795,000 795,000 
13. Scholl Canyon !:....and ?ill II 484 450,000 450,000 
14. Palos Verdes Land Fill ! 295 280.000 1.300,000 1,580,000 

15. Ascon !I 65 85,000 422,000 507, JOO 
16. Operat.lnq Indust.::'les I! 190 177.000 539,000 766,000 
17. City of Whittier' Ldnd F~ll II 117 107,000 107,JOG 
18. Puente Hills t..and Fill II 1.214 17,000 l,1.65,CCO 1,132.000 

19. AzUSil Western II 307 271, 000 271,:)00 
20. 8.K.lC. wnd ,ill I 583 254,000 352,000 ~06,OCO 

2l. Spadra Ldnd Fill II 199 13 ,000 192,00'0 205,000 
22. flarbor Dum9 II 2S 160,000 160,000 
23. Chiquita Canyon Land FEI II 40 33,000 33,000 

All Other Minor Class II Sic.es N.R. 56,050 56,050 

Total 6,082 362, ;,)00 g! 341 ,,000 l.J, 20) .JOe 

San Bernardino Countv, 1974 

24. Milliken II 106 215,500 215.500 
25. Cajon II-2 106 - 117,500 - 11 7,500 
26. Fontana II 82 601.000 ~4,000 

27. H~aps Peal<. II 63 16.600 16.500 
2S. Colton :r 94 93,700 93.700 
29. Yucaipa II 560 34,600 34,600 

30. Sig Bear II 70 11.600 11,600 
Total 1,081 553,500 

Riverside County, ":une 1975 

31- West:. Riversid.e II-2 63 52,700 - 52,700 

32. :orona II-2 101 - eS,350 - 8S.350 

33. .:iighqrove II-2 280 8,100 3,:'00 

34. Mead '/alley II-2 240 8,100 8.100 

35. Elsinore II-2 44 12.400 12,400 

36. Sadlands II-2 904 15,500 15,500 

37. Double Butte II-2 580 61.380 61.380 

38. Lanb Canyon 
39. IdyllWild 

II-2 
II-2 

i8S 
30 

- 48,050 
3.010 

-
-

48.050 
3.010 

40. Anza n-2 10 1.550 1, 550 

Total 3,040 299.140 

Orance ~ount.v, December 1975 

4L Olinda II 235 758,000 is8,000 

42. Coyote Canyon !J: 593 2,130,000 2,130,000 

43. Sdntiaqo CMyun II 160 374.000 ]74, 000 

44. Prina De5checha II 945 479,000 478,000 

':'0 tal 1,933 3,740,000 3. ""40,CCO 

Sa.nta 3arbara. ~975 

45. TaJiguas 1I 130 202,900 20::,9120 

GRA.'ID TO':'A!. _llLi§Q. 15424.25 

2-60 KVB 5804-714 
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Assuming the lower figure, this represents a 13% conversion by weight of 

waste to generated organic vapors. 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 used estimates OL the rates of carbon escape 

over the "life" of the fill presented in a study by the California State 

Water Quality Control Board (Ref. 2-29). Using this study, it was found 

that 

177 
r 

3.75 + 1.95t 

'tlhere r rate of carbon escape (lb/ton refuse·year) 

t = age of refuse (years) 

Note that carbon is released as both methane and carbon dioxide gas. To USe 

this relation, a gross esti~te of the total quantity and age of wastes 

presently "alive" in the Basin '"as needed. It was assumed for the purpose 

of this estimate that the quantity of materials disposed in landfills over 

the last 75 years was constant and therefore proportional to the total 

population with the Basin. A summary of the resulting computation using 
.. . • +- ~the above relation and the ass~~ed age and quantity of refuse a.l.J.. ve In Cone 

Basin is given in Table 2-26. As shown in Table 2-26, 90% of the carbon emis-

sion result from deposits made in the last 25 years. ~ssuming 15% by weight 

of the total carbon emitted is transformed to methane IRef. 2-29), th~s would 

represent 340,000 tons per year or approximately 930 t8ns per day of methane 

emissions. 

The third approach employed test da~a generated by ~T3 during the 

current test program. Gtilizing tecr~iques described in Section 3.0, it 

was estimated that 1500 Ib/acre'yr of gas were evolved from landfills. This 

represented 240 tons/day from the 46 sites in the Basin. This however 

represents the results from only two tests on relatively small landfill 

surface areas of indeterminable composition and history. 

2-62 KVB 5804-714 



TABLE 2-26. SUMMARY OF COMPUTATION OF TOTAL CARBON RELEASE FROM 
ACTIVE LANDFIL~ SITES DURING 1975* 

Refuse Total 
% of 1975 Quantity Carbon 

Refuse for Emissions 
t r (based on Period in 1975 

Period (yr) (lb elton refuse) population) (10 6 tons) (L06 lb) 

1970-75 2.5 20.52 98 76.3 1566.49 

1965-70 7.5 9.63 92 71. 7 690.14 

1960-65 12.5 6.29 83 64.7 406.68 

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. 67 13 10.1 16.91 

1915-20 57.5 1.53 8 6.2 9.53 

1910-15 62.5 1.41 4 3.1 4.39 

1905-10 67.5 1. 31 2 1.6 2.04 

1900-05 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 to have the most data to substantiate the emission 

factors. It was evident, however, that regardless of the approach used, 

the organic compound emissions from these sources were appreciable. 

B. Petroleum Cperations--

1. Production operations--As shown in Table 2-27, extensive petrolelli~ 

production operations were lli~derNay in the Basin. Nearly 150 million barrels of 

crude oil and 116 billion cu.ft. of natural gas were produced in 1975 (Ref. 2-17) 

For this inventory only onshore production operations were considered. These 

production facilities were distributed throughout the study area as shown in 

~igure 2-4. 

Prior to ~~is ARB study, ~~e magnitude and composition of organic 

compound emissions from production operations other than tank storage were 

essentially unknown. Tests were conducted at two locations recommended by 

the \qestern Oil and Gas Association as typical of such operations in the 

Basin. Since only brief test programs were possible during the current 

program, the emission factors developed should be considered as representative 

and useful for estimating purposes only. Discussion of the test procedures 

employed and the emission factors developed is included in Sections 2.3 and 

3.0. 

A summarJ of the emission factors and inventories used in the current 

study are given in Table 2-28. These inventories were made based on data 

from the California Department of Oil and Gas (Ref. 2-17), data from SCAQ~ID 

(Ref. 2-6) and n~~erous discussions wit~ representatives of ~he major 

petroleum production comp~~ies operating in the Basin. It must be emphasized 

that these represented data for the study area only and should not be applied 

arbitrarily to any other situation. Confidence fac~ors on a scale of A to 

2 (A-high, E-poor) were also assigned to assist in the eva~uation of these 

data. 

KYD 5804-714 
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TABLE 2-27. PETROLEUM PRODUCTION FIELDS IN THE SOUTH COAST AIR BASIN 
(1975) 

(Reference: California Division of Oil and Gas) 

Average ~umb~r 

0' ?roduc.lnq ~~lls 

Oil ?roduction 
103 3b1/yr 

Col. ?roduction 
10° ftJ/yr 

1- Aliso Canyon 90 670 38.413 
2. B4ndini 32 141 207 
3. aardsd.3.1e 93 154 616 
4. Beverly :fills 179 5.141 7,168 
S. Brea-Olinda 736 3.185 4.136 
6. Carpe::t~rla 01 1.452 1,710 
7. Casac~J.c :t.J.lls 27 44 35 
3. Casa~ic Junc:~on :7 473 l.806 
9. Chino-Sequel 3 5 

10. Delle 'Jallt!y 33 99 1 
11. Dominque::; 132 1.035 503 
12. East Coyoce 152 721 342 
13. n Sequ."lcc 6 37 19 
14. Esper,w,u 13 23 
15. !ur9ka 14 32 1 
16. Konor ~.,ch 15 140 328 
17 • :fo9pe= Ca,.'1yon 9 96 109 
18. auncinqton 3ea.ch 1,108 17.167 3.999 
13. :ngle....ood 441 3.580 1.788 
20. Kr3emer 79 1.686 14 
21- Lone; 6eac:, 623 2.594 1,562 
22. Los Angeles 46 52 858 
23. lIOh4.b 34 143 47 
24. MontaLvo jl 587 1.311 
25. Mont:ebello 216 675 522 
26. ~ewhall 42 39 9 
27. ~ewhAl1-?otrero 90 444 7,699 
28. :iewport 239 l.425 40 
29. OU canyon 19 185 293 
30. Ooll< i'ar!< 15 32 12 
31. OAkridge 20 207 81 
32. Ojai. 138 1,127 1.814 
33. Olive a 56 22 
34. Oxnard 92 368 281 
35. Piru 7 3 
36. Placentia 169 296 
37. Playa Del Rey 52 70 15 
38. Poe:rers 18 129 150 
39. Pracio-Covona 13 69 32 
40. ila>:lonol 10! 179 384 
41. Richfield 257 1,666 138 
42. Rincon 311 2,919 ),729 
43. :tQsecran3 115 503 SS9 
44. SAlt .t..aite 57 l.019 761 
45. San Miq'...lleto 62 1. 794 882 
46. Sansinena. 116 736 1,151 
47. Santa E'e Spring. 216 709 688 
48. Santa ?aul.l 17 10 2 
49. Santa SUZ3.nd. 13 151 1.826 
SO. Sati.ccy J3 2ao 150 
51. Sed ::.each 173 1,~05 355 
52. Sespi 182 1.085 1 / 380 
53. Shields 77 350 93 
54. SiaLL 39 42 17 
55. $Out!> !'otou..ic,aL-" 437 1.548 2.663 
56. :Summerland. 0{: Shor'! 22 259 1, 328 
57. Sunset. seach 5 12 
58. hpia 12 20 
39. t'a!?O 25 54 6 
60. Temeseal 16 67 11 
61- Timber Car.yon 25 90 260 
62. '!'orrence 388 2.859 1,421 
63. Torrey Canyon 41 207 2.659 
64. 'Nest COyot:~ 144 2.039 184 
65. 'iotes'C :'.ountain 23 SO 77 
66. ''''hittier 208 693 669 
67. Wilminqton 2,285 65.595 11.808 
68. Vcn.c.ura 787 10.943 6,i76 
'59. '!orb~ Lind.'l 486 ),726 11 

':'OTJl.L'; 11.810 145.162 116.031 

::VB 5304-714 
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As shown in Table 2-28, petroleum production operations represented 

approximately 68 tons per day of which 50% 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 snown in Table 2-29, significant quantities of 

petroleum products were transferred through marine terminals in the Basin. 

These generally represented (1) crude oil loading off the Santa Barbara and 

Ventura coasts, (2) crude oil delivery to refineries in Los Angeles County 

and (3) refined product loaded at the Los Angeles and Long Beach Harbors 

and the El Segundo ~!arine Terminal as illustrated in Figure 2-5.. A descrip-

tion of the various marine facilities within the study area can be found in 

Reference 2-30. 

TABLE 2-29. MARI:NE TRANSFER OPERATIONS I!'I THE SOUTH COAST A:R BASIN 

Quantity Emission Factor Emission Rate 
(10 0 gal) (lb/103 gal) (Ton/Yr) 

Loaded 

Fuel Oils 
Gasolines 
Distillai:.es 
Crude Oils 
Lube Oils 
Petrochemicals 

Unloaded 

Fuel Oil 
Gasolines 
Distillates 
Crude Oils 
Lube Oils 
Petrochemicals 

1304 0.0002 0.1 
384 2.5 480.0 
881 0.005 2.2 
754 1. 20 452.4 

29 < 0.001 0.0 
57 0.56 16.0 

950.7 

951 
627 (Not deter:nined 
433 - mobile 

7724 sources) 
86 
17 

r.::lB 5804-714 
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3 

Considerable interest was raised concerning the magnitude of G~ese 

emissions. Several studies directly applicable to this program were initiated. 

These involved a WOGA/Chevron crude oil loading program in Santa Barbara and 

Ventura Counties (Ref. 2-3l) and a SOHIO product transfer program in ~~e Los 

Angeles/Long Be~ch Harbor area (Refs. 2-32, 2-33). 

Emission factors for crude oil loading ranged from 0.5 to 2.0 Ib/10 

gal (Ref. 2-10) and appeared to be a flli~ction of the condition and cleanliness 

of the tanker prior to loading as well as the properties of the crude being 

loaded. For the purpose of this inventory, an emission factor of 1.2 
3

Ib/10 gal proposed by Laird (Ref. 2-34) and used by both the Santa Barbara 

and Ventura APCD's has been employed. Total organic compound emission rates 

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

The loading of refined petroleum products had received much less 

recent investigation. Estimates of loading loses were made using a formula 

developed by API (~ef. 2-35): 

L = 0.3 PW 

where 
3L loading loss lb/10 gal of load 

P = true vapor pressure at storage temperature, psia 

W = density of liquid at storage temperature, lb/gal 

Inventories of the total product throughput in the harbors were obtained 

from the Corps of Engineers (Ref. 2-36). These inventories together with 

the above emission factor were employed to generate the emission rates 

given in Table 2-29. 

Addi tional emissions resulting from '....hat is generally termed "unload-

ing losses" were considered and discarded. The great majority of these losses 

resulted from shipboard operations including bil~ing and venting which take 

place at sea as well as within the harbor area. Since these operations are 

small and more appropriately considered as "mobile sources," they are not 

included in ~~e current inventory. 
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3. Gasoline marketing--Organic compound emissions from the transfer of 

gasoline to automobile tanks has been recognized as a major source of emissions 

to the atmosphere and has been studied extensively. Control measures were 

being implemented in cOlli~ties in Southern California to reduce these emissions 

through vapor recovery techniques at both the tanker truck to storage tank 

transfer (Phase I) and the nozzle to vehicle 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 representatives of the EPA and the San Diego County APeD, 

one 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 filling of underground tank (con­
3trolled) is 0.7 Ib/l0 gal. throughput which represents a 90% control effi-

3ciency, rather than the AP-42 (Ref. 2-3) value of 0.3 Ib/IO gal. throughput 

which would represent a control efficiency of 95%. The 95% control efficiency 

is believed to be too high. 

TABLE 2-30. GASOLINE MARKETING EMISSION FACTOR 

Emission Source Ib/10 3 Gal Throughput 

Submerged Filling of Underground 0.7 
Tank (Controlled) 

Underground Tank Brea~~ing 1.0 

Vehicle Refueling Displacement 9.0 
Loss (Uncontrolled) 

Vehicle Refueling Spillage Loss 0.7 

K'I/B 5804-714 

2-71 



These emission factors have been incorporated with an estimate of 

gasoline sales in the Basin generated for this program. Estimates by the 

Calif8rnia 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 population 

of those counties which have areas outside the Basin. A summary of this 

calculation is presented in Table 2-31. This procedure resulted in an 

estimate of 5.3 billion gallons of gasoline sold annually in the Basin. 

Applying the appropriate emission factors from Table 2-30 resulted in an 

average daily emission rate of organic compounds from this source of 83 tons 

per day. 

These emissions have been distributed by estimated sales and location 

of service stations as described in Section 2.2.2. Information on ~he sales 

from individual stations was available for Ventura and Santa Barbara Counties 

generated by surveys conducted by the local APCD's. Additional information 

on gasoline sales for specific service stations in Los .;ngeles County was 

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

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

gas by all sources in the South Coast Air Basin is in excess of 1.5 billion 

cubic feet. Although precise measurements are not available, the Southern 

California Gas Company (Ref. 2-40) estimated that of this total, 3.7 million 

cubic feet (0.25%) or 83 tons per day were lost to the atmosphere as fugitive 

emissions from valves, flanges and o~~er metal connections as well as pipe 

failures or required maintenance works. 

This estimate was made by SCGC by taking the difference between 

purchased gas tha~ 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 emissions have been distributed throughout the Basin on the 

basis of popUlation. This generally reflects the location of transfer 

facilities and especially meters and cheir metal connections which have 

been shown to be ~~e most prevalent source of fugitive emissions. 
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C. Domestic and Commercial Sources--

Over 10 million people reside in the Basin. Therefore sources of 

org~~ic compound such as domestic fuel burning, solvent use, dry cleaning 

and surface coatings which may appear to be small for each individual r can 

collectively represent large sources of organic emissions. Smission factors 

were developed on this program on a per capica basis and were distributed by 

population. 

1. Architectural surface coatings--Sstimates of the total volume of 

coatings applied to the surface of stationary structure and marketed within 

the Basin was difficult to make due to the large number of manufacturers and 

suppliers involved. The most effective approach was to use marketing 

questionnaires. This proved to be very time consuming and costly operation 

without the legal authority to require responses by those questioned. 

Surveys that were performed by the local control agencies in 

California showed that emissions of organic compounds from architectural 

surface coating applications were from 3.4 to 3.7 tons/lOOO people/year 

(Ref. 2-41). The ARB estimated that 93 tons per day of emissions result 

from architectural coating wi~~in the Basin (Ref. 2-42) for ~~nual emission 

factor of 3.3 tons per 1000 people. In the same study it was estimated that 

total emissions from architectural coating for the entire state amounted to 

193.7 tons per day or an annual emission factor for the state of 3.3 tons 

per 1000 people consistent with the estimate for the South Coast Air Basin. 

Thus 3.3 tons/1000 people/year was used in this inventory resulting in tocal 

emissions within ~he study area of 97.6 tons per day. 

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

establishments and industrial plants contain organic solvent materials. Such 

products included cleaning compounds r floor waxes r cosmetics r and heal~h and 

beauty aids used in homes and commercial establisr~ents (barber and beauty 

shops, shoe repair shopsr etc.) and institutions (schools r hospitals, churches r 

etc.). The total contribution of solvent evaporation from these products had 

not heretofore been attempted. Due to the large potential for organic emis­

sions r it was felt necessary to determine its magnitude. 

KVB 5804-714 
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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 ~~at establisb~ent and an emission factor on a per capita basis was obtained. 

The second approach used data from the Department of Commerce (Ref. 

2-43) on the total value of these products manufactured nationally. A national 

use factor was then determined by dividing the total value by wholesale 

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 information was 

available. A summary of 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 of total organic vapors per day released within the 3asi~. 

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

cubic feet of natural gas were consumed annually by domestic and commercial 

users within the study area (Refs. 2-40, 2-44). An emission factor of g Ib 

per million cubic feet (Ref. 2-4) was used which corresponded to an emission 

rate of 4.5 tons per day and an annual emission factor of 0.16 tons per 

1000 people. 

D. Agricultural Sources--

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

quantities of terpenes are emitted as part of the natural biological cycle 

of citrus trees. An emission factor of 0.06 tons per year per acre of citrus 

trees was proposed by Zimmerman (Ref. 2-45 ). 

There were approximately 85,000 acres of citrus trees in the Basin 

which were distributed by specific tYge and county as shown in Table 2-33 

(Ref. 2-46). Using this inventory and the emission factor it was estimated 

that 13.9 tons per day of organic compounds were emitted to the atmosphere 

each year by this source. 
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These emissions were distributed into approximate areas of major 

citrus growing activity as shown in Figure 2-6 based upon information obtained 

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

':'ABLE 2- 32. :-JATIONAL DCHESTIC A..'lD COML\fERCIAL SOLVENT SALES 
Based on Department of Commerce Data 

Estimated :-Jational Total Weight 
Sales Solvents of Solvents 

Product (106 Ibs) (wt. %) (106 lbs) 

Furniture Polish 53 40 21 

Floor Polish 87 40 35 

Shoe Polish 3 40 "'-

:1etal Polish 8 40 3 

Shaving Soap 56 5 3 

After Shave 49 20 10 

Perfumes, Toiletries 17 39 7 
& Cosmetics 

Shampoo 152 10 15 

Hair Tonics 5 5 0 

Hair Spray 210 59 124 

Hair Rinses 23 5 1 

Mou-r::hwash 119 14 17 

Creams 74 30 22 

Su.11tan Oil 9 50 5 

Hand Lotion 51 20 10 

Cleaning Lotions 23 60 14 

Rubbing Alcohol 153 100 153 

Deodorant 148 14 21 

Nail Polish , 
"- 50 1 

Nail Polish Remover 8 90 7 

TOTAL 469 
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2. Orchard neaters--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 oil and not as a result of the combustion process (Ref. 2-4). There­

fore, even if the orchard heaters were used relatively infrequencly, organic 

compound emissions 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 evaporation averaged 0.25 gal./heater, for a total of 2.25 gal./heater-

year. 

Emission estimates for the current program were based on published 

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

were estimated to be, 1200 tons per year. 

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

gas generated by the biological decomposition of animal wastes had been 

extensively studied. These investigations had been aimed both at the 

potential for energy recovery (Ref. 2-49) as was the case with landfill gases 

and also to assess the harmful effects of these gases on livestock production 

in confined areas (Ref. 2-50). 

Results from a recent study (Ref. 2-51) were employed to estimate 

the emission rates from these sources. A summary of the calculations is 

presented in Table 2-34. Inventories of the livestock population for each 

county were obtained from the County Agricultural Reports (Ref. 2-46). For 

these data, it was estimated that 77 tons per day of gases from animal 

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

TABLE 2-34. ORGANIC COMPOUND EMISSIONS FROM ANIMAL WASTES 

Total Inventory 
(10 3 Head) 

Emission Factor 
(lb TOC/I0 3 head·day) 

Emissions 
(tons/day) 

Cattle 
Chickens 
Pigs 
Horses 
Sheep 

147 
9992 

5 
73 
87 

440.5 
7.0 

160.0 
229.3 

33.2 

32.4 
35.0 
0.4 
8.4 
1.4 

Total 77.6 
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4. Pesticides--Application of pesticides for agricultural and domestic 

use have be~n included in previous inventories of hydrocarbon emissions con­

ducted by the local control agencies. These inventories have generally been 

based on county reports in the State Pesticide Use Report (Ref. 2-5lA). 

This procedure has also been used in the study. It was learned that 

the data base for the State Pesticide Use Report had been computerized by 

~~e University of California-Davis (Ref. 2-513). Arrangements were made 

with ~~e 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 estimated from these data that the total emissions of pesticides in 

~~e study area were 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 has been made based on information from the Reference 2-51B for general 

pesticide use in the Basin. An emission factor of 9 tons/lOO,aOa people·yr 

was developed from this data. 

Recent more comprehensive examinations by CARE (Ref. 2-5lC) have 

shown that the pesticide use reports under esth~ate the emissions from this 

source by factors of six and two for nonsynthetic and synthetic organic 

materials, respectively. Based on ~~ese estimates, the total emissions 

from ~~ese sources would be 17,000 tons per year. The quantification of 

~~ese estimates was a complex problem as discussed in Reference 2-51B, and 

therefore the more conservative estimate, described above, was used in tl1e in­

ventory. 

E. Geogenic Sources--

1. Natural seeps--Figure 2-7 (Ref. 2-52) shows the location of the major 

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

created significant local pollution problems due to "petroleum odors"and 

evolution of heavy oil and tar. 

Studies had been conducted to quantify the emission rates from two 

large offshore seeps in Santa Barbara County (Ref. 2-53). The largest of 

these was estimated to have organic compolli~d emissions of approximately 6 

tons per day. The California Jivision of Oil and Gas was in the process of 

mapping all existing oil seeps wi~~in the study area however no data en seepage 

or emission rates are expected (Ref. 2-54). 
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It was estimated by the Santa Barbara and Ventura County APCD's 

that the total emissions from these sources are approximately 4000 tons per 

year. These estimates were used for the final inventory. 

F. Forest Emissions--

As illustrated in Fi~~re 2-8, approxL~ately 3.6 million acres of 

forest, located in the northern, eastern, and southern areas of the South 

Coast Air Basin, constitute nearly 2/3 of the total area. ~ihile the 

emissions from these forest areas may be significanc, they probably have a 

lesser impact on the smog problem in the central population area shown on 

Figure 2-8 than ~~e equivalent anthropogenic emissions because of their 

downwind location and G~e elevation at which they occur. Approximately 40% 

of the forest area lies above 3,500 ft elevation which is the normal maximum 

altitude of the inversion layer. 'Nhile the forests are a source of natural 

terpenes and combustion products from forest fires, they also serve as a 

sink for ~~e anthroposenic emissions generated in the Basin which cause 

damage to the plant life (Ref. 2-55). The forest areas referred to in ~his 

report comprise all of the open land in the Basin which are primarily of 

scrub forest type. Natural emissions 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 emissions for comparable acreage. 

1. Natural emissions--Field investigations (Ref. 2-19 and 2-56) indi­

cate ~~at ~~ere are considerable a-pinene, S-pinene, and isoprene emissions 

from plant life found in the Southern California forests. The primary 

source of data on natural emission factors was Zi~erman, Washington State 

University (Ref. 2-56). Some of ~~ese data were ~~published at the tine 

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

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

The emission rate data provided by ZL~erman are presented in Table 

2-35 along with the emission factors computed from these data. Table 2-36 

presents a summary of the forest area by county and the type of vegetation 

found in each area. The National Forest Service provided data on the federal 
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TABLE 2-35. FOREST :-JATURAL 

Fores"t Type 
(g" , ' Composition) 

Hardwoods 

(60%) Oak 

(40%) Maple 

Douglas ?ir 

Mixed Conifer 

(60%) 

(40%) 

Ponderosa 
Pine 

Douglas 
Fir 

Pines 

P' _~ .
nlon Juniper 

~ 

(85%) Sagebrush * 

(10%) Scrub Oak 

(5%) Juniper 

Active 
Emission 

Rate 
jJg/g·hr 

4 

1 

1 

3 

1 

3 

3 

12 

4 

3 

EMISSION 

Dormant 
Emission 

Rate 
',.Jg/g.hr 

0 

0 

0 

1.5 

0 

1.5 

3 

4 

0 

3 

Rl'.TES BASED ON LEAF 

Leaf 
Biomass 

105 kg/km2 

3 

3 

11 

11 

11 

11 

3 

3 

3 

3 

BIOMASS 

Annual 
Emission 
Factor 

ton/acre·yr 

0.02 

0.02 

0.08 

0.1 

0.04 

0.08 

(Ref. 2-56) 

*Sagebrush equi'lalent to mesquite and chaparrel in emissions. 
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land and assisted ~lB on est~~ating the location and vegetation for pri­

vately owned lands. It must be emphasized that both the emission factors, 

acreages and compositions are estimates and more specific information on 

the composition, emission rates, and acreage would improve the natural 

emission calculations used in this inventory. 

It was apparent from ~~e vegetation compos~tion and the emission 

factors presented in these tables that the primarz concern was with the 

category of "brush". In t.~e Basin, the primary types of brush found are 

mesquite and chaparral. These are believed to have similar 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. 

ZL~erman, in support of a national emission assessment, generated 

emission rate and biomass data based on tests performed in the northwest 

and east coast areas of the U.S. For sagebrush, he reported emission rates 

of Ii ~g/g·hr for both active and dormant periods with a leaf biomass of 
5 2

3 x 10 kg/kID. However, recent measurements of Southern California vege-

tation have shown emission rates that are lower, especially during the 

dormant period. In Southern California, ~~ere are two dormant periods 

which occur during the drz SQmmer months of July, August, and September, 

and during the winter months of December, January, and February. Zi~IDerman 

measured emissions rates of 4 ~g/g·hr for the dry dormant period which is 

usually t.~e worst period for ambient air quality. Based on an assumption 

by Zirrmerman t.~at the sagebrush active a~ission factor for Southern Cali-

fornia was lower than the 17 ~g/g·hr found in areas of year-around preci-

pitation, a value of 12 ~g/g.hr was estimated for this study, making the 

average annual emission rate 3 ~g/g.hr. 

5 2
The leaf biomass estimate of 3 x 10 kg/km for brush is on the 

low side of a world-wide inventory of leaf biomasses which (according to 

Ref. 2-56) vary only by a factor of eight from the most dense tropical 

jungle to a scrub desert like the Mojave in Southern California. Thus 
5 2

the leaf biomass value of 3 x 10 kg/km shown in Table 2-35 could be as 
5 2 5 2

low as 2 x 10 kg/krn, while the value of 11 x 10 kg/krn also fo~~d in 

~~e table for pine and fir forests could be as high as 16 x lOS kg/~2. 
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Applying the emission factors presented in Table 2-35 to the 

inventory in Table 2-36 results in a total a~ission rate estimate of 600 

tons/day. Considering that 40% of these emissions are released above ~he in­

version layer, only 300 to 400 ton/day are emitted into the mixing layer. 

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 experL~ents 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. 2-59). 

These fires burned over 2 million tons of forest material. Studies (Ref. 

2-23) had estimated that 14 pounds of organic compounds were released per 

ton of forest material cons~ed. Therefore it was estimated that there were 

approximately 13,700 tons of emission in 1975. Since these fires generally 

occurred during relatively short periods, they constituted a significan~ 

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 

distributed on the basis of population. Those establishments previously 

listed in ~~e EIS data base with total emissions less than 10 tons per year 

were removed from ~~e EIS data file. This categorization was required due to 

~~e fact that these small dry cleaning establishments were identified i~ the 

EIS data base for Ventura and Los Angeles Counties only. For the remai~ing 

four counties, the EIS data base for ~~ese sources were incomplete. Large 

dry cleaning establishments (with emissions greater than 10 tons per year) 

that generally use Stoddard solvents were retained as part of ~~e EIS data 

base. 
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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 

~~ese small dry cleaning establis~~ents, of which 90% were synthetic solvents 

(perchlorethylene) and 10% Stoddard solvents. This cor~esponded to an 

annual emission factor of 0.93 tons per 1000 people. Reports from the 

National Fabricare Institute (Ref. 2-60) listed the annual per capita con­

sumption of perchloroe~~ylene dry cleaning solvent in California as 1.75 to 

2.0 pounds, or an annual emission. factor of 0.9 tons per 1000 people, which 

showed excellent agreement. Total emissions from this source were therefore 

estimated to be 25.9 tons per day. 

2. Asphalt paving--The Asphalt Institute reports that 24 million tons 

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

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

per pound of asphalt concrete laid. The emissions in the South Coast Air 

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

2.4 INVENTORY RESu~TS 

The final organic a~ission inventory was produced in April 1978 using 

EIS data tapes received from the ARB. The tape from SCAQMD was produced in 

February 1978 and ~~e tape from Ventura APCD was produced in Deca~er 1977. 

Placing a baseline date on the inventory is difficult. The EIS efforts at 

SCAQMD and VAPCD were initiated in 1975 but data processing, correcting and 

updating contined from that time until the tapes used on this inventory were 

finally produced. Considering the span time involved in incorporating new 

source data into the EIS system, ~~e most appropriate t~ue base to assign 

to the inventory is 1975-76. 

An attempt to run a final inventor; was made in August 1977 using ~~e 

first EIS tapes produced by the SCAQMD and VAPCD. During ~~e initial data 

validation step in ~~e inventory processing, a large number of data records 

were found to be incomplete and in error with respect to data ~eeded :or this 

inventory. Error messages were provided to the two control districts, who 
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completed or corrected the data entires. In April 1978, when the inventory 

was finally produced, only a negligible number of records were rejected for 

incomplete or inaccurate data. A check of 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, ~~e results of the 

inventory will be discussed. 

2.4.1 Physical Description and Use Instructions 

The inventory was delivered to the ARB in the form of three bound 

volumes of computer printouts plus four reels of computer tape as mentioned 

in Section 2.2. The following is a more detailed description of these reports 

to help facilitate their use. 

A. Volume I--

Volume I of the 9rinted reports contains a plant index, an inventory 

by application category and an inventory by 10 kilometer grid squares. 

The plant index is aranged by counties and pl~~t I.D. number. Five­

hundred and thirty one plants are identified. For each plant, the following 

information is listed: County, Plant ID, ?lant Name and Address and UTM 

Grid Coordinates. The other inventory reports identify the plants using the 

ID nlli~er. Therefore, the user must refer to the index to learn the plant 

name if he locates an entry in the inventory that he wishes to check. If ~~e 

user wishes to look up a specific source, he must sc~~ the index observing 

first the county (all plants are grouped by cognty [4200 is Los .~geles, 

5440 is Orange, 6420 is Riverside, 6700 is San Bernardino and 8500 is Orange]), 

~~en ~~e plant name. The plant names could 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 alphabetical 

order. The first 228 entires are in alphatical order. The ra~ining 125 

plants in LA County and those in the other counties will require individual 
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scanning. Once the plant has been located in the index, the complete emission 

record can be found in the 10-K~ grid file by noting the UTM coordinates 

and the Plant ID Number. 

The Application Category Report contains the sources grouped by appli-

cation categories (i.e., Petroleum Production, Petroleum Refining, Organic 

Solvent Use, combustion of Fuel, etc.). The information listed for each 

line item record is: County, ?lant ID, Point ID, SCC No., SIC No., Sl~uer and 

and Winter S~issions (ton/day), each broken down into Weekday and Weekend emis­

sions, Annual Emission (ton/year), Profile Key and UTM Coordinates. The Pro­

file Key is a reference to Volume III which lists emission profiles, a break­

down of ~~e chemical elements comprising the total hydrocarbon ~~issions. 

For small sources, the inventory may il'ldicate 0.00 tons/day ~~issions. This 

means that the daily emission is less than 0.005 ton/day or 10 Ib/day. These 

small sources were included because they are in a plant producing 25 ton/year 

or more. At the end of each application category listing, a s~mary is pro-

vided for Major, Minor and Area Sources. ~he Major sources are those listed. 

The ~tinor sources are point sources not listed because they have less ~~an 

25 ton/year emission and are not part of a plant with 2S ton/year emissions. 

Area sources are as discussed in Section 2.3.4. 

The 10-KID Grid Report contains the same information as the Application 

Category Report but the sources are grouped by their location in UTM Coordi-

nate grids. ?or each grid, the population and major city (if appropriate) is, 
listed. After the point sources are listed for each grid, a summary of ~inor 

point and area source emissions is L~dicated by Application Category. (The 

printout: only indicates "Area Sources" but the data include minor poi:lt sources. 

3. Volume 11--

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

Emission S~~ary and an Individual Species Report. 

The One-Kilometer Report lists for each set of UTM X and Y coordinates 

L~e total organic emissi9n (ton/year), the total ~uission by reactivity class, 
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I, II, III. (Refer to Table 3-32) and the emission of individual species 

(lb/year) by SAROAD Code. The code numbers listed are the last four digits 

of the SAROAD 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"). In all cases t..'le first three (two) digits are significant and 

the last digit indicates the decimal point location in places to the right 

of the left-hand side of the number (e.g., 0670 = .067, 5385 = 53,800). 

The Individual Species Report lists each species in order of SAROAD 

Code and provides a listing of a~issions broken down into Application Cate­

gories. One hundred and one species are included. 

C. Volume 111--

Volume III contains a SCC Description Report and t..'le Emission Profiles. 

The SCC Description lists 739 source categories by SCC and SIC number, t..'le emis­

sion profile key (which indicates the applicable profile), the ARB appl~cation 

category equivalent 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 orders, the first by profile key and t..~e other by SCC number. 

The emission profiles contain the Profile Key, an estimate of error 

in t..'le profile for any species, the reactivity class, SAROAD Code, chemical 

name, molecular weight and weight % for each species. Also included is a sum­

mary of the e~issions for e1e ~~ee ARB emission reactivity classes. 

2.4.2 Total Organic Emissions 

The total organic emissions in t..'le Basin plus Ventura County are 

810,000 tons per year (2200 tons per day) of which 16% (350 ton/day) are from 

point sources. Over 5000 individual point sources are identified. A breakdown 

of these emissions according to application categories is presented in Table 

2-37. Also presented in that table are the data from 1975 inventories conducted 

by KVB (the preliminary inventory on this progr~~ published in the Interim 

Report, November 1976) and a combined SCAQMD/Ventura APCD inventory for 1975 

(Refs. 2-5, 4-48). 

2-91 KVB 5804-714 



-
-

I 
M

a
jO

f"
M

d
}O

l 

L\
J 

I
n

t
A

p
p

li
c
a

lJ
.o

n
 

C
.:

1
l.

 
U

ev
1€

.:
t:

 
T

y
p

e
 

S
O

ll
lC

C
::

t)
 

'
J
~
O
O

l'
c
ll

o
lc

lu
u

 
P

lu
ll

. 
l'

)U
 

'1
'<

.1
uk

:o
 

O
lh

u
l 

4
0

,O
U

O
l'

t:
ll

O
lc

U
I
U

 
H

.;
:t

 i
li

ll
ll

j
 

1
7

0
0

 

·•·
 ...

.u
k:

;i
 

O
U

IC
!"

"
 

no
n

1
'c

ll
-o

lc
U

II
l 

H
.k

.t<
J.

 
n

o
 

'I
'4

-I
ll

k
:;

j 

G
.
d
~
u
l
l
H
t
:

 
M

k
lt

j.
 

M
.:1

1.
 

L
O

a
d

iu
lj

 
N

(j
'I

'l
a

h
::

t.
 

J
l,

u
u

u
t
i
o
l
v
c
n
l
-
S
u
l
t
d
(
;
~

 
C

o
a

t 
1

6
0

0
 

n
o

o
-

IJ
IY

 
C

ll
:d

.u
in

q
 

uo
 

h
;:

L
IO

lo
U

ID
 

tv
 

!;
y

n
tl

u
:t

lc
I '!
)
 

':1
0U

O
-

l
}
c
l
J
l
c
a
~
i
.
I
I
Y

 
H

O
 

I'
d

 
-

O
th

e
r
 

IO
U

 
6

4
0

U
 

}
ll

i.
n

ll
h

lJ
 

t-
u

::
ic

. 

U
lc

m
it

..
:d

1 
3

0
 

1
0

0
0

 

M
l.

:l
d

 l
lu

fg
ic

a
l 

4
~

 
'
J
~
O

 

M
J
l
l
~
1
(
1
1

 
4 

'0
 

W
o
J
,
~
l
c

 
li

li
!l

ll
ll

J
.j

 
o 

C
o

m
l.

l.
 

o
t 

t'u
t,

; 
1 

40
U

 
" 

1
0

0
 

fi
.,

u
d

 
b. 

A'
:J

I. 
H

,;
u

.l
u

r-
c 

1
0

 
lO

U
 

x 
P
c
~
l
l
C
:
l
t
.
1
c
~
~

 
o 

b3 
M
i
~
L
:
.

 
1

H
L

:.
 

<.
)0

 
]l

J
U

U
 

1
)1

 

00
 

o I "'" ~I f-
' 

.t
. 

M
ln

o
c

 

l'
u

il
lt

 

')
/0

 

SO
O

 

lO
O

 

"O
u

o
 

H
U

u
 

1
1

0
0

 

1
"0

 

5
0

 

'.
0

 

"
0

 o 

·1
00

 

1
"0

 

~
l
)
U

 

'l'
A

B
L

E
 

2
-3

7
. 

C
U

M
PA

R
IS

O
N

 
O

J!'
 

E
IS

/K
V

B
 

A
N

D
 

A
Q

M
U

/V
C

A
PC

A
 

E
M

IS
S

IO
N

 
IN

V
E

N
T

O
R

IE
S

 

"H
I 
'is

 Il
lU

 
'W

ll
S

/¥
 "

A
ll

 

l
.
:
:
l
~
/
K
V
U

 
f'

tL
C

 
1
~
H
l
:
.
:
I
.
I
M
1
N
A
H
Y

 
lU

V
E

U
'l

'O
H

Y
 

(N
u

. 
o

f 
I
-
-
-
-
~

 
. 

r 
1/ 

II 
A

\.
iH

lJ
/V

C
A

l'C
A

 
(1

'J
'I

")
 

I 
I 
~

 
I 

I 

A
n

:(
l 

'f
o

td
 L

 
l'

o
iu

l 

JO
 ,

0
0

0
 

3'
J,

O
O

O
 

n
,o

IU
O

 

1
5

,0
0

0
 

I 
I
, 

'/U
O

 
-/

O
t)

1
~
,
O
O
O

 

11
l.U

O
O

 

2 
L

, Y
U

O
 

IY
O

O
 

_
_

 
1

4
l'

O
O

O
 

l,
Y

O
C

 
U

,4
0

0
 

b
4

,O
O

O
 

b
U

,O
O

O
 

ll
,O

O
O

 

9
,
~
O
O

 

3
0

,0
0

0
 

)2
,4

U
U

 
'
:
J
~
O

 

3
l,

O
O

O
 

'JO
O

O
 

Y
-m

o
 

lO
U

O
 

lO
O

 

l"
'r

 

'l
d

 

1'
)1

1 

""0
 

lU
O

 

~
l
l

 

5
5

u
u

 

l
~
U

 

1
4

5
,0

0
0

 

1
4

,0
0

0
 

Il
l,

O
O

O
 

6
,U

O
O

 

1
, 

:m
u 

1 
•1

I ~
.I
. 

J 

l
~
l
l

 

~
5
0

 

",
'J

O
O

 

4U
O

 

4
, 

JO
O

 

3
9

/0
U

O
 

H
,O

O
O

 

l,
4

0
0

 

I
i,

 '1
U

O
 

9
, 

IO
U

 

'J
,J

O
O

 

4
,4

U
O

 

4
0

0
 

b
, 

lO
ll

 

A
.l

c
d

 
'1

'o
t"

,l
 

ll
c.

li
n

L
 

In
 e

d
. 

'1
'u

l"
} 

II
I 

4
0

0
 

IO
bU

' 
1

4
.b

O
O

' 
'l

l,
O

O
O

 

I
4-

Jl
)O

 
l
~

 ,
 1

0
0

 
I Y

, 
JO

O
 

H
O

O
 

-
-

3
,1

0
0

 

I
1

w
:o

o "
 

1
~
,
6
0
0

 
-
-

1
5

,b
O

O
 

3
3

0
0

 
--I

 U
 

JO
O

 
lJ

o
o

 
--

J,
 )

0
0

I
S

'/
 ,
0

0
0

 
l'

J,
O

O
O

 
1

4
,0

0
0

 
H

,O
O

O
 

~
l
,
O
U
O

 

1
1

, 
lO

U
 

--
I 

1
I,

6
U

O
 

S
'/,

O
O

O
I 

l,
lU

O
 

JJ
,O

O
O

 
J4

,U
O

O
 

1
,1

0
0

 
==

 
I 

1~
~0

0 
4

"
,0

0
0

 

U
, 
~
O
O

 
1

1
, 

JO
O

 

,1
')

,0
0

0
 

4
"
,0

0
0

 

J,
W

O
 

b
, 

1
0

0
 

IY, U
O

O
 

),
7

0
0

 
-
-

3
,7

0
0

 
--

I 
l,

4
0

0
 

O
,
~
O
O

 
6

,1
0

0
, 

b
,1

0
0

 

1
1

,7
0

0
 

1
1

, 
JO

O
 

-
-

11
,

3l
JO

 
I 

-
-

1
'J

,l
o

o
 

1
3

,0
0

0
 

9
,1

0
0

 
1

0
,3

0
0

 
'-

,6
0

0
 

4
,4

0
0

 
1

,3
0

0
 

~ \
 .' l

J 

4
0

0
 

1
4

0
' 

6
,1

0
0

 
1

,4
0

0
 

.0 
4

0
 

lU
O

 

1.
. 

H
O

O
 

C
o

n
ti

n
u

e
d

 1
3

,0
0

0
 

1
0

, 
]0

0
 

'-
,6

0
0

 

I,
 J

U
O

 

ll
JO

 

H
U

' 

1
,4

U
O

 

]O
U

 

l,
 U

U
O

 



-
-

--
--

--
--

- -
--

--
--

--
--

--
--

--
--

--
- -

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--

--
--

--
--

--

'l'
A

B
L

E
 

2
-3

7
. 

C
o

n
ti

n
u

e
d

 

t
:
M
l
~
:
J
l
U
I
i

 
T

O
Ii

:i
/¥

t:
A

H
. 

U
n
c
l
A
9
~
l
t
l
t
:
d

 

'f
o

t.
l 

(
to

ll
./

d
a
y

)
 

( 
to

n
9

/d
a

y
) 

N
 

(1
) 

V
e
n

tu
r
a

 
o

n
ly

 
I 
~

 
(2

) 
S

C
A

Q
M

O
 

o
n

ly
 

W
 

~
 b1 U
l 

O
J o ,r:
.. I --
J 

t-
' 

.1.
,. 

9
0

 

D
o

..
,.

ti
c
 C

o
m

b
. 

D
o

m
e
st

ic
 

S
o

lv
e
n

t 
S

tr
u

ct
u

re
 
fi

r
e
s
 

A
rc

h
. 

S
u

r
f.

 
C

O
c1

t 
F

o
r
e
s
t 

N
a

tu
r
a

l 
f
'
O
I
~
5
t

 
F

ir
e
s 

A
n

 i
ll

\d
 1

 
W

a
s

te
 

L
d

n
d

f 
l1

1
..

 
S

t:
:e

p
s 

C
it

r
u

s 
T

r
e
e
s 

o
tc

h
d

C
d

 
lI

e
d

lc
c
s 

sw
o

 
S

o
u

r
c
e
s 

J
:
:
I
~
/
K
V
U

 
n 

1.
J::

 
l'I

<
J:

:L
IM

IN
A

I<
Y

 
IU

V
J:

:N
'l'

O
I<

Y
 

A
Q

M
O

/V
C

A
I'

C
A

 
(1

9
-/

5
) 

M
.1

ju
c 

M
in

o
r 

l-
'O

li
ll

 
l-

'u
ln

l 
A

C
tj

4
 

'1
'a

u
ll

 
A

l'
a

4
l'

o
ln

l 
fo

iu
t 

'f
u

la
l

"
o

td
l 

A
C

e"
 

-
...

 -
1

0
,0

0
0

 
7

0
,0

0
0

 

1 
3

9
 ,

0
0

0
 

I J
9

 ,
0

0
0

5
7

0
,0

0
0

 
5

'1
0

,0
0

0
2

0
0

3
~
0
0

 

5
0

'
5

0
'

1
,2

0
0

 
I 

.2
0

0
1

,6
0

0
 

1
1

,0
0

0
 

4
5

0
'

4
5

0
' 

1
7

 ,
0

0
0

 
1

0
,0

0
0

 
"
"
,0

0
0

 

--

JU~
~J 

JU'~
~O

3
3

,0
0

0
 

1
2

4
,0

0
0

 
) 

3
, 

7
0

e 
~
-

2
8

,0
0

0
 

3
4

0
,0

0
0

 
4

,0
0

0
 

--
5

,6
0

0
 

2
, 

);
)D

2
,3

0
0

1
,2

0
0

 

2
S

0
,O

O
O

 
(6

11
0)

 
1

2
1

,0
0

0
lO

S
,O

O
O

 
1

1
4

,0
0

0
 

3
5

,0
0

0
1

3
0

,0
0

0
U

IO
 ,

0
0

0
ll

b
,O

O
U

 
1

1
, 

)0
0

 
6

0
0

,0
0

0
 

( 
J
IO

) 
( 3

7
0

1
( 

3
0

0
1

(j
Il

O
)

( 
3U

) 
(I

, 
U

5
0

) 
(2

,2
0

0
1

(3
2

0
1

 



~he total emissions from the EIS/KVB inventory are greater than the 

respective totals of the other two inventories. However, the EIS/KVB inventorf 

accounts for a greater number of source types than the other two inventories. 

The sources seem to be consistent. The major and minor point source emissions 

were calculated directly from the SCAQ~ID and VAPCD EIS data files. Adjustments 

were ~ade to the emission factors of certain source types (see Section 2.3.1) i 

but, essentially, the inventory results reflect the basic EIS inventory data. 

Since ~~e EIS data base was built from the previous permit files used to compute 

~~e other two comparison inventories, it is encouraging to note the similarity 

in this area. 

Seventy percent of ~~e emissions are from area sources essentially 

unaccoun~ed for in previous inventories. The largest of ~~ese are from land­

fills (which produce over 900 tons/day of 99% methane gas) and from trees and 

brush (which ~~t approximately 300 tons/day of terpenes.) 

The refinery ~~issions in the EIS/KVB inventorf are higher than ~~ose 

in the previous inventories. This is due exclusively to the EIS data. ~lB 

made no adjustments in this area. Petroleum industry emissions account for 

over 50% of the point source emissions and 18% of the total emissions. 

2.4.3 Emission by Species 

A breakdown of the total organic emissions by species is presented 

in Table 3-38, which is arranged in order of SARCAD Code and includes ~he 

reactivity class designation for each compound. Table 2-38 is a summary of 

Table 2-39 which is an application category report for each of the species 

accounting for 1000 tons/year or greater. 

MeL~ane accounts for half of the total emissions and is considered 

relatively unreac~ive. The methane listing in Table 2-39 can be used ~o 

determine non-~ethane hydrocarbons from each application category as presented 

in Table 2-40. 

2.4.4 Spatial Distribu~ion 

A map showing the spatial distribution of the ~~issions ~s shown in 

Figure 2-9. Table 2-41 iden~i=ies the grids with emissions of over 20 cons/ 

day. 

2-94 KVB 5804-714 



TABLE 2-38. SOUTH COAST AIR BASIN 
ORGANIC SPECIES INVENTORY 

EMISSIONS BY SPECIES 

Chemical Name S.:>JlOAD COde Reaet Class TonslYear 

!!ethane 43201 
::~hane 43202 

1 
1 

US,OOO 
17.000 

Ethylene 43203 3 6.400 
?ropane 43204 2 14.000 
?ropylene 43205 l 1.600 
Acetylene 43206 1 2.500 
Cye lopenune 43210 2 700 
N-3ut.a.ne 43212 2 25.000 
BU'tene 43213 3 900 
I-Butane 43214 2 7.500 
N-P<entane 43220 2 11.000 
Pen~e.ne 43224 3 2.800 
nexane 43231 2 14.000 
Heptane 43232 2 4.400 
OCtane 43233 2 3.500 
I-Hexane 43236 2 6.700 
I-Heptane 43237 2 2,100 
I-OC't.ane 43239 2 1.300 
Cyclohexane 43240 2 8.600 
I-Sonane 43242 2 1.100 
I-Decane 43243 2 2.500 
C-i Cycloparaf!in 43253 2 3.000 
C-8 43254 2 400 
Terpenes 43256 3 124.000 
Mineral Sp~ics (C-4 to 8) 43263 2 10.000 
I-Pentane 4326a 2 17.000 
Met:..";yl ~l=ohol 43301 1 2.000 
:::t..~yl Alcohol 43302 3 6.000 
N-~ropyl Alcohol 43303 3 500 
I-~ropyl Alcohol 43304 3 12.000 
N-oucy1 Alcohol 43305 3 2.000 

. I-Sueyl 1I1cohol 43306 3 200 
Cellosolves 43308 • 43309 3 300 
Glycol Ether 43367 3 2.3CO 
Glycol 43368 3 800 
?ropylene Glycol 43369 3 600 
Ethylene Glycol 43370 3 200 
Ethyl AceUte 43433 2 5CO 
?ropyl Aceeace 43434 2 700 
S-Sutyl IIceeate 43435 2 4.600 
Cellosolve Ace~tl! 43443 3 600 
Isopropyl Acetate 43444 3 600 
Isobu.tyl Ace-ute 43446 3 500 
Dime thy1 For:nam.ide 43450 2 200 
Isobu~yl !sobu~grate 43451 2 2.000 
Formaldehyde 43502 3 2.400 
Aceeone 435S1 1 7.100 
Methyl Et..'ty1 Ketone 43552 2 6.100 
Methyl N-Bueyl Ke~ne 43559 2 200 
Methyl-Isobutyl Ketone 43560 2 2.000 
Ethylamine 43721 1 300 
TrJ..al.et.hylamine 43740 1 300 
Freon 11 438ll 1 900 
l.l.l-Trlchloroethane 43815 
?erchloroethylene 43817 
MathyIbrCll1ide 43819 
1.1.2-Trlchloroe~ 43820 
Naphtha 45101 

1 
1 
1 
1 
2 

2.600 
20.000 

500 
2.700 
1.700 

Benzene 45201 1 3.400 
Toluene 45202 3 12.000 
£thyl Benzene 45203 3 1.600 
Is~mers of Xylene 45222 3 5.200 
Zsomers of Etbyltoluene 45227 3 300 
Isomers of Oiethylbenzene 45229 3 200 
Isomers of :-riJDec.nyl- 45230 

l>enzene 
3 --2.Q.£... 

810.000 

2-95 KVB 5804-714 



-------------------

TABLE 2-39. SPECIES BY APPLICATION CATEGORIES 

l'.Vtl ~._ UH.AhIC CU/1PlJUr;O~ el11 SSII.JNS 

S,Ujl04D cQDE Uifli IL..lL ~ __ 
"3201 HETHANE 

APPLICATION CATEGORY 

PETROLEUM PROOUCTIUN 
?fl~ul.LU~ ~Efl~IN~ 

PETRuLEUI1 MA~I(t:Tlkt> 

ORG SOL SU~fALE CUAT 
eRG SOL OTHE~ 

CHEMI CAL 
I1E TALLUR"ICAL 
I'll NflUL 
lUoSTE BUKNING 
COl1ouSTIOt; Of fuELS 
fOUD ANa AGRICULTURAL 
UhClASSIfl"D 
MISCELLANEOUS INOUST~ 

HIT AL 

ORGANIC LWI1PUUNOS eMISSIUNS 

_SAl!.UAQ Cl.lQf. CHtMILAL NAME 
'03202 i:THANt 

APPLICATION CATEGO~Y 

PETROLEUM PRODucrlON 
PETROLEu/1 RE~lNING 

PETROLEUI1 MARI(t:TIN~ 
ORG SOL SURFACE COAT 
ORG SOL OIMER . 
eH EMI C....L 
lit: TAL LURe. I CAL 

._~. 1'11 NERAt. 
WASTE BURN IN .. 
LUl1bU~TION OF fUEL~ 

UNel.'" SSIF I EO 
MISCEt.~ANEOUS INOUST~ 

--------_._--

RfPOR r INDiViDUAL $P~LIES 

t<.fAC T1 Vi n 
L 

EMISSIONS ITUNS/YEA~1 

13770.02 
H 19.'09 

Z~1l5.ao 

2951.05 
108.28 

10.03 
5..1.89 

35.90 
"5.92 

1"9". S9 
141.85 

35963&.09 
3" 38. ol 

RE~U~T INDIVIDUAL SPECIES 

MlJLEC. >ldGMl REAC Till I TV 
30. <.l1 1 

El1lSSlUNS ITONS/YEARI 

21:102.80 
1105.91 
i 18b. 91 
222."0 

1".1 ) 
3.57 

'0-1. "2 
LO.O L 
0.80 

8L.50 
9:.189.98 

0.20 

REPORT 

cu.ss 

; 
OF TOT"'1. 

3.32 
0.84 
0.92 
0.71 
U.O" 
li.Oli 
li .13 
O.OL 
Q.O L 
0.3b 
0.0'" 

80.01 
0.9':> 

100.00 

~EPORr 

CLASS 

t 
Lf fOTAL 

15.40 
0.15 

l.l~'H 
1.29 
0.1L 
0.02 
0.2'0 
.:1.00 
O~OO 
0.41 

53.1'0 
V.OO 

---------------------------------------_. 

ORGANiC COH~OUNOS EH1S~IONS R~PORr lNOIVIDUAl SPECIES 

qHOAD -'J:Uf....._. Cl1t.'1i CAL tiAMf 
"3203 ETHYLENE 

APPl.ICATION CArEGO~Y 

PETKOlEUH PROOUCTION 
Pl TIl.OLEUH REf WINe. 
PETROl.EUM I1AR~~TING 

~~G SuL $URf~'E ~UAr 

aRe. SOL OTHEH. 
CM EI11 C.lL 
liE TALLuRGICAl. 
MINERAL 
"'STE BURNING 
COII~U$IIGN Of fuELS 
FOOD AND AGRICUl.TURAL 
uNt.LASSlflEO 

TUTAl. 

.t10L'C. "E1CHT ReACTIVITY 
28.05 3 

EMISSIONS ITONS/vEARI 

b81.01 
100.itO 

10.1b 
dll.92 

L.51 
La. .91 
lid.9'1 

L08 • .:I8 
19.<.lZ 
2.03 

5050.29 

o'dJ.b9 

R~?~RT 

C~ASS 

; 
Of TOTAL 

10.59 
1.50 
0.L7 
I .J t\ 
.,J .. 02 
3.41 
2.2<' 
0.01 
L. ,,8 
0.30 
0.03 

78.50 

l<.lJ.lil 
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Reproduced from 
best availa ble copy.TABLE 2-39. (Continued) 

INUIVIUUAL SPECltS RI:PORT 

~AacAO ClouE Crit:,~ II-AL ""'111;; 
.. 320" PRUPANE 

A~PLICAJICN CAT~~URV 

P~TKULEuM PRuOuCTION 
Pt:TRU~t:UH KtFINING 
PEJRGL~OM HAR~~T[N~ 

ORG SCL SURFACE CG~T 

ORG SOL CTHtK 
CHEi'lICAL 
HE TAL LuRG I C.l.L 

__ "I NE,UL 
IOASTt: eUKNIN~ 

CUHbUSTIUN UF fUELS 
FOOO AND A~RICULTURAL 

UliCLASSIFIEIJ 
pl:sr lelOE USE 

____-"'Hlg£J.1ANI:QY.~-..!NQl!~ r~ 

TOTAL 

J.lla__-_-llllG.VtlJ:.. .c.Ol1.POUNOS Elil SSI ONS 

HaGAn (onE Uif.!llC..u.. IU.l\f 
PROPYlENE 

APPLICATION CATeGORY 

PETROLEUM PRODuCTION 
_____ .I!E UOU.UII 1i..EF INlNG 

ORG SOL OTHt:R 
CJ1 till CAL 
METALLURGICAL 
"INl:RAL 
,.ASTE lluRNINli 

___'__ COMflUS flON Of fUEL S 
1'000 AND AGRICULTURAL 
UNCLASSlflEO 
MI SeELLANEUUS INDUSTR 

TOTAL 

SABC~u <;OOE CH(·'1IC~l" NAME 
.. )lao AC ETYL lONE 

APPl.lCAIIUN CAIE~OKY 

P~TRCLEuM PRUouCTlUN 
PEfROLEulI KEFINlnG 
CHEMICAL .... 
MerALLURGIC~L 

"A:' r E dUItN ING 
COMbUSTluN Of FuELS 
FGUD AND A~RICULTuRAL 

___ I,INCLASSI F I t:U 
MlsceLLAN~CUS INOVSTR 

rufAL 

MLJUC. ritlGHT kf;ACllVI Ty CLAS:' 
..".il'l 2 

t 
EMISSIONS I TONS/VtAR I OF TUlAL 

3'l02."'l 28.12 
"lIH. Til H. J3 
220".8; 15.98 

1;Il.OO l.uO 
b.~d 0.05 
O. 01 0.00 

11 ... I a.Ob 
14.07 u. II 
I J. 70 O.Ja 

1 10. all l.28 
0.20 0.00 

2S110.2U 20.95 
'l8.bl 0.71 

2.S? <l.02 

prIl8.18 

RtPOR T INDIVIDUAL SPECIES Rt:PORT 

H.OLEC. IIiEIGI1T ..... R.EAC rIll 1 n CuSS 
"l.Oll 3 

1: 
EMISSIONS (TONS/YEAR) Of TOUL 

37 .)2 2.)) 
2l12.7:) 17.0" 

2).07 1.48 
92.90 5.80 
lO.55 0.00 
8.25 J.H 

J3.) 1 2 .O~ 

.3o.oz. 2.~ d 
il.02 O.J" 

l053.tl5 05.7, 
23.l1 l. '0" 

1002. 'l5 100.00 

l"'OIl/IOVAl. >hCII:S REPI.lKT 

MaLEC. lO(lGMf tlUCTII/ITV CL.l.S:. 
20.0 .. 1 

t 
EMISSIONS ITGNS/YEAKI OF TOTAL 

I 'l'. 91 7.99 
3.b5 0.l5 
IO~32 0~Io2 
10.03 O.Iol 
11.75 0.'08 
0.85 0.03 
<l.lO 0.01 

2217.20 'l0.J9 
. 2.9" 0.12 

2"~2.8'i 100.00 

2-97 KVB 5804-714 
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TABLE 2-39. (Continued). 

INDIVIDUAL sPECIES 

_li&Wl (;Q.Cl-. (;11(;111(;11,1. ltA~t 
~3212 k-BUTANE 

APPLICATION CATEGORY 

PETROLEuM PRUDUCTION 
________~~~IROlEU~ RtflNlkG 

P~TROLEuM ~AKK~IING 

OR u SOL ~URfA~E COAT 
oRG SOL OTHER 
CHE~ICAl 

~t: TAuURG I CAL 
/'\lkt:iUL 

-----.WA ~ TE .BuRN ING 
COMdUSTION Of fUtl~ 

FOuD Aka AGRICULTuRAL 
UNCLASS IF lEO 
PESTICIOi: USE 

. !4! ~l:;I:L.ANl:OU~ !I~uSH" 

Tor AL 

MQI-~<; ...t:I~l'!r R~AcTIYII~ 
58.12 Z 

EMISSluNS ITUNS/Yt~kl 

~113.2" 

1"0". all 
TO 70.11 
10"0.33 

15.00 
0.0.2 

IZ.18 
Z5.5Z 
1l.Z1 

601.03 
o.ZO 

,,95". "9 
2"1.05 

1.37 

tl'ouIVIOUAL S"tCltS 

__ iABCAQ COO~ C"1E~ ICAL NAME 
"32 1" I so-au TA.... t; 

APPLICATIGN CAT(GukY 

Pl:TRlJlt:U~ PRODUCTION 
PETROLEuM REFIHING 
P~lROLEuM MAk~ETING 

ORG SUL SURfACE CCAT 
UI'.G SOL OTHl:R 
CHE~ICAl 
~INEjl.Al 

.. ASIE tlURNING 
COM~USTION OF FUELS 
FOOD AND AGRICULTuRAL 
UNCLASSIFIED 
PEST ICIDE USE 
MI SCELLANl:OUS INJUSTR 

TCTAl 

,~lJlEC. IOEIGHT KE:ACr IV lTv 
~ll. lZ 2 

~M1SSluN~ I TONS/yEAKI 

610.a7 
2968.55 
25Zl.5T 

l.bO 
11. 15 
0.01 

25.35 
lO.50 

129.30 
0.20 

10"5.31 
76.10 
0.20 

REPQRI 

~~~~~_ 

"l 
Of TOTAL 

ZO.IlZ 
30.39 
L8.19 
4.2" 
0.06 
0.00 
0.05 
0.10 
0.05 
2."7 
0.00 

IZ .03 
0."6 
0.01 

99.99 

REI'UKT 

CUS~ 

OF •rorAL 

... 00 
39.75 
33.77 
0.02 
0.15 
O.uO 
0.3" 
O. I" 
1.73 
0.00 

14.00 
1.03 
0.00 

--~-~~-----------------~----------------

INDIVIOUAL SPEClfS R~I'Ojl.T 

_MIL.E'. IIf I ~!!I ~eA'TIYIT~'~~~~. 
7Z.15 2 , 

APPLICATION CATEGORY EIU SS IONS IT GNS/. VEAl( I UF TOTAL 

---PETROLEUM pl<oOUCr luN 2"92.53 Z5.55 
PETKOLEuM 

--------~PErR6lEU" 
KfFINING 
~K~fTING 

3"80.59 
35"6~53 

33. 0 ~ 

33 .<>5 
CHEMICAl. O. OZ 0.00 
Me UlLURG I CAL 8.52 0.08 
MINERAL 15.28 0.15 

----W"STE -aURNI"" 10... 3 0.10 
_________ ~qM~STIQN OF FuELS 

FOUO ......0 AGR1~UlrUR"L 

2)0.40 
. 0.20 

Z.24 
0.00 

UNCLASSIFIED 361.93 3. '03 
I'ESr ICIOE USE 115.31 ~ .60 
.K!~C;~L~NEQUS INOUSTR ;.08 J. ~ ') 

________.TQT~ 10539.'" 

2-98 K"VB 5804-714 

https://INEjl.Al


Reproduced from 
best available copy.

TABLE 2-39. (Continued). 

~AIU.lAC COOE CHt:MH.A1. NAME 
'032 Z It I-Pt: loT tt<£ 

APPll(;AT ION CATl~uRY 

PtTK~LEuM REFINING 
PETkGlEUI'1 MAX~EIIN~ 

ORG Sal OTHER 
MINERAL 
WAST e tlURN ING 
FUOU Aka AGRICULTURAL 
MISCELLANEOUS lNOUSTR 

TOUl 

"10lE(;. OjflCHI KtA~II\'ITY 
7a. 13 3 

fMISSIONS (TONS/YEAR I 

73~. 7'i 
1900. 'oJ 

5.14 
0.00 

32. Z I 
O.oZ 

23.~0 

2101.75 

I\.Vil . = INOl~IOUAI. SPEcleS 

SAROAQ (JlJ;lL_. 'tiC'H'i\.1..!'lA,'I.L. 
'03231 Ht:XAt<f 

APPLICATION CATEGORY 

PETROLEUM PROOUCTION 
PtTROLEUM REFINING 
~EIRO(EUM MAR~ETING 
ORG SOL SURFACE COAT 
ORG SOL OTHeR 
CHEMICAL 
ME TAL LUke ICA l 

. MINERAL 
IoASTE tlU"NING 
COl1uuSTION OF fuelS 
FO~O ANU AGRICULTuRAL 
UNCLASSIFIEO 
Pl:SUCI0E USE 

TOTAL 

lNOI~luUAL SPECIES 

_-SAil£AC CUOt CHEMICAL NAlIt 
"32J2 HEPTANE 

APPLICATION CATEGORY 

PI:: JROLEul1 PROOue r I ON 
PETROLeuM REfiNING 
PETRGLfUM MAM~t:JING 
aRt;; Sul 0 THtR 
ME r AL lullG I ''''L 
MINERAL 
"ASTt: buRNING 
Cl.ll1<lUS Tl ON CF f uE LS 
FOGO ANa AGRICULJUKAL 
UIICI.A:i5lFI';O 

TOTAL 

~OI.I;C. \lEIGH! REAerl~ITY . - .. . 2·
8b.17 

E~ISSIONS ITCt<i/yEARI 

11148.37 
1005.211 
1231.20 

0.72 
15.99 
54.03 
10.Z9 
19.00 
75.90 

332. SZ 
20.;8 

e911o.01 
ZO:l. 70 

lIo19b.05 

MCJl EL. ... i; IGli T "EACfIVITY 
100.lO 2 

~MISSION5 (TuNS/yEAKI 

1411.11l 
5 II • .2.1 
329.'01 

:.." 5 
00.01 

3.11 
75.dll 

1l.tI': 
1."5 

20111.1J0 

ftltlJ.90 

CLASS 

, 
Of TCTAl 

lo.7'i 
70.9d 
0.l9 
0.00 
1.17 
0.02 
0.85 

100.00 

REPORT 

~~!'~S 

t 
Qf TIlUl 

11.b 1 
ll.n 

8.b 7 
0.0 I 
0.11 
0.l6 
0.07 
~. 13 
0.53 
2.J'" 
0.19 

02.79 
1. '03 

KEPukf 

CLASS 

Of 
~ 

fOTAl 

~l.a" 
1l.51 
7."3 
0.12
I."" 
0.07 
1.1l 
0.19 
0.03 

I,5.5j 

KVB 5804-7142-99 

https://ftltlJ.90
https://lIo19b.05
https://e911o.01
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TABLE 2-39. (Continued). 

1\ \Ill IN01V10uA~ SP~C~ES 

~AO-'QO~ _Cnf~lCAL NAMf 
~3233 OCTANE 

APP~ICATICN CATEGO~Y 

PETRO~EuM PROOUCTION 
____~PURGI,. ~IJH KEf IN INO 

PETRC~EUM MA~KETING 
_______ ORO SOl,. SURfACE CUAT 

O~G ~C~ CT HE R 
I4E fALLURGIC;:Al 
I4INERAL 

______ ~ASTe dURNING 
fuOO AND AGRICu~TUkAl 

uNCl,.A~~~flcO 

ToaL 

MULtC. "fiGHT KtACTl'lIT,!, 
11~.£3 2 

EMISSIONS (TUNS/YEARl 

l051:l.H 
~ 40, 1't 
qt.22 

Do.OT 
O.do 
0.41 
0.05 

15.33 
I ...... 

2018.80 

I~OI~IOUAL S~ECIES 

lNUlVIDUAL SPECIES 

HO~EC;:. I.E lGMT "tACT 1v ITY 
do.17 .2 

EMISSIUNS (T~.S/YEAMI 

810.14 
U 17 .10 
2931.41 

0.04 
1.42 

19.16 
\1.0 I 

1 b6 .;n 
",.3.15 

0,,50.02 

RfPORT INDiViDUAL SPECIES 

!!tJUc.. l/EIGnI RfAC.Il~IH 

100.20 2 

EMiSSIONS ITUNS/YEARI 

3.1l 
1259.1~ 

13'0.3'1 
L5 .... 8 
O.OL 
2. '01 

1't.o'i 

.z089.e8 

110lfC. .. f l.jtlf REACT IV lTY 
11'0.23 2 

EMISSIONS ITONS/YtAKI 

12.10 
~lO.4" 
707.33 

0.91 
L". 5 £ 

L. 33 
L.13 
O.Ot 
0.37 

135.01 

1349.81 

REPORT 

CI.A~L 

l 
Of TUTAL 

29 .q~ 

".10 
2.58 
3.do 
0.02 
o. a1 
0.00 
2. D 
O.,.l't 

51.LO 

KI:PUkT 

CoLASS 

l 
Of fUT.i.l 

l~.l'l 

3'0.2'0 
44.08 
0.00 
0.02 
0.30 
0.00 
2.50 
0.61 

100.00 

REPORT 

CLASS 

uf roT Al 

0.L8 
00.25 
35. L4 
0.74 
0.00 
0.1 Z 
3. 5 7 

10J.O\l 

~EPORT 

CLA:':' 

l 
uf feUl 

0.<'0 
30 ... 1 
56.85 
0.51 
1.0<1 
0.10 
O. U 
0.00 
\l.03 

LO.OO 

luO.Ol 

C;:t1E HI C.l.~ NAME 
.ISOI1ERS U~ HEXANE 

APP~ICATluN CAfEOURY 

PtTRO~EUM PRGOUlf ION 
PETROLEul1 REfiNING 
~ETRU~Eu~ ~ARK~TING 

CHEMICA~ 

HE fALLURGICAL 
HINI:RAl 
.. ASTt: BU.-NINO 
COMI.lUSnON OF FUEl~ 

. ----PEST lelOE uSE 

TOTAL 

Q8GANiC COMPOUNDS EM1SS10~S 

H&!lAO_ ...CO",o...E,,-- Cl:lf.1UC..u. /lAllE 
~3237 .ISOMERS Of ~EPTANE 

APPL1C~TiOH CATEGURY 

PETROLEUM PRODUCTION 
______ PETaOLfuM ~fFINiNG 

PETROLEUM MAR~ETING 

GRO SOL OTHEll 
"I: ULlURGICAI. 
I1IM:ilAL 
CO~8usrlON Of fUELS 

TOT Al 

CME:U CA4.. /lAME 
'ISOI1E"S Gf CCTANE 

AP~lII.ATION CArEOO~Y 

PET~OLeU" P~OOUCTION 
?ETllOLEuM REfiNING 
PETRGlEUI1 MA~KETING 

Ok~ SO~ SURfACE CoUAr 
GRG SOL OKY CoLEAi.1 NG 
Ok~ SUl UEGXEASING 
UkO SOL efl1ER 
Mt TAL L.uIIG I CA L 
HINERAL 
CO"8U~rION Uf fueLS 

TOTAL 



TABLE 2-39. (Continued} 

l'olD .__ =. __ --....J.l&(jAtUCo. t;U/lPOUNCS EMISSIO/,;S ItEPOll.T INOIVIOuAL SPECI~S REPORT 

_ ..S.......ll. ...OA~Q~C~l...IQ...e__"':":':~CI1~I'H'AL HAilE .... I1QLec. weiGHT HACTlYln_~I.,qs. _. 
"32'00 IICYCLOHEXANE 8".10 2 

_ .. ----- 1: 

APPLICATION CATEGORY EMISSIONS (TONS/YEARI O~ TOUL 

PETKOLEuM PkUOUCTI~N o.17 0.00 
____--=Pt!~~g\!I1__ REF IN ING _ ) 09.07 3.01 

PETROLEUM HA~KEIING 753~~b -9.79 

GAG SO~ SuRfACE COAT 227.15 2.65 
----ORG SOL alMER - H2. 78 3.05 

CHEMIC"L 111.0 3 O• .22 
HE 1A~LURGIC"'L 1. it.2 O.Ol 

____ t1II'j~k~'_ . 0.01 \J .,,)(1 
",AS TE BURN LNG 0.0 L .).~{) 

CCMoUSIION O~ FUELS Lo. ~o O.21l 
FUUD Aka AGll.ICULTURAL 38.19 U... , 
yNC~ASS!fIEO 0895 • .23 dO.'o..! 

100.01 

INOIV(OUA~ SPECIES REPORf 

~~"I.iAO cQ~e CHt:/OIICA~ NAMt: HOLEC. wE ICHT Kt:ACflY~TY CLASS
~32 .. 2 .. SUME" S Lf t.ONA/IlE 128.25 2 ,

APPLICATIUN CATEGUkY EMI SSIONS (TOttS/YEAR) Of- TOTAL 
PETRULeUM PRCOUCTIUN O.OL 0.00
PI;TRO~EUH REfiNING

---~----_. 2bO.05 23.59PE TiUlLEUM /OIARr.e Tl NG 1.23.810 10.'18OKC SOL SURFAC" CUAT 188.11 lo.74OXG SUL ORy C1EAlliNG '095.53 '03.94Oll.G SOL Ol:CREAS WG itS. 31 4.02ORG SOL OTHeR 8.05 o.7L -------- . /OlE rA~LuRi!!pl, - 0.09 O.Ol.'!IHERAL O. O~ 0.00 

TOTAL l! 2 7./)'o 99.99 

_. 
INDIVIDUAL SPECIES REPURT 

S4IlQ.a .cooE -CJ1f.ltl CJ.1. NA11 e .!IQU..c.. ~UGHt KEACTIVI TY (;1. ..SS_ 
".32"3 'ISOMEAS OF OECANE l'r2.Z8 2 

t 
APPLICATION CATEGORY EMISSIONS ITONS/YEAR) Of TOUL 

PETROLEUM ~ffINING 539.67 2L.;1 
2E TlUl-WJi /tAUE r I HG 9... .20 3.7b 
OR~ SOL SURfA'E CvAT .. 1ll.29 19.1'l 
URG ~OL ORY CLEANING 1257.88 50.1" 
ORG SOL OECREASING 115.01 4.56 
ORG ~OL OTHI:R 20.53 O.lll 

TOUL 2508.58 100.00 

((Vii URt.ANIC Ct.Ji1P(jUt"J~ UHS~IGNS R~i'URT INO I" I au AL ~PEC I ES ~ePOR T 

HIUlAIJ cuoe CI1c.MICAL NAME I1JLfC. ,,10 I l..rH kEACTlYITY CLASS 
"3253 'C-7 CYClUl'A>lAfFINS 98.19 2 

; 
A~PLICArION CAIEGURY eMISSIONS (TONS/YEAK) Of TOIAL 

PETROLEUM PROOUCTION 1810.2.3 59.92
PETROLfUM RtflNlHG 1"2.37 ".70PtTROleUM MARr.c.TING a1• 17 2.0<1
ORG SOL OTHER 139.02 it.';'!
CHEMl CAL 0.08 0.00 
ME TULURGICAL 0.0 1 O.vO 
·~lNEIUl: 7.1I5 0.26 
pl:~r ICHIE USE H3.o7 Z7.33 

TUTAL 3031.00 lOO.OO 

KVB 5804-714
2-101 

https://S.......ll....OA~Q~C~l...IQ


TABLE 2-39. (Continued). 

ORGANIC COMPOUNO:;' EMISSIONS 

:;'UOA[LCmL-. CHEI"IICA!. NAME 
~l250 ,TERPENES 

APPLICATION CArEGallY 

UNCl.ASSlfIEO 

TOT AL -

~A&JAO CQLlE CHt:I"\ICAL /lAME 
".lia., flU .... c:HAl. SPill.! TS 

APPLICATION CATC:vORY 

UKG SUL SuRFACE COAT 
_OKG SUl. OTMER 

CHEI'lIC ..l 
Pt:STlcIOl; USE 

TOTAL 

!~Il O&GMU C C.iJIlI'ClltiOS Eill:' SIUNS 

__~S~4&~U~A~D~r~r~n~~ . _CHEi"IICAL NAI"\E 
'032,08 .ISOMERS Of PENTANE 

APPLiCATION CATEGORY 

PETROLEUM PRODUCTiUN 
______ PET8.QL.flJll REf !NING 

PETROLEUM HARKETIN~ 

CI1~iCAl 

~ ULl.URGI CAL 
i'litiEIUL 
wASTE t1URNING 
l:UH8U~TIO~ Of fUEl.S 
UNCLASSlflEO 
PESTICIOE USE 

TOTAL. 

ukGANIC CWHPOUNOS E~ISSIUNS 

\"HtM1C~ NAME 
lit THYl. Al.COHUL 

AjlPL1CAT LllN CAl E:GOIH 

PETROLEu~ KEftNING 
__ P~T~Q\,~1,J14 HAI<KfTlNG 

ORG SOL ~uRfACE C(JAf 
llRG Sal lJTHE ~ 

Cl1 El'lt CAL 
UNCLASSlfltD 
MtS~fLl.ANEOUS INllUSTk 

TOT~L 

~EPOKr INOIVIDUAL SPECIES REpORT 

MaLEC. wE l(il1T ~~ACTIVITY 'LA~~_ 
130.2'0 l , 

eMISSIONS ITONSIYEAH I Of TOTAL 

20;81:11.0'0 Loo.ao 

205881.0'0 100.00 

INDIVIOUAl SjlECIES KE?OkT 

MOL EC. IoE IGl'! T il t AL JI V1 TV ClAS> 
11'0.00 2 

EMISSIONS (TCNS/Y~ARl 0 ... TOTAL 

8'oLO.3; 80."5 
121l.8a 11.ba 

9.71 u.09 
821.70 1.86 

100.00 

HPOP. I ltiOlVIOUAL SPECIES REPORT 

HUl.fC. liflGtH RfACTl'ilTl Cl.ASS _ 
72.15 2 

: 
EMiSSiONS ITONS/YEAR) Of TOTAL 

727. \I 1 ".35 
aOO'.c9 35.87 
\1'017 ... ~ 50.00 

0.02. 0.00 
12.78 0.08 
12.10 0.07 

O.OC; 0.00 
HO. 07 l.a; 

2'1.22 0.17 
11>9.83 1.01 

107<,;.10 10'J.1l0 

R~PuRT INOIVIOUAl ~?€CIES Rt:PURT 

MOLEC. r.t:lCiHT KtACT\VITY Cl.ASS 
32.U4 I 

t 
EMISSI0NS ITuNS/YEA~1 Of TUTAL 

7'0.11 3.71 
18.90 0.90; 

.lol.'t1 111.28 
109.05 d.S) 

50.10 2.83 
1299.10 05.35 

0.50 O.B 

19811.0L 100.00 

2-102 KVB 5804-714 

https://19811.0L
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TABLE 2-39. (Continued). 
ClllGAltIC COI1PGUttOS E/'IlSSHlNS 

_S......w;8.....0...A...O,~(....O'"'O...E C~lCAL NAME 
~)302 ETHYL ALCOHOL 

APPLIC"TION CATEGO~1 

P~T80lEuM REFlklNG 
PEI&OLful1 MARKETIkG 
ORG SOL SuRFACE COAT 
OIl.G Sal OTHER 
CHEMICAL 
UNCLASSIFIEU 
/II SCEllANeous INOUSTR 

TOUL 

REPOR T INOIVIOUAl SPECIes 

/!QL~. WEI~IH . P'I;AC T1 VI TY 
~6. 07 3 

EMISSIONS (TONS/YEARl 

110.49 
11:1.97 

324.18 
oi.1.1.9 

1".77 
"1163.1::> 

5.l7 

5970.12 

I\Vll INOlvlOUAl SpECIES 

CHEMICAL NAME 
ISU-PRUPYL AlCUHUL 

APPLICATION CATE~ORY 

PETRUlEU/I REFINING 
PETK~LEuM MAKI\ETlkC 
Ol\(~ SOL SURFACE COAT 
ORG SOL OTHER 
CHt/l1 CAL 
\JNCL.ASSIF I EO 
III SCHlANEOUS INOUSTR 

TorAl 

IIOUC.. wEllil1T ReACTIVITY 
00.0'1 3 

ElIlSSlliNS (TuNS/YEARl 

131."1 
19.3,2 

1I0l.3L 
750.43 
21.23 

10303. tl2 
l'i.22 

l2"13.1'> 

Rt~ORT 

CLASS __.__ 

; 
Ot' TOTAL 

1. 'ij 
0.32 
5."3 

10.51 
0.25 

81."0 
0.09 

lOO.Ol 

REI'CK r 

CL..lSS 

OF •TOTAL 

1.00 
0.10 
9.30 
0.05 
0.2l 

83.00 
oJ.IS 

lOO.ou 

l 
APPLICATION CAreGOR1 EI1ISSIONS (TONS/YEARl OF TOTAL 

OKG SOL SU~FACE COAT 1258.00 03.U­
____-¥Qk.~ SQI. QI!:!tIL .l"","[ 7.33-- ·------~:3;;---CHeI1IC"l 0.07 
______ l,INCI.ASSlfl~O S32.'io 27.06 

/llsceLLANEOUS INOUS1R 27.54 L~'tO 

TCTAL 100.00 

-=.........,_...........~=-------~---._--------'--......,---.....--_._-~~--
eKe ...N!': LCI1Puutws t.111SSIGNS KEPORr 111001 VIIJUAL ~PEC I b KEPOR T 

__ .s.uwAO CG.J E. C.Hf."11 C.AL NAMf MOLEe. ~ f I~l1 T REA01V1TY CI..A:lS 
...Bo 1 '~l YClJL E THE: K 02.01 ) ,

APPlICATluN CATEGukY El1lSSluNS ITuNS/YEARI UF TOTAL 

OKG SOL SURFACE COAr lJ 1... 0" 59.::>0 
ORIi ~Ol. CIH;~ \ 1. )9 0."'1
CHEMI CAL 2 • IlL J~ll 
U«~A$$IflfO ~ 21.58 39.89 

TOTAl,. lOv.OO 

2-103 KVB 5304-714 



-----------------

0 

TABLE 2- 39. (Conti nued) . 

lI.Vll._ = _ Q&~AIHC CQI'lI'(JU/'iuS Ell IS SI ONS REPOR T [ND(~IOvAL SPELlES ~EPGRT 

---ll&OALl..C.:llf..- _ CHElilCAL. NAME _.tlaL~C. l'lfl~HT KEAC n ~ [TY .. ~A ~ S 
'oH35 1t-1iUTYL -"ETATE 111>. II> 2 

APPLICATION CATEGORY EMISSIONS I TONS/YEARI OF•TOTAL 

ORG SOL SU~FACE COAT 3'007."0 7'0 ... 8 
____ QRIi ~Q~Qrl't~R ~88 • qz ",13 

CHEI4ICAL 1.22 1.l.03 
IJNI;LASSlfl~O 977.11.l 21.:;0 

TOTAL 100.00 

I\.VII = lkOIVlOUAL SPEClES REPORT 

548n40 Ulllf. (.l1fJUCAl. /tAME 1iOLfC. I/EllOHI RfAC Tl v1TV CLASS. 
"3"'1 .ISuliUTYl ISObUTYRATE 1..... 21 2 , 

A.PPLICATION CATE..OkY EMISSIONS I TONS/YEAHI Of TOTAL 

UNCLASSlflEO 2031.93 100.1.l1.l 

TOTAL 100.00 

~-~~~~----------------------------------

ItiOlV(().,lAL SPEc.ll:S R~I'ORT 

·_------.PPLICAT ION CATeGORY EMISSIONS'lONS/YEARI Of •lOUL 

_. -----
PETROLEUM PRoaUCTION 0.02 0.00 

_____..!:p.i..erl(~I,,!~.JEf!N!NC! - • ~90,03 20.20 
. o~;.';PETll.OLEtJII IIAR ... t:T ING 10.71> 

ORG SOL OTHER 9."1 0.39 
CHfM ICAL - -. - . 11.55 0.12 
M~ TAL.LlLRG l~"~ ! I.)b 0."1 
MINERAL 0.07 0.00 

____~...AH; ~Yk'~(N<;. . O,?':i o.O! 
COMBuSTION Of fUELS LTal.3~ 73.1.1 
ut;CL4SSIFlEO 1>0.,,2 2.1'j 
MISCELLANEOUS INOUSTR 32.11 1.35 

TOrAL 100.00 

lO. ... b 4NOIVIUUAL SPE~ltS R~~OR( 

S.l.II.C.lO CCJ.lE L.litl'llCJO. kAl'lt MOLtC. Nt l\Jn T ~£)'CTlVITY CL~S~ 
~3551 ACETONE Sd.OB I 

4 
APPLICATION CATEGORY EI'lISSIONS I TOt,S/YEAli; I Of TG TAL 

PtTROLEUM REFINING '-1>0 • .10 0.'-8 
PErROLEU~ ~AK~lTING j 3.9.. O.'-d 
ORG SOL SUKf4ce COAl "352.2J. (d.25 
QRG SOL UTHER 2'0.00 3.0 L 
CHf141CAL 9.0'" 0.1'" 
~INeKAL O.Ob 0.00 
.Asre l'URNIN(i 2.tIL 0.04 
COI1llUSTlON Of fUELS L2~. 7'0 1.1" 
UNCLASSIFIED 1181.50 25.10 
1'l1 SCE.LLA/liEOUS IMlJuSTK 11 .... 9 1.09 

TOTAL 11 05.19 100.OL 
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TABLE 2-39. (Continued). 

CR"MilG GOMI'(JUNu~ El'I1S~ lUNS Kt::PCiRT INa IVI QUAL Sf'EC I ES RtPOk T 

~MOAa CQUt Crit/'llCAL NAME MULEC. WElliriT KfACTIV1TY CLASS 
.. 35 ~ l METH~L EThYL ~~TONE 72.10 2 

A""LICATIUN CAT~GOkV EMISSIONS (TONS/YEARl OF "TurAl 

PETkUlEUM ~cFINING 335.60 ... 14 

Pi::TROi.;VM MARKETING 33.92 0.42 
ORG Sal SURFACE COAT 5 7t..2. 77 70.'l5 

OR~ SOL uTNER H. 3~ u... 2 
CHEIIICAL 7.39 0.09 
IIIf',EilAl ;.)0 \l.07 
UNCLASSIFIi:O 1805.37 22. 97 

I'll ~\;!'\.~~N~QV~ I~V~T!< 77 .u6 0.il5 

TOTAL 6122.30 100.0 L 

""\Ill ClKGANIC CUHPauNO~ EMISSIONS ~EPOIH IND!VIDUA~ SP~Cl~S REPORT 

SAijOAa. C~ __. CHEl.tlCAl NAI'!E HOlEC. IotlGHT BEACIIYITY CL.A~~ 
"3~oQ METHYL lS08UTYl ~ETuNE 100.1~ Z , 

APPLICATION CATEGORY EMISSIONS lTONS/YEARI OF TO TAL 

PETROLEUM kEFINING 177• .33 ~.Il 

_________fEJ~~Lf~H MARKeTING LC•• 91> <J.88 
.... 77~""OR .. SOL SURFACE COAT l"911.23 

_____. ORG SOL QTHf;R 8.02 0."5 
CHEHICAL 2.~ .. 0.15 

___. UNCLASSIFIED 199.81> 10.33 
141 SCElLANEQUS INOUSTR 30.0" i.511 

TO TAL· 100.00 

lNOIVIOU~L SP~CI~5 Kt~UKT~xGANIC CuMPuUNuS EMISSluNS REI'ORT 

CrtEI'IIGAL NAME MOlEC. \olE 1(;11\ K~~CTIVITV ClA~S __ iARLoAO CIJO E 
.. 3111 .. 1.I.l-TklI.HLORCi:THANE L33.102 I 

t 

A"PlICATION CATEGORY EMI:>SIONS ,TlJN:>/vI:AR I DF TC.Ul 

lOa .uoORG SUL DEGREASING 

100.00TCUL 

KV8 ORGANIC CO~PUUNOS e~!SSIC~S REPORT INDiViDUAl. SPEcIES REPORT 

SMCAQ CJmt.....-. ~hl;.'1I'~ /'IAI1e; MULEC. wE llOrtT i<eACTI '>'1 T'! , .. ~~~ 
103817 PERCHlOR~ETI1YlENe lIl5.d3 1 

APPLICATION CATEGORY EMISSIONS (TONS/YEAK) OF 
~ 

TUTAl 

PETROlEU" REFINING 210.31 1.09 
__________~fTRQLe~ ~ARK~1IN4 H.1l9 0.17 

ORG SOL SURFACE COAT 177~91 0;90 
ORG Sal. DRY CLEANING 12835.18 11... 71 
lIRG SUl DfGRfAS ING 51097.11 27.1" 
ORG SUI. CJTH~R 7.39 0.010 
CHEMICAL 21."0 0.1" 

____~yN.C~illf1f;Q._ . . __ .L9~0!0? 5,15 

rOTA\. 198IS.3Z 100.00 
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'!'ABLE 2-39. (Continued). 

IWtl 
INUI",llJUAL S?EClf~ R€?ORT 

CH~MICAL NAME ,"I(JL~C. ",E1GH T Rt;ACTI'Iln CLASS 
l.l.l-TkICHLOHUfTHANE 131.bb 1 , 

APPLICATION CATE~ukY EMISSIGNS I TU~S/YEARI Of TO TAL 

ORG ~OL O~G~EA~ING 2737.39 100.00 

T(;TAL 100.00 

ORGANIC COMPOUNDS EMISSIONS KEPURT I/lOI'lIOlIAI. ~PECIES ~EPURT 

_~Sl.JA!l:BlJ,jO AlL CUD E _ Chf~,1\;;,\I,. Milt IIlJLEC. WEllOHT kEA'TI~ITV C~.~~ 
.. 5101 NAPTHA 11'0.00 2 

APPLlCULON CATt:CiORV EMISSIONS ITUNS/YEAKI Of-" TOTAL 

ORG SOL SuRfaCE coar Ll15.5() 05.25 
_____ .Q..~(j SOl. QHK!L 8.H 0 ... 9 

CI1 EI'II CAL 82. 07 ~.dO 

..000 PROCESSING '0.00 0.23 
UNCLASSIFIEO "99.b5 ';9 • .2.\ 

TuTaL 1 709.55 100.00 

ORG~NIC ~~PauNOS EMISSJONS RePORT INDIVIDUAL SPECIES RtPORT 

UROAO conE _.)jOLt!:. WE IGiiT KfACIIYlfY CLASS 
"5201 78.11 I 

f 
APPLICATION CATEGuRV EMISSIONS ITCNS/VEARI Of TOTAL 

PETROLEUA PROOUCTION 12'>1.87 30. 'lit 
____ @E IRU1.fUH kEf I I'll NG bbb ... a 19.73 

PE TROLful'I MARt<.E T1 Me. 3tl2.2'o 11.32 
ORG SOL SURfACE COAT 53.89 l.bO 
aRlO SOL OTHER 10.01 0.3<l 
Q1Eltl CAL 103... 3 J,.06 
MET ALLURGI CAL 9<l.JI l.b 7 
I1INERAL lO.05 0.59 
WAS TE 8URN INC 1.97 0.0l> 
COM6USTION Of fUEL~ 12... '01 3. b8 
fUuO AND AGRICULTURAL 3.20 O.Oq 
PES,TICJOE USE 013. Ult 1'/.95 

TOTAL 3317.70 99.99 

~~ANIC COMPOUNvS EM1SSlu~S REPORT INOIVIOUAl SPECIE, REPORT 

_ :..allLJ AU CWl.l E (.nEI1ICAL ~At\t MOLEC. '~I;{(;H T Rt;Al.T1'1ITY ~lASS 
'o~.1u~ TGluENE 92.13 3 

APPL1CArlCN CATEGORY EMISSIGNS I TUNS/YEARl Of •TOTAL 

PElRULeUM PRUOuCTIUN ~02.lt5 '0.29 
PtTR~L~U~ REFI~INC 315.19 0.90 
~ETkOLEuM MAKXETI~G 333.b9 T.U 
URe;. ~OL SUkf4CE COlor 57811.21 .. 9 ...0 
URe;. SOl: OTHER 1265.32 10.97 
CHEl'IlCAl "CJ. '03 O.'ol 
ME TALlURGI CAL 8.Jo 0.07 
M{ IolERA" O.Ob O.OU 
~ASTE "UKNING 0.02 0.00 
CU"6U~Tl~~ uf FUEL~ H.80 0.2'1 
fOOO ANO AGRICULTURAL 55.20 'J. ,. 7 
UNClASSlFlED 2072.1" 17.08 
PtSTICIOE USE 273.92 2.3 .. 

Tor 4L LI711.51 100.00 
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TABLE 2-39. (Continued). 

"Vll OaGANH. CCIIPOUIlOS EIHSS lONS R!::POR T INOIVIOUAl SI'ECIES HI'QRT 

~ACcooe ..._C.I1E!'IlC.u. li&l!f . __ ._:101.Ei:. "EICI1T RfACTl~lTY CLASS _ 
"5203 H HYL8ENLENE lOo.lo 3 

APPLlCATION CATEGORV EllISSILlNS I TONS/lEAR I OF •TOTAL 

OkG SOL OTH~R 1 H.lol &.05 
____ CI1t:1I1C£L 0.03 0.00 

FOOD AND AGRICULTURAL 20.9'0 1.32 
UhC1.A S SIF I EO 1"32.34 'to .03 

T1JT~ 

[~UIVIUUAL ,Pt:CIES ll.£PORT 

CHt:I1ICAL :-iAHE; MOLtC. "t lenT REACTIVITY CLAS~ 

.ISOIIE~S 8f AYLENt: 10b.lO J , 
APPLICATION CATE~~KV EIII S S IONS I TONS I I EAll. I OF TOTAL 

PETRuLEUI1 ?MOOuCTluN 0.311 0.0 1 
PEIRULEulI riEFININC .. 13 .20 7.92 
PETROLt:UI1 IIARKt:rIN~ 1't5.07 14.29 
ORG SUL SURFACE COAr 1933.91 37 .05 
ORO SUL OThER 16.55 0 ••>2 
C.HC:IIICAL 10.4'0 0.32 
1110 TAL LUR~ I C.A.L O.Ol 0.00
fooa AND AGxlCULTURAL 05.55 I.lo 
UNCUSS1flED 1200.09 23.11 
Pf:.STlCIOE USE d ll. 70 l5.74 

TOUL 100.02 
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TABLE 2-40. ~1ETHlu~/NONMETHANE ORGANIC EMISSIONS 

Emissions Ton/Year % of Total 
Application Category Total Organic Methane ::ronmethane Nonrnet.'1ane 

Petroleum Production 39,000 14,000 25,000 6 

Petroleum Refining 42,000 3,500 38,000 10 

Petroleum Marketing 68,000 29,000 3'9,000 10 

Solvent Use - Surface Coating 45,000 3,000 42,000 11 

Solvent Use - Ot::J.er 33,000 170 33,000 8 

Chemical 1,300 17 1,300 < 1 

Me tal1urigcal 1,000 500 500 < 1 

Mineral 250 40 200 < 1 

Waste Burning 550 50 500 < 1 

Combustion of Fuel 5,900 1,500 4,400 1 

Food & Agriculture 400 150 200 < 1 

Unclassified (nat-clral) 570,000 360,000 210,000 53 

Misc. Industrial 4,300 3,900 400 < 1 

Total 810,000 410,000 400,000 100 

(Ton/Day) (2,200) (1,100) (1,100) 

KVB 5804-714 
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TABLE 2-41. MAJOR lO-KM GRID EMITTERS 

UTM Coord. Nearest Emission Principal 
::'1\'1 N/S Cit.y Ton/Day Source Type 

290 3780 Oxnard 32 90% Landfill 

350 3820 Castaic 38 Landfill 

360 3820 Bouquet Cyn 23 Landfill 

360 3810 Bouq'..let Cyn 55 Landfill 

360 3780 Sepulveda 97 Landfill 

360 3750 LA Intern A/P 23 278 Pt Sources 

370 3790 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 85 Pt and Area Sources 

50% Landfillt' 
380 3730 LA Harbor 66 {55 Pt Soure es and 

Oil Production 

390 3760 Monterey Park 64 70% Landfill 

400 3760 El Monte 121 Landfill 

410 3790 Baldwin Park 21 Landfill 

420 3750 Diamond Bar 56 Landfill 

420 3710 N. Lagu.l'1a 132 Landfill 

430 3720 E. Irvine 27 Landfill 

440 3700 S. Clemente 35 Landfill 

450 3770 Fontana 21 {SOt 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 iri 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, avoid duplication, identify representative sources and insure 

high data quality. In that standard measurement procedures for organic emis­

sions are as yet unestablished, ~lB felt it important to obtain a consensus 

of those act~ve in the field in developing those plans and procedures. ARB, 

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

The following sections present ~~e experimental methods employed, an 

evaluation of data quality by an independent consulting firm, and a discussion 

of test results. 

3.1 APPROACH 

The number of stationary sources of organic emissions in the Basin 

is huge. The objective of the test progr~~ was to provide as much informa­

tion as possible to characterize the organic emissions from these sources. 

An initial goal of 600 to 800 samples was established. 

The EPA has categorized pollution sources using a system of Source 

Classification Codes (SCC). The sources in the Basin account fQr appro:{imately 

350 SCC numbers. For each of these an emission factor and an emission profile 

was required. In many cases emission factor data were available. VerI little 

data were available on which to base emission profiles. Therefore, the major 

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 ~oncerned about this testing. 

They often requested a full technical briefing. The petroleum industry 

used WOGA as an agent to monitor and control their participation. As a 

result of this concern a great deal of engineering time was required to 

gain entry to 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 field test, 

WOGA engaged a consultant to take samples along with KVB for comparative 

analyses. (Good agreement was obtained which added to the credibility 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 test~ budgeted for that source 

or 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 all 

devices on the see 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 dur~ng a major test. 

As an attempt to characterize the fugitive emissions from a refinery 

KVB 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 complete report is included in the Appendix. 
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All GC/MS analyses of the field samples were conducted at Analytical 

Research Laboratories Inc. (ARLI) who also 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 organic measurements using an FID, and AV also per­

formed sample analysis on a Beckman 6500 Ge. However, all speciation for 

emission profile purposes were performed by ARLI. 

~n all, 618 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 quality. 

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

Section 1.0. 

3. 2 !1ETHODOLOGY 

Sampling and analysis methodology described in this section was 

developed during the Phase I period of the program. The objectives were 

to develop techniques and equipment as necessary to (1) determine the 

hydrocarbon emission rate from both ducted and fugitive sources, (2j collect 

and preserve representative samples of these emissions and (3) analyze the 

samples for ~~eir 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 wi~~ stacks, emissions were determined by pitot traverse. Various 

techniques were used 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 leaks or 

spills or other types of fugitive emissions, attempt was made to either 

measure or estimate those emissions. In some 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 solvent 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 solvents. KVB 5804-714 
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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 

glass 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 oth.er compounds 

from C - up. The gas collection bottles and bags were used to collect ali­
l 

phatic compounds with boiling points below that of n-pentane. On most major 

sources, a combination of sorbent tubes and either bags or bottles were used. 

Bags or bottles were used for ~~e entire compound range when utilized for 

grab sarnp ling. 

All samples were analyzed using gas chromatography (GC) and mass 

spectrometry (MS) techniques on a tandem C~/MS apparatus. The bottle or 

bag grab samples were introduced directly into the apparatus while the samples 

collected on charcoal were first extracted with carbon disulfide .. Because of 

the survey nature of the program only ~~ose 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. 

Presented in the following sections are a detailed description of 

the field test and laboratory equipment, some explanation for their selection, 

the results of test runs using this equipment, and a detailed description of 

test procedures and data reduction techniques followed during the progr~~. 

3.2.1 Sampling 

A. Equipment Description--

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

~~its that cQuld: 

measure stack gas temperature and velocity 

filter 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 Teflon 

containers were borosilica 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: 

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 LiOH crystals 

a borosilicate (Pyrex) gas collection bottle 

a sorbent tube train with thermometer and vacuum gauge 

a Brooks flowmeter with needle 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 pyrometer for use with a pitot tube? 

The above system was unitized within a portable aluminum closure. Its 

interior arrangement permitted significant freedom of directional orienta-

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

the following additional test equipment was used: 

two pitot tubes for velocity measurements 

two thermocouples for stack temperature measurements 

three dry gas meters 

additional glass sorbent tubes containing charcoal sorbent 

two Gast vacuum pumps 

six Spectrex diaphragm pumps 

two squeeze bulb type hand pumps 

KVB 5804-714 
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°an Orsat analyzer for CO, CO ' and N determination
2

,2 2 
a Draeger gas detector with detector tubes 

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 various ranges 

liquid sampling equipment, graduated cylinders, and funnels 

rigging tools 

two VVI micro buses as support vehicles for equipment transportation. 

Typical test setup and configurations 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 Apollo space capsule. 

Initially an ice water impinger was considered for moisture, NOx, SOx, and 

CO removal. The problem with this approach was that it was fel~ that the 

alcohols and some other oxygenates would be highly water soluble and would 

not be easily separated for analysis. (The impinger solution was analyzed 

for hydrocarbons.) LiOH was used in the Apollo life support system to adsorb 

primarily C02' In the sampling train it neutralized NOx and SOx which would 

react with the hydrocarbons and adsorbed most of the condensed moisture. 

Furthermore according to Apollo data the LiOH does not adsorb hydrocarbons. 

A CS extraction and a hydrocarbon analysis were made on the impinger contents
2 

and no hydrocarbons were found. 

The probe, filter, line and valves leading to the impinger were 

maintained at less than 220 OF. Some light condensation was found downstre~~ 

of the impingers in the collection bottles and sorbent tubes but this did not 

interfere with the hydrocarbon determinations. The water content of ~~e 

exhaust gases was determined using a separate water knockout train, or 

aquasorb. 

KVB 5804-714 
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b. Sorbent--The suitability of several different types of sorbent mate­

rials was investigated. The materials tested included: Tenax Ge, Carbosieve 

B, activated charcoal, and XAD-2 resin. The criteria observed in the selec­

tion of the sorbent included quantitative retention and recoverability of 

every analyte possible. These qualities were dimensionalized by measurement 

of breakthrough volumes and recovery efficiencies. Table 3-1 presents the 

breakthrough volumes of the sorbents (25 °C) for hexane and benzene. These 

analytes were considered to represent about the upper limit of materials 

that can be analyzed in gas grab samples. Carbosieve B and activated charcoal 

showed particularly high retention capacities. 

Another important parameter in sorbent selection is the analyte 

recovery efficiency. Elevated temperature, thermal stripping (with a purge 

gas or in vacuo) or adsorbed components 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 

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

TABLE 3-1. RETENTION EFFICIENCIES OF VARIOUS SORBENTS 

Breakthrough Volumes, '* l/g sorbent 

Benzene Hexane 

Carbosieve B 47 65 

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 

3-9 



Solvent stripping for analyte elution preparatory to chromatographic 

analysis was investigated. Carbon disulfide (CS ) was found to be an attrac­
2 

tive solvent. Many of the other common solvents, such as methylene chloride 

(CH C1 ), chloroform, hexane, benzene, etc., tended to swamp the chromatogram,
2 2 

obliterating any signals of components that have boiling points even decades 

higher. 

Unfortunately, it was found that Tenax GC is soluble in CS as well
2 

as in CH C1 Carbosieve B showed poor recoveries with solvents. Testing
2

.
2 

was therefore primarily focused on solvent extraction of activated charcoal 

with CS and XAD-2 resin extraction with CH C1 (CS also dissolved XAD-2) .
2 2 2 2 

Table 3-3 presents the results. Mueller and Miller (Ref. 3-1) 

reported similar efficiencies for halogenated and oxygenated hydrocarbons 

using charcoal adsorption followed by CS elution. Based on the data they
2 

presented and the precedent set by the National Institute for Qccupational 

Safety and Health (NIOSH) in the selection and published (Refs. 3-2 to 3-4 

characterization of the charcoal/CS analysis scheme, the use of coconut­
2 

derived activated charcoal as supplied by Mine Safety Appliances or SKC, Inc. 

was selected as the material of choice for source sampling. 
KVB 5804-714 
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TABLE 3-3. SORBENT RECOVERY EFFICIENCIES FOR NORMAL 
ALKANES USING SOLVENT ELUTION TECHNIQUES 

Activated Carbosieve XAD-2 Resin/ 
Charcoal/CS B/CS CH C1n-Alkane 2 2 2 2 

n-C 97 <1.0 Solvent6 
Masked 

n-C 98 <1.0 Solvent7 
Masked 

n-C 92 <1.0 Solvent8 
Masked 

n-C 87 <1.0 Solvent9 
Masked 

n-C 90 <1.0 100+10 
n-c 90 <1.0 97

U 
n-c 90 <1.012 
n-c 100+ <1.0

13 
n-c 76 <1.014 

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) p~ovide an indication of variations 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/~~ 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 possibly more accurate. However, the Bacharach 

is explosion-proof (FM approved) whereas some of the more expensive units were 

not. 

KVB 5804-714 
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The TLV sniffer is an improved version of a lower-explosive-limit 

(LEL) de~ector of combustible organics 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 hydrocarbon or LEL 

readings. Because it is FM* approved, it can be used in refineries or 

other locations where potential explosive mixtures exists. It incorporates 

a contact mass sensor with resistance to catalytic poisonings, an explosion 

proof potentiometric recorder output, automatic voltage regulation, meter 

display, sampling pump and a rechargeable battery power source. The system 

uses the heat of combustion of the gas-in-air mixture as hydrocarbon sensing. 

A relative response curve supplied with the instrument permits quantitative 

measurement of 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 equivalents. 

TABLE 3-4. MULTIPLYING FACTORS FOR COnVERTING ppm METER READINGS OF HEXANE­
CALIBRATED INSTRUMENTS TO ppm CONCENTRATIONS OF OTHER GASES ON TLV SNIFFER 

Gas Detected Factor Gas Detected Factor 

Acetone 1.50 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 Acetate 2.22 Propane 1.14 
Ethylene Oxide 2.05 Styrene 2.25 
Heptane 1.05 Toluene 1. 03 
Hexane 1.00 Trichloroethylene 6.40 
Hydrogen 1.45 Vinyl Chloride 2.24 
M.E.K. 1.60 Xylene (0) 1. 64 

* FM: Fire Marshall 
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B. Sampling Method--

After permission for testing had been received from plant management, 

plant visits and on-site inspections of the 

preparatory information was obta~ned: 

source were made. The following 

plant size and location 

process parameters: type, temperature, 

plant safety requirements 

sampling facility and accessibility. 

process mass flow 

This information was used by KVB'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 source 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 expected in the emissions 

the temperature of the emissions 

the water content of the emissions 

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

Table 3-5 indicates the sampling equipment used for 17 different source 

types. For each ducted source the universal sampling train presented earlier 

in Section 3.2.1. A was adapted as indicated in Table 3-5 by the "mode" numbers 

one through five. Figures 3-2, 3-4, and 3-5 show the first three of these 

different adaption modes. ~odes four and five involve the measurement of 

fugitive emissions. Figures 3-6 through 3-9 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 "....hile in Figures 3-8 and 3-9 the setups for a hot valve (T > 160 OF) 

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 andehydes. collects moisture, NOx, SOx and CO on LiOH 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 hydrocarbons by 

entrapment and by adsorption. It records fluctuation in total hydrocarbon 

emissions using the TLV sniffer. 

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 
" emission sources. The rate of emission is measured, total hydrocarbon 

concentrations monitored, and gaseous emissions are collected for analysis. 

In Figure 3-6 the H!C leak rate is so great that the vapors fill the tent 

and drive the gas meter. In Figure 3~7 a pump is used to draw purified air 

through the tent to pick up the emitted H/C vapors. 

Figures 3-8 and 3-9 illustrate test setup for sampling a high 

temperature fugitive emission source. In Figure 3-8 aluminum foil is 

substituted for polyfilm and rates are measured as Figure 3-6 or 3-7. When 

the foil cannot be used ~~e setup in Figure 3-9 is used. The temperature 

of the source is measured, a grab sample is obtained in a gas collection 

bottle, and the concentration of total hydrocarbons is measured. The leak 

rate is obtained by applying engineering judgments. 
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2. Ducted sources--Exhaust 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 closest to ~~e 

point of average gas velocity. An attempt was made to maintain an isokinetic 

sampling rate. Sampling time was adjusted according to hydrocarbon 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 to obtain a material balance . 

. 
The TLV sniffer was used to indicate expected or unexpected process 

fluctuations. 

3. Fugitive sources--The measurement of emission rates for non-ducted or 

fugitive emissions required ingenuity on the part of the test crew. As 

mentioned earlier, 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 of bubbling soap solutions and tenting 

with polyfilm sheeting. KVB used this approach in refineries, chemical plants, 

etc. where leakage losses could not be readily detected from the process 

flow rates. 
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The approach used was to usually check all of the accessible hydro­

carbon-transfer fittings (valves, flanges, etc.) for signs of leakage (stains, 

etc.). Next the fittings were checked with soap 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 

were tented and their emissions measured. 

The test setup for measuring lea~age rates is shown in Figure 3-7. 

The small Spectrex pump pulls a low rate of air through the polyfiL~ envelope. 

The air drawn into the envelope is filtered to remove background hydrocarbon 

where necessary and is metered with a rotameter as shown. The outlet air 

and hydrocarbon mixture is metered and delivered to the TLV analyzer where 

the total hydrocarbon level is measured continuously. wnen 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 is taken. 

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

-5HC = 1 .. 36xlO 

where 

HC = hydrocarbon leak rate, lb/hr 

pp~v = parts per million total hydrocarbon concentration 
detected on TLV as hexane 

ft 3 = meter reading on gas meter corrected to 60 OF and 29.9 in. Hg, 
in cu. ft. 

t = time in minutes ft 3 was measured 

-5 1 60 min/hr
1. 36xlO ppm = 106 x 379 ft 3/-lb-mole x 86 (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 

measured and recorded. The total hydrocarbon content of the bag was determined 

by GC analysis in the laboratorj as well as the specie breakdown and average 

molecular weight. From this information the total hydrocarbon emission rate 
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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 leakage rates, the leakage rates for other 

fittings were estimated on the basis of observing ~~eir performance during the 

soap-solution test. KVB also applied the use of the TLV sniffer to determine 

relative total hydrocarbon emissions from these types of fitti~gs. This proved 

to be successful and it became particularly valuable 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 equipment 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 charcoal sorbent and 100 ml 

flasks containing 1% sodium bisulfite solution. The bottles, bags and 

sorbent were analyzed for all organic species while the liquid in the flask 

was only analyzed for aldehydes. 

Most of the gaseous 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 

samples 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 charcoal samples could stand 

for longer periods without fear of losses, and were not usually analyzed wt~il 

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. 
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Initial analysis of all- samples was conducted using a gas chromato­

graph (GCl. Lower boiling component identifications were based on retention 

times established by repeated analyses of standards. If there were questions 

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 

a number of chromatographic peaks contained at least two and sometimes three 

components. The mass spectra also provided a basis for determining ratios 

of the components in the GC peak bein~ 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 is presented in Table 3-6. 

A Beckman Model GC-55 equipped with a precision temperature-programmed, 

column oven and a flame ionization detector (FlD) was used for most of t~e 

GC work performed on the program. The column was 1/8" 0.0. 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 boiling 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: H - 40 cc/min; air - 300
2 

cc/min. The following conditions were used for GC analyses: 6 min. at 40°C 

followed by temperature programming at 10 °C/min to 190°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 FlD of the GC, the 

other to a heated transfer line which carried the 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. 

*Conventional 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 whose area is proportional to the quantity 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 

3-27 



SAMPLE NUMBER: 

ARB EPA 
CODE NUMBER 

1 43201 
1 43202 
3 43203 
2 43204 
2 43212 

2 43214 

2 COMPOUNDS OF 
3 COMPOUNDS OF 
1 COMPOUNDS OF 

TABLE 3-6. GC ANALYSIS REPORT 

TYPICAL COMPONENT ANALYSIS 
IIC ENGINE EXHAUST 

BOTTLE 10130 A 

CHEMICAL NAME MOL,WT UG/L %WT PPM %VOL 

METHANE 16 2860. 74.8 4350. 87.2 

ETHANE 30 378. 10.0 307. 6.2 

ETHYLENE 28 35. 1.2 4.9 1.1 

PROPANE 44 370. 9.8 205. 4.2 

N-BUTANE 58 10l. 2.7 42.3 0.9 

ISO-BUTANE 58 58. 1.5 24.4 0.5 

TOTALS 3770. 100. 4930. 100. 

TOTAL PPM FROM GC AS HEXANE 1070. 
TOTAL PPM FROM TOC AS HEXANE 1010. 

ARB CLASS I 
ARB CLASS I I 
ARB CLASS I I I 
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The mass spectrometer used on this program was a Consolidated 

Electrodynamics Corporation (CEC) Model 21-104. This was a 180 degree 

magnetic sector instrument having an electron impact ion source and an 

electron multiplier detector system which permitted modernately high­

speed mass scanning. 

Multiple MS scans were taken when a GC signal was observed on the 

strip chart recorder. Multiple scan studies indicated that approximately 

2 seconds were required for the maxima to be observed by the MS. Multiple 

scans were required to insure representative ion pair formation. 

Mass spectra were interpreted manually using such reference works 

as: 

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

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

"Eight 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. 

A spectrophotometric method similar to that specified by the NIOSH 

was used for the determination of aldehydes. The total volume of liquid in 

the aldehyde sample flasks was measured, and an aliquot taken for the 

determination. The sample was allowed to react with a modified Schiff's 
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reagent prepared from rosanaline hydrochloride and sodium bisulfite. After 

a suitable development time, the adsorbance was read at 580 m~ against a 

reagent blank on a UV-vis spectrophotometer. Concentration 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 ~g/ml formaldehyde standard. Results were calculated and reported as 

total micrograms of formaldehyde equivalent in the sample. The minimum 

amounts of aldehydes that could be detected by this method were typically 

1-3 ~g total (as formaldehyde). 

3.2.3 Data Reduction 

In the field, the total 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., ~g/ml). The calculations 

required to convert these data to weight/unit time of the individual species 

were performed using the test data and calculation sheets shown in Table 3-7. 

For each test the completed Page B, "Summary: Emissions to Atmosphere" is 

enclosed in the Appendix. 

The volumetric measurements of ducted sources were made using EPA 

Method 1 as described in the Federal Register, Volume 36, Number 159, 

August 17, 1971. Standard conditions used in all calculations were 60 OF 

and 29.95 in. of mercury pressure. Gas density correction factors were 

based on Chapter 3 of the "Source Testing Manual" published by the Air Pollution 

Control District of Los Angeles County, 1972 (now SCAQMD Metro Division). 

Page E of the KVB data forms (Table 3-7) shows the step-by-step computation 

for deriving the gas correction factors for volumetric source analysis 

using moisture content and Orsat 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 ~anual". 
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TABLE 3-7. TEST DATA AND CALCULATION SHEETS 
(Nine Sheets) 

KVB 
Sample Codes 

Page ...o.A-=- _Test No. 

_ SUMMAR'! OF RESULTS Date _ 

1. Name of Firm (see page C) 

2. Plant Location (see page C) 

J. Basic Equipment (see page B) 

4. Control Equipment/see page B) 

S. Equipment Tested (see page B) 

6. Process Weight Per Hour (see page C) _ 

Test: (see page C) 

7. Sampling Station (see page 0-1 & G) 

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

9. Gas Temperaturg, $F (see page F&D-l) 

10. Gas Flow Rate, ScrM (see page F) 

lI. Material Sampled(see page 0-1 & G) 

12. Time of Test-Begin (see page 0-1) 

13. Time of Test-End (see page 0-1) 

14. Net Sampling Time, lun. (see page 0-1 ) 

15. Cone., Gr./Scr (see pgs. 8,D-2 & G) 

16. Cone., Gr/Scr at 12\ CO (see pgs.8,0-2 0; G) _
2 

17. Cone., Volume ppm (see pages B,0-2 & G) _ 

18. Pounds/Hour (see pages B,0-2 & G) 

19. Collec~ion Efficiency, \ (see page B) 

20. 

2I. 

22. 

23. 

24. 

Water Vapor, Vol. \ (see page E) 

CO2 , Vol. '(Stack Condo ) (see page E) 

Vol. \ (Stack Condo ) (see page E)
°2 ' 

CO, Vol. \ (Stack Condo I (see page El 

N (see2 , vol. \ (Stack Cond.) page E) 

Tested by 
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KVB 5804-714 



----------------------------

KVB 

Sample Code 

Test No. 

Date 

Tested By 

Page _8_- _ 

Name of Firm 

SUMMARY: EMISSIONS TO ATMOSPHERE 

Location of Plant 

Type of Operation _ 

(Jni t Tested _ 

Efficiency of Control Equipment, % 

Gas Flow Rate, SCFM Gas Temp. OF _ (see page 0-1) 

Test Method _ 

I 
,

COMPOUNDS ANALYZED EI>1ISSICNS I 

Mol. ppm 1Jg Gr./SCF Lbs/Hour Tons/year IName Wt. 

I 

! 

I 
I 

I 
I 

I 

I I 

! i 
I 

I I II 

I I 
I 

Ii i 

I I I II 

! I 
I 

1 I 
I 

i ! 
I I I I I

I I 
I ! 

I 

I I 
I 
! 

I 
i 

i I 

II !
I

I I 

I i i 
I:i I 

II I 
I I II II I! I 

I 
I I 

II I 
Total: 

i 
I I 
1 

I 
I I II 
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3-32 



---------------

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 

End of Operation, Time __ 

Elapsed Time, Minutes 

Idle Time During Cycle,Min. 

Net Time of Cycle, Minutes 

DATA ON I1ATERIAL CHARGED TO PROCESS DURING OPERATING CYCLE: 

c1aterial \'leight Ibs,gal 

Material or Ibs,gaJ 

c1atcrlal Volume Ibs,gal 

:1aterial Ibs,gal 

~1atenal Ibs ,gal 
.'1at.crlal Ibs , gal 

~1a terlal Ibs,gal 

Total: 

Signature 
Title 
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------------------
--------------------------

KVB 
Sample Code ------

Firm and Uni t=-- _ 

Test No. __ Page .....;D;;..-...;;l~ _ 

_______________________ DateSampling Station 

SAMPLING TRAIN DATA AND CALCULATIONS 
Gas Meter Flow Meter ImP~nq. THC 

Reacnnc Vac. Temp. \Readin< Vac. Temp. Temp. Sam- M::mi- ~tacl< 

Time Cu Ft. In.Hg of cc/min In.Hg of of ~le tor Temp 
Vm p"., 'I'm . V s 

p ~ T. t. loom of 
x '" 

I 

I 

I 
, 

I 

I 

I -

N<:>t- - - - Net~- - Av. Av.- -=- Net* 0 Av; - - Av. - Av.~ ~ Av. 
-

- - - - -

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

A. Material type sampled _ 

B. Source -Flow Rate SCFM (lineJ of page F) 

C. Condensate Volume, ml 

D. Condensate Vapor Volume, 0.0026 x c x (460 +Tm)/(29.9-Pm), CF~ _ 

Total Sampled Volume, !mpingers = Vm+D, 0" _ 

Vs
Total Sampled Volume, Sorbent = VS + (D x V--), CF 

m 
Sampled Volume in Impingers =-[E1 x 520 x (29.9-Pm) 11 [29.9 x (460 + Tmll, 

seF _ 

F Sampled Volume in Sorbent Train = [E x 520 x (29.9 -P )I/[29.9 x (460 +
2 s 

Tsl I, SCF _ 

Continued on page B 
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--------
---------------- --------

KVB 

Sample Code 

Firm Name and Unit 

Test No. Page 0-2 

Sampling Station Date 

SPOT MONITORING DATA BY DRAEGER OR TLV SNIFFER 

CONCENTRATION j
INSTRUMENT USED FUNCTIONAL DATA COMPOUND NAME cprn Grs/SCF Lbs!Hour 

I 

I 

I I I 
I 

I 
I 

I I 

I 

I 
I I 

I i 

I 

I I 
I I II 
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KVB 
Sample Code _ 

Firm and Uni t _ 

Test No .~ _ Page -=~:..-- _ 

Sampling Station Date 

WATER VAPOR AND GAS DENSITY CALCULATIONS 

Percent Water Vapor in Gases 

A. Gas Pressure at Meter, In. Hg (Absolute) 

3. Vapor Pressure of Water at Impinger Temp. , In. Her 

~ 

~ . Volume of 11etered Gas, Cu. Ft. 

D. Volume of Water Vapor Metered,BxC/A, Cu. Ft. 

E. Volume of Water Vapor Condensed, Cu. Ft. * 

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

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

H. % Water Vapor in Sampled Gas, 100 x F/G 

* See D on sampling train data sheet, ?age 0-1 

Gas Density Correction Factor 

Weight Per I-Iole 
Component Volume Percent X ~oisture Collection X Mol Wt.= Wet Basis 

Water 

CarbonDioxide 

CarbonMonoxic.e 

Oxygen 

Nitrogen + 
Inerts 

Dry 

Dry 

Dry 

Dry 

Basis 

Basis 

Basis 

Basis 

1.0 

~. 

180 

44.0 

28.0 

32.0 

28.2 

I 

1 --

I 

Average Molecular Weight 
I 

_ . Av.Mol.Wt. 
J. Density of Gas Rererred to Alr = 28.95 ="-------------
K. Gas Denslty Correction Factor =~ l.~O = 

..; 
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KVB 
Sample Code _ 

Firm and Uni.::t~ _ 

Page ....F_- _Test No. 
______________________--JJDate _Sampling Station 

Time 
Start 

-

pnint 

£ n '" 

GAS VELOCITY DATA 

Vel. Head 
In. H2 O 

I 

I 

Jel.HeacTemp. Vel. Vel. Hea Temp. I Vel. Temp. Vel. 
<IF l:'t/Sec. In. H20 <IF Ft/Sec. In.H20 <IF Ft/Sec. 

I 

! 

I I 
,c,. Average Velocity (Traverse) Ft/Sec _ 

S. Av. Velocity(Ref. Point) Ft/Sec 

C. Flue Factor A/B 

D. Pitot Correction Factor _ 

E. Gas Density Correction Facto~r __ 

F. Corrected Vel., AxDxE, Ft/Sec 

or BxCxDxE, Ft/Sec 

G. Area of Flue, Sq. Ft. _ 

H. Average Flue Temp., of 

I. F low Rate, FxGx60, CFM _ 

J. Flow Rate, 520 x I/(H+460), SCFM _ 
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KVB 
Sample Code 

Firm and Unit _ 

Page G....-;;..- _ 
~st :-10. 

Date _ 

GRAB AND BAG SAMPLE RESULTS 
HYDROCARBONS ALDEHYDES, 

SAJ.\1PLE 
Sample ppm Grains/SCF 

STATION 
Type and Components ppm 

Stack Stack LBS/HR
Sampling Dry Conditions Conditions Loss 

Time Basis 
Location 

Temp., OF 

:-Iumidity, % 

Location 

Temp. , OF 
I 

. :-Iumidity, % 

Location 

1 OFTemp. , 

Humidity, % 

, 

KVB 5804-1l.4 
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Page _H _KVB 

CONVERSION FACTORS AND CONSTANTS 

Unless otherwise noted, all conversion factors and constants are 
conditions of 60°F temperature and 

TO cnl/YfRT fBf'M 

grain3/cubic foot 

parts per mi 11 ion (by volume) 

per cent by volume 

lDilligralD3/cubic meter 

milligrams/cubic foot 

milligrams/liter 

cu bi c fee t 

liters 

grams 

gruns 

pounds 

14.7 psia pressure. 

part3 per million (by volume) 

per cent by volume 

milligram3/cubic meter 

milligrams/cubic foot 

milligrams/liter 

pounds/IOOO pound3 air 

pound3/cubic foot 

grains/cubic foot 

per cent by volume 

milligram3/cubic meter 

milligram3/cubic 

milligrams/liter 

part3 per million 

grain3/cubic foot 

milligrams/liter 

milligrlUlls/cubic 

grains/cubic foot 

parts per million 

mil1igram3/cubic 

grains/cubic foot 

partl per million 

aailli gr ams/l i te r 

grains/cubic foot 

parts per million 

milligrams/cubic 

Ii ters 

cubic fee t 

grain. 

milligralD8 

gra in s 

3::-39 

foot 

(by volume) 

foot 

(by volume) 

foot 

(by Tolume) 

(by volume) 

foot 

at standard 

'iULTIPLY BY 

5.416 x 10 4M 
5.416M 

2289 

64.8 

2.29 

1.87 

1. 429 x 10-4 

1.846 x 10-SM 

10-4 

4.23 x 10-2~ 

1.196 x 1O-3M 
4.23 x 10- 511 

10 4 

o.1846M 

O.423M 

11. 96M 

4.37 x 10-4 

23.7/M 

0.0283 

0.01543 

836~ 

0.0353 

0.437 

2.37 x 104/~ 

28.32 

28.32 

0.03531 

15.43 

64.8 

7000 

11= rna 1e cu 1aT we i gh t 
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The reported hydrocarbon concentrations were calculated from the 

laboratory results as follows: 

The hydrocarbon concentration provided by the laboratory was on 

a dry, CO -free basis. This was converted to actual moisture and CO2 2 
conditions at the source by the relation (page B of Table 3-7), 

(100 - W.V. - CO,) 
100 

where, 

= concentration of hydrocarbons at source (actual) conditions, 
parts per million by volume 

= concentration of hydrocarbons; dry, CO -free basis, from the
2analysis; parts per million by volume 

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

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 Orsat analysis (dry basis), converting to stack 

conditions by multiplying by the factor (l-M.W./IOO). 

The reported emission rate of hydrocarbons was calculated by the 

general relation, 

= 

where, 

Mac = emission rate of hydrocarbons, pounds per hour 

Q = stack gas flow rate, standard cubic feet per minute (SCFM) 

(M,W')HC = molecular weight of hydrocarbon 

KVB 5804-714 
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-7
The 1.58xlO factor came from the following unit analysis: 

3 
(ppm) (ft ) (60 min) lb 1(1' mole )= cHC(ppm) x 106 x Q MW hr x (M,W')HC ( mole 379 ft 3 

6 
= Q (M,W')HC ((1/10 ) x (60/379) x (lb/hr)]c HC 

-7 = 1.58xlO Q (M,W')HC (lb/hr)c HC 

The conversion factors used in the test 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 upwind 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 source 

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 ~~e con­

centration changes in the plume. The process of 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 5804-714 
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KV3 engaged AeroVironment, Inc. (AV) to perfor.n ~~e ambient testing 

and modelling ~hile the KVB engineexs simultaneously deter.nined the refinery 

emissions using discrete source acco~~ting techniques involving source 

sampling, equipment inventorying and emission calculations on an item by 

item basis. 

AV's final report of ~~is experiment is presented in the "Appendix. 

This section presents a summary of that report. 

A. Si~e Selection--

After a thorough su-rvey of all of the refineries in the Basin, AV 

selected ~~e Douglas Refinery in Pararno~~t, CA as the test site for the 

following reasons: 

Location - the refinery ~as located in an area largely 
residen~ial and commercial - several miles 
from any other ~ajor source of hydrocarbons 

~eteorology - in the early morning hours ~hen traffic 
interference is least ~he wind ~as found to 
be stable with a light (5 mph) and uniform 
wind 

Size - this was one of the smaller refineries L, the 
Basin and thus the problems of plume moni­
toring were minimized. 

Agreement with this selection was received from .~qs and WOGA 

although it ~as realized that the Douglas refine~l is a specialized refinery 

~~at has only a few of the processes found in other refineries in the Basin. 

For the first attempt at this type of test, it was conce<:ed by all that this 

site was an acceptable choice. 

B. Test Approach--

Four test runs were ccnducted over an eight day period at ~he end 

of November 1976. A system of receptors was arranged as shown on :~e map 

in figure 3-11. A source of sulfur ~exafluoride (SF ) was insta_led a~ a 
6 

central location in the refinery (Figure 3-11). SF was rel~ased at a rate 
6 

~vc 3804-714 
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COMPTON BLVD. 

A 

t-..........-~Contreras St. 

o 1/4 1/2 

Scale of Miles 
ARTESIA FREEWAY 

Figure 3-11. Schematic representation of test site for November 23, 1977. 
KVB 5804-714 
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of 2.5 lb/hr. By ~~owing the SF release rate and the receptor point con­
6 

centrations, the source/receptor relationship were to be established by 

diffusion modelling. Both SF and hydrocarbons were measured simultaneously
6 

so that the source/receptor relationship established for SF at that time
6 

would also 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
6 

speciation of organic 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 downwind receptors recorded 

about the same concentrations. Wind direction was recorded continuously at 

the AV mobile laboratory. Helium-filled balloons were released to check the 

uniformity of wind direction at higher elevations. 

D. Test Results--

Table 3-8 is a summary of the test results. 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 mentioned above. 

The receptor location designation is consistent with that given in Figure 

3-11. The reader is referred to the appendix for further details on 

receptor location which were varied slightly on 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 forSF THC, CH and CO provided that no interference was present.
6

, 
4 

These net results were used for diffusion modelling. A magnification factor of 

1.36 was used in the AV hydrocarbon measurements to correlate with ARLI data 

as discussed in the AV reports. 
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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 or "calibrate" its 

diffusion model using the test data presented above. Because of apparent 

meteorological changes in the refinery which were not detected at ~~e mobile 

laboratory site, substantial differences existed" between the SF concentra­6 
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 

of 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 dispersion speed and A is the ratio of v 
vertical to horizontal dispersion speed. The difference in the latter two 

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

F. Emission Prediction--

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 emissions in Ib/hr are shown 

in Table 3-10. The KVB calculated emissions are shown in Table 3-11. For 

comparison the "Total" emission column in Table 3-10 should be compared for 

the "Total" row in Table 3-11. Specifically the average prediction of 26 Ib/hr 

should be compared to KVB's predicted nighttime emission of 134 1b/hr. The 

"SCA1?CD" values indicated were the emission rates listed in the SCAPCD permit 

file as of mid 1976. The "AP-42" values were computed using the equipment 

inventory taken by KVB and emission factors for that equipment. The "KVB/ARB" 

column reflects KVB best predictions using emission factors reflecting test 

data taken at the Douglas refinery. The nighttime emissions are lower because 

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

A possible cause of ~~e discrepancy between the AV prediction and the 

KVB source testing results was the vertical diffusion of the hydrocarbon gas, 

especially the lighter ends so that the fenseline monitors did not receive 

a representative concentration. Source testing data clearly indicated 

KVB 5804-714 
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TABLE 3-10. HYDROCARBON EMISSION PREDICTIONS FOR VARIOUS SOURCE 
CATEGORIES OF THE DOUGLAS REFINERY IN LB/HR 

Run No. Q1 Q2 Q) Q4 Q5 . Total 

1 8 0 0 0 39 47 

9 14 0 0 0 10 24 

10 12 0 0 3 0 15 

11 18 0 0 1 0 19 

15 23 0 0 0 0 23 

Avg. 15 0 0 1 10 26 

:: process areas and emulsion plant 

:: asphalt plant 

:: loading-unloading facilities 

:: fixed roof storage tanks 

:: floating roof storage tanks 
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TABLE 3-11. COMPARISON OF KVB'S PRELIMI~ARY HYDROCARBON EMISSIONS 
SOURCE TESTING RESULTS WITH THE RESULTS CALCULATED BY 

USDIG THE SCAPCD AND AP-42 DATA FOR THE DOUGLAS REFINERY 
IN LEIER 

SC APCD AP-42 

KVB/ARB 

24 Hr. Av. 

13 

54 

95 

Night 

Stack Emissions 

Fugitive Emissions 

Tank Storage and Transfer 

11 

84 

90 

26 

123 

95 

13 

54 

67 

TOTAL t85 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 possible4 
that under the very stable conditions most of the CH e~~ted would diffuse

4 
upward, and thus is not detectable in the ground level. Heavier hydrocarbons 

(in relation to air) under the same stable atmospheric conditions would tend 

to diffuse downward. However, the various ~~e~l processes in the refinery 

cause substantial updrafts which could cause upward .move!':'.ent of hydrocarbon 

gases heavier than air. 

G. Conclusions--

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 additional receptor stations above ground level), 

KVB did not feel that the results of these tests warranted the further use of 

the method. Originally, it was planned to use this method on two sources if 

the refinery results turned out to be satisfactory. 

KVB 5804-714 
- 3-54 



3.3 QUALITY CONTROL 

A comprehensive quality control program was conducted as an integral 

part of the overall organic-emission field tests. The program featured: 

1. Calibration 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 

5. Separate total organic content analysis to backup 
the GC analysis 

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

7. An independent QC consulting team. 

From the outset KVB engaged the se~lices 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 evaluation of the sampling equipment and 

analytical methodology and defined a quality program with the above mentioned 

features. ~he special QC tests (duplicates, blanks, round robins, etc.) 

accounted for approximately 10% of the test budget and afforded an excellent 

assessment of measurement error which was as follows: 

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 o£ the errors in sampling and analyses for individual 
alkanes probably was in the range of 25-50%. 

4. The concentrations of oxygenates, aromatics 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 laboratory 

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 for stationary sources in the SCAB with 

'state-of-the-art' accuracy and precision." 
KVB 5804-714 
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The ESS report is presented in the Appendix. Their report contains 

not only a discussion of 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, etc. 

Pr~sented 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 equipment, 

laboratory 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 "K" bottles from 

Precision Gas Products, Inc. including selected (1) aliphatic hydrocarbons, 

(2) aromatic hydrocarbons, (3) oxygenated organics and (4) ha~ogenated 

organic compounds. Concentrations were specified and controlled by the 

KVB program manager who retained certifications until analyses were per­

formed. 

Upon receipt of the four "K" bottles, three sets of samples '.."ere 

prepared in 250 ml gas collection bottles by KVB and delivered to ARLI, 

the SCAPCD laboratory in Los Angeles and the ARB laboratory in El 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 control 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 ar~ compared to other analyses of 

these calibration gases using various handling and analysis methods are 

presented in Tables 3-16 through 3-19 and discussed below. 
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TABLE 3-12. QUALITY ASSURANCE ALIPHATIC STANDARD 

All data are reported in ppm in nitrogen. 

Certified Analytical Results 
Compound Contents* ARLI SCAPCD CARB 

Ethylene 51 50 21 D§ 

Propane 53 47 27 32 

Propylene 53 57 32 30 

l,3-Butadiene 51 3# +
28 28 

Isobutane NR NR:j:: NR 0.4 

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 

§D = Identified but not quantified (insufficient sample) 

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

*NR = not reported 

KVB 5804-714 

3-57 



TABLE 3-13. QUALITY ASSURANCE AROMATIC STANDARD 

All data reported in ppm in nitrogen. 

Compound 
Certified 
Contents 

Analytical Results 
ARLI SCAPCD CARE 

Benzene 52 50 15 34 

Toluene 48 46 11 34 

Ethylbenzene 

Chlorobenzene 

49 

50 

51 

51 

5 

3 

20 

NR 

Hexane 49 50 20 35 

Xylene NR NR 3 0 

NR = Not reported o = detected but not quantified 

TABLE 3-14. QUALITY ASSURANCE HALOGENATED 

HYDROCARBON STANDARD 

All data reported in ppm in nitrogen. 

Certified Analytical Results 
Compound Contents ARLI SCAPCD 

Freon 113 48 47 22 

Hexane 50 50 5 

Methyl Chloride 55 48 NR 

1,1,1 Trichloroethane 
(Methyl chloroform) 50 46 37 

Chloroform 49 46 49 

NR - Not reported 
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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 

Acet~e 52 43 7 

Isopropanol NR NR 9 

Methyl Ethyl Ketone 
(2-Butanone) 51 45 2 

Methyl Isobutyl Ketone 48 42* 20 

Hexane 48 50 37 

* Identified as 2-hexenone 
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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 hydrocarbons on charcoal. This, of course, did not affect sample 

collection because the intended use of the adsorbents were for compounds 

boiling above 80 of. Low values reported 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 OF 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 "K" 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 OF would maximize recovery of the lower hydrocarbons, < C4 . 

Table 3-17 shows the data obtained on the aromatic hydrocarbon gas 

standard sample. These data showed that accuracy coul~ be achieved within 

the limitations of analytical repeatability. Warming the grab sa~ple ~ottle 

of toluene and ethylbenzene appear to improve the yield. Unexplained 

retention of chlorobenzene on the charcoal was observed although 80% 

recoveries of 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 hydrocarbon data. It would appear that for the higher molecular 

weight halogenated materials, between 20 and 30% losses occurred simply on 
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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. Methylene chloride elutes 

with carbon disulfide from a Porapak Q column. There~ore, no accurate 

measure of concentration could be made. The reported value of < 0.1 ppm 

appeared to be a small shoulder on the solvent peak and was probably an 

impurity in one or both of the compounds. 

Table 3-19 presents the results obtained for oxygenated organic 

materials. If it can be assumed that the amount of methyl alcohol found 

in the "K" bottle by analysis, restandardization, and reanalysis (as was 

actually performed in the laborator/) were correct, 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 contaL~ oxygenated materials were warmed and 

the transfer lines maintained at an elevated temperature injection into 

the Ge. 

3.3.2 Interlaboratory Field Sample Analysis 

During the test of ~~e Huntington Beach oil field emissions WOGA 

used a consulting firm, RETA, to monitor KVB's procedures. RETA collected 

duplicate samples of gas in grab oottles which were analyzed by the Union 

Oil Research Laboratory in Brea, CA. A comparison of the KVE-ARLI results 

with those of RETA-Union are shown in Tables 3~20 through 3-25. 
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TABLE 3-20. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION OIL LABORATORIES 
TESTS ON LEAKY VALVES 

KVB Sample #10062 
KVB-ARLI RETA Union Oil 

Gas Bottle Gas Bottle 
Compound ppm ppm 

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 Cycloparaffins 450 

C-8 Cycloparaffins 54 

Benzene 17 
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TABLE 3-21. COMPARISON OF RESULTS OF KVB-A..tU.I AND RETA-UNION OIL LABORATORIES 
TESTS ON LEAKY VALVES 

. KVB Sample #10105A 
KVB-ARLI RETA-Union Oil 

Gas Bottle Gas Bottle 
Compound ppm ppm 

Methane 816,000 710,300 

Ethane 28,700 35,700 

Propane 29,600 36,200 

Cyclopentane 674 

n-Butane 14,700 19,000 

i-Butane 8,010 10,200 

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 Cycloparaffins 2,010 

C-8 Cycloparaffins 166 

KVB 5804-714 

3-68 

https://KVB-A..tU


TABLE 3-22. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION OIL LABORATORIES 
TESTS ON LEAKY VALVES 

KVB Sample !H0063A 
KVB-ARLI 

Gas Bottle 

RETA-Union Oil 
Gas Bottle 

Compound ppm ppm 

Methane 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 

!<;VB Sample #10072A 
KVB-ARLI 

Gas Bottle 

RETA-Union Oil 
Gas Bottle 

Compound ppm. . ppm 

Methane 13 ,900 15,200 

Ethane 786 1,000 

Propane 438 600 

n-Butane 128 100 

i-Butane 87 100 

n-Pentane 23 

i-Pentane 33 

KVB 5804-714 
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TABLE 3-24. COMPARISON OF RESULTS OF KVB-ARLI A~ID RETA-UNION OIL LABORATORIES 
TESTS ON LEAKY VALVES 

Compound 

KVB Sample #10090 
KVB-ARLI 

Gas Bottle 
ppm 

RETA-Union Oil 
Gas Bottle 

ppm 

Methane 688 1000 

Ethane 42 

Propane 29 

Cyclopentane 4 

n-Butane 20 

i-Butane 14 

n-Pentane 32 

i-Pentane 16 

Methylcyclopentane 39 

Isomers of hexane 25 800 

C-7 Cycloparaffins 102 

C-8 Cycloparaffins 71 

C-g Cycloparaffins 10 

Benzene 11 
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TABLE 3-25. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION OIL LABORATORIES 
TESTS ON LEAKY VALVES 

KVB Sample iFI0094B 
KVB-ARLI RETA-Union Oil 

Gas Bottle Gas Bottle 
Compound ppm 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 

KVB 5804-714 
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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 rne~~ane and ethane. For 

example deviations from the mean methane concentration 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' 

discrepancies percentagewise 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 simultaneous sampling. The analyses of the samples were per­

formed without informing the laboratory 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 irnpinger and one without. Note that for that 

stack the results were unchange with or without the use of LiaR which was 

used in every combustion source test. 
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TABLE 3-26. REDUNDANT TESTS AT A PRINTED CIRCUIT BOARD 
PHOTOETCH OPERATION 

Train 1 Train 2 

Bottle Sample ppm ppm 

Methane 0 98 

Ethane 0 39 

Propane 66 72 

I-Butane 40 51 

Methanol 4200 4500 

Dichloromethane 23000 25000 

1.1.1 Trichloromethane 47 38 

Charcoal Sample (0.59 SCF) (0.71 SCF) 

Methanol S9 17 

Dichloromethane * * 
1.1.1 Trichloromethane 18 10 

Benzene 2 1.1 

Toluene 0.6 1.4 

*cs solvent masked the dichloromethane. Refer to bottle sample.z 
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2.9 

TABLE 3-27. REDUNDANT TESTS AT AN AUTOMOTIVE ASSEMBLY PLANT 

Train 1 Train 2 Train 3 
ppm ppm ppm 

Bottle Sample 

Methane 3.1 3.1 

Ethane 1.1 1.1 1.0 

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 
ppm ppm 

Bottle Sample 

Methane 0 1.4 

N-Butane 0.5 0 

Charcoal Sample 

Hexane 0.1 0 

Acetone 0.2 1.8 

Aldehyde 2.2 2.2 
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TABLE 3-29. REDUNDANT TESTS ON A GAS TURBINE EXHAUST 

Train 1 Train 2 
ppm ppm 

Bottle Sample. 

Methane 0.8 0.7 

Charcoal Sample 0 0 

Aldehydes 6.0 6.0 

TABLE 3-30. REDUNDANT TESTS ON A REFINERY CO BOILER 

Train 1 Train 2 
With LiOH With LiOH 

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 Without LiOH 

ppm ppm 

Charcoal Sample 

Hexane 0.2 0.2 

Aldehydes 2.1 2.1 
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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 KVB 

Test No. was the control number used to identify samples and results 

between the field, laboratory and office. The KVB Code was assigned to 

identify the plant and test site. Except for Douglas Oil 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. Where a control device was 
. . Input - Outputtested the measured control eff~c~ency ( x 100, percent)

Input 
is indicated. The total hydrocarbon emissions are based on KVB measure-

ments (lb/hr) extrapolated using information provided by the source or 

the AQMD on operational data (hr/day, days/wk, whk/yr). In the columns 

headed "Species by % wt of Total" is a breakdown of the total organic 

emission by the three reacti~ity 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 quantitative 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. KVB'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 other 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. 
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TABLE 3-32. ARB REACTIVITY CLASSIFICATION 
OF ORGANIC COMPOUNDS 

Class I Class II Class III 
(Low Reactivi-ty) (Moderate Reactivity) (High Reactivity) 

C -C Paraffins
l 2 

Acetylene 

Benzene 

Benzeldehyde 

Acetone 

Methanol 

Tert-aklyl alcohols 

Phenyl acetate 

Met..'lyl benzoate 

Ethyl Amines 

Dimethyl formamide 

Perhalogenated 
hydrocarbons 

Partially halogenated 
paraffins 

Phthalic Anhydride** 

Phthalic Acids** 

Acetonitrile* 

Acetic Acid 

Aromatic Amines 

Hydroxyl Amines 

Naphthalene* 

Chlorobenzenes* 

Nitrogenzenes* 

Phenol 

Mono-tert-alkyl-benzenes 

Cyclic Ketones 

Alkyl acetates 

2-Nitropropane 

C + Paraffins
3 

Cycloparaffins 

n-alkyl Ketones 

N-methyl pyrrolidone 

N,N-dimethyl acetamide 

Alkyl Phenols* 

Methyl phthalates** 

All other aromatic 
hydrocarbons 

All Olefinic hydro­
carbons (including 
partially halogenated) 

Aliphatic aldehydes 

Branched alkyl Ketones 

Cellosolve acetate 

Unsaturated Ketones 

Primary and secondary 
C + alcohols 

2 
Diacetone alcohol 

Ethers 

Cellosolves 

Glycols* 

c + Alkyl phthalates**
2 

Other Esters** 

Alcohol Amines** 

C + organic acids +
3 

d~ acid** 

c3+ di acid anhydrides** 

Formin** (Hexa 
methylene-tetramine) 

Terpenic hydrocarbons 

Olefin oxides** 

*Reactivity data are either non-existent or inconclusive, but conclusive data 
from similar compounds are available; therefore, rating is uncertain but 
reasonable 

** Reactivity duta arc uncertain 
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Table 3-33 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 observations on the test results for various 

categories of devices tested during the program. The code number indicated 

on the tables below refer to Table 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% efficiency). 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 remove 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 probably caused by the low inlet concentration at ~~e 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 being released each year. One 

ton per year of olefins found in the inlet to the catalytic burner was com­

pletely destroyed, so the unit had significant benefit. KVB found this 

combustion inefficiency on several catalytic afterburners. KVB was 

advised by the operators and SCAQMn field test personnel that there is a 

universal problem in this area. 

KVB 5804-714 
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TABLE 3-33A. TEST RESULTS BY SPECIES, ALCOHOLS 

Concentrations, 
Name 

ARB 
Class ppm measured Source Type 

Methyl Alcohol 1 1 - 100 Appliance enamel, 
Flexograph. ink, 
Landfill, Printed 
circuit stripper 

Appliance enamel, 
Flexograph ink 

Ethyl Alcohol 0.1 - 103 

0.1 - l.0Isopropyl Alcohol Lithograph ink inlet 
to control only 
(thermo burner) 

3 

n Butyl Alcohol Appliance enamel1 - 103 

Isobutyl Alcohol Appliance enamel3 0.1 - l.0 

TABLE 3-33B. TEST RESULTS BY SPECIES, KETONES 

Name 
ARB Concentrations, 

Class ppm measured 

1 0.1 - 100 

1 - 100 

1 - 10 ,000 

2 

2 

Source Type 

Adhesives, Appliance 
en.,amel, Flexograph 
~nk; La.ndfill gas, 
Plasti,cs coat;.ings , 
PQwer plant combus-
tion, Se_wage gas, 
Water based paint 

Acetone 

Appliance enamel, 
~lastics coatings 

Methyl Ethyl Ketone 

Magnetic tape 
coating 

Methyl Isobutyl Ketone 

KVB 5804-714 
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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 3-330. TEST RESULTS BY SPECIES, ESTERS (ACETATES) 

Name 
ARB 

Class 
Concentrations, 

ppm measured Source Type 

Ethyl Acetate 2 0.1 - 10 Adhesives, 
Landfill gas, 
Water based paint 

n Propyl Acetate 2 10 - 100 Flexograph ink 

Isopropyl Acetate 2 0.1 - 100 Flexograph ink 

n Butyl Acetate 2 10 - 100 Appliance enamel 
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TABLE 3-33E. TEST RESULTS BY SPECIES, F~O-COMPOUNDS 

e 

e 

Name 

Fluoro- trichloro-
methane 

Difluoro-dichloro-
methane 

Methylene Chloride 
(dichloromethane) 

l,l/l-Trichloro-
methane 
(methylchloroform) 

Vinyl Chloride 

Methyl Chloride 

-

1,2 Dichloro-
ethylene 

Perchloroethylene 

(tetrachloroethylene) 

Trimethylfluorosilane 

ARB 

Class 

1 

1 

1 

1 

3 

1 

3 

1 

I 
1 

Concentrations / 
ppm measured 

10,000 - 100/000 

100,000 - 1,000,000 

1 - 10,000 

_ 1/0001 

0.1 - 1.0 

1 - 10 

1 - 10 

0.1 - 1/000 . 

0.1 - 10 

Source Type 

Refrigerant fill lin 
gas 

Refrigerant fill lin 
gas 

Landfill gas, 
Lithograph ink, 
Printed circuit 
stripper solvent, 
Rubber masking paint 

Metal degreaser 
fluid, Printed 
circuit stripper 

Landfill gas 

Printed circuit, 
Process Plant 
Background 

Landfill gas 

Adhesive, l>.ppliance 
enamel, Landfill 
gas, Metal degreaser 
fluid, Rubber 
masking plant 

Steel furnace gases 
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TABLE 3-3 3F • TEST RESULTS BY SPECIES, AROMATICS 

ARB 
Name Class 

Benzene 1 

Toluene J 

Xylenes J 

EthylbenZene 3 

Concentrations, 
ppm measured 

1 - 10 
10 - 100 

100 - 1,000 
1,000 - 10,000 

1 - 10 
10 - 100 

100 - 1,000 
1 ,000 - 10,000 

1 - 10 
10 - 100 

100 - 1,000 

1 - 10 

Source Type 

Appliance enamel 
paint; Automotive 
water based paint; 
Coke oven gas; Crude 
oil, heavy APIo, gas 
Crude oil, light API 
gas; Dip enamel 
paint; Flexograph 
ink; Gasoline; 
Lacquer paint , 
automotive; Landfill 
gas; Na t:.ural gas 
combustion; Oil 
field gas drier; 
Oil 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 
circuits; Vinyl 
adhesive 

Appliance enamel 
paint, Automotive 
wate: based paint, 
Automotive lacquer 
paint, Dip enamel 
paint, Flexograph 
ink, Gasoline, 
Landfill gas, 
~atural gas pilot 
light combustion, 
Process gas com­
bustion, Refinery 
blending stock., 
Re.ti.nery process 
gas, Refinery pump 
leak, Refinery sour 
liater, Roofing tar, 
Rotogravure ink 

Appliance enamel 
paint, C'lemical 
blending process, 
Dip enamel paint, 
Flexoqraph ink, 
Gasoline, Landfill 
gas, Refinery blend 
stock., Refinery 
pump leak, 
Rotoqravure ink 

Appliance enamel. 
paint 
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TABLE 3-33G. TEST RESULTS BY SPECIES, ALDEHYDES 

ARB Concentrations, 
Name Class ppm measured Source Tvpe 

Formaldehyde 3 1 - 100 Combustion Sources: 
Appliance enamel 
oven afterburner, 
Gas combustion, Gas 
turbine, Lithograph 
ink afterburner, 
Natural gas IC 
engine, Pilot burner 
gas, Power plant 
boiler oil, Refinery 
CO boiler, Refinery 
process heater, 
Sewage-sludge gas 
burning IC engine, 
Solvent based auto­
motive paint oven 
afterburner-cata­
lyt~c afterburner, 
Water based auto­
motive paint after­
burner, Water based 
automotive base 
coat spray booth, 
Water based auto­
motive base coat 
fume incinerator 

TABLE 3-33H. TEST RESULTS BY SPECIES, OLEFI~ OXIDE 

ARB Concentrations, 
Class ppm measured Source TypeName I 

0.1 - 1.0 Vapor degreaser1,4 Dioxane 3 
(Diethylene dioxide solvent 
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TABLE 3-33I. TEST RESULTS BY SPECIES, ACETYLENES 

ARB Concentrations, 
Name Class ppm measured Source Type 

Acetylene 1 1 - 10 Steel processing 
coke ovens, 
sintering plant 

TABLE 3-33J. TEST RESULTS BY SPECIES, CYCLOPARAFFINS 

ARB 

Name Class 

Cycloparaffins 2 

Concentrations, 
ppm measured 

1 - 100\ 

Source Type 

Appliance enamel 
paint; lI-.utomotive 
solvent based 
paint, primer, top 
coat; Crude oil, 
light APIo, heavy 

API o , wet and dry 
gases; Dip enamel 
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, OLEFINS 

Name 
ARB 

Class 
Concentrations, 

ppm measur ed Source Type 

Ethylene 3 1 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, etc. 

3 1 ppm to 100% Appliance enamel 
paint; Automotive 
solvent based 
primer paint; Coke 
oven gas; Crude oil, 
heavy AFIo, wet and 
dry gas; Flexograpn 
ink oven; Gasoline; 
Landfill gas; 
Paving asphalt; 
Refinery blend 
stock, process gas, 
process gas heater; 
Sewage gas; Sinter­
ing plant, Steel 
mill 

Terpenes 3 10 - 100 Landfill gas 
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TABLE 3-33L. 'TEST RESULTS BY SPECIES I PARAFFINS 

ARB Concentrations, 

Name Class ppm measured Source Type 

Methane 1 1 ppm to 100% Adhesives; Appliance enamel; 
Asphalt processing; AutolllOtive 
solvent ba~ed primer paint oven 

Ethane 
Propane 
C - C1 3 

2 and afterburner, top coat oven 
catalytic afterburner; Automo­
tive water based basecoat paint, 

I top coat paint and oven; Coke 
oven gas; Crude oil, light API', 
heavy APIo, wet gas, dry gas; 
Degreaser, Flexograph ink Oven; 
Gas turbine, Gasoline; Landfill 
gas; Lithograph ink catalytic 
afterburner, thermo afterburner; 
Natural gas; Paving asphalt; 
Power plants; Refinery fugitives, 
process gas, process heaters, CO 
boiler; Roofing tar; Rotogravure 
ink; Sewage Gas; Stripping 
solvent for printed circuits 

C and higher and
4tlieir isomers 

2 1 ppm to 100% IAdhesive, 'rinyl; Appliance enamel 
I paint; Automotive solvent based 
I paint, primer I topcoat, catalyticIafterburner, the=c afterburner; 

;\utOlllOtive water based paints, 
undercoat, topcoat, over..:;, after­
burner incinerator; AutomotiveII lacquer paint; Cleaning solvent, 

I Stoddard; Crude oil, light API", 
heavy APIo, wet gas, dry qas; 
Degreaser; Flexograph ink oven; 
Gasoline; Landiill gas; Lit.'10­
graph afterburners; ?aving 
asphalt; Refinery blend steck. 
process gas, process heater; 
Rotoqravure ink. Roofing· tar; 
Rubber adhesive; Rubber 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 corroded 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 incinerator itself 

was 94% efficient but since half of the gas was recirculated the actual 

emissions to atmosphere were further reduced to a factor of 96%. 

D. Oil 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, KVB 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 (APr 14) crude using 

IC engine-powered rod pumps. Periodic steam injection was used to improve 

production. The field in Saticoy produced a light (APr34) crude using 

both electric-powered rod pumps and gas-lift 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 separation and gas compression 

equipment. 

Leaks in fittings and seals, evaporative loses from open vessels, 

and exhaust gases from IC engines and process heaters were the sources 

of emissions. A technique of spraying fittings with soap solution was used 

successfully to locate and roughly quantify leaks. Over 3500 fittings were 

tested in ~~is manner. Every accessible fitting in a given location was 
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systematically sprayed and logged indicating the fitting type (valve, 

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 "smalJ.," "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 technique described in Section 3.2 and 

shown in Figure 3-13. Most of the "large" leakers were tested for leak 

rate. Some of the "medium" leakers and a few of the small leakers were 

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 collecting samples of the material in the 

vessel and performing evaporation tests in the la~oratory. 

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 tested 

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 pressure 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 Ie engines (30-40 psig) and at the Saticoy field to 

effect the gas lift operation (900 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 t~~ 

farm area were found primarily in the gas lines. A few small or medium 

leaks were found in the crude lines at Huntington Beach but none were found 

at Saticoy despite a concentrated effort in which nearly 1000 fittings were 

sprayed with soap solution. 
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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 98 11 2 2 

butterfly 7 0 0 0 

plug/ball 85 1 0 0 

relief 7 a 0 a 
Threaded Connections 

- ells 159 5 0 0 

tees 94 1 0 0 

unions 78 1 2 1 

couplings 24 0 0 0 

swages 53 0 0 0 

bushings 13 0 0 a 
others 68 0 1 0 

Total 747 19 5 3 

KVB 5804-714 

3-107 



TABLE 3-35. SATICOY OIL FIELD, LEAK TEST RESULTS 
7 GAS LIFT WELLS 

Total Leakers Identified 
Device Type Tested Small :1edium Large 

Valves - gate 35 10 5 0 

Threaded Connections 

- ells 36 1 0 0 

tees 15 0 0 0 

couplings 42 10 1 1 

others 29 

Control valves 7 0 0 1 

Total 164 21 6 2 
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TABLE 3-36. OIL WELL LEAKS, SUMMARY BY PIPELINE CONDITIONS 

Conditions 
Temperature Pressure Total Leakers Identified 

Product ( OF) (psig) Tested Small Medium Large 

Wet Gas 90 80 - 110 255 2 0 1 

Dry Gas 70 30 - 40 130 16 5 2 

70 900 (gas lift) 164 21 6 2 

Crude 90 80 - 110 362 1 0 0 

Total 911 40 11 5 
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TABLE 3-37. HUNTL.~GTON BEACH OIL FIELD, LEAK l'EST RESULTS 
TANK FARM 

Total Leakers Identified 
Device Type Tested Small Medium Large 

Flanges 181 0 0 0 

Valves - gate 243 16 11 5 

butterfly 113 0 0 0 

plug/ball 44 1 0 1 

relief 8 0 0 0 

Threaded Connections 

- ells 103 0 0 0 

tees 49 0 1 0 

unions 19 1 0 1 

couplings 27 1 0 0 

bushings 12 1 0 0 

others 29 2 0 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 0 0 

Valves - gate 122 7 4 2 

plug/ball 49 0 0 1 

relief 10 0 0 0 

Threaded Connection 

- ells 48 0 0 0 

tees 18 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 
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TABLE 3-39. OIL FIELD Tfu~K FARM LEAKS, SUMMARIZED BY PIPELINE CONDITIONS 

Conditions 
Temperature Pressure 'Total Leakers Identified 

Product ( OF) (psig) Tested Small Medium Large, 

Wet Gas Amb. 10 - 45 436 8 5 8 

Dry Gas Amb. 55 312 15 10 10 

Crude Amb. - 180 20 - 65 1169 6 2 0 

Waste Water Amb. - 180 20 - 40 32 0 0 0 

Dump Line Amb. Amb. 173 0 0 0 

Total 2122 29 17 18 
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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 

~ctual leakage was measured on 21 fittings as shown in Table 3-42. Large 

leaks were found to be greater than 0.08 ft 3/min which for methane corresponds 

to a leak rate of 0.9 tons/year. The largest leak in the group was 0.29 

ft 3/min corresponding to 3.1 ton/year of methane. Medium leaks ran between 
30.006 and 0.08 ft /min with a minimum leak rate of 128 Ib/year of methane. 

Small leaks ranged down to as small as 0.0002 ft 3/min or 4 lb/year of 

methane. This established the overwhelming importance of the large leakers 

on the total emissions and validated the visual technique for estimating 

small 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 Saticoy field a special study of the effects of routine 

maintenance was made. Forty-three leaking fittings, primarily valves, were 

tightened by oil 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 leakers 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 

ftlet Gas Valves 29 0 3 3 

Wet Gas Flanges 70 1 0 0 

Total 299 3 8 8 

TABLE 3-41. SATICOY OIL FIELD, LEAK TEST RESULTS 
COMPRESSOR PLANT (1 OF 2 COMPRESSORS IN SERVICE) 

Total Leakers Identifi-ad 
Device Type Tested Small ~iJedium 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 a 

Dry Gas Control Valves 3 0 0 3 

Total 174 8 3 6 
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TABLE 3-42. OIL FIELD LEAK RATE DATA, MEASURED 

Leak Rate Designation 
Fluid (ft 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 0.06 Medium 

Dry gas 0.009 Medium 

Crude 0.007 Medium 

Crude 0.009 Medium 

Wet gas 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 Smal.1. 

Wet gas 0.004 Small 

Crude 0.0005 Small 
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TABLE 3-43. ·SATICOY FIELDS, EFFECT OF VALVE TIGHTENING 

Number No 
Identified Stopped Reduced Effect 

Gate valves 

Small leakers 16 14 0 2 

Medium 1eakers 5 2 1 2 

Large leakers 5 1 0 4 

Other valves & connections 

Small leakers 5 5 0 0 

Medium 1eakers 3 2 0 1 

Large leakers 1 0 0 1 

Control valves 8 0 0 8 

Total 43 24 1 18 
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E. Refinery Emissions (Codes 7, 11, and 24)--

The objectives of the refinery tests on this program were to (1) 

obtain emission profile data (% composition), (2) check emission factors in 

AP-42 and (3) evaluate ambient testing as a means of characterizing refinery 

emissions. The ambient tests were discussed in Section 3.2.4. The fugitive 

emission 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 reduction 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 11) was tested for 

ambient test evaluation as discussed in Section 3.2.4. Another small 

independent refinery (Code 24) was used for some preliminary testing to 

checkout test procedures. 

The effort included stack tests on process heaters and FCC units 

plus fugitive emission tests on valves, fittings, pumps, compressors, 

cooling towers and oil/water separation pools. As discussed in Section 

3.2.1, fugitive emissions from process hardware were determined by spraying 

the components with soap 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 ~~ese 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 Appendix. 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 Section 2.3.1. 
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TABLE 3-44. OIL REFINERY FUGITIVE EMISSION SUMMARY 

Total Leakers Identified 
Device Type Tested Small Medium Large 

Valves 5765 157 62 33 

Flanges 11821 38 20 7 

Pumps 115 30 4 7 

Compressors 5 I 0 0 

Separators 3 

Cooling Towers 3 
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1. Refinery Valves and Flanges--

A breakdown 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 valves in pipelines involve ~wo flanges. 

In spraying fittings with soap solution all of the accessible valves and 

flanges in a process area were inventoried and tested. The valve type 

breakdown shown was based on the testing at the Code 7 refinery while those 

listed as unclassified were measured at the Code 11 refinery. In testing 

at the Code 11 refinery the objective was to correlate the emission 

estimate using ambient techniques (Section 3.2.4) with those using direct 

measurement. The emphasis was to assess emissions by process unit and the 

valve types were no~ ,identified. The Code 11 breakdown by process unit is 

presented below. 

A surprising result in Table 3-45 was the proportionately larger 

number of leaks of all types found in the plug valves. Plug valves were 

believed to represent "improved technology" over gate valves. However, plug 

valves require periodic lubrication to prevent leaks. In nearly every 

case of a leaking plug valve, the leak could be stopped by application of 

sealing grease. The fact that these leaks were found was an indication 

that the refineries were in a normal maintenance condition when the tests 

were conducted. 

A breakdown of valve and flange emissions by pipeline size and 

fluid content is presented in Table 3-46. Ethane and propane lines contained 

gaseous product while all of the other products were liquids. 

Table 3-47 presents a breakdown of the emissions from the Code 11 

refinery by processing units. For each component at each unit the number 

of components tested is indicated along with the percentage of those com­

ponents that were tested in that unit. For example, on Crude Unit ~2 80% 

of the valves were tested. The 20% of the valves not tested were not readily 

accessible without special apparatus. 
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TABLE 3-45. REFINERY EMISSION SUMMARY, LEAKING VALVES BY VALVE TYPE 

Number Leaks Leakers Identified 
Valve Type Tested Measured Small Medium Large 

Plug 1320 15 76 21 24 

Gate 3077 5 47 6 4 

Control 75 2 9 0 3 

Unclassified 1293 3 25 35 2 

Total 5765 25 157 62 33 

Flanges 11821 0 38 20 7 
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TABLE 3-46. REFINERY EMISS ION SUMMARY (CODE 7) 

VALVE AND FLANGE LEAKS BY SIZE AND FLUID SERVICE 

Valves less Valves 2 in. 

Fittings " 
Flanges 

Less than 

Fittings " 
Flanqes 

2 in. and 
than. 2 in. and Greater 2 in. Greater 

Propane 
Small 
Medium 
Large 

928 
56 
10 

8 

596 
39 
12 
16 

1180 
13 

0 
0 

1583 
3 
0 
0 

Light Gasoline 
Small 
Medium 
Large 

137 
0 
0 
0 

88 
0 
0 
1 

146 
0 
0 
0 

249 
0 
0 
0 

Gasoline 
Small 
Medium 
Large 

538 
5 
1 
1 

358 
13 

0 
0 

551 
1 
0 
1 

1007 
0 
0 
0 

Naphtha 
Small 
Medium 
Large 

56 
3 
0 
0 

60 
1 
0 
a 

230 
0 
0 
a 

176 
0 
0 
0 

Gas Oil 
Small 
Medium 
Large 

227 
0 
0 
0 

352 
1 
0 
a 

4 
0 
0 
0 

1004 
1 
0 
a 

Fuel Oil 
Small 
Medium 
Large 

327 
4 
2 
0 

220 
1 
0 
0 

765 
0 
0 
0 

655 
0 
0 
0 

Crude 
Small 
Medium 
Large 

96 
0 
0 
0 

126 
4 
1 
a 

367 
0 
0 
0 

357 
0 
0 
0 

Residual Oil 
Small 
Medium 
Large 

62 
a 
0 
0 

29 
0 
0 
0 

70 
0 
0 
0 

80 
a 
0 
0 

Ethane 
Small 
Medium 
Large 

52 
1 
1 
0 

56 
4 
0 
5 

73 
1 
1 
0 

152 
0 
0 
0 

Freon 
Small 
Medium 
Large 

37 
0 
0 
0 

30 
0 
0 
0 

37 
0 
0 
0 

75 
0 
0 
0 

Sour Water 
Small 
Medium 
Large 

47 
0 
0 
0 

SO 
0 
0 
0 

0 
0 
0 

0 
0 
0 
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TABLE 3-47. CODE 11 REFINERY EMISSIONS, VALVE, FLANGE AND PUMP INVENTORY 

No. Tested 
(% of Total) Reformer Unit Naphtha Unit Crude Unit #2 

Valves 

Large leaks 

Medium leaks 

500 (100%) 

0 

26 

318 (100% ) 

0 

0 

475 (80%) 

2 

9 

Small leaks 13 5 7 

Flanges 852 (70%) 889 (70% ) 1,319 (80%) 

Large leaks 0 0 0 

Medium leaks 13 0 7 

Small leaks 7 0 11 

Pumps 12 (100%) 7 (100% ) 30 (100%) 

Large leaks 0 0 1 

Mediurn leaks 1 0 0 

Small leaks 1 0 2 

Table 3-48 summarizes the leak rate measurements and calibration 

of visual leak rating. The leak rates were measured by tenting techniques. 

The "large," "medium", "small" designations were assigned in the field 

prior to measuring leak rate. Thus a "large" gas line leak ranged from 

7 to 38 lb/day with an average of 18 lb/day. 

The computation of emission factors for refinery valves is presented 

in Table 2-7. For valves in gas service the leak rate per valve is 0.4 

lb/day and for liquid service is 0.003 lb/day. To compare this to AP-42 

which makes no distinction between gas and liquid service refer to Table 

2-7. The total emissions for gas and liquid service is 620 + 49 = 669 

Ib/day divided by the total valves (1698 + 2774) 4472 (669/4472) equals 

0.15 lb/day/valve which is identical to the value given in AP-42. There­

fore, it was concluded that no correction factor needed to be applied to 

the data in the SCAQMD EIS file for the purposes of the emission inventory. 
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TABLE 3-48. REFINERY EMISSION SUHMARY, VALVE LEAK RATE MEASUREMENTS 
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2. Refinery Pumps--

Refinery pump test results are shown in Tables 3-49 and 3-50. While 

Table 3-49 indicates that mechanical seals and packed seals have the same 

proportionate number of leakers (approximately 50%). Table 3-50 shows that 

mechanical seals have generally lower leak rates and especially for gas 

service. Referring back to Table 2-7 where the emission factors were 

calculated the mechanical and packed seals showed nearly the same emission 

factor for liquid service « 26 RVP) while for gas service the mechanical 

seal emission factor was one-sixth that for the packed seal. The leak rate 

data for the Location Code 11 refinery (Table 3-50) agree wi~~ those for 

Code 7 amazingly well. During testing the type seals and fluid RVP were 

not recorded at Code 11. Later it was established that all their pump 

seals were mechanical and generally the fluid RVP was below 26 psi. These 

assumptions were made in developing emission factors. 

Based on the above data an ov~rall pump emission factor was calculated 

(refer to Table 2-7). Total emissions = 25 + 140 + 5 + 170 = 340 Ib/day 

divided by seal tested (93 + 19 + 12 + 4 = 128) 340/128 = 3 Ib/day/ seal. 

or 0.5 tons/year/seal. 

3. Refinery Compressors--

Only five refinery compressors were located and tested. One tiny 

leak of 0.0003 lb/day was located. For emission factor data on compressors 

refer to the petroleum production data, e.g., Table 2-8. 

4. Refinery Separators--

Open separators were found at all three refineries visited. The 

largest separator found is shown in Figure 3-14. Samples were taken from 

pools in each refinery~ The sampled oil was taken to the KVB laboratory 

where the oil was separated from ~~e water and the oil was placed in a 

dish for evaporation tests at the recorded pool temperatures. The measured 

evaporation rates were: 

KVB 5804-714 

3-124 



-
-
-
-
-

-
--

--
-

TA
B

LE
 

3
-4

9
. 

R
E

FI
N

E
R

Y
 

E
M

IS
S

IO
N

S
, 

PU
M

P 
SE

A
L

S 

R
e
id

 V
ap

o
r 

P
re

ss
u

re
 

L
e
a
k

e
rs

 
Id

e
n

ti
fi

e
d

 
S

e
a
l 

T
y

p
e 

p
s
i 

N
o.

 
T

e
st

e
d

 
S

m
a
ll

 
H

ed
iu

m
o 

L
a
rg

e
 

M
e
c
h

a
n

ic
a
l 

>
 2

6
 

1
9

 
8

0
2 

(C
od

e 
7

) 
<

 2
6

 
4

4
1

4
3 

2 

T
o

ta
l 

6
3

 
22

3 
4 

P
ac

k
ed

 
>

 2
6

 
4 

0
0 

1 
(C

od
e 

7
) 

<
 2

6
 

1
2

 
5

0
1 

-
T

o
ta

l 
1

6
 

5
0 

2 

w
 

U
n

c
la

ss
if

ie
d

 
4

9
 

3 
1 

1 

I-
'I 

(C
od

e 
1

1
) 

IV
 

\J
l 

•.
. 

--
.
_
.
_
-
~

 
.. 
--

--
_.

. _-
-
-
-
_
.
~

 

-t-

K
V

B 
5

8
0

4
-7

1
4

 



TABLE 3-50. REFINERY EMISSION SU~~Y, PUMP SEAL LEAK RATE MEASUREMENTS 

Average Leak 
Rate, Ib/day 

Reid Vapor Measured (Calibrations 
Pressure Leak Rate of Visual Leak 

psi Seal Type Ib/day Rating) 

LOCATION CODE 7 

Large Leakers 
< 26 
< 26 

Mechanical 
Mechanical 

10 
4 

, 
1 7 

< 26 Packed 4 4 

> 26 Mechanical 5 } 70>.26 Mechanical 130 

> 26 Packed 170 170 

Medium Leakers 
< 26 Mechanical 2 
< 26 Mechanical 1 1 
< 26 Mechanical 0.002 \ 

Small Leakers 
< 26 
< 26 
< 26 
< 26 
< 26 

Mechanical 
Mechanical 
Mechanical 
Mechanical 
Mechanical 

0.05 
0.01 
0.002 
0.002 
0.005 

0.01 

< 26 
< 26 
< 26 
< 26 

Packed 
Packed 
Packed 
Packed 

0.2 
0.05 
0.0005 
0.0005 \ 

0.06 

> 26 
> 26 

Mechanical 
Mechanical 

0.07 
0.007 

,
1 0.04 

LOCATION CODE 11 

Large Leakers 
< 26 
< 26 
< 26 
< 26 

Mechanical 
Mechanical 
Mechanical 
Mechanical 

24 
5 
2 
2 

7 

~'ledium Leakers 
< 26 Mechanical 1 1 
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Figure 3-14. Oil/water separator tested. 
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2
Location Code Evaporation Rate (lb/hr·ft ) 

7 0.01 

11 0.0002 

24 0.004 

2
The Code 7 separator in Figure 3-14 had a surface area of 14,000 ft At 

the rate of 0.01 Ib/hr·ft
2 

the emissions from that separator would be 

140 lb/hr. The operators of the refinery estimated that the water flow 

through the separator was 3000 gal/min. or 180,000 gal/hr. At these rates 

the emission factor for the separator would be 140/180 or I Ib/1000 gal. 

The AP-42 emission factor for process drains, uncontrolled is 5 Ib/1000 gal 

waste water. If the KVB measurement were correct the emission from that 

separator would be 600 tons/year. SCAQMD rates this separator at 1.5 

ton/yr in their permit file. More work is needed in this area. 

5. Refinery Cooling Towers--

Of the three cooling towers tested valid data were obtained on only 

one. The unit tested is illustrated in Figure 3-15. It was a large tower 

serving an FCC unit, the gas plant for that FCC and a reformer unit. The 

water circulation was 42,500 gal/min. Cooling water circulated through the 

various processes and returned to the tower where the water was evaporatively 

cooled by forced air circulation. Leaking fittings in the pipelines of the 

process unit, being cooled by the circulated water, caused hydrocarbon to be 

picked up by the water. On passing through the cooling tower the hydrocarbons 

vaporize and escape to the atmosphere. 

Water samples were taken at the inlet and outlet of the tower as 

shown and analyzed (xylene extraction and GC analysis) on organic content. 

The organic content was identified as ~OO% isopentane with concentrations 

indicated on the schematic. The emissions were determined to be the 

difference in organic concentration times the flow rate as follows: 
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Change in concentration = 1460 - 42 = 1418 ~ gm/liter 

3.785 liter gm 1b 42,600 gal
Emission Rate = 1418 i.~ x x 6 x x = 

l er gal 10 ~ gm 454 gm min 

lb 60 min 24 hr Ib 365 day __~t~on~_ 
= 30 :-b x= 0.5 min x hr 700 d-a-y x yr x 2000 Ibnr day 

= 130 ton 
yr 

6
To relate this to AP-42 the emissions must be put into lb/10 gal. 

Other emission factors are in lb/day/1000 GPM 

6 6
0.5 Ib/rnin x min/42,600 gal x 10 = 12 lb/10 gal 

3
700 lb/day 42,600 GPM/1000 = 16 lb/daY/10 GPM 

A comparison of these results with results calculated from published emission 

factors is shown in Table 3-51. EPA publication AP-42 lists an emission 

factor of 6 lb/106 gal of cooling water. The API document, referenced on the 

table, discusses the emissions and indicates that a 1957 study (probably 

the Los Angeles joint project) specified an emission factor of 3 to 5.3 

1b/day/1000 GPM while a "more realistic average figure used by some refineries 

is 8 to 10 lb/day/1000 GPM." From these emissions factors an emission rate 

was calculated based on the 43,000 GPM water circulation rate. These emis·­

sions are shown in Table 3-51 compared to the KVB measured emissions from 

with emission factors were calculated as indicated in the table. 

The higher emission factor determined by the KVB test can be explained 

by the fact ~~at the hydrocarbon emitted by this particular cooling tower was 

isopentane, a fairly volatile material. Since the AP-42 and the API "best 

estimate" agree, l0JB. feels that the AP-42 emission factor is still a reason­

able value for an average cooling tower. 

F. Magnetic Tape Manufacturing (Code 8)--

The outstanding feature of the tape manufacturing plant was the 

charcoal adsorption unit (also discussed in Section 4) which had an efficiency 

in excess of 99%. Measurements showed that only 0.2% of the photochemically­

reactive MIBK used in the process escaped to atmosphere. MIBK is recovered 
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from the charcoal adsorber. The reclaimed solvent is reused at great savings 

to the company, who reportedly payoff the adsorber in just a few months of 

operation. 

G. Applicance Manufacturing - Air Conditioners (Code 9)--

This plant had five stacks emitting organics from the following 

processes: 

a. degrease tanks (2) 

b. paint spray booths (2) 

c. adhesive spray booth. 

This plant employed solvent substitution as their primary control 

technique. No incinerators or adsorbers were used. The two degrease tanks 

emitted 25 tons/year of low reactivity perchloroethylene. One painting 

operation employing electrostatic spraying emitted 15 tons/year of organics­

vapor composed of 71% perchloroethylene, 22% saturated aliphatics and 7% 

reactive aromatics. The other paint spray boo~~ emitted 27 tons/year 

composed of 33% perchloroethylene, 56% saturated aliphatic compounds, 9% 

reactive aromatics and 2% butyl alcohol. The adhesive spray booth emitted 

4 ton/year of primarily perchloroethylene. 

H. Combustion of Fuel (Codes 10 and 18)--

A utility boiler burning residual oil and a utility gas turbent 

burning gas were tested. As was expected the organic concentrations in the 

exhaust gases were low,S ppm forthe boiler and 7 ppm for the turbine. 

Analyses of these emissions confirmed that ~~ey were priw4rily oxygenates. 

The boiler emissions were 36% aldehydes and 31% acetone. The remaining 

third was saturated aliphatics, mostly methane and butane. The turbine 

emitted 93% aldehydes and 7% methane. The low concentration of organics 

in these large combustion devices is attributed to the relatively long 

residence time of the combustion gases which have ample time to completely 

combust. The asphaltines in the residual oil which fail to react form 

particulate matter which will be measured as part of a later ARB study. 
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I. Rubber Tire Manufacturing (Code 12)--

The ducted emissions from one tire manufacturing plant were sampled 

for organic content. Little information on the manufacturing processes 

were released by the plant except for the operating schedule and that the 

process at the time of'measurement was typical. No control devices 

(incinerators, adsorbers, etc.) were employed. 

Emissions from all four stacks were similar as follows: 

Emissions, ton/year 160 60 30 30 

Composition, % 

Straight and Isoparaf£ins 31 14 58 3 

Cycloparaf,fins 65 83 34 96 

Aromatics 4 3 8 1 

Total 100 100 100 100 

The data obtained were considered excellent for the purpose of 

obtaining an emission profile. Emission rate data from the'SCAQMD files 

were used for the inventory. 

J. Automobile Assembly (Codes 13 and 14)--

Two automobile assembly plants were tested, one using solvent based 

paint (Code 13) and one using' water based paint (Code 14). 

The solvent based process consisted' of a phosphate treatment, a 

primer coat, and two top coats. The water based process consisted of an 

electrostatic dip coat, a light primer coat and two top coats. The primer 

and top coats were sprayed in large booths with water curtains to capture 

overspray. The plant using solvent based paint use electrostatic applications 

to minimize overspray. The water based process had no incinerators while the 

solvent based process used incinerators on the ovens but not on the booths. 

Table 3-52 is a comparison of emissions from similar operations in 

each process. (Additional data are contained in Table 3-31 and the Appendix 

however ~~e data in Table 3-52 are representative of the measured emissions.) 

Both processes ran at nearly the same rate, approximately 55 cars per hour 

although the water based plant operated approximately 25% more total hours 

in the year as indicated. 
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The total measured emissions were similar varying more or less at 

each process. The emissions from the solvent based paint are mostly mineral 

spirits, i.e., C2 to 9 paraffins including some cycloparaffinsi aldehydes from 

the combustion products of the incinerators and methane from the oven heaters 

and incinerator burners. A small amount of ethylene was detected from the 

top coat catalytic afterburner which also had a relatively low efficiency 

of 65% because of the large amount of methane that was emitted. Excessive 

methane emissions seem to be characteristic of the catalytic incinerators. 

The water based paint contained low-reactivity methane and acetone, 

some aromatics and some light paraffins. The vinyl top cement produced 

perchloroethylene, ethyl acetate, light paraffin; and some toluene vapors. 

It was understood that these emissions were similar in each plant so they 

were only measured at one. 

The methane at the water based plant was probably due to the heating/ 

air conditioning system in the booths and ovens which recirculates some of the 

heated air in the air conditioning (dehumidification) system. The methane 

comes from the oven heaters and was measured as a principal emission in the 

ovens and booths. 

The absence of more oxygenated compounds causes some speculations. 

Both water and solvent based paints usually have compounds such as acetates, 

alcohols, ketones, glycols, ethers, etc. Possible explanations are that 

(1) these compounds, which are water soluble, may be absorbed by ~~e water 

curtain or (2) the GC/FID system"used in this program was incapable of 

detecting them. 

Company engineers at the automobile plants had similar suspicions 

regarding water absorption. They felt, however, that the water, which is 

recirculated, would reach equilibrium in time. 

As discussed in Sections 3.2.2 and 3.3 the detection of oxygenated 

compounds was marginal in the system selected for the program. The system 

was designed for its universal detection ability. The FlO sensor on the 

GC was relatively insensitive to certain oxygenates. When detected a 
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response factor could be determined. However it is possible that some 

compounds were not detected. Only a limited amount of program funds could 

be devoted to this response definition. Therefore it is possible that 

some of the compounds may not have been detected. ~ote, however, that acetone 

and ethyl acetate were detected so that the system was not totally 

insensitive. 

Because of the proprietary paint formulae and the uncertain~y 

of solvent retention in the cured paint, it was difficult to conduct material 

balances which would account for solvent emissions. However, it did seem 

incorrect to assume that 100% of the solvent in the paint consummed escaped 

in the form of atmospheric emissions. 

K. Automobile Repainting (Code 15)--

A commercial automobile paint spray booth was tested. Complete 

disclosure was made of manufacturer's specification for paints and solvents 

including those compounds used for thinning and catalyzing. The emissions 

covered a broad spectrum including: 

ethyl acetate 18 

n-butyl acetate 17 

n-amyl acetate 11 

C7-13 aliphatics 25 

aromatics 28 

isopropyl alcohol 1 

100 

No water curtain or o~~er controls were used except for a coarse metal mesh 

filter for particulate control. On this test a material balance was run by 

experiment. Coupons were coated with paint and weighed periodically up to 

24 hours after painting. The weight loss corresponded to 4.3 lb in 20 minutes 

and 5.4 lb in 24 hours. The spray booth sampling time was 30 minutes during 

the painting operation. During that time the measured emissions were 4.7 lb. 
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The paint sprayed was determined by weighing the paint in the gun before 

and after spraying. The paint sprayed was 13.5 lb. Manufacturers data 

indicated that 60% of the paint would remain as a coating and 40% would 

evaporate. 0.4 x 13.5 = 5.4 lb. 

Laboratory Paint Experiment Field Measurement 

20 min. Equiv. Solvent Loss - 4.3 Ib 4.7 Ib Measured Emissions 

24 min. Equiv. Solvent Loss - 5.4 Ib 5.4 Ib - Manufacturers specified 
solvent weight loss 

Since the particular being painted during the test was a small foreign 

sedan, the emission factor for automobile repainting is estimated at from five 

to ten lb., of total hydrocarbon per car depending on the car size. 

L. Steel Manufacturing (Code 16)--

Emissions were measured in 

an open hearth 

two coke oven batteries 

a blast furnace 

a steel sintering plant 

a basic oxygen furnace. 

The results are presented in Table 3-31 and the Appendix. The emis­

sions were high. The coke oven appeared to be a significant source of 

ethylene, propylene and benzene. An unusual compound, trimethylfluorosilane, 

was found in the emissions of the open hearth, blast and basic oxygen furnaces 

where its presence was attributed to fluorine compounds in the scrap metal. 

While organic emission controls were not used, it was observed that 

the open hearth precipitator reduced hydrocarbon emissions by 25%. 

M. Roofing Kettle--

A sample of, emissions from a roofing kettle at 390 OF was taken and 

found to contain a mixture of 20 compounds each comprising more than 1%. The 

detailed composition is in the Appendix and Table 3-31 summarized the emissions 

by reactivity class. 
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SECTION 4.0 

HYDROCARBON EMISSION CONTROL TECHNOLOGY 

The objective of this section is to report on the state-of-the-art . 
of hydrocarbon emission control technology, and specifically to identify 

those control methods applicable to the sources in the Basin and the cost­

effectiveness of these methods in each application. The information pre­

sented was intended to be used for organic emission control strategy along 

with the basic inventory presented in Section 2.0. In this regard, those 

source categories with the largest and most reactive emissions and the 

lowest control system cost effectiveness should be the primary candidates 

for emission reductions. Because the cost and performance efficiency of 

control equipment varies with ~~e specific application, a great deal of 

engineering judgment was exercised in generalizing the cost effectiveness 

numbers. However, the "average" values were felt to be of sufficient accu-

racy to validate the relative cost effectiveness between the various methods 

and applications. 

The installed costs used in this report, unless specified to the 

contrary, are 'the costs that an owner would pay to a contractor to install 

that piece of equipment including the equipment purchase price and the 

contractor's fees for designing, supervising, and installing the equipment. 

But these are not the total costs to the owner. In addition to these direct 

costs are such indirect costs as the engineering and management time 

necessary to recognize the problem; find alternative solutions; select 

equipment and contractor; supervise the construction and integration with 

the plant; company lost revenues for the time the plant is inoperative 

while the equipment is being installed; changes elsewhere in the plant due 

to the new control equipment; and the company's general and administrative 

expenses (bookkeeping, accounting, legal, etc.) associated with these 

expenditures. These indirect items can add 50% to 100% additional cost 

to the owner. 
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In the past year, the EPA has published a number of reports and 

guideline documents which contain extremely thorough treatments of the 

various aspects of organic emission control technology and its applica­

tion to various industries and source types. Those documents, referenced 

in this section, were the basis for much of this discussion, and should 

be consulted for more detailed information. 

A summary of the various control techniques and the sources to 

which they apply is shown in Table 4-1. This report section is based on 

this table. Control methods are discussed in Section 4.1, their applica­

tion on the various sources listed in Table 4-1 are covered in Section 4.2, 

and cost effectiveness data are presented in Section 4.3. 
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4.1 CONTROL METHODS 

Emissions of organic air pollutants can be reduced by (1) add-on 

control devices that either destroy the vapor or collect it for reuse or 

disposal, (2) covers or seals which prevent vapors from escaping, and 

(3) process or material changes that reduce or eliminate the use of organics. 

The principal add-on control devices for the control of volatile 

organics are: 

Thermal and catalytic incinerators 

Activated carbon and other types of adsorbers 

Absorbers or liquid scrubbers 

Condensers that use refrigeration or compression. 

Incineration is the technique most universally applied by industry, but it 

usually requires measurable supplemental fuel. Incineration, therefore, is 

most acceptable where the developed heat can offset other fuel or energy 

needs. Adsorption, absorption, and condensation techniques - although 

effective - are limited to exhaust streams with a much narrower range of 

process characteristics than is incineration. 

Covers and seals include floating roof t~s for petroleum and 

petrochemical storage and covers for waste water separators to prevent 

evaporative losses from open pools. 

Process and material changes are the most diverse options and are 

used primarily by the surface cleaning and coating industries. Among ~~e 

available process and material changes are: 

New cleaning and degreasing techniques. 

New coating technologies--e.g. water-borne, high-solids, 
and powder coatings. 

Reduced ingestion of air into the gas stream requiring 
treatment. 

Inert gas curing techniques for coating. 

More efficient coating application methods. 
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Although these changes offer great promise, almost each one is unique. 

Consequently the number necessary to meet all product and process require­

ments is large. Development and conversion costs are sometimes very high. 

Process and material changes, therefore, can often be implemented only over 

much longer time periods than those required for installing add-on devices. 

Several factors influence the effectiveness, cost and applicability 

of available control devices or techniques to a given source category. Quite 

often the characteristics of a particular process or exhaust gas stream 

dictate the use of certain control techniques. Many control methods are 

equivalent in reducing pollution but vary in cost. In the latter instances, 

it is assumed that the company will select the option that provides the most 

reduction for the fewest dollars over the expected lifetime of the device. 

Other less obvious factors that are unique to the control of organic 

emissions influence the selection of a control option. For example, virtually 

all organics are derived from petroleum, and the increasing cost of crude 

oil provides considerable economic incentive to both reduce solvent consumption 

and maximize recovery for use. Other regulatory requirements also can pre­

clude - or dictate - the use of certain options. Insurance and occupational 

safety requirements that specify maximum allowable organic concentrations for 

fire prevention and operator safety are examples of such regulatory require­

ments. Finally, long-term warranties or customer requirements can limit the 

scope of material or process changes. 

4.1.1 Carbon AdSOrption 

Carbon adsorption uses a physical phenomenon to separate organic 

vapors from a gas stream and to concentrate these vapors to a more manageable 

form. 

It is applicable to most organic-emitting industries (with a few 

solvents excepted) but the costs and difficulties will vary with the specific 

industry (Ref. 4-1). 
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The term "sorption" applies to two types of phenomena: (1) where 

vapor molecules are concentrated by adsorption on the surface, and (2) where 

vapors are concentrated by absorption of the vapor molecules into the mass 

of the sorbent. Adsorption is accomplished using four different types of 

materials: (1) chemically reactive adsorbents (2) polar adsorbents (3) molec­

ular sieves, and (4) nonpolar adsorbents. 

When adsorption is accompanied by chemical reaction, the process is 

termed "chemisorption," an exothermic process w1}.ere molecules can only be 

one layer thick. It has been used for odorous sulfur compounds and some 

olefins but has little application at this time for organic solvent control. 

When adsorption is not accompanied by chemical reaction, the process 

is termed physical adsorption. In general, polar adsorbents adsorb polar 

molecules (e.g., water) preferentially, while nonpolar adsorbents adsorb 

nonpola~ molecules (e.g., hydrocarbon) preferentially. Physical adsorption 

is less selective then chemisorption, the process is reversible and vapor 

molecules can be adsorbed in more than one layer on the surface. Activated 

carbon is the only physical adsorbent presently in widespread use for 

organic vapor collection. It is a nonpolar adsorbent although it has some 

adsorptivity for water. 

Activated carbon can be produced from a variety of carbonaceous 

materials, its characteristics depend on the raw material and the activation 

process. Carbon is activated by oxidation of portions of the carbon with 

steam or chemicals. The end-product of activation is a material with a fine, 

partially interconnected pore structure that has a very large surface area. 

A. Adsorption--

The surface area of the activated carbon is the primary variable 

associated with carbon adsorption. The larger the available area, the 

larger the adsorption capacity of the carbon, other things being equal. A 

typical activated carbon may have a surface area of 1100 square meters per 

gram. 
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The capacity of carbon is often represented by "adsorption isotherms" 

such as Figure 4-1 showing the effect of increasing molecular weight of 

organics on carbon capacity. The isotherms level out as the micropores are 

filled. For pollution control situations, the range of interest is below 

a partial pressure of 10 rom of Hg. The effect of temperature on adsorption 

is shown by Figure 4-2. 

For a fixed-bed carbon adsorber, the concentration profile in the 

bed changes with time as the capacity of the bed is approached. "Breakthrough" 

time is usually defined as the time when the outlet of the adsorber reaches a 

defined level (usually 1 percent of the inlet concentration). The bed should 

be regenerated after the breakthrough has occurred. 

For exhaust streams containing multiple solvents, vapors of higher 

molecular weight (M.W.)* will displace vapors of lower M.W. As shown in 

Figure 4-3, adsorption will be as if each solvent was adsorbed independently 

in a bed when the vapors have very different M.W. As shown in Figure 4-4, 

there will be a co-adsorption when th~ vapors are close in M.W. In either 

case, the compound with the lowest M.W. will exit the adsorber bed first. 

For more in-depth information 'on the theory of adsorption the reader 

should consult References 4-1 and 4-2. 

B. Regeneration--

For concentrations greater than a few parts per million, carbon must 

be used many times for economic reasons. To desorb vapors and reuse the 

carbon, regeneration is necessary. Regeneration is accomplished by raising 

the temperature of the carbon, evacuating the bed, or both. Typical thermal 

regenerants are steam, hot air, and hot inert gas. The hotter the regenerant 

and the longer the regeneration, the more solvent will be desorbed from the bed. 

There is an economic optimum where adequate desorption occurs at reasonable 

energy cost. The residual solvent in ~~e bed after regeneration is called the 

"heel" and "working capacity" the difference between full capaci~y and the heel. 

*Although molecular weight is used in this discussion, a more precise term is 
the liquid molar volume at normal boiling point usually denoted as V. M.W. 
is approximately proportional to V and is an easier property to per~eive 
for the purposes of this discussio~. 
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Figure 4-1. Adsorption isothe~s of hydrocarbon vapors (amount adsorbed 
at pressure, p, on type Columbia L carbon at 100 of, Ref. 4-1),. 
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Regeneration is typically about 50% complete for each cycle under proper (or 

economic) operation. To optimize the frequency of regeneration, an automatic 

device that signals breakthrough may be useful if the size of the adsorber 

warrants. 

1. Thermal Description--Steam is the most widely used regenerant. The bed 

is closed off from pollutant flow, and stearn is introduced into the bed. The 

steam and the pOllutant vapors are routed to a condenser after which they can 

usually be separated by gravity or distillation. Steam regeneration has the 

advantage of leaving the bed wet. By control of the degree of wetness in the 

bed, various degrees of gas cooling can be accomplished. In a variation of this 

scheme, steam and pollutant can be incinerated without condensation. 

As inlet concentration decreases, the bed capacity is reduced. In 

order to achieve adequate working capacity for low concentrations, the heel 

must be minimized with consequent increased steam usage. Figures 4-5 and 4-6 

show the amount of steam and heated air necessary to desorb two solvents 

at various initial concentrations. The two compounds (propanone and 

4-methyl-2 pentanone) span the range of M.W. for which carbon adsorption 

is applicable. For concentrations less than 700 ppm, air or inert gas 

should be considerea for regeneration, especially if (1) the adsorbed 

solvent ha~ no value, (2) the material has appreciable miscibility with 

water, or (3) the solvent does not contain large amounts of halogen-, 

nitrogen-, or sulfur-containing compounds. 

If a noncondensible gas is used for regeneration, the organics can be 

removed by condensation, adsorption, and/or incineration. Condensation of 

virtually all organics in a stream is possible if the stream is cooled to a 

low enough temperature. A more practical approach is to condense a portion 

of the vapor and to recycle the remainder back through the operating bed. 

Secondary adsorption of the vapors in a smaller adsorber offers a 

possible method of recovering vapors from a dilute source. The primarJ 

adsorber is regenerated by heated inert gas, yielding a gas stream in which 

the vapor concentration is about 40 times as high as in the original stream. 

After cooling, this stream can then be passed through a secondary adsorber 

which is regenerated by steam and the organic material recovered. Reference 

4-1 gives further details for this scheme. 

4-14 KVB 5804-714 
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2. Vacuum Desorption--By evacuating the carbon bed to absolute pressures 

of approximately 1 mm Hg, the boiling point of the adsorbed organic compound 

is reduced substantially. For example, C to CIS hydrocarbon oils have al4 
boiling point of approximately 500 of at One atmosphere which is reduced to 

200 OF at I mm Hg. This lowered boiling point facilitates the breaking of 

the adsorption bond allowing it to take place at lower temperatures which 

saves energy. Another benefit is that carbon adsorption can be used to re­

cover thermolabile materials which are unstable .when heated. These materials 

would pyrolyze or rearrange chemically at higher temperatures. 

Regeneration systems employing vacuum are heated with radiation/con­

duction heaters. A schematic of a typical process is shown below. 

Outlet Stack 
Inlet: Duct 

0111ed .friq_ra­Water tionSupply
Carbo" Bed 

Exhauat Duct 

Exhaua't ran 

Solvent ~e­
covery Tank 

The tank to be regenerated is removed from the adsorbate stream by 

automatically closing the process vacuum valves at the top and bottom of the 

tank. Then, a smaller vacuum valve is automatically opened connecting ~~e 
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tank to a mechanical vacuum pump capable of producing a vacuum of 1 rom Hg 

in the tank. When the desired vacuum pressure is reached, heat is applied 

to the carbon bed through a series of cartridge heaters or, if economically 

practical, a recirculating heat transfer system. The simultaneous appli­

cation of heat and vacuum strips the solvent from the carbon. The solvent is 

condensed in a water cooled chamber and then automatically flows into the 

condensate recovery tank to be returned to the process, or removed for dis­

posal. The low-boiling hydrocarbons are trapped in a refrigerated condenser 

maintained at a temperature of about -40 OF. When the regeneration process 

is completed, the tank is once again returned on-stream. 

C. Problem Areas with Carbon Adsorption--

Several problems are encountered in systems controlling the bake 

ovens which follow most surface coating operations. Thermal breakdown of 

the solvents and/or resins can generate a range of low M.W. compounds that 

cannot be adequately adsorbed. Examples are formaldehyde, methanol, and 

acetic acid. Polymerization reactions may produce tar-like products ~~at 

will condense at the operating temperatures of carbon adsorbers and not be 

desorbed, causing fouling. These complications, if present, do not make 

carbon adsorption impossible for ovens, but they will necessitate precautions 

or lower carbon life. 

Compounds such as acetone, methyl-ethyl ketone, and phenol, may cause 

problems because of high heat of adsorption. With proper design, however, 

problems can be avoided. The main requirement is the use of a wet bed and a 

controlled relative humidity in the inlet gases to provide a heat sink for 

the adsorbed vapors. Dimethyl formamide and nitropropanes are a more serious 

problem; carbon adsorption is probably not applicable where these solvents 

are used (Ref. 4-2). 

1. Reuse of solvent--Unless a single solvent is used and breakdown is 

avoided, reuse of the solvent may not be feasible. Distillation is possible, 

but the complexity and cost are so variable that it is difficult to generalize. 

Reuse of mixed recovered solvents is unlikely if the source is one where many 

solvents are run on the same machine. In later cost studies it was assumed 

that if this type of mixed solvent is recovered, it had fuel value only. 

KVB 5804-714 
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2. Particulates--Particulate matter, if allowed to enter the carbon bed, 

can coat the carbon or plug the voids between carbon particles. Adsorbtivity 

is decreased and pressure drop increases. The net result is that the carbon 

must be replaced or cleaned more often. Siliconized coatings cause especially 

difficult problems. 

A solution to a particulate problem is precleaning of the gas. Fabric 

collectors, mist eliminators, electrostatic precipitators, or scrubbers may 

be used. The particulate may be very small in particle size, viscous or tacky 

and hence difficult to remove. Mist eliminators may be used if the par~iculate 

is a liquid. If the condensed vapors harden at the operating temperature of the 

particulate collector, frequent cleaning may be necessary. 

3. Temperature--Carbon capacity is greater at lower temperatures. 

Usually 100 OF is considered the maximum entry temperature. Cooling may be 

accomplished by direct water sprays or by cooling coils. If condensible 

gases are present, a spray cooler and mist eliminator should be placed ahead 

of the adsorber if possible. 

4. Humidity--Although carbon preferentially adsorbs organic materials, 

water will compete with the organics for adsorption sites. To minimize this, 

relative humidity must be kept below about 50 percent. A minimum of 20 to 

40 percent relative humidity should be maintained, however, especially if 

ketones are to be adsorbed. If gases are hot and wet, cooling followed by 

some reheat may be necessary. Water formed by fuel combustion must be 

considered. 

s. Concentration--The range of concentrations for which carbon adsorption 

is applicable is limited. The increased operating cost of low concentrations 

has been discussed. There is also a potential problem wi~~ high concentra­

tions. Adsorption is always an exothermic phenomenon; typically 200 to 300 

Btu is generated per lb of solvent adsorbed. If sufficient air is not present 

to carry this off, the bed can overheat. This can result in poor adsorption 

and, in extreme cases, bed fires. For concentrations over 25 percent of the 

lower explosive limit (LEL),* heating of the bed must be considered in cal­

culations. The problem can be minimized by leaving the bed wet with water. 

*The lower explosive limit of a substance is the lowest volume percent concen­
tration of the vapor in air which can be ignited at 70 OF and normal 
atmospheric pressure. . 
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D. Equipment Design and Operation--

Although there are a great variety of possible schemes for carbon 

adsorption, most applications are similar in design. 

The face velocity is defined as the flow rate divided by cross 

sectional area of ~~e bed. At high face velocities, the pressure drop 

increases and is the controlling factor in practical cases. Flow velocities 

for regenerable systems vary from 30 to 110 feet per minute. The sizes of 

necessary vessels are shown in Table 4-2 assuming a face velocity of 90 feet 

per minute. In evaluating the applicability of carbon adsorption to a source, 

floor or roof space must be considered. 

TABLE '4-2. TYPICAL BED SIZES FOR CYLINDRICAL CARBON ADSORBERS 

Flow rate, cfm Bed Diameter, ft 

1,000 4 

3,000 7 

10,000 12 

30,000 21 

60,000 30 

The usual practice is to install at least two adsorbers and operate 

so that one is adsorbing while ~~e other is regenerating. The largest vessel 

that can be factory assembled handles about 30,000 cfm. Thus for larger 

sources the designer has to choose between multiple packaged units and field 

assembled adsorbers. The largest adsorbers in the South Coast Air Basin are 

located at California Rotogravure Division of Alco Gravure Corp. They have 

four 30 ft diameter carbon canisters capable of 60,000 cfm each. At maximum 

capacity the system operates with three of the units adsorbing and one unit 

desorbing at all times. 

The materials of construction depend on the source to be controlled. 

If carbon dioxide is present, carbonic acid may be formed. If halogenated 

compounds are formed, halogen acids may form. Formaldehydes can yield formic 

acid. Often a stainless or high nickel steel is required. 
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Bed depths vary with the organic vapor type, with the concentration 

of organic vapors and with the desired time between regenerations. The 

lower the M.W., the lower the capacity of the carbon. Higher concentrations 

increase the capacity of the carbon, but also increase the amount of organic 

vapor to be adsorbed per unit volume of gas. The net effect is that at higher 

concentrations, the bed must be deeper for a given vapor, face velocity, and 

time between regeneration. Bed depths typically range from 1-1/2 to 3 feet 

but can be less at low concentrations. Cycle times for regenerable systems 

usually run about 2 hours. Higher flow rates cause the adsorption zone to be 

longer. For the bed depth range of interest for regenerable systems, this 

length of 2 to 4 inches will not be significant in comparison with total bed 

depth. 

For a system in which there are no compounds with high molecular 

weight (> C )' and no polymer formers, or excessive particulates reachings 
the carbon, a carbon life of 5 to 10 years can be expected. 

E.. Control Efficiency--

Where carbon adsorption is applicable, 90 to 95 percent removal in 

the carbon adsorber is commonly attainable. 

F. Adverse Environmental Effects of Carbon Adsorption--

If the organic solvents to be recovered are miscible with water, a 

potential water pollution problem exists. Ways to avoid this are to treat 

the water or to incinerate the desorbed vapor, together with the steam or 

air purge. 

If incineration is used with solvents containing halogens, sulfur, 

or nitrogen compounds, acid gases, SOx and NOx will result. 

4.1. 2 Incineration 

Incineration destroys organic emissions by oxidizing them to carbon 

dioxide and water vapor. Incineration is the most universally applicable 

control method for organics; given the proper conditions, any organic com­

pound will oxidize. Oxidation proceeds more rapidly at higher temperatures 

and higher organic pollutant content. Catalysts are used on some systems to 

lower energy requirements. In the presence of a catalyst the oxidation 
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reaction rate is increased permitting a reduction in the reaction tempera­

ture for a given degree of oxidation. Incinerators (also called afterburners) 

have been used for many years on a variety of sources ranging in size from 

less than 1000 scfm to greater than 40,000 scfm. 

A. Design Considerations--

1. Use of existing process heaters for incineration--The use of existing 

boilers and process heaters for destruction of organic emissions provides for 

the possibility of pollution control at small capital cost and little or no 

fuel cost. The option is, however, severely limited in its application. Some 

of the requirements are: 

The heater must be operated whenever the pollution source is 
operated; it will be uncontrolled during p~ocess heater down 
time. 

The fuel rate to the burner cannot be allowed to fall below 
that required for effective combustion. On-off burner con­
trols are not acceptable. 

Temperature and residence time in the heater firebox must 
be sufficient. 

For proper control, the volume of polluted exhaust gas must 
be much smaller than the burner air requirement and be located 
close to the process heater. For most plants doing surface 
coating, especially if surface coating is their main business, 
the combustion air requirement is smaller than the coater­
related exhaust. In many diversified plants, the coating 
operation may be distant from heaters and boilers. 

Constituents of the coating-related exhaust must not damage 
the internals of the process heater. 

Few boilers or heaters meet ~hese conditions. 

2. Use of add-on incinerators--In noncatalytic incinerators (sometimes 

called thermal or direct flame incinerators), a portion of the polluted gas 

may be passed through the burner(s) in which auxiliary fuel is fired. Gases 

exiting the burner(s) in excess of 2000 OF are blended with the bypassed gases 

and held at temperature until reaction is complete. The equilibrium tempera­

ture of mixed gases is critical for effective combustion of organic pollutants. 

A diagram of a typical arrangement is shown in Figure 4-7. 
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The coupled effect of temperature and residence time is shown in 

Figure 4-8. Hydrocarbons will first oxidize to water, carbon monoxide and 

possibly carbon and partially oxidized organics. Complete oxidation converts 

CO and residuals to carbon dioxide and water. Figure 4-9 shows the effect of 

temperature on organic vapor oxidation and carbon monoxide oxidation. 

A temperature of 1100 to 1250 of at a residence time of 0.3 to 0.5 

second (Ref. 4-3) is sufficient to achieve 90 percent oxidation of most 

organic vapors, but about 1400 to 1500 OF may be necessary to oxidize methane, 

cellosolve, and substituted aromatics such as toluene and xylene (Ref. 4-3). 

3. Design--Incineration fuel requirements are determined by the concen­

tration of the pollutants, the waste stream temperature and oxygen level, 

and the incineration temperature required. For most organic solvents, the 

heat of combustion level, and the incineration temperature required. For 

most organic solvents, the heat of combustion is about 0.5 Btu/scf for each 

percent of the LEL. This is enough to raise the waste stream temperature 

about 27.5 OF for each percent of the LEL (at 100 percent combustion). Thus, 

at 25 percent of the LEL, the temperature rise will be 620 OF for 90 percent 

conversion. 

4. Fuel--Natural gas, LPG and distillate and residual oil are used to 

fuel incinerators. The use of natural gas or LPG results in lower maintenance 

costs; at present, natural gas also is the least expensive fuel. However, the 

dwindling natural gas supplies make it almost a necessity to provide newly 

installed incinerators with oil-burning capabilities. 

In most cases where natural gas or LPG is not available, incinerators 

are fixed wi~~ distillate fuel oili residual oil is seldom employed. Oil 

flames are more luminous and longer than gas flames, thus require longer 

fireboxes. Almost all fuel oils, even distillate, contain measurable sul=ur 

compounds. Residual oils generally have greater sulfur and particulate con­

tents and many have appreciable nitrogen fractions. Sulfur oxides, particu­

lates and NOx in combustion products from fuel oil increase pollution emis­

sions and cause corrosion and soot accumulation on incinerator working and 

heat transfer surfaces. 
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5. Heat recovery--Heat recovery offers a way to reduce the energy con­

sumption of incinerators. The simplest method is to use the hot cleaned 

gases exiting the incinerator to preheat the cooler incoming gases. Design 

is usually for 35 to 90 percent heat recovery efficiency. 

The maximum usable effic~ency is determined by the concentration of 

the organics in the gases, the temperature of the inlet gases, and the maximum 

temperature that the incinerator and heat exchangers can withstand. 

In a noncatalytic system with a primary heat exchanger, the preheat 

temperature should not exceed 680 of, at 25 percent LEL, in order to limit 

incinerator exit temperatures to about 1450 of for the protection of the 

heat exchanger. The auxiliary fuel would heat the stream about 150 of and 

oxidation of the solvent would heat it about 620 OF for an exit temperature 

of 680 + 150 + 620 = 1450 of. At 12 percent LEL the preheat temperature 

should not exceed 930 of. Most burners have not been designed to tolerate 

temperatures above 1100oF. 

There are several types of heat recovery equipment using different 

materials at various costs. The most common is the tube and shell heat 

exchanger. The higher temperature exhaust passes over tubes, which have 

lower temperature gas or liquid flowing through the tubes; thus increasing 

the temperature of that gas or liquid. Another method uses a rotating ceramic 

or metal wheel whose axis is along the wall between two tunnels. Hot exhaust 

flows through one tunnel and heats half of the wheel. Lower temperature air 

flows through the other tunnel and is heated as the wheel rotates. Another 

method uses several chambers containing inert ceramic materials with high 

heat retention capability. The hot gas (e.g. from the incinerator) p~sses 

through these beds and heats the ceramic material. The air flow is then 

reversed, and lower temperature gas passes through the heated beds; thus 

raising the temperature of that gas to near incineration temperature. Further 

details on various heat recovery methods and equipment can be obtained from 

the vendors of incinerators. 
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The use of incinerator exhaust to preheat incinerator inlet air is 

often referred to as "primary" heat recovery as illustrated in Case 2 of 

Figure 4-10. Since some systems have a maximum allowable inlet temperature 

for the incinerator, it may not be possible to recover all of the heat avail­

able in the incinerator exhaust. In such case, the inlet to the incinerator 

is controlled to minimize fuel requirements. Note that a noncatalytic 

incinerator always requires some fuel to initiate combustion. 

"Secondary" heat recovery uses incinerator exhaust from the primary 

heat recovery stage (or from the incinerator directly if there is no primary 

heat recovery) to replace energy usage elsewhere in the plant. This energy 

can be used for process heat requirements or for plant heating. The amount 

of energy that a plant can recover and use depends on the individual circum­

stances at the plant. Usually recovery efficiency of 70 to 80 percent is 

achievable, making the net energy consumption of an incinerator minimal or 

even negative if gases are near or above 25 percent of the LEL. The use of 

primary and secondary heat recovery is illustrated in Case 3 of Figure 4-10. 

It should be noted that heat recovery reduces operating expenses for fuel at 

the expense of increased capital costs. Primary heat recovery systems are 

within the incinerator and require no long ducts. Secondary heat recovery 

may be difficult to install on an existing process because the sites where 

recovered energy may be used are often distant from the incinerator. In 

applying calculated values for recovered energy values in Case 3 to real 

plants, the cost of using recovered energy must be considered. If secondary 

heat recovery is used, often the plant cannot operate unless the control 

system is operating because it supplies heat required by the plant. 

If the gases in an oven are inert, that is, contain little oxygen, 

explosions are not possible and high concentrations of organic solvent vapor 

can be handled safely. The oven exhaust can be blended with air and burned 

with minimal auxiliary fuel. The incinerator may be the source of inert gas 

for the oven. Cooling of the incinerator gas is necessary, removing energy 

that can be used elsewhere. Case 4 of Figure 4-10 illustrates this scheme. 

A modification of the scheme shown is the use of an external inert gas 

generator. This scheme c~~ have a significant energy credit because the 

otherwise discarded organics are converted to useful energy. Because of the 
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specialized nature of Case 4, it may not be applicable to retrofits on 

existing ovens and costs for this case are not included in this study. Note 

that in this case the incinerator exhaust is in contact with the product. 

This limits the available fuel for this option to natural gas or propane. 

The use of this option would probably be impossible if any compounds containing 

appreciable sulfur or halogens are used. 

To illustrate a specific case, Figure 4-11 outlines a source con­

trolled by a noncatalytic incinerator. The source is assumed to operate 25 

percent of the LEL and the incinerator has primary and secondary heat recovery. 

The primary heat exchanger raises the temperature to 700 of, at 35 percent 

heat recovery efficiency. The heat of combustion of the organic vapors pro­

vides a 620 of additional temperature rise at 90 percent combustion and the 

burner must supply only enough heat to raise the gases 80 of to reach the 

design combustion temperature of 1400 of. Combustion products pass through 

the primary heat exchanger--where they are cooled to 1025 °F--and enter a 35 

percent efficient secondary heat exchanger. In the secondary heat exchanger, 

further energy is recovered for use in other areas. In this example, makeup 

air for the source is heated from ambient temperatures to source entrance 

temperatures (higher than oven exit temperatures). 

The energy implications of this scheme can be seen by comparing the 

energy input of this controlled source with an uncontrolled source. In an 

uncontrolled source, fuel would be necessary to raise the temperature of the 

makeup air from 70 OF to 425 OF or 355 OF. For a controlled source, fuel 

would only need to raise the temperature 80 OF. Thus, the energy input would 

be reduced by over 80 percent by use of incineration simply because the organic 

vapors contribute heat when they burn. 

In the above analysis, the assumptions made are important. If the 

organic vapors are more dilute, the temperature rise due to combustion will 

be less. Heat recovery can be more efficient than 35 percent, making up for 

all or some of this difference. Finally, the analysis assumes that the heat 

recovered in the secondary heat exchanger can be used in the plant. The 

heat can be used to produce steam, heat water, supply process heat or heat 

buildings. Obviously, a case-by-case analysis is necessary to ascertain how 

much recovered heat could be used. 
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6. Particulates--The level of particulate concentration found in surface 

coating operations should not pose any problems for noncatalytic volatile 

organic combustion. However, an incinerator designed for hydrocarbon removal 

usually will not have sufficient residence time to efficiently combust organic 

particulates. 

7. Safety of preheat--(At 25 p~rcent of the LEL), oxidation rates at 

temperatures below 1100°F are slow. Complete oxidation can take several 

seconds. Because the gases are in the heat exchanger for less than a second, 

pre~gnition should not be a problem using heat recovery if temperatures are 

below approximately 1000 OF. 

Some problems have occurred in the past with accumulations of condensed 

materials or particulates igniting in the heat recovery devices. If this 

occurs, the accumulations must be periodically removed from the heat transfer 

surfaces. The user should give careful consideration for his particular set 

of circumstances to potential safety problems. This is especially true if 

gases at a high percent of the LEL are preheated. 

8. Adverse environmental effects--Sulfur-containing compounds will be 

converted to their oxides; halogen-containing compounds will be converted to 

acids. A portion of nitrogen-containing compounds will be converted to NOx 

and additional NOx will result from thermal fixation. If use of these com­

pounds cannot be avoided, the benefit from incineration should be evaluated 

against the adverse effects and alternate methods of control should be 

thoroughly explored. 

The concentration of oxides of nitrogen (NOx) is about 18 to 22 ppm for 

natural gas-fired noncatalytic incinerators and 40 to 50 ppm for oil-fired non­

catalytic incinerators at a temperature of 1500 OF, assuming no nitrogen con­

taining compounds are incinerated. 

B. Special Design Considerations for Catalytic Incinerators--

A catalyst is a substance that speeds up the rate of chemical reaction 

at a given temperature without being permanently altered. The use of a 

catalyst in an incinerator reportedly enables satisfactory oxidation rates 

at temperatures in the range of 500 to 600 OF inlet and 750 to 1000 OF outlet. 

If heat recovery is not practiced, significant energy savings are possible 

4-32 KVB 5804-714 



by use of a catalyst. The fuel savings become less as primary and secondary 

heat recovery are added. Because of lower temperatures, materials of con­

struction savings are possible for heat recovery and for the incinerator itself. 

A schematic of one possible configuration is shown in Figure 4-12. 

Catalysts are specific in the types of reactions they promote. There 

are, however, oxidation catalysts available that will work on a wide range of 

organic solvents. The effect of temperature on conversion for solvent hydro­

carbons is shown in Figure 4-13. Common catalysts are platinum or other 

metals on alumina pellet support or on a honeycomb support. All-metal catalysts 

can also be used. 

The initial cost of the catalyst and its periodic replacement represents, 

respectively, increased capital and operating costs. The lifetime of the 

catalyst depends on the rate of catalyst deactivation. 

1. Catalyst Deactivation--The effectiveness of a catalyst requires the 

acceSSability of "active sites" to reacting molecules. Every catalyst will 

begin to lose its effectiveness as soon as it is put into service. Compensa­

tion for this must be made by either overdesigning the amount of catalyst in 

the original charge or raising the temperature into the catalyst to maintain 

the required efficiency. At some time, however, activity decays to a point 

where the catalyst must be cleaned or replaced. Catalysts can be deactivated 

by normal aging, by use at excessively high temperature, by coating with 

particulates, or by poisoning. Catalyst lifetime of greater than 1 year is 

considered the minimum acceptable. 

Catalyst material can be lost from the support by erosion, attrition, 

or vaporization. These processes increase with temperature. For metals on 

alumina, if the temperature is less than 1100 OF, life will be 3 to 5 years 

if no deactivation mechanisms are present. At 1250 to 1300 OF, this drops 

to 1 year. Even short-term exposure to 1400 to 1500 OF can result in near 

total loss of catalytic activity (Ref. 4-1). 

The limited temperature range allowable for catalysts sets constraints 

on the system. As mentioned earlier, at 25 percent of the LEL and 90 percent 

combustion there will be about a 620 OF temperature rise as a result of 

organic combustion. Because an inlet temperature of 500 to 600 OF is 

necessary to initiate combustion, the catalyst bed exit temperature will be 

1120 to 1220 OF at 25 percent of the LEL. This is the upper limit for good 
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Clean, Hot 
Gases 

/ 

Catalyst Elements ~--~,~~ 
Oven Fumes 

Preheater 

Figure 4-12. Schematic diagram of catalytic afterburner using torch-type 
preheat burner with flow of preheater waste stream through 
fan to promote mixing (Ref. 4-1). 
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catalyst life and thus concentrations of greater than 25 percent of the LEL 

cannot be incinerated in a catalytic incinerator without damage to the 

catalyst. Restrictions on heat recovery options are also mandated. These 

will be discussed later. 

2. Coating with particulates--The buildup of condensed polymerized 

material or solid particulate can inhibit contact between the active sites 

of the catalyst and the gases to be controlled. Cleaning is the usual method 

for reactivation. Cleaning methods vary with the catalyst and instructions 

are usually given by the manufacturer. 

3. Poisoning--Certain contaminants will chemically react or alloy with 

common catalysts and cause deactivation. A common list includes phosphorus, 

bismuth, arsenic, antimony, mercury, lead, zinc, and tin. The first five are 

·considered fast acting; the last three are slow acting, especially below 

1100 0p. Areas of care include avoiding the use of phosphate metal cleaning 

compounds and galvanized ductwork. Sulfur and halogens are also considered 

catalyst poisons, but their effect is reversible. 

4. Fuel--Natural gas is the preferred fuel for catalytic incinerators 

because of its cleanliness. If properly designed and operated, a catalytic 

incinerator could possibly use distillate oil. However, much of the sulfur· 

in the oil would probably be oxidized to S03 which would subsequently form 

sulfuric acid mist. This would necessitate corrosive resistant materials 

and would cause the emission of that very undesirable pollutant. Therefore, 

the use of fuel oil (even low sulfur) in a catalytic incinerator is not 

recommended. 

The oxidation of methane in natural gas, as discussed previously, 

requires higher flame temperatures than some of the heavier fumes. A problem 

found in the South Coast Air Basin is that the to~al hydrocarbon level some­

times increaseo in passing througn the catalytic incinerator. The heavier 

fumes were oxidizeo but tne meL~ane in the fuel gas was released at a concen­

tration level greater than tnat of the original process input stream. 

5. Heat Recovery--The amount of heat that can be transferred to the 

cooler gases is limited. The usual design is to have the exit temperature 

from the catalyst bed at about 1000 0p. If the gas is at 15 percent of the 

LEL, for example, the temperature rise across the bed would be about 375 OF, 

and the gas could only be preheated to about 625 0p. Secondary heat recovery 
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is limited by the ability to use the recovered energy. If a gas stream is 

already at combustion temperature, it is not useful to use "primary" heat 

recovery but "secondary" heat recovery may still be possible. Note that for 

catalytic incineration, no flame initiation is necessary and thus it is 

possible to have no fuel input. 

As in noncatalytic systems, heat recovery equipment may need periodic 

cleaning if certain streams are to be processed. 

4.1. 3 Condensation 

A. Application--

Any component of any vapor mixture can be condensed if brought to 

equilibrium at a low enough temperature. The temperature necessary to achieve 

a given solvent vapor concentration is dependent on the vapor pressures of 

the compounds. 

When cooling a two-component vapor where one component can be considered 

noncondensible, for example, a solvent-air mixture, condensation will begin 

when a temperature is reached such that the vapor pressure of the volatile 

component is equal to its partial pressure. The point where condensation 

first occurs is called the dew point. As the vapor is cooled further, conden­

sation continues such that the partial pressure stays equal to the vapor 

pressure. The less volatile a compound, that is, the higher the normal 

boiling point, the lower will be the amount that can remain vapor at a given 

temperature. 

In cases where the solvent vapor concentration is high, for example, 

from the desorption cycle of a carbon adsorber, condensation is relatively 

easy. However, for sources where concentrations are typically below 25 per­

cent of the LEL, condensation is very difficult. In some applications ~he 

concentration of the organic compound can be increased by compressing the 

process gas stream. Then condensation can take place at a higher temperature. 

Figure 4-14 shows the vapor pressure dependence on temperature for several 

compounds. Table 4-3 shows the temperature necessary to condense various 

amounts of compounds spanning the volatility range of compounds used for 

solvents. 
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Except for dadecane , which is not volatile enough to be a major 

component in an industrial solvent, all of the solvents require a low process 

temperature to condense 90% of the pollutant from a 25% LEL stream. This would 

be very uneconomical. However, as indicated by the last column in Table 4-3, 

if the concentration of the solvent is 50%, ~~en the temperature to condense 

95% of the material is in a practical range. Thus in applications like dry 

cleaning, degreasing and storage tank vapor recovery the condensation approach 

is practical. For surface coating, condensation is generally not applicable 

except in rare cases where high concentrations of relatively nonflammable 

materials are present. 

The above calculations are for single condensable compound systems. 

The calculation methods for multiple condensable component systems are complex, 

particularly if there are significant departures from ideal behavior of the 

gases and liquids. As a simplification, the temperatures necessary for con­

trol by condensation can be roughly approximated by the weighted average of 

the temperatures necessary for condensation of a single condensable component 

system at concentrations equal to the total organic concentration. 

Totally chlorinated and fluorinated compounds, for example, carbon 

tetrachloride and perchlorethylene, are nonflammable and may be handled safely 

in all concentrations for nonoccupied areas. Condensation may be practical 

if high concentrations of these solvents are present. In fact, condensation 

is widely used in drycleaning and vapor degreasing for perchloroethylene 

recovery, because the relatively high cost of chlorinated solvents makes 

recove~I attractive. Totally chlorinated compounds, however, are not used 

extensively in the surface coating industry; therefore, condensation is 

rarely used as a control method in that industry. Other applications for 

condensation systems for organic vapor control are in the petroleum industry 

in various storage and transfer operations. 

B. Equipment Design and Operation--

Many petroleum vapor recovery systems use refrigeration to condense 

and collect hydrocarbons. A typical installation in a gasoline bulk loading 

terminal is pictured in Figure 4-15 and shown schematically in Figure 4-16. 
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This cascade refrigeration system follows conventional design producing 

temperature in the brine chiller of on the order of -90 OF to -100 OF. A 

cold brine pump circulates methylene chloride brine from the brine storage 

reservoir through the brine chiller to obtain the appropriate low temperature 

fluid (approximately -90 OF) for use in the vapor condenser. 

In turn, the low temperature brL,e coolant is circulated through the 

finned tube sections of the vapor condenser. Hydrocarbon vapor and air 

mixture from the various bulk station filling points is passed over the 

finned tube sections of the vapor condenser. Entrained moisture in the 

entering vapor-air mixture condenses and collects as frost on the cold plate 

fins. Condensed liquid hydrocarbon is collected at the bottom of the vapor 

condenser. 

At periodic intervals, defrosting of the finned surfaces is accomplished 

by circulation of warm brine stored in a separate reservoir. The temperature 

of the warm defrost brine is maintained by heat reclamation from the 

refrigeration equipment. Defrosting is completed in 10 to 30 minutes, 

depending upon the amount of frost collected on the finned coil. 

A similar system is used in dry cleaning equipment. Heat vaporizes 

the solvent in the fabric and this vapor laden mixture is carried through 

refrigerant coils or through water. Solvent vapor is condensed, decanted 

from water and returned to the machine tank. The air is recirculated through 

the heater to the tumbling fabric. iihen the concentration of solvent vapor 

in the air stream from the drum drops below its dew point, and the solvent 

no longer can be condensed, a small amount of solvent will remain in the 

fabric being dried. At this point, the air is no longer recirculated to the 

heater but is exhausted to the atmosphere after one pass. This cools the 

fabric and deodorizes it by serving to evaporate and remove the final traces 

of solvent. 

In solvent degreasers l refrigerated freeboard chillers can be added 

to control emissions. The freeboard is the distance from the surface of the 

solvent to the cover flange at the top of the unit (see Figure 4-17). The 

vapors created within a vapor degreaser are prevented from overflowing out of 
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?igure 4-17. Refrigerated freeboard chiller. 
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the equipment by means of condenser coils and a freeboard water jacket. Refri­

gerated freeboard chillers are, an addition to this basic system. In appear­

ance, they seem to be a second set of condenser coils located slightly above 

the primary condenser coils of the degreaser. Functionally, however, they 

achieve a different purpose. The primary condenser coils control the upper 

limit of the vapor zone, while the refrigerated freeboard chilling coils 

impede the diffusion of solvent vapors from the vapor zone into the work 

atmosphere. This is accomplished by chilling the air immediately above the 

vapor zone and creat~ng a cold air blanket. The cold air blanket also reduces 

the mixing of air and solvent vapors by narrowing the air/vapor mixing zone, 

which results from a sharper temperature gradient. In addition, th~ chilling 

decreases the upward convection of warm solvent laden air. 

4.1.4 Absorption (Scrubbing) 

Absorption, as an air pollution control process, involves dissolving 

a soluble gas component in a relatively nonvolatile liquid. The absorption 

step is only the collection step. After the gas is dissolved, it must be 

recovered or reacted to an innocuous form. 

Common absorbents for organic vapors are water, nonvolatile organics, 

and aqueous solutions (Ref. 4-4). Absorption is increased by lower tempera­

tures, higher solubility of the gas, higher concentrations of the gas, higher 

liquid to gas ratios, lower concentrations of gas in the liquid, and greater 

contacting surface. Absorption has been widely used as a product recovery 

step in the petroleum and petrochemical industry where concentrations are 

typically very high. These products are generally recovered by heating to 

lower the solubility, or by distillation. 

If a chemical oxidizer is present in the liquid stream, organics can 

be oxidized in the stream. This technique has been used to convert low con­

centrations of odorous compounds to less odorous forms. The expense of the 

oxidizing chemical, however, prevents its use where concentrations greater 

than a few parts per million are present. 
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The absorption-regeneration approach for organic solvents is severely 

limited by the low concentrations and consequent low solubilities of most 

organic gases in the absorbent. Exceptions are alcohols, ketones, amines, 

glycols, aldehydes, phenol, and organic acids. Gases may be regenerated by 

heating and reclaimed by condensation or destroyed by incineration. 

Direct contact with water may be used as a cooling method for removal 

of organic particulates or high boiling compounds to avoid opacity problems 

in the exhaust. It may also be used to preclean the air before a carbon 

absorber, but in most cases the materials do not go into solution to any 

appreciable extent. Figure 4-18 illustrates various types of scrubbers 

designed to provide thorough contact between the polluted gas stream and the 

water. If water is used for condensation in this way, water treatment may be 

necessary before discharge. 

In summary, except for a few specialized cases involving water 

soluble compounds, absorption is not applicable to control of organic solvent 

emissions from surface coating except as a preliminary step for parti9ulate 

and high-boiling compound removal. 

4.1.5 Vapor Space Elimination 

In storing or enclosing volatile organic liquid provisions must be 

made to control the escape of vapor due to temperature cycling or the change 

in liquid level. In a tank of fixed dimensions the organic vapors expand 

and contract with diurnal temperature changes and changes in the liquid con­

tents. The pressure in the vapor space must be held constant within a few 

inches of water. Thus a fixed dimension tank must allow for vapor pressure 

compensation by venting organic vapor or intaking air as pressure or level 

changes occur. 

The concept of a floating roof tank has developed over the years to 

eliminate the vapor space in storage tanks. The roof floats directly on the 

liquid in the tank moving up and down with changes in liquid level. At the 

periphery of the roof is a moving seal which rides against the tank wall. 

Compared to a fixed dimension or fixed roof tank, the emissions from a properly 

sealed floating roof tank is approximately 95% less (Refs. 4-5, 4-6). 
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While the floating roof concept is universally accepted'as the proper 

method to store petroleum products, there has been an extensive amount of 

effort in the past year 1976-1977 to investigate the effects of the integrity 

of the roof-to-wall seal on the emissions from the floating roof tanks. In 

spite of work by the Western Oil and Gas Association (Ref. 4-7) and a joint 

effort by SOHIO and the Chicago Bridge and Iron Corp. (a tank manufacturer) 

(Ref. 4-8) , the quantitative effects of the joint seal has not been rigor­

ously measureu. The API is currently unaertaking a program to again attempt 

to measure actual tank emissions and to determine the effects of design and 

environmental parameters on the emission rate. 

In the meantime the only "official" method of determining floating 

roof tank emissions is to use the calculation method of API Bulletin 2517 

(Ref. 4-9). Although it is generally believed that this approach will not 

provide a accurate prediction of a given tank, it is felt to be as good a 

prediction as currently exists for the tanks in the field today. (Refer to 

further discussion in' Section 2.0.) 

The ARB has amended Rule 463, Storage of Organic Liquias, for ~~e 

South Coast Air Quality Management District (SCAQMD) which requires floating 

roof tanks to have two seals with allowable gap requirements for the two 

seals specifically defined. Under these conditions some unofficial estimates 

of emissions are that ~~ey will be approximately 1/3 of those predicted by 

the equations in API 2517. SCAQMD's Rule 463 in its form at time of 

publishing this report is presented in the Appendix. 

The concept of floating covers for waste water separators and other 

hydrocarbon pools can be used to reduce organic emissions. The problem is 

one of proper design to prevent the roof from sinking during adverse wind or 

precipitation conditions. 
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4.1.6 Liquid/Vapor Exchange (Balance System) 

AS organic liquid is transferred, the associated vapors are displaced 

by liquid. Instead of allowing these vapors to escape, they are ducted back 

to the transmitting vessel to complete a balanced system - hence the name, 

Balance System. As a tank truck is filled from a bulk loading tank the vapor 

from the truck is returned to the bulk tank. This is repeated as the tank 

truck fills the service station tank and again when an automobile's tank is 

filled. This is assuming that the equipment for balancing is available. 

In the Basin most of the bulk terminals use the balance system. Very 

few service stations have installed systems yet. Bulk terminal systems have 

efficiencies ranging from 98-100%. Service station equipment has been 

demonstrated to have at least 90% efficiency*. However, the auto filling 

nozzles (specifically the nozzle to spout seal) are still in the development 

stage. The problem is to provide a reliable seal design that will stand up 

to the rugged handling of a self-service station. 

Most automobile filling development activities are occurring in San 

Diego under the surveillance of the APeD. Several systems are being inves­

tigated: the balance system (Fig. 4-19); an augmented system in which a 

slight vacuum is created at the tank seal (Fig. 4-20); and the system in 

which the fumes are vacuum gathered for thermal incineration (Fig. 4-21), 

called the Hasselmann system. At the time of this writing, only the 

Hasselmann system has California ARB certification. It routes the vapors 

to a process unit where excess vapors are incinerated and provision is 

made to route ~iquids recovered back to the tank. A variation routes ~~e 

vapors first through an underground storage tank, there via a vacuum pump 

to the process unit for incineration. The balance system is simple but 

it can be fouled by liquid gasoline blocking the return lines. If the 

nozzle seal is good and the tank overfills, the excess flows into the vent 

line. The second system uses an aspirator on the liquid fill line to 

create a slight vacuum on the vapor return line to assist in gathering the 

vapor at the vehicle tank interface. This should overcome any liquid 

blockage. That system (Fig. 4-20) also employs an enlarged vent pipe on 

"'"The balance system (Fig. 4-19) is rated at 90% efficiency. The vacuum 
assisted systems (Figs. 4-20 and 4-41) have demonstrated 95% efficiency 
but they are not widely accepted. 
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Figure 4-20. An augmented vapor recovery system for 
automobile refueling. 
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the undergro~d tanks to contain the hydrocarbon gases (> C ) in a strati­3 
fied layer while air moves in and out slowly due to temperature cooling 

effects. The third system can be installed above ground. A vacuum pump 

pulls ~~e vapors into a processing unit where condensation allows ~~e 

return of the liquid to the storage tanks. The excess gases are then 

passed to the oxidation unit. The processing unit adds air to the hydro­

carbon stream in a controlled amount to support combustion. 

For a detailed treatment of the balance system and other systems of 

vapor recovery associated with petroleum marketing the reader should consult 

Reference 4-10. 

4.1. 7 Enclosure 

In petroleum operations open pits, sewers and separators are still 

in use. As discussed in Section 2.0 these are significant sources of emis­

sions depending on the temperature and vapor pressure of the soufce. Enclos­

ing these open sources would reduce these fugitive emissions. Since an 

explosive mixture could be produced in this manner, care should be taken to 

adequately shield these enclosures from ignition sources. Vapor recovery 

devices or floating seals can reduce the explosion hazard. 

Another version of enclosure is the variable vapor space tanks. These 

systems are primarily designed to limit breathing loss from fixed roof tanks. 

They are generally used for gasoline storage where tank throughput is low 

(less than 6 to 12 turnovers per year). 

Usua~~y a series of fixed roof tanks are connected to a variable 

vapor space tank by a series of manifolds. Vapors evolving from the products 

stored in the fixed roof tanks during periods of thermal expansion or reduced 

barometric pressure are temporarily stored in the variable vapor space tank. 

During periods when t~e vapors are contracting, such as at night, they are 

transferred back to the storage tanks. In this manner, normal breathing 

losses are effectively controlled. Filling losses are also controlled up to 

the point where the expelled vapor exceeds the capacity of the variable vapor 

space system. Figure 4-22 shows a tank designed to hold the vapors from 

ano~~er fixed roof tank. 
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Figure 4-22. separate variable vapor space tank 
(Ref. 4-11). 
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4.1. 8 Process and Material Changes 

A. Water-borne Coatings--

There is much confusion over the terminology of coatings containing 

water as part of their solvent content. Water-borne, water-reducible, water­

based, water-thinnable, and latex are all used to describe these coatings. 

Strictly speaking,'water-borne is the correct generic term for coatings 

containing water (Ref. 4-12). The base of a coating is the polymer or 

resin, but many use the term water-based interchangeably with water-borne. 

There are three types of water-borne coatings: water-solutions, water­

emulsions, and water-dispersions. Water-solution coatings feature very small 

particles dissolved in a mixture of water and a coupling solvent (Ref. 4-13). 

The water-soluble resins normally contain ionizable amine or carboxylic acid 

groups that solubilize the molecules (Ref. 4-12). These systems are more 

easily mixed and applied than other water-borne systems. However, resin 
I 

properties that make the resin soluble can also cause water sensitivity after 

curing unless additions are made to eliminate this sensitivity. 

Water-emulsions are high molecular weight particles suspended in water 

by some stabilizing, dispersing agent (Ref. 4-13). The resins, of which 

vinyls and acrylics are the most prominent, have very few functional groups 

and require emulsifying agents to maintain their form (Ref. 4-12). Emulsion 

coatings generally have the highest water resistance of the water-borne 

systems. 

Water dispersion coatings are intermediate in particle size, in use 

of functional groups, and in water sensitivity. 

1. Application techniques--Water-borne coatings may be applied using any 

of the methods used for organic solvent-borne coatings, that is, knife, blade, 

roller, dip, flow coat, and spray. The conductivity of water also enables 

use of electrophoresis to deposit a coating on conductive materials. By 

using a direct current potential in a bath and grounding the item to be 

coated, the item can act as an anode or cathode and be coated. Conversely, 

the conductivity makes electrostatic spray more difficult, although still 

feasible. Also, a new dip process is available in which the driving forces 

are chemical rather than electrical in nature (Refs. 4-2, 4-14, 4-15). 
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Water-borne spray coating solvent is typically 70 to 80 percent 

water and 20 to 30 percent organic solvent. The organic solvent is a 

necessary part of the coating that gives proper leveling and performance 

properties. Unlike organic solvent mixtures, water is only one compound 

with one evaporation rate and boiling point. The heat of vaporization 

is much higher than organic solvents and the rate of evaporation from a 

coating is very dependent on the relative humidity of the air surrounding 

the coating as well as the cosolvents used. Roller application followed 

immediately by curing has little humidity problem. ~men spray coating with 

water-borne coatings, humidity control is required. This increases energy 

consumption. This is an especially severe problem when spray booths are 

occupied. 

2. Performance and appearance--Appearance of water-borne enamels can 

be as good as organic solvent-borne enamels if proper curing procedures are 

used. "Orange peel," that is, bumpiness of the surface, is greater for any 

enamel than for lacquer. The organic solvent portion of water-borne coatings 

minimizes this "orange peel" effect. Only a limited number of resins are 

available that allow the generation of high-gloss water-borne coatings. 

Water-borne coatings for aluminum are farthest advanced with tin-plate steel 

second. Coaters producing a wide variety of products and coaters who must 

warrant products for long periods of time in severe environments have the 

same problems with water-borne coatings as they do with other process 

changes. 

3. Energy consumption--The energy required to remove the solvent is 

greater for a given amount of water than for the same amount of organic 

solvent. The heat of vaporiza~ion of water is about 1000 Btu/lb, about 

five times that of most organic solvents. The curing tempera~ures and time 

for water-borne coatings is greater than for organic solvent-borne coatings. 

It should be noted that the energy for heating the part itself often exceeds 

the energy to remove the solvent and cure the coating, particularly with 

large metal parts. Counterbalancing these higher energy items is a signifi­

cant savings in oven air heating costs. Air recirculation is governed by 
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the necessity to maintain levels below 25 percent LEL (or somewhat greater 

with proper safety controls). Because of the lower solvent content per unit 

weight of solids, the volume of exhaust air can be safely reduced somewhat. 

In some cases, however, the coating quality can be adversely affected by too 

large a reduction, because of the drying properties of the coating. The 

net result is that the energy required to cure water-borne coatings is 

approximately equal to that for organic solvent-borne coatings for some 

applications but will be somewhat higher for most applications. 

4. Safety--One of the major advantages of water-borne coatings is their 

non-flammability and low toxicity. Considerable savings in insurance costs 

can be realized in some cases. 

B. High-solids Coatings--

The basic ingredient in an organic coating is the binder or resin. 

A resin is a film-forming organic polymer having glassy, plastic, or rubbery 

properties in the dried state. As applied the resins are liquids of controlled 

viscosity. On drying and curing (baking) the materials undergo polymerization 

and cross-linkage to form a solid film of the desired properties. 

The materials for resins to be used in conventional solvent-borne 

coatings are "cooked" in resin kettles to yield liquids which have a high 

viscosity at ambient temperatures. To facilitate compounding with pigments 

the resins are dissolved in organic solvents which reduce the viscosity. To 

facilitate application more solvent may be added. After application, the 

solvent evaporates and the resins further polymerize to yield the solid film. 

The viscosity of the coating as applied can be reduced by using low 

molecular weight monomers or "prepolymers," which are applied and then 

polymerized (cured) to the high molecular weight solid film. The amount of 

solvent required decreases with decreasing reactant molecular weight. However, 

as the molecular weight of the resin formers are reduced, the difficulty of 

controlling the polymerization reactions increases. The application and 

curing conditions must be precisely fitted to the reactant characteristics to 

yield a film of the desired properties. 
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Another method of reducing viscosity of high-solids coatings is by 

heating the coating material. As a rule of thumb an increase in temperature 

from 70 of to 125 of is equivalent to a 10 percent solvent reduction. However, 

heating can cause loss of solvent crucial to the application performance of 

high-solids coatings. Heating can also cause premature gelation of coatings, 

particularly on standing. 

The solids content of a coating is expressed as ~~e volume or weight 

of the final cured coating per volume or weight of the coating as applied. 

The term "high solids coatings" is usually reserved for low solvent coatings 

which are applied arid cured by conventional means. Low molecular weight 

materials which are cured by radiation (ultraviolet, infrared, and electron 

beam) are classified separately. Radiation-cured coatings are discussed 

below. 

High solids coatings were first defined by the Les Angeles, County 

Air Pollution Control District in its Rule 66; coatings of 80 percent or 

more solids (by volume) were exempt from emission limitations. 

1. Materials and processes--Most high solids resins fall into two 

categor.ies, two component ambient temperature cured and single component 

heat converted. The most important types are as follows: 

Two Component Single Component 
Ambient Cure Heat Converted 

Urethane Epoxy 

Acrylic-Urethane Acrylic 

Epoxy/amine Polyester 

Alkyd 

Many two component systems use a catalyst to increase the curing 

reactions. Although these chemical reactions can take place at room tempera­

ture, many plants use low-temperature ovens to cure two-component systems 

rapidly so that the coated product can be handled sooner. The oven tempera­

tures required are much lower than for conventional ovens and the amount of 

solvent is lower. This will result in large energy savings. Most thermo­

setting high-solids coatings are based on epoxy or urethane resins. The 
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most popular two-component coatings are based on polyurethane resins. 

Coatings properties compare favorably with those obtained from conventional 

based enamels. Toxicity of the isocyanates used for urethanes is a potential 

problem. 

Fast-reacting two-~omponent systems are usually applied with special 

spray guns that mix the two components at the spray nozzle. This equipment, 

more complic~ted than conventional spray equipment, is also more expensive. 

Some slower-reacting two-component coatings can be applied with conventional 

spray equipment. 

High-solids coatings can be used in a variety of industrial coating 

processes. Two-component catalytically cured coatings are presently being 

air sprayed to coat small metal products. It might be possible to coat 

larger products such as automobiles with such systems. The coil coating 

industry is currently investigating the possibility of using high-solids 

coatings, especially two-component coatings (Ref. 4-16). The can industry 

is testing a roll-coat-applied high solids coating for can exteriors. 

Interiors of cans can possibly be coated with spray-applied high-solids 

coatings. Coatings of high viscosity can be applied with a knife coater, 

therefore, the paper and cloth industry may be able to apply high-solids 

coatings using existing knife coating equipment. 

2. Advantages of high-solids coatings--In addition to reduction of 

solvent emissions high-solids coatings have other advantages: 

In most cases conventional application methods can be used. 
Therefore, conversion costs are low. 

In many cases, the energy required for curing is less than 
either conventional solvent coatings or water-borne coatings. 
However, in some cases higher curing temperatures are 
required and energy usage is greater than for conventional 
coatings. 

In some cases thick coatings can be applied, that mask 
surface defects (if desired), so that less surface prepara­
tion for a product is needed. 
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3. Disadvantages of high-solids coatings--The limitations of high­

solids relate to the properties and availability of these coatings: 

Achieving the desired properties in the finished coating is 
difficult. In conventional coatings the necessary functional 
properties are created by polymer building in the resin 
kettle. Solvents are then added to optimize appl~cation and 
appearance. Most of the polymerization in high-solids coatings 
occurs after application and controlling the conditions so 
as to produce the desired properties is much more difficult. 

The availability of high-solids coatings is very limited. 
These coatings are just beginning to be converted from 
laboratory coatings to proven industrial finishing systems. 
Coating manufacturers report that efforts to produce coatings 
of 80 percent solids by volume have been unsuccessful. 
Coatings of 70 percent solids are still in the developmental 
stage. Only coatings in the 50 to 60 percent solids range 
appear to offer immediate prospects for expansion to wide­
spread usage. 

Pot-life of two component systems is very short, leading 
to application difficulties. 

There is a health hazard associated with the isocyanates 
used in some two-component systems (urethanes). 

4. Organic solvent emission reduction potential--In order to compare 

emissions for coatings of various formulations a common basis is necessary, 

such as a given volume or weight of cured solids. Table 4-4 makes such a 

comparison for organic solvent-borne coatings and water-borne coatings. The 

water-borne coating is assumed to have a volatile portion containing 80 

percent water and 20 percent organic solvent. Such coatings are exempt from 

emission limitations by Rule 66 type regulations (Ref. 4-2). The last column 

shows the equivalent control device performance efficiency to achieve ~~e 

same emission reductions. 

C. Powder Coatings--

Powder coating involves ~~e application of finely divided coating 

solids to a surface, followed by a melting of the coating solids into a 

continuous film. Very little solvent is used (less than one percent), and 

the process is thus almost pollution free. Several types of resins may be 

applied as a powder, but there are limitations on the type of objects that 

can be powder coated. 
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1. Advantages of powder coating--In addition to the almost total 

elimination of organic solvent emissions, powder coating has several 

advantages over solvent-borne coating: 

Single coat application is possible with the fluidized bed 
technique for thickness up to 0.040 in. with one application 
versus several applications necessary for solvent-borne 
coatings. 

Material utilization can approach 100 percent if the powder 
can be collected and reused. This factor allows powder 
coating to be potentially the most economical coating material. 
The difficulty with the reuse of powder occurs if multiple 
colors are used. This will be discussed later. 

Safety aspects of powder coatings offer some advantages. 
Powders are low in toxicity and nonflammable in storage; 
however, virtually any organic powder suspended in air can 
be explosive. 

Maintenance is generally less because .the powder can be 
vacuumed from any unbaked areas. Likewise the paint from 
any mistakes can simply be vacuumed off from unbaked items. 

Exhaust air volume is greatly reduced from that used for 
solvent-borne spray because application is generally either 
automatic or else done in a much smaller area. Spray booth 
air theoretically could be filtered and returned to the 
plant interior. Fan power is reduced as are space cooling 
or heating requirements. 

Water pollution problems are absent because dry particulate 
collection is possible. 

Natural gas usage can be theoretically decreased because little 
dilution air is required in ovens. However, higher bake 
temperatures are usually required, which may result in 
increased gas usage. 

2. Disadvantages of powder coating--Some of the specific problems with 

different meL~ods of application are discussed later. General problem areas 

include the following: 

Color change is a difficult problem for powder. The automobile 
and truck assembly industry has this problem in its extreme. 
Hence, color changes can occur as often as once a minute and 
with as little as 15 seconds to change colors between vehicles. 
Furthermore, more than a dozen colors are usually applied. 
For fluidized bed methods, considerable time would be necessary 
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to switch colors because cleanout of the equipment would 
be necessary. A separate dip for each color would be 
necessary if color were changed more than once a day. For 
spray operations, the problem of changing colors can be 
solved by switching coating supply lines and purging the 
small amount of powder in the nozzle. This can, however, 
be a difficult mechanical problem. A remaining difficulty 
with color change is the problem of reusing overspray. If 
colors become mixed in the collection device, reuse of 
powder is impossible for any applications that change colors 
more than about once a day, unless the number of colors are 
few and it is feasible to use separate spray areas for 
each. Without the ability to reuse the oversprayed powder, 
powder coating loses one of its chief economic advantages-­
low materials loss. 

Color masking is more difficult for electrostatically applied 
powder coatings than for solvent-borne coatings. Fine 
detail, such as printing, is not possible and even two-tone 
automobiles present a problem, albeit a solvable one. 

Powder coating materials are discrete particles each of 
which must be the same color. Thus, there can be no user 
tinting or blending and all colors must be available from 
the manufacturer. For a coater that must match a given 
color, such as in a trademark, the necessary color may not 
be available. Color matching problems can occur when 
using recycled powder. 

The high curing temperature required for powder coatings 
mades them applicable only for metals and some plastics. 

A typical particle size for sprayed powder coating materials 
is generally greater than 15 micrometers (Ref. 4-18). 
Because 1 mil is about 25 micrometers, it is obvious that 
thin, uniform spray coatings are difficult to achieve at 
coating thickness of less than 2 to 3 mils. Fluidized 
bed coating materials are usually about 200 micrometers 
in diameter and thus are not applicable for thin coatings. 

3. Application methods--The three general application methods for 

powder coatings are electrostatic spray, conventional fluidized bed, and 

electrostatic fluidized bed. For further details consult References 4-2 

and 4-17. 

D. Hot Melt Formulations--

Hot melt coatings are applied in a molten state. The molten resin 

film cools soon after being applied to the substrate. Because there is no 

solvent to evaporate, virtually 100 percent of the materials that are 
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deposited remain as a solid part of the coating. Hot melt coatings are 

most often applied to paper, paperboard, cloth, and plastic. 

When the hot melt coating has been applied and cooled, the film 

does not need further heat curing. Since the only heat required is that 

'to melt the coating initially and to heat the coating applicator, a con­

siderable energy savings can result compared to oven curing. Also, because 

an oven is not needed, less floor space is needed for the coating line. The 

line can be run faster with hot melts than with organic solvent-borne coatings. 

A chilled roll can be used to speed cooling, if necessary. 

Hot melt coatings are applied at a variety of temperatures. Low 

melting point coatings are applied at temperatures as low as 150 to 210 OF. 

These are materials such as waxes or paraffin coatings that are soft and 

easy to scratch. To improve scratch resistance, higher melting resins are 

added. These are usually synthetic organic compounds. Hot melt blends with 

melting points in the range of 300 to 450 OF usually contain no paraffin, 

waxes, or other low melting point ingredients but rather are composed of 

film forming resins and plasticizers. The resultant films from such high 

melting point formulations show properties that are comparable to high grade 

solvent-borne coatings (Ref. 4-18). 

Hot melt coatings must, of course, be applied at temperatures ~~at 

are higher than the melting point of the coating. Because the substrate 

may be harmed by high temperatures, hot melt coatings with melting points 

above 400 OF cannot be used for some applications. However, some extrusion 

coatings are heated to 600 OF to achieve proper adhesion between the polymer 

and substrate (Ref. 4-19). 

Hot melts may be applied in a variety of ways. Usually special 

heated coating equipment is required. Lower melting hot melts may be applied 

by heated rotogravure or roll coaters. Extrusion coaters are widely used 

also, especially with higher ~lting point materials. 
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Extrusion coatings are a large subclass of hot melt coatings. In 

this type of coating a screw extruder discharges a molten plastic sheet 

onto the substrate. Food containers such as milk cartons are often coated 

with extrusion coatings because the plastic film provides a good moisture 

barrier. 

Ethylene/vinyl acetate copolymer, low and medium density poly­

ethylenes are ~~e resins most widely used for hot melt coatings. Poly­

ethylene forms a strong film, mixes well with other resins and waxes, has 

good water resistance, has good flexibility at low temperatures, and is 

relatively low in cost. Other resins used include vinyls, cellulose esters, 

alkyl esters, maleic esters, and polystyrenes. All of these materials must 

have viscosities suitable for application and they must be chemically stable 

for long periods in the molten state. 

Hot melts are applicable to the paper and fabric coating industry, 

although only for certain applications. Thus, hot melt coatings cannot be 

judged to be universally applicable in the paper and fabric coating industry 

at this time. 

E. Electrostatic Spray coating--

Electrostatic spray coating utilizes the attractive force between 

materials of opposite electrical charge as an aid in applying a uniform 

coating to various surfaces. The method reduces overspray and waste and 

thereby increases the coatings application efficiency over conventional 

spray coating processes. In the case of solvent- and water-borne coatings, 

this will in effect reduce the amount of coating solids and corresponding 

solvent carrier needed for a specific coating job. Electrostatic spray 

coating can be used to apply solvent-borne, water-borne, or powder coatings. 

In typical electrostatic spray coating processes where relatively 

nonconductive solvent-based coatings are used, coating particles are charged 

up to 100,000 volts with an electrode (Ref. 4-20). The grounded object 

then attracts the negatively charged particles, which are captured to form 
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a film. In instances where conductive coatings are used, water-borne 

coatings, for example, it is possible to use reverse polarity, that is, 

charging the object to be coated and grounding the spray equipment (Ref. 

4-21) . 

Electrostatic spray coating is primarily applicable to metal surface 

coating. It is of particular value for complex shapes. Glass, plastics, 

paper and fabric have been successfully coated with this technique. Corners 

or extreme concave shapes on objects may escape coating due to the "Faraday 

cage" effect (Ref. 4-21). This phenomenon results from the repulsive 

electrical forces in corners or concave areas. 

Electrostatic spray coating has the potential of reducing organic 

emissions since it can improve the efficiency of application of solids over 

ordinary spray. This results in less organic solvent emissions. 

·F. Electron Beam Curing--

The electron beam curing process uses high energy electrons to 

promote curing of electron beam-curable coatings. Electrons bombard a coating 

to produce free radicals throughout the coating. This initiates a cross­

linking reaction that continues until the coating is cured. The entire 

process takes only a few milliseconds to complete (Ref. 4-22). Since most 

free radicals are terminated by oxygen, an inert atmosphere is desirable 

so that the surface of the coating will not be less highly crosslinked than 

the interior. 

The energy requirements for electron beam curing are dependent on 

the size of the unit and the coating thickness but are typically lower than 

for thermal curing. There is an additional energy savings because of the 

instant startup and shutdown capability of the electron beam unit. 

Electron beam curing units must be shielded properly to avoid 

radiation exposure. According to occupational Safety and Health Administra­

tion regulations, exposure should not exceed 5 millirems of radiation in 

1 hour and 100 millirems in any 5 consecutive days (Ref. 4-23). 
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Some electron beam-curable coatings may contain monomers that are 

toxic. Caution should be taken when using such monomers. 

There have been few, if any, tests performed to quantify organic 

vapors emitted during the curing process. It is generally assumed that some 

low molecular weight organic compounds are emitted during curing even though 

all the components are reactive. There also may be some ozone generated 

from the curing process itself (Ref. 4-24). 

The use of electron beam curing is most effective on flat surfaces 

where the electron beam strikes the surface vertically. If the beam strikes 

the surface at an angle closer to the horizontal, the amount of absorbed 

energy can be too small and the coating will not cure properly. 

Electron beam curing, unlike ultraviolet light curing, can cure 

thick and pigmented coatings because of the penetrating power of the electrons. 

Because electron beam curing uses relatively new technology, the 

coatings necessary for the electron beam curing process are in the early 

stages of research and development. The use of electron beam curing is 

very limited at the present time. 

G. Ultraviolet Curing--

In ultraviolet curing, ultraviolet light reacts with photosensitizers 

in the coating to initiate crosslinking to form a solid film. The basic 

components of an ultraviolet curable coating are: an ultraviolet-curable 

base polymer, diluent monomers, and ultraviolet photochemical initiators 

(Ref. 4-25). 

The ultraviolet-curable polymers provide most of the desired coating 

properties. The diluent monomers decrease the viscosity of the polymers, 

increase the crosslinking density, and improve other features of the coating 

such as gloss, hardness, and curing speed. The photochemical initiators 

are unstable chemicals that form free radicals when bombarded by ultraviolet 

light to initiate the crosslinking process (Ref. 4-26). 
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The energy source used for ultraviolet curing is electrically produced 

ultraviolet light energy such as from mercury vapor lamps. The use of ultra­

violet light for curing is most effective on flat surfaces where the light 

reaches the surface vertically. When the ultraviolet light strikes a sur­

face at an angle closer to the horizontal, the amount of absorbed light can 

be too small for effective curing. Obviously, no curing will occur if an 

area is shielded from the light. 

The actual performance and appearance of ultraviolet-curable coatings 

is not only dependent on the base polymers, diluent monomers, and photochemical 

initiators, but also on other agents such as pigments, fillers, and mar 

resistors added to the coating to provide the desired properties. 

In certain industries, the use of ultraviolet light curing has been 

successful, although this success has been limited mostly to semitransparent 

coatings, such as inks. Ultraviolet cured polyester based coatings have 

made a significant penetration into the forest products industry as filler 

coatings for particle board. Most uses of ultraviolet coatings, however, 

are still in the research and development stage. Major problems are curing 

of thick coatings and coatings with pigmentation. The main difficulty with 

pigmentation is that the pigment particles absorb or reflect ultraviolet 

light, thus reducing the light energy available to cure the coatings in the 

deeper layers of the coating. 

Because little if any flammable solvent is emitted, the amount of 

dilution air flow ~~rough ovens can be greatly reduced. There is a 

substantial decrease in energy usage compared with thermal curing. An 

ultraviolet curing unit may use only one-third the energy of a standard 

thermal oven (Ref. 4-27). 

The ultraviolet curing equipment must be shielded properly to avoid 

exposure of the equipment opera~or. Exposure at short distances can cause 

severe burns to the skin and the eyes (Ref. 4-28). 

KVB 5804-714 

4-68 



Certain ultraviolet coating materials may produce skin and eye 

irritation. Others, such as those containing "the more volatile crylic 

monomers, are considered toxic and hazardous chemicals" (Ref. 4-28). The 

handling of ultraviolet-curable coatings requires care and caution. 

There have been few, if any, emission tests performed to determine 

whether volatile organics are emitted during ultraviolet curing. Some low 

molecular weight organic compounds are probably emitted during the ultra­

violet curing process even though all the components of the coating are 

reactive. 

4.1.9 Improved Maintenance 

The release of fugitive organic emission from leaks in process 

equipment and pipeline fittings as well as from spills and other equipment 

failure can be reduced by improved maintenance. In the field testing per­

formed on this program at oil production fields and refineries it was found 

that more than 50% of the leaks found by the test crew could be stopped 

by a simple tightening of a valve packing nut or applying grease to seal 

a plug valve. Similarly, immediate attention given to liquid leaks developed 

in pumps or compressors can reduce the amount of evaporative loss. 

Based on field test data taken during this program (see Section 3.0) , 

an average leak rate of 0.15 lb HC/day was determined. Using the spray and 

sniff (soap bubbles and an explosimeter) technique developed by KVB for 

locating leaks, a single workman can locate and tighten ~~e leaks in several 

hundred valves and fittings a day. Using the leak rate and assuming hypo­

thetica~ workman efficiency and emp~oyee costs, KVB arrived at a figure 

which reflected possible savings. Those computations were submitted to 

Mr. J. H. Caldwell, Jr., Manager of Refinery Operations at the Carson plant 

of Atlantic Richfield Company for evaluation. His letter is included on 

the following pages. 

According to the analysi~ set forth by Mr. Caldwell, it would seem 

that the cost of additional maintenance programs would exceed the economic 

gains. ARCO's present maintenance program coupled with the enforcement 

efforts of the SCAQMD represents what they believe to be the most cost 

effective approach. 
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,tlanticRichfieldCompany Products Division 
Watson Refinery 
1801 East Sepulveda Boulevard 
Carson, California 90745 
Telephone 213 834 7221 

J. H. Caldwell, Jr. 
Manager 
Refinery Operations 

August 4, 1977 

Ha] Taback 
KVB Incorporated 
17332 Irvine Boulevard 
Tustin, California 92680 

Subject: Fugitive Hydrocarbon Emissions - Valves and Fittings 

Dear Mr. Taback: 

As we indicated at our meeting of July 20, we have attempted to quantify 
the costs and benefits of a total monitoring and leak repair program 
for valves and fittings along the lines suggested by your draft report 
and the EPA draft document. At this time, our best guess is that a 
monthly survey of all valves and fittings in the refinery, including 
maintenance on leaks discovered, would cost approximately $1,500,000 
per year in addition to our current maintenance budget. The value of 
the hydrocarbon product recovered by this maintenance expense would be 
only about $15,000 at a net cost of about $20,OOO/Ton of hydrocarbon 
emissions. Although this number may seem high, please recognize that 
there are over 1,000,000 valves and fittings in our refinery and a cost 
of about SO.lO.each ($1.00 to $T.50/year) to survey and maintain these 
fittings is very reasonable. 

These figures were arrived at in the following manner. A crude distil­
lation unit with a rated capacity of 38,000 B/D was chosen for the 
experiment. This unit contains 3 fractionating towers, 8 other hydro­
carbon pressure vessels, 2 fired heaters, 23 shell and tube heat exchang­
ers and 22 hydrocarbon pumps. It's purpose is to fractionate incoming 
crude oil into the following streams: propane/butane, light gasoline, 
heavy gasoline (naphtha), kerosine, diesel and residuum. Normal operat­
ing and maintenance personnel were relieved of their normal duties and 
instructed to count all valves and fittings containing hydrocarbons, 
visually inspect for-rlquid leaks and soap test for vapor leaks and 
repair as many leaks as possible without shutting down the unit. No 
records were made other than the raw count of valves and fittings and 
time and materials spent on the job. For this unit, 65 man hours were 
spent for survey and repair and about $500 of materials were used. As 
shown on the attached table, 11,414 leak sources were identified and 
tested, 38 leaks were discovered of which 31 were repaired without a 
unit shutdown. All of the leaks were considered minor and most were 
barely detectable. Of the 7 leaks that could not be easily repaired, 
6 were low vapor pressure liquid (4 flanges and 2 exchanger heads). 
One valve in propane service could not be repaired or replaced without 
a unit shutdown. KVB 5804-714 
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Mr. Hal Taback 
August 4, 1977 
Page 2 

The basis for extrapolation of these results to the entire refinery 
is by the number of pumps. Many of the valves and fittings are directly 
associated with pumps and the number of manifolds, exchangers, etc. are 
related more nearly to pumps than other major equipment. Volumetric 
through-put is a very poor scaling factor as we have previously dis­
cussed. The crude distillation unit contains 1% of the hydrocarbon 
pumps in the refinery and is therefore assumed to contain 1% of the valves 
and fittings. 

The basis for calculating emission reductions is a little more specu­
lative. Obviously the only way to make a precise calculation is to 
assume lI virgin territoryll for a base line and run longitudinal studies 
with several surveys over an extended time period to determine the 
reoccurrence rate. The first such survey and at least some of the sub­
sequent surveys would have to include bagging observed leaks to.quantify 
emissions/leak. Even then, some arbitrary correction factor would have 
to be applied to relate an obviously experimental situation to the real 
world. In the absence of this data, the following was assumed: 

1. lILargell leaks are identified and corrected as quickly 
as possible under present conditions for safety and 
economic reasons. This may not be true for all re­
fineries in all locations but is reasonably accurate 
for major refineries under current standards. Our 
excellent safety record attests to this fact. Obvi­
ously there may be a difference of opinion as to what 
constitutes a lIlargell leak. 

2. Most lImedium ll leaks and many lI sma llll leaks are repaired 
in a timely fashion either because of safety and economic 
reasons or due to current weekly enforcement inspections 
by the SCAQMO. Full blown, total facility inspections 
are not likely to speed up this process and in fact 
may divert resources currently expended from repairing 
a few "large" leaks to many inconsequential·ones. 

3. Pre-turnaround inspections are currently conducted to 
identify the remaining minor leaks for repair during 
unit maintenance shutdowns when resources can be effi­
ciently utilized. These turnarounds take place semi­
annually to bi-annually depending on the type of process 
involved. 

With this in mind, assuming 80% of the minor leaks discovered (0.3% of 
the valves and fittings surveyed) are repaired and stay repaired with 
a 50% reoccurrence rate multiplied by your factor for emissions per
"sma ll l1 leak (52 1b/day) gives about 100 tons/year emission reduction 
resulting from total monthly surveys in this plant. This result would 
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Mr. Hal Taback 
August 4, 1977 
Page 3 

only be valid for the first year of the program. Subsequent years would 
show diminishing returns since hopefully leaks would be repaired faster 
than they occur . 

. Finally, I cannot close without making a rather personal observation. 
Under normal circumstances my professional standards would not allow me 
to extrapolate limited data to the extent done above. However, I feel 
that in this case it is in the public1s interest to give the fairest 
assessment possible in the limited time available. Both by corporate 
policy and personal commitment, I would not hesitate to recommend a 
program of the cost outlined if it meant a meaningful contribution to 
improvement in air quality in the Los Angeles Basin. Our current main­
tenance program coupled with the present enforcement efforts of the 
SCAQMD represents the most cost effective approach'to reduction in 
fugitive emissions from valves and fittings. Nonproductive programs
requiring large manpower expenditures only.serve to divert precious 
resources from the real issue of supplying the energy requirements
of society in an efficient, environmentally sound manner. 

Very truly yours, 

j.9I:atJf 
J. H. Caldwell, Jr. 

JHC:pm 

Attachment 
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SURVEY RESULTS 

Fittings Valves Total 

Bolted Screwed Stems, Bonnets Leak Sources 

3117 5465 2832 11414 

7 leaks repaired 8 leaks repaired 16 valves repaired 
or replaced 

31 1eaks stopped 

*6 1eaks not repaired valve yet to 
repaired 

be 7 leaks not stopped 

* 2 exchanger heads leaking - unable to stop. 

4 flanges leaking on vocss system - unable to take system out of service. 

All leaks considered small - most barely detectable. 
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While KVB's tests at AReO revealed leaks averaging 0.15 lb/valve/ 

day, the major amount of the leakage (80%) occurred in the large leakers 

which Mr. Caldwell contends would have been eventually discovered. 

4.2 APPLICATION 

In the previous subsection, 4.1, the various control methods were 

reviewed in some detail. In this section, various industry devices and 

processes are discussed with regard to the types of control methods that 

are applicable. Table 4-1 summarizes ~~e various devices and processes, 

and the applicable control technology~ 

4.2.1 Petroleum Operations 

A. Production--

1. Valves, flanges, etc.--Fittings in oil fields are used in either 

gas or liquid service. Most leakage is found in the gas service pipelines. 

The most effective control was found to be improved maintenance. In the 

field tests by KVB on this program, a number of leaks were detected which 

could be stopped by simple tightening of valve packing nuts. This indi­

cated that an improved maintenance program might be an effective measure. 

However, when the same approach was suggested for a refinery operation, 

it was refuted by refinery management as not being cost effective (see 

Section 4.1.9) . 

Although no data have been found to support this, it is the general 

consensus of the people in the petroleum business that plug valves are better 

than gate valves from a leakage standpoint. This would suggest that 

switching to plug valves would offer some advantage. Most plug valves rely 

on grease to seal them. ~JB actually :ound proportionally more plug valves 

leaking than gate valves. However, ~~e simple injection of grease into the 

valve always stopped the leak whereas on gate valves it was not always 

possible to stop a leak by merely tightening the packing nut. In some cases 

it was necessary to replace the entire packing. 
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If some data could be developed to establish which type of valves 

have the least leak rate, then the gradual switching to that type of valve 

should be initiated. Two programs are currently in progress in which 

petroleum valve leakage data will be obtained, an oil refinery emissions 

measurement program sponsored by EPA (Ref. 4-29) and a production field 

test program sponsored by API (Ref. 4-30). These results should be 

monitored in developing valve emission control techniques. 

2.. Pumps and compressors--The use of mechanical seals and a preventive 

maintenance program of testing and repairing will result in reduced emissions. 

The EPA and API studies mentioned above should provide further information 

as to the compressor and pump leakage rate and the difference between packed 

and mechanical seals. 

3. Tanks, storage and production--Crude oil processing involves heating 

and compression for water, oil and gas separation. Production and storage 

vessels are usually of the fixed or cone roof type. The most effective 

emission control system is the vapor recovery units used to retain as much of 

the gaseous product as possible. A typical installation is shown in Figure 

4-23. 

A battery of cone (fixed) roof storage tanks are connected by a 

series of gas manifolds to a gas holder (usually a low pressure diaphragm 

type design). 

Provision is made for removing excess gas from the gas holder with 

a compressor. To make up for this lost gas a blanket gas is allowed to 

flow into the vapor space of the cone roof tanks during periods of vapor 

contraction (due to cooling or barometric pressure changes) or during 

periods of liquid withdrawal. The blanket gas usually consists of natural 

gas and its purpose is to maintain a non-explosive mixture in the vapor space 

of the cone roof tanks. The natural gas vapors recovered from the gas holder 

represent a high grade combustible fuel gas. This gas mayor may not be 

processed through various stages of refinement such as cooling to condense 

low volatile liquids separating ~~em from the gas stream as shown in Figure 

4-23. The fuel gas can be used as an energy source for the various gas-fired 

devices in the production field. 
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Where no vapor recovery system is used, painting the tanks white 

will minimize breathing losses. H S gas sometimes present in crude oil
2 

was found to have corrosive effects on tank sample port covers. Leaks in 

these covers can result in significant loss since the gas blanket is at 

a slight positive pressure to prevent air intrusion. Therefore maintenance 

is required to insure tight cover fit. 

4. Wast~ water seoarators--Most oil fields process waste water from 

their heater treaters and water knockout tanks in open pools, skimming off 

the oil in various stages. In the final stage a vacuum truck periodically 

removes the oil layer. This has been an acceptable practice under current 

rules because it was felt that the Reid vapor pressure was below 0.5 psi. 

KVB tests conducted as part of this program suggest that a significant 

amount of Hie emissions may be evolved from the surface of the pool. Solid 

or floating covers will reduce these emissions by up to 95%. 

5. Well vents--In certain oil fields in the Basin, steam is injected 

into oil wells to stimulate the recovery of crude oil. This form of tertiary 

oil recovery along with another method, referred to as in-situ burning or 

fire flooding, causes gaseous hydrocarbons to be emitted from well vents. 

Fire flooding involves pumping air underground to burn some of the oil to 

heat the rerr4ining oil and lower its viscosity. The emissions contain hydro­

carbons and some odorous compounds like H2S and mercaptans. The hydrocarbon 

emissions are in relatively high concentration, 2-3,000 ppm, and the odorous 

compounds are in low concentration, a few ppm or less. The control devices 

applied are water cooled finned condensors and charcoal-absorbers to collect 

the H2S and mercaptans. 

6. Boiler and heater--Boilers are used to create the steam to be injected 

into the ground. Process heaters are used to separate crude oil from the 

associated water. Both of these devices emit low concentrations of hydro­

carbons. The best way to,minimize these emissions is to keep the device 

well maintained and to use optimum burner designs which will have good 

atomization and mixing. 
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7. IC engines--Natural gas fired piston engines are often used to drive 

oil well pumps. Two stroke engines emit a substantial amount of gaseous 

HIC's because part of the fuel never burns. On a two stroke engine intake 

and exhaust occur on the same stroke so that some of the fuel as scavanged 

with the exhaust products. The best control approach is to replace the two 

stroke engines with four stroke engines and to keep the engines well tuned. 

B. Refining--

Valves and flanges-­

Compressors and pumps-­

Waste water separators-­

Boilers and heaters--

The approach for these items in a refinery is identical for the 

respective devices in an oil field as presented above. 

1. Vacuum jets--These vacuum ejectors are used on vacuum distillation 

towers. With the exception of the stripping steam the ejected stream is all 

hydrocarbon which may be condensed by a water cooler and vented to the 

refinery fuel gas. Condensible products are collected and processed further. 

2. Asphalt air blowing--Asphalt is normally obtained from select crude 

oils by means of vacuum distillation or solvent extraction. To make it 

suitable for paving, roofing, or pipe coating, asphalt is sometimes reacted 

with air. Air-blowing is mainly a dehydrogenation process. Oxygen in the 

air combines with hydrogen in the oil molecules to form water vapor. The 

progressive loss of hydrogen results in polymerization or condensation of 

the asphalt to the desired consistency. 

Blowing is usually carried out in batches, starting with the asphalt 

at a temperature of 300 OF to 400 OF. Little additional heat is needed 

since the reaction becomes exothermic. 

Effluents from the asphalt air-blowing stills include oxygen, 

nitrogen, water vapor, sulfur compounds, and hydrocarbons in the forms of 

gases, odors, and aerosols. Discharge of these odors and airborne oil 

particles can be disagreeable. 
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Control of emissions from asphalt air-blowing stills has been 

accomplished by scrubbing and incineration, singly or in combination. Most 

installations use the combination. For scrubbing alone to be effective, a 

very high water-to-gas ratio of about 100 gallons per 1,000 standard cubic 

feet per minute is necessary. 

Where removal of most of the potential air pollutants is not feasible 

by scrubbing alone, the noncondensibles must be incinerated. Essential to 

effective incineration is direct-flame contact with the effluents, a minimum 

retention time of 0.3 second in the combustion zone, and maintenance of a 

minimum combustion chamber temperature of 1,200 OF. Other desirable features 

include turbulent mixing of vapors in the combustion chamber, and adequate 

instrumentation. Primary condensation of steam and water vapor allows use 

of smaller incinerators and results in fuel savings. Some of the heat 

released by incineration of the waste gases may be recovered by using it 

to generate steam (Ref. 4-4 ). 

3. Catalyst regenerators--Petroleum fractions are cracked to produce 

compounds of lower molecular weight. Catalysts in the form of pOWders or 

beads are utilized. The catalyst particles become coated with carbon and 

high-molecular-weight compounds. These materials must be burned off the 

catalyst in order to maintain its activity. The catalyst continuously 

circulates from the reactor chamber to the regenerator chamber. In the 

regenerator, a controlled amount of air is admitted to burn off the coatings. 

This causes the formation of co and hydrocarbons. These emissions can be 

controlled by incineration using a waste heat boiler. These boilers are 

commonly referred to as CO boilers (Ref. 4-4 ). 

4. Storage tanks--In a refinery both fixed roof and floating roof t~~s 

are employed. In the Basin the storage of organic liquids is controlled by 

SCAQMD Rule 463 which, if the Reid vapor pressure is greater than 0.5 psi, 

requires the use of floating roof tank with double seals or fixed roof tanks 

with variable vapor space or vapor recovery. If the RVP is lower than 0.5 

psi, then the liquid may be stored in a fixed roof tank without control. 

5. Transferring--Movement of hydrocarbons throughout a refinery from 

vessel to vessel can produce working losses. To minimize these losses the 

vapors created and displaced must be minimized or handled to prevent their 
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escape. Floating roof tanks, variable vapor spaces and vapor recovery 

systems can be employed. In filling tankers and tank trucks, bottom 

filling procedures minimize the escaping hydrocarbons. Liquid/vapor 

exchange is also used to reduce emissions as well as for vehicle safety. 

Reference 4-10 has a thorough treatment of these methods. 

6. Blow downs--Refinery units are periodically shut down and emptied 

for internal inspection and maintenance. The process of unit shutdown, repair 

or inspection, and start-up is termed a unit turnaround. The purging of the 

contents of a vessel to provide a safe interior atmosphere for workmen is 

termed a vessel blQwdown. In a typical process unit turnaround the liquid 

contents are pumped from the vessel to some available storage facility. 

The vessel is then depressurized, flushed with water, steam, or nitrogen 

and ventilated. Depending on the refinery configuration, the vapor content 

of the vessel may be vented to the fuel gas system, flare, or if released 

directly to the atmosphere, it is through a blowdown stack which is usually 

remotely located to ensure that combustible mixtures will not be released 

within the refinery. 

The emission factor for refinery blowdown is 856 kilograms per 1000 
3 3cubic meters (kg/10 m ) of refinery throughput (Ref. 4-31). This factor is 

based on a one-year (1956) record of refinery turnarounds in Los Angeles 

County. In this one-year period, eight refineries reported 382 turnarounds 

with blowdowni 56 percent of these resulted in emission to the atmosphere, 

while 44 percent resulted in no emissions (Ref. 4-32). 

C. Marketing - Transferring--

In gasoline marketing the product is transferred from the bulk station 

to the local service station and then to the automobile. Vapor control can be 

maintained by the balance system of vapor liquid exchange. The losses are 

further reduced by using the procedure of bottom filling the tank trucks and 

service station.tanks to minimize the amount of aerosol in the vapor being 

transferred. In terms of control strategies to reduce hydrocarbon emissions 

in the Basin, the implementation of auto refueling vapor recovery systems 

should'have the most significant benefit. This is discussed further in 

Section 5.0. 
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4.2.2 Organic Solvent Operations 

With few exceptions organic solvent operations have the choice of 

four candidate emission control systems; charcoal adsorption, thermal inciner­

ation, catalytic incineration, or process and material changes. The choice 

must be made after a detailed study of the particular constraints on a given 

installation. However in this section a few pertinent observations regarding 

the peculiarities of certain operations will be presented. 

A. Metal Coating--

Automotive--The automobile assembly industry is most adaptable to 

incineration and adsorption. Both thermal and catalytic incineration are 

in use in the two assembly plants in the Basin. Because of the color changes 

required on the assembly line certain of the low solvent coatings are not 

applicable. But water-borne paint has proved to be feasible and is now 

being used as a top coat by GM in their plants in Los Angeles. The switch­

over has been expensive. An estimate of costs associated with switching an 

entire assembly plant to using water-borne paint (electrophoretic primer 

and spray-applied top coat) is between $30 and $50 ,million capital cost 

depending on whether booths and ovens are replaced or retrofitted, and 

$6 million per year operating costs (Ref. 4-33). The equipment and process 

modifications necessary to implement a complete water-borne paint system 

are as follows (Refs. 4-33 and 4-10) : 

1. Special primer facilities--The electrophoretic primer requires 

better precleaning and a de-ionized water bath before priming. It requires 

a large tank with extensive controls on tempera~ure, pH, sol~ds, and 

voltage. A final rinse usually with de-ionized water is also required. 

2. Lengthening of ovens--Water-borne coatings require a longer flash 

tunnel prior to drying. Temperatures must also be raised more slowly and 

brought to higher levels in order to evaporate the water slowly enough to 

avoid pitting the coating. This necessitates longer ovens, which in turn 

may force some existing equipment to be moved to other locations at con­

siderable cost. 

3. Cleanliness requirements--Water-borne coatings do not "touch dry" 

as quickly as solvent-borne coatings. Thus, they are much more susceptible 

to dirt pickUp. This necessitates filtration of incoming air. Overhead 

conveyors may also be inadequate because of potential for dropped dirt . ..... 
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4. Humidity and temperature reauirements--Because the major solvent 

being evaporated is water, proper temperature and humidity conditioning 

of the air is vital. If the humidity is too high or the temperature too 

low, the coating will sag on vertical surfaces. Conversely, if the humidity 

is too low or the temperature too high, the water will evaporate too 

rapidly and the coating will "orange peel" or pit. Each coating must 

be formulated for a narrow humidity range, but formulations for different 

humidities are possible. 

Water can be removed from incoming air by chemical or mechanical 

means. The chemical means involves use of a hygroscopic solution; the 

mechanical means involves use of a refrigeration cycle. The proper choice 

depends on both the climate and the availability of energy at the plant. 

The chemical choice involves more complexity, but less energy consumption 

than the mechanical method. Steam availability favors the chemical choice. 

5. Shutdown problems--Because of the potential for rusting and dirt 

pickup, vehicles coated with water-borne coatings cannot be left wet over­

night or during shift changes. The assembly line must have facilities for 

carrying painted vehicles through the following oven after shutdowns. 

Accommodations must also be made for storage of these vehicles until the 

process resumes. These requirements necessitate special ovens, surge 

storage areas, and independent conveyor chains for each of the dip tables 

and spray booths with resultant controls and costs. 

6. Clean-up problems--Unlike organic solvent-borne coating, water­

borne coating overspray does not dry in the air before being drawn through 

the particulate collector. This results in an increased clean-up problem 

for water-borne coatings with attendant increased clean-up labor costs. 

The fans also become coated with over-spray and require frequent cleaning. 

7. Sludge handling problems--Water-borne coatings do not harden in 

the water of the water-wash particulate collectors on the spray booth. 

Sludge handling is thus more difficult for water-borne systems. 

8. Corrosion problems--The black iron pipes commonly used to pump 

solvent-borne coatings from central mixing areas to the spray booth are 

not suitable for water-borne coatings and must be replaced with a non­

corrosive. The lifetime of steel spray booths may also be lessened where 

water-borne coatings are used. 
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9. Maintenance requirements--Maintenance requirements are increased by 

the new air conditioning and humidity control systems required. 

Can coating (Ref. 4-33)--Can coating includes: the roller coating 

of one or both sides of metal sheets to be used for can bodies or ends, the 

side seam spray coating of three-piece cans, the interior body spray 

coating and side seam spray coating of three-piece beer and beverage cans, 

the exterior roller coating and the interior body spray coating of two­

piece cans, and the sealing compound coating of can ends. The fabricated 

cans are used as containers for products ranging from beverages to tennis 

balls. 

Lacquers or other coatings for the interior base coat are used in 

~~e three-piece cans to provide a protective lining between the can metal and 

product, especially for food products. It is important that the interior 

lacquer does not react with the product to alter the product taste, odor, 

or appearance. All interior coatings for cans that will contain edible 

products must be approved by the Food and Drug Administration (Refs. 4-34, 

4- 35 ). 

Some common resins used in can coating lacquers are butadienes, 

phenolics, epoxies and vinyls that range from 30 to 40 percent solids con­

tent by weight and organosols that range from 52 to 66 percent solids con­

tent by weight (Refs. 4-34, 4-35). 

The exterior base coat is ~sually a white coating used to provide 

adhesion and background for the lithographs or printing operation. Some 

of the coating resins used are polyesters, alkyds, and acrylics at approxi­

mately 55 to 65 percent solids content by weight. 

The solvents most often used in the interior and exterior base 

coats, the over varnish, and the primer are mineral spirits, xylol, tol~ol, 

diacetone alcohol, methyl iso-butyl ketone, methyl ethyl ketone, isophorone 

Solvesso 150 (TM) , Cellosolve (TM) , ethanol, cyclohexanone, Butyl Cellosolve 

(TM) , Cellosolve acetate (TM), n-butanol, isopropanol, butyl carbinol, 

propylene oxide, mesityl oxide, aliphatic petroleum hydrocarbons, di-iso­

butyl ketone, di methyl formamide, and I-nitropropane. 
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A new coating formulation for the cans not only has to satisfy the 

can manufacturers but also must be approved by the customer. Customer 

approval of a new coating formulation may take a minimum of 6 to 9 months. 

Federal Food and Drug Administration approval for a new coating to be used 

for edible products may take as long as 4 years. 

Incineration is a proven retrofit control system that can control 

organic solvent emissions from can coating facilities. Although incineration 

without heat recovery is a considerable energy user, installation of primary 

and secondary heat recovery systems significantly reduce the incremental 

consumption of energy. Incineration is the most economical retrofit control 

option when combined with heat recovery. 

Water-borne, high-solids, powder and ultraviolet curable coatings 

can reduce organic solvent emissions with the sarne efficiency as incinera­

tion and may use less energy than solvent-borne coatings. Conversion to 

water-borne, high-solids, powder and ultraviolet curable coatings has been 

successful on some can coating formulations; however, many coatings are 

still in the development stages or are undergoing tests by both the Food 

and Drug Administration and the customers., The ability to convert to 

water-borne, high-soli~s, powder and ultraviolet curable coatings as a 

control option will vary from plant to plant depending on the type of 

product for which the cans are being coated or manufactured. 

A carbon adsorption unit retrofitted on a sheet or can coating 

facility can reduce organic solvent emissions even though additional measures 

are needed in some cases to clean the process gas stream prior to adsorption. 

Because different mixtures of solvents are used, there is little market value 

for the solvent. The solvent can be recovered and used as fuel for the 

boiler to generate steam for the regeneration of the carbon bed; however, 

the recovered solvent may not be enough for the required boiler if concen­

trations are low. The cost of removing each ton of organic emissions using 

carbon adsorption without any credit for recovered solvent is greater than 

incineration but will approach the cost of incineration without heat recovery 

if the recovered solvent can be used as fuel. 
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The cost of controlling each ton of organic emissions from the can 

coating industry using water-borne, high solids, powder or ultraviolet curable 

coating is difficult to determine because of the variable factors of the 

manufacturing process. 

It would be costly to retrofit add-on control devices to reduce 

organic emissions from the three-piece can side seam spray coaters, the 

beer and beverage can interior spray coaters and ovens, and the can end 

sealing compound coaters and ovens because 75-100 percent of the organic 

solvent vapors are emitted within the plant and not from the oven. Conver­

sion to water-borne, high solids or powder coatings is the best control 

option for those systems. Moreover, conversion to water-borne, high solids, 

powder or ultraviolet-curable coatings for the two-piece can coating lines 

and the sheet coating lines would be the best and most economical control 

options if such coatings have been developed to replace original organic 

solvent-borne coatings. Otherwise, incinceration with heat recovery or 

carbon adsorption with solvent recovery for fuel purposes is recommended. 

Coil coating--Coil coating is defined as the coating of any flat 

metal sheet or strip that comes in rolls or coils (Ref. 4-36). The metal 

is typically roll coated on one or both sides on a continuous production 

line basis. The metal may also be printed or embossed. The coated metal 

is slit and fabricated by drawing, stamping, roll-forming, or other shaping 

operations into finished products to be used for cans, appliances, roof 

decks, shelving, industrial and residential siding, cameras, culvert stock, 

cars, gutters, and many other items. The metals coated in the coil coating 

industry include various types of aluminum alloys; steel; plate steeli 

steel alloys; and some zinc, brass, and copper. 

Some plants may use as many as 900 different coatings each contain­

ing four to ten different solvents, and some use as much as 40,000 gallons 

of coatings per month. Coatings and approximate percentage of volatiles 

in these coatings most often used in the coil coating industry are shown 

in Table 4-5. 

KVB 5804-714 

4-85 



TABLE 4-5. COATINGS USED IN COIL COATING (Refs. 4-37, 4-38, 4-39) 

Coatings Volatiles, percent 

Acrylics 40-45 

Adhesives 75-80 

Alkyds 35-40 

Epoxies 45-50 

Fluorocarbons 55-60 

Lumar (TM) 55-60 

Organosols 10-15 

Phenolics 45-50 

Plastisols 10-50 

Polyesters 45-50 

Silicones 35-40 

Vinyls 60-70 

Zincromet (TM) 

Dacromet (TM) 

The solvents most often used in the coil coating industry include 

xylol, toluene, methyl ethyl ketone, Cellosolve acetate (TM) , butanol, 

diacetone alcohol, Cellosolve (TM) , butyl Cellosolve (TM) , Solvesso 150 (TM) , 

isophorone, butyl carbitol, mineral spirits, ethanol, 2-nitropropane, 

tetrahydrofuran, Panasolve (TM) , and methyl iso-butyl ketone. 

Coil coating line configurations differ from one another. On some 

lines, the metal is uncoiled at one end of the line and recoiled at the 

opposite end. On other coil coating lines, called "wrap around" lines, 

the metal is uncoiled and recoiled at about the same point on the line. 

Some coil coating lines have a single coater and one curing or baking oven; 

other coil coating lines, called "tandem" lines, have several successive 

coaters each followed by an oven so that several different coatings may be 

applied in a single pass. Figure 4-24 is a schematic of a "tandem" coil 

coating line. 
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The use of carbon adsorption is limited because tl.e high oven dis­

charge temperatures necessitate a large amount of cooling upstream of the 

adsorber. Also polymerization and cracking of organics form condensable 

products that can foul or poison the adsorbent, necessitating pretreatment. 

(Pretreatment by water scrubbing may produce a potential water pollution 

problem.) Moreover, some products will still foul the carbon bed, even with 

scrubbing or filtering, resulting in an inefficient collection of organic 

vapors. There would be little market value for recovered solvents because 

of the mixtures of solvents used. 

Incineration and conversion to water-borne or high-solids coatings 

have been determined to be the most reasonable control options for reducing 

organic emissions from coil coating lines because of the typically high 

curing temperatures and the various mixtures of organic solvents found in 

the coatings used by the coil coating industry. Incineration and water-borne 

coatings have been successfully applied to existing coil coating lines . 

. Over 90 percent reduction of organic emissions is achievable with incineration 

and 80-95 percent reduction is achievable with water-borne coatings, depend­

ing on the processes solvent-borne coatings used. 

There are limitations on these control options. Some coatings used 

in the industry can poison an incinerator catalyst. There is a lack of 

water-borne and high-solids coatings equivalent to solvent-borne coatings 

for some metal uses, especially where resistance to corrosion or wear is 

critical or to withstand certain forming operations. Incineration, 

especially noncatalytic, may increase the use of natural gas or other fuels 

if there are no nearby facilities where recovered energy can be used. 

Carbon adsorption may be applicable to certain coil coaters who use uniform 

coating formulations and operate low temperature ovens. If carbon adsorption 

is considered, it is advisable to analyze the gaseous and condensable organics 

in the gas stream coming out of the ovens. 

There does' not appear to be a single best control system for the entire 

coil coating industry; therefore, each plant must be considered separately 

in selecting the best system applicable to that plant's situation (Ref. 4-37). 
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Appliances and other commercial products--These items are smaller 

and more uniform in size and color. Unlike automotive coating, long runs 

of the same color can be made. This makes the use of solventless coatings 

very attractive. As the size of some of the companies producing ~~ese pro­

d~cts is small, developing a new coating could involve indetermir.ate risk, 

whereas the selection and installation of an adsorption or incineration 

system involves a more clearly assessible cost and performance. 

Machinery--These products range from stationary machine shop equipment 

to automatic processing and assemb~y devices to large earth moving equipment. 

The coating requirements are more for service and less for aesthetic quality. 

The relative cost of coating for this type of product is less than most 

commercial products because of the normally high basic cost. Powder coatings 

and other low solvent coating with high durability would be excellent 

candidates for this application. 

B. Paper and Film Coatings--

1. Adhesive tapes and tables--Paper is coated for a variety of decora­

tive and functional purposes, using water-borne, organic solvent-borne, and 

solventless extrusion materials. Because the organic solvent-borne coating 

process is a source of hydrocarbon emissions, it is an air pollut~on concern. 

Among products that are coated using organic solvents are: adhesive tapes; 

adhesive labels; fancy paper, coated, and glazed paper; book covers; office 

copier paper (zinc oxide coated); carbon paper; typewriter ribbons; and 

photographic films. 

In organic solvent paper coating, resins are dissolved in an organic 

solvent or solvent mixture and this solution is applied to a web (continuous 

roll) of paper. When the coated web is dried, the organic solvent evaporates 

and the coating cures. Use of an organic solvent has several advantages: 

it allows organic resins to be ~de soluble, its components can be changed 

to affect drying rate, and it creates coatings that show superior water 

resistance and better mechanical properties than some other coatings. In 

addition, a 1arge variety of finishes can be obtained with solvent coatings 

(Ref. 4-39). 
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The ingredients usually used in organic solvent-borne paper coatings 

may be divided into the following classes: film-forming materials, plastic­

izers, pigments, and solvents. Dozens of organic solvents are used for 

paper coating. The major ones are: toluene, methyl ethyl ketone, isopropyl 

alcohol, me~~anol, acetone, and ethanol. 

Although a single solvent is frequently used, often a solvent mixture 

is necessary to allow ~~e drying rate to be controlled. Too rapid drying 

results in bubbles and an "orange peel" effect in the coating; whereas, too 

slow drying can require excessive oven lengths. Variations in the composi­

tion of the solvent mixture affect the solvency power of the mix. 

The main classes of film formers used in paper coating are cellulose 

derivatives and vinyl resins. The most commonly used cellulose derivative is 

nitrocellulose. The most commonly used vinyl resin is the copolymer of 

vinyl chloride and vinyl acetate. 

Nitrocellulose has been used for paper coating since the 1920's for 

decorative paper and book covers and other items. It is relatively easy 

to formulate and handle and dries quickly, allowing lower oven temperatures 

to be used than for vinyl coatings. 

The vinyl copolymers have superior toughness, flexibility, and' 

abrasion resistance compared with nitrocellulose. They also show good 

resistance to acids, alkyds, alcohols, and greases, and are nonflammable. 

Vinyl coatings tend to retain solvent, however, so that comparatively high 

temperatures are needed for drying. In general, nitrocellulose is most 

applicable to the decorative paper field, whereas vinyl copolymers are 

used for function papers (Ref. 4-39). 

Plasticizers are often added to the coating to improve its flexi­

bility. Some of the many common plasticizers are dioctyl phthalate, tri­

cresyl phosphate, and castor oil. Each type resin has an optimum plasticizer 

concentra~ion. As plasticizer concentration increases, the coating becomes 

more flexible until it begins to be soft and tacky. 
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In the production of pressure sensitive tapes and labels, adhesives 

and silicone release agents are applied with organic solvents. The adhesive 

layer on a tape or label is usually based on one of the following organic 

solvent-borne resins: natural rubber, synthetic rubber, acrylic, and 

silicone. 

Because of their low cost, natural and synthetic rubber compounds 

are the main film formers used for adhesives in pressure sensitive tapes 

and labels, although acrylic and silicone adhesives offer performance 

advantages for certain applications. 

The paper to which adhesive labels are attached must be treated with 

a release agent so that the adhesive tag may be removed. This release agent 

is usually a silicone coating that is applied with solvents. Silicone and 

other types of release agents are applied with organic solvents to the 

backside of pressure sensitive tapes so that tapes can be unwound. 

Figure 4-25 shows a typical paper coating line. Components of a 

coating line include an unwind device, a coating applicator (knife, reverse 

roll, or gravure), an oven, various tension and chill rolls, and a rewind 

device. The unwind, rewind, and tension rolls display various degrees of 

complexity depending on the design of the line. The coating applicator and 

the oven are the main areas of organic emission in the paper coating 

facility. 

Most solvent emissions from paper coating come from the dryer or 

oven. Ovens range from 20 to 200 feet in length and may be divided into 

two to five temperature zones. The first zone, where the coated paper 

enters the oven, is usually a low temperature (~ 110 OF) area. Solvent 

emissions are highest in this zone. Other zones have progressively higher 

temperature~ that cure the coating after most of the solvent has evaporated. 

The typical curing temperature is 250 OF, although in some ovens temperatures 

of 400 OF are reached. This is generally the maximum because higher tempera­

tures can damage the paper. The oven zones may be exhausted independently 

to the atmosphere or exhausted into a common header, with the total effluent 

sent to some type of air pollution control device. The average exhaust 

temperature is about 200 OF. 
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Most paper coaters try to maintain air flow through their ovens so 

the solvent concentration will be 25 percent of the LEL, although many ovens 

are actually run at much lower solvent concentrations. As energy shortages 

intensify, coaters are becoming aware that such low solvent concentrations 

req~re the heating of unnecessarily large amounts of intake air for their 

ovens. 

Insurance and safety requirements permit even higher solvent concen­

trations than 25 percent LEL in some instances. The Handbook of Industrial 

Loss Prevention notes that flammable vapor concentrations up to 50 percent 

of the LEL may be tolerated if approyed continuous vapor concentration 

indicators controllers are used (Ref. 4-40). The controller must sound 

an alarm when concentrations reach 50 percent, and shut the oven doWn 

automatically when concentrations reach 60 percent of the LEL. 

Part of the solvent remains in the finished product after it has 

cured in the oven. For example, certain types of pressure-sensitive tapes 

have 150 to 2,000 ppm by weight of solvent in the adhesive mass on the 

finished tape. One coater has claimed that 3 to 10 percent of his solvent 

remains in the product. 

The manufacture of photographic film exhibits special solvent 

control problems. Four or more layers of coatings may be qpplied to a 

photographic film, using equipment and coating techniques similar to those 

used for other paper coatings. Because the coatings on the photographic 

film later undergo chemical reactions, the composition and quality of the 

coatings must be tightly controlled. Because of the nature of these 

coatings, certain control options may not be possible. For example, it 

may be impossible to recover solvents in a carbon adsorption unit and then 

reuse these solvents in new photographic coatings since the reclaimed 

solvents may contain enough impurities to contaminate the film. 

The two well proven add-on control devices for controlling organic 

solvent emissions from paper coating lines are incinerators and carbon 

adsorbers. Both of these control devices have been retrofitted onto a 

number of paper coating lines and are being operated successfully. 
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The only const=aint to the use of incinerators is the possible 

shortage-of natural gas. However, in many cases the combination of 

afterburner and oven will use no more fuel than the oven alone if proper 

heat recovery is used. Incinerators can be altered to operate on No. 2 

fuel oil if new natural gas is not available. If recovered solvent has 

no value, incineration' with heat recovery is more economical than carbon 

adsorption. 

The major drawback to the use of carbon adsorption is that in some 

cases solvent mixtures may not be economically recoverable in usable form. 

If the recovered solvent can be used as fuel, then carbon adsorption compares 

favorably in operating cost with an incinerator. If the solvent can be 

recovered as usable solvent, use of carbon adsorption represents an economic 

advantage to the paper coater. 

It is more difficult to estimate costs for low solvent coatings, 

because the cost will vary depending on the type of coating used. For some 

applications, the use of low organic solvent coatings will cost less in 

dollars per pound of coatings solids applied than will conventional organic 

solvent coatings when some type of add-on control device is used. 

Low solvent coatings have been well developed for some applications, 

but considerable development is needed in other areas. The main incentive 

paper coaters will have to develop new low solvent coatings will be strict 

requirements for add-on control devices if conventional organic solvent 

coatings are used. 

An estimate of solvent emission reduction using low solvent coatings 

is presented in Table 4-6 . 
. 

C. Fabric Coating--

Fabric coating involves the coating of a textile substrate with a 

knife or roller spreader to impart properties that are not initially present, 

such as strength, stability, water or acid repellaney or appearance (Ref. 

4-41). 
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TABLE 4-6. ACHIEVABLE SOLVENT REDUCTIONS USING LOW SOLVENT 
COATINGS IN PAPER COATING INDUSTRY (REF. 4-33) 

Type of Low Solvent Coating Reduction Achievable, %* 

Water-borne coatings 80-99 

Plastisols 95-99 

Extrusion coatings 99+ 

Hot melts 99+ 

Pressure sensitive adhesives 

Hot melt 99 
Water-borne 80-99 
Prepolymer 99 

Silicone release agents 

Water-borne emulsions 80-99 
100 percent nonvolatile coatings 99+ 

*Based on comparison with a conventional coating containing 35 percent solids 
by volume and 65 percent organic solvent by volume. 

The fabric ~oating industry is a diverse industry, concentrated in the 

East with a few plants in the South Coast Air Basin. The industry consists 

mainly of small to moderate sized plants each of which specialize in a limited 

product line. 

Substrates (textile materials used for coating purposes) can be 

either natural or man-made. Although polyvinyl chloride (P~lC) sheets are 

not technically fabrics, coating of these sheets is covered in this section. 

Coatings used include latexes, acrylics, polyurethanes, and natural 

and synthetic rubbers. 

It is estimated that between 85 and 96 percent of the solvent emis­

sions from fabric coating are from the drying process (Refs. 4-42, 4-43). 

Estimated and reported solvent concentration levels from drying operations 

range between 0.05 and 0.4 percent by volume (Refs. 4-42, 4-43). Typically, 

drying ovens are designed to process fabric on a continuous basis operating 

with a web or conveyor feed system. Ovens can be enclosed or semienclosed 

and may exhaust from a few thousand cubic feet per minute to tens of thousands 

of cubic feet per minute of air (Ref. 4-44). 
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Drying ovens in older plants are often only semienclosed and operate 

with low solvent concentrations. Calculated and reported solvent levels in 

the exhaust streams are between 5 percent and 12 percent of the LEL. Newer 

installations, however, are reported to be operating at exhaust solvent con­

centrations up to 40 perce~t of the LEL (Refs. 4-42, 4-43). 

Reductions of 90 percent of contained emissions are achievable using 

catalytic or noncatalytic incineration. Because of the so-called fugitive 

emissions, the overall reduction in plant emissions is less than 90 percent. 

Carbon adsorption can remove over 90 percent of the organic vapors 

from the gases that pass through it. Overall plant reductions will be less 

percent due to losses during handling. Experience has shown that in facilities 

using activated carbon, the greatest losses of solvent occur in handling. 

Organic emissions can be reduced by 80 to 100 percent by the use of 

low organic solvent coatings such as high-solids or water-borne. The actual 

reduction depends on the previous coating and the organic solvent to solids 

ratio of the new coating. 

Carbon adsorption and incineration are most applicable to those 

sources that cannot use low polluting coatings. Carbon adsorption is most 

economical for sources that use a single solvent or solvent mixture for all 

uses. The large capital investment requirement, however, may impose major 

problems for some companies. 

Incineration with primary and secondary heat recovery is most 

applicable at those sources that use a large variety of solvents and cannot 

reuse them. 

The most desirable strategy is probably the conversion to low 

polluting coatings but this is limited by the lack of such coatings for 

some uses. 
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D. Other Solvent Operations--

1. Printing--There are four main types of printing operations: letter­

press, lithographic, flexographic and gravure. 

Letterpress, the oldest printing process, is defined as printing from 

raised type. The process is based on the simple stamping principle and 

produces a high quality of print on almost any type of paper or board. There 

are essentially three types of letterpresses in commercial use; pl~ten, flat­

bed, and web rotary. Platen presses can print a variety of jobs, from a 

simple one-color to multicolor. The flat-bed press is widely used in printing 

catalogs, books, and booklets. The web rotary press consists of two cylinders, 

one for the plate and the other for impression. This equipment is capable of 

very high speeds and is used for publications, packaging and commercial 

printing. 

Lithographic printing is based on the principal of oil and water 

immiscibility. The level printing surface is prepared chemically resulting 

in the image area accepting oleophilic ink and the nonprinting'area accepting 

water. Lithography has many advantages. Plate making is simple, fewer 

mechanical operations ara required and it is economical for short runs. 

Flexographic printing is a special form of relief printing. A 

flexible typographic rubber plate is mounted on a cylinder and is used to 

transfer the lacquer-type ink. This type of operation allows printing on 

hard surfaces, such as plastic films, calendered papers and metallic foils. 

Equipment for flexographic printing is divided into two classes; stack 

presses and common-impression equipment. In stack presses each color has 

its own unit consisting of fountain, roller, plate cylinder and impression 

cylinder. In common-impression, one large cylinder is used for several 

printing ~~its, and is particularly useful for the decoration or plastic 

films. 

Gravure printing utilizes a recessed surface for transferring the 

lacquer-type ink. It is the only process in which the ink film does not 

contact a flexible synthetic roller. Gravure ink is instant drying and 

the polymers must be preformed to be useful. The resins must be tack 
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free and have excellent solvent release properties. Unlike other printing 

processes, the pressure is not transmitted through the ink film; instead 

it is only on the cylinder plate, impr~ssion roller, and substrate. 

Certain types of inks are used with certain methods. Table 4-7 

indicates the range of percent solvent content in inks for two drying methods 

versus the four printing processes. 

TABLE 4-7. PERCENTAGE OF INK SOLVENT CONTENT FOR TWO 
DRYING METHODS VERSUS FOUR PRINTING PROCESSES 

Drying Method Letterpress Flexographic Lithographic Gravure 

Evaporation (40-75%)* 40-75% 

Heat set -10% (0-30%)+ -16% 

*Solvent-base ink 
tWater-base ink. 

The flexographic and gravure process account for approximately one­

third of all inks used. They mainly use solvent-based inks containing 40 to 

75 percent solvent, 'which is then evaporated on drying. Water-borne inks 

are also coming into use in the flexographic process. Some of these water­

borne inks also contain solvent (0-30 percent) for faster drying. The screen 

process uses oil and lacquer-type inks which contain 0 to 60 percent solvents. 

However, this class accounts for less than 6 percent of the national total 

solvent used for inks. Letterpress and lithographic inks, which account for 

about one-third of the total inks used, are oil-based and emit some solvents 

when heat-set letterpress or heat-set web offset is used. 

Where available, the use of water-borne ink is the most economical 

emission control technique. However, because water-borne inks are not 

sufficiently versatile in color and substrate compatibility, most large 

presses in the Basin depend on carbon adsorption and incineration. The 

largest gravure printing plant in the Basin has installed a 180,000 CFM 

carbon adsorption system which has an efficiency of over 95% and the solvent 

is 100% recoverable. The condensed water :rom the steam desorption system 

is separated from the solvent so efficiently that it is reused as boiler 

feed water. 
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2. Rubber Manufacturing (Ref. 4-4 )--The most important operations in 

the manufacture of rubber are as follows: (1) physical treatment of raw 

rubber to prepare it for addition of compounding ingredients; (2) incorpora­

tion of various substances, especially fillers; (3) pretreatment of mix to 

make it satisfactory for preparing the final product; (4) forming the final 

product; and (5) vulcanization or curing the molded article. 

The compounding ingredients added to rubber are as follows: (1) 

plasticizers or softeners, (2) vulcanizing agents, (3) accelerators, (4) 

activators and retarders, (5) antioxidants, (6) fillers, and (7) miscellaneous 

ingredients such as pigments, rubber substitutes, odorants, abrasives, stif­

feners, and blowing agents. 

The first step in this process is plasticization which can be done 

in several ways. Mechanical plasticization is accomplished on a mixing mill 

or internal mixer which rolls the rubber and makes it soft and plastic. Heat 

plasticization is accomplished by heating in ovens for about 24 hours at 

300 0 to 400 of. Chemical plasticization is accomplished by adding peptizing 

agents on the mills and is more rapid and economical than other means under 

certain conditions. Typical peptizing agents are naphthyl mercaptan, xylyl 

mercaptan, zinc salt of pentachlorothiophenol and dithio-bis-benzanilide. 

Typical antioxidants that create hydrocarbon and organic pollutants 

are aromatic amines, aldehyde-amine condensation products, derivatives of 

secondary napthylamines, aromatic diamine derivatives, and ketone-amine 

condensation products. 

To vulcanize or cure the molded article, the material is held at 

elevated temperatures of 200 ° to 300 of from a few seconds to several hours. 

This is the operation during which many of the plasticizers, accelerators, 

and other organics are volatilized and driven off as air pollutants. One of 

the major problems associated with rubber production is odor. 

The principal methods used to control air pollutants from rubber 

manufacture are; reformulation, condensation, adsorption, absorption, and 

incineration. Many of the rubber manufacturers have been recovering solvents 
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for economic reasons. In one case, a rubber company installed an activated­

carbon adsorPtion system and found that with a 65 percent recovery figure for 

a base, the system could save them up to $39,000 in the first full 12 months 

of operation (Ref. 4-45). 

In reformulation, use of nonreactive solvents in place of reactive 

ones would alleviate hydrocarbons and odor problems. 

Direct-flame incineration has proved to be very successful in 

controlling both hydrocarbons and odors. In one rubber processing plant, 

tests of a direct-flame incineration system showed that for a total system 

flow of 31,000 pounds per hour, and an incineration temperature of 1,120 OF, 

total hydrocarbons were reduced from 1,305 to 207 ppm by weight with an 

efficiency of 84 percent (Ref. 4-46) (calculations based on reduction of 

total hydrocarbons in pounds per hour). With allowance for the contribution 

of fuel oil, as established during the blank run, the efficiency of process 

contamination removal became 89 percent. This was stated to be closer to 

the overall efficiency expected if the incinerator were fired with natural 

gas. 

In a similar run at an incineration temperature of 1,190 OF, total 

hydrocarbons were reduced from 1,155 to 89 ppm by weight for an efficiency 

of 92 percent. Allowing for fuel oil contribution would increase this 

efficiency to 97 percent. 

Catalytic-type combustion has been investigated thoroughly for 

removing pollutants from rubber plants. In some cases, however, it has 

been found that temperatures only 100 OF below those required for direct­

flame incineration were required, and thus increased costs of catalyst­

type operations would not be justified. In other tests (Ref. 4-46), this 

type of combustion was abandoned because of (1) the danger of poisoning 

of ~~e catalyst and (2) the impairment of its effectiveness as the catalyst 

became coated with carbonaceous deposits. 
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3. Degreasing--Metal parts must be thoroughly cleaned of all grease 

and oil before they can be plated, painted, or further processed. 

If solvent is used for cleaning and it is maintained by heat input 

at its atmospheric boiling point in the process equipment, and if this 

equipment is designed to control and minimize solvent losses to the air, 

then the cleaning process is called "vapor degreasing." 

If the solvent used for cleaning is at or near room temperature 

and if the equipment used is not designed to control solvent losses, then 

such a process is referred to as "solvent cleaning" or "cold solvent 

cleaning." The solvents used in these processes may be halogenated, non­

haologenated or mixture of them. 

In other words, vapor degreasing is a specific type of cleaning 

process designed to use only halogenated solvents, which are essentially 

nonflammable and have a relatively high vapor density. Complete descrip­

tions of "solvent cleaning" and "vapor degreasing" are presented in the 

chapter on metal cleaning in the Metals Handbook (Ref. 4-47). 

A typical degreaser is pictured in Figure 4-18. The methods that 

can reduce emissions are (1) improved covers, (2) high freeboard with 

water cooled walls, (3) refrigerated chillers, (4) carbon adsorption 

and process change. Incineration is generally impractical because 

chlorinated solvents are usually used which form highly toxic fumes when 

burned. 

Efficient covers are the most effective means of containing the 

vapor. Automatic covers open when a work piece is to be inserted and 

withdrawn. Horizontally acting doors cause the least disturbances of the 

vapor. A high freeboard with cooled walls help retain the heavier than 

air vapors inside the cover. A refrigerated chiller around the upper 

part of the freeboard condenses fumes that would curl over the upper edge. 

A hood, fan and charcoal adsorption system will also capture vapors that 

escape. Finally, the substitution of steam, detergent or other nonorganic 

cleaning methods where the work permits will eliminate nearly all vapor 

emissions. 
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4. Pesticide manufacture (and use)--A pesticide is a compound or mixture 

of compounds intended for preventing, destroying, or repelling or mitigating 

any insects, rodents, nematodes, fungi, or weeds or any other forms of life 

declared to be pests; and any compound or mixture of compounds intended for 

use as a plant regulator, defoliant, or desiccant. 

Pesticides are rarely used in their pure form, but usually are first 

combined with other materials into what is c~lled a formulation. The common 

formulations are powders or dusts, wettable or soluble powders, emulsifiable 

concentrates, granules, and aerosols. In addition to the active ingredient, 

each pesticide formulation may contain one or more of the following: a 

carrier or diluent, a solvent, an emulsifier, a spreading and sticking agent, 

or others. Each of these additives are usually inert as far as the pesticide 

action is concerned but provide a mechanism for even distribution of the 

pesticide. There are about 500 active ingredients and about 50,000-60,000 

different formulations on the market today (Ref. 4-48). 

Any or all of the constituents of a pesticide formulation can be a 

volatile organic compound including the active ingredient itself. Some 

typical active ingredients are listed in Table 4-8. Typically 80-90% of the 

applied formulations are volatile. Depp.nding on the active ingredient and 

the application the carrier can be organic or water. 

The control of organic air pollutants from pesticides can be performed 

by minimizing the use of solvent or petroleum borne formulation and substitut­

ing, where possible, water-borne or drj formulations. The other method is to 

use more efficient application techniques to reduce the amount of over spray 

necessary to obtain the desired coverage. In the latter case electrostatic 

spraying has been shown to reduce the amount of pesticide required by as much 

as 80% (Ref. 4-49). Personnel contact with the pesticide is also reduced. 

5. Dry cleaning--Clothing and o~~er textiles may be cleaned by treating 

them with organic solvents. This treatment process involves agitating the 

clothing in a solvent bath, rinsing with clean solvent, and drying with warm 

air. 
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TABLE 4-8. SOME VOLATILE ORGANIC PESTICIDES (Ref. 4-50) 

Aromatic Petroleum Solvents (liquids) 

Butoxyl polypropylene glycol (liquid) 

2,4-0 Butoxyethanol (liquid) 

Chlordane (C H Cl ) (liquid)
lO 6 8 

Chlorobenzene (liquid) 

Chlorobenzilate (liquid) 

Chloropicrin (liquid) 

2,4-D Isopropyl Ether (liquid) 

2,4-0 Propylene Glycolbuty Ether 
(liquid) 

Oalapan (Sodium Salt) CH CC1 COOH
3 2(liquid) 

DBCP Dibromochloropropane (liquid) 

D-D Mixture (a mixture of 
l,2-0ichloropropane (1) and 
l,3-0ichloropropene (1) and 
related C compounds)

3 
ODVP (Dichlorvos) 2,2-0ichlorovinyl-O, 

O-di-Methyl Phosphate (liquid) 

DEF S, S, S-Tributyl Phosophoro­
trithioate (liquid) 

Demeton (Systox) O,O-Diethyl 
0-2-ethylthio ethyl 
phosphorothioates 

Diazinon (colorless liquid) 

2,2-0ichloropropionic Acid (liquid) 

DNBP 2,4-Dinitro-6-sec butylphenol 
(brown liquid) 

2,4-DP Butoxylthanol (liquid) 

E~~ylene Dibromide (liquid) 

Fenthion (Baytex) yellow tan liquid 

Malathion (liquid) 

Metaldehyde (sublimable) (white 
crystals) 

Mineral Oil (liquid) 

Omite-R (viscous liquid) 

Parathion (yellow liquid) 

Petroleum Distillates (liquid) 

Petroleum Distillates, Aromatic 
(liquids) 

Petroleum Hydrocarbons (liquids) 

Petroleum Oil, unclassified 
(Stoddard solvent and diesel 
oil) 

Phorate (Thimet) (clear liquid) 

Phosdim-R (yellow to orange liquid) 

Phosphamidon (oily liquid) 

Phosphamidon, other related (oily 
liquid) 

Pine Oil (liquid) 

Piperonyl Butoxide (liquid) 

Pyrethrins (I and II) (viscous 
liquid) 

Telone-R (Dichloropropene) (liquid) 

Xylene (liquid) 

Xylene Range Aromatic Solvent 
(liquid) 
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There are basically two types of dry-cleaning installations: those 

using petroleum solvents (Stoddard), and those using chlorinated synthetic 

solvents (perchloroethylene). The Stoddard solvent in use in the South Coast 

Basin is about 48% paraffin, 44% naphthenes and 8% aromatics. Compared to 

perchloroethylene the Stoddard solvent is less expensive by a factor of ten, 

less corrosive to the cleaning equipment, less toxic, but more hazardous 

from a fire safety standpoint and more reactive from a photochemical smog 

standpoint. Perchloroethylene is used exclusively in the neighborhood 

cleaning plants while Stoddard solvent is used in some larger industrial 

cleaning plants. 

In a petroleum-solvent dry-cleaning plant, the equipment generally 

consists of a washer, centrifuge (extractor), tumbler, filter, and often a 

batch still. The centrifuge is used to recover solvent by spinning it from 

the clothes. The clothes then enter a tumbler where they are dried with 

warm air. The tumbler is usually vented through a lint trap to the atmosphere 

in this type of plant. 

In synthetic solvent plants, the washer and extractor are a single 

unit. The tumbler operates as a closed system, having a condenser for vapor 

recovery. The tumbler is vented to the a~~osphere or to a carbon adsorber 

only during a short deodorizing period. 

Both adsorption and condensation systems may be used to control solvent 

emissions from dry-cleaning plants using synthetic solvents. Solvent recovery 

systems are not only commercially available as part of a synthetic solvent 

cleaning plant, but they are also economically attractive. The primary con­

trol element is a water-cooled condenser, which is an integral part of the 

closed cycle in the tumbler or drying system. Up to 95 percent of the solvent 

that is evaporated from the clothing can be recovered here. About half of the 

remaining solvent can then be recovered in an activated-carbon adsorber, giving 

an overall control efficiency of 97-98 percent. 

There are no commercially available control units for solvent recovery 

in petroleum-solvent plants because it is not economical to recover the vapors. 

The vaporized solvent is not condensible at the temperatures employed, and 
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thus the whole solvent recovery burden would fallon an adsorption system, 

necessitating equipment up to 20 times larger than that used in a comparable 

synthetic solvent plant. 

Another way of controlling solvent emissions from petroleum plants is 

through direct-fired afterburners. Es~imates show that a saving in capital 

cost could be achieved, but an increase in operating costs would also be 

incurred compared to carbon adsorbers. Afterburners are not suitable for 

synthetic chlorinated hydrocarbons because of the danger of producing hydrogen 

chloride, phosgene, or other toxic gases. 

A complete treatment of emission reduction from the dry cleaning 

industry is contained in Ref. 4-64. 

6. Architectural coatings--Architectural coating consist of those paints, 

varnishes, stains, sealers, etc. used on the exterior or interior surfaces of 

buildings, homes, civil engineering structurals, etc. These are the coating 

to which add on controls do not normally apply. 

This is currently the area of greatest application of water-borne 

paints. Besides lower emissions water-borne paints offer easier application 

and cleanup and equivalent or superior durability. Except for aerosols, 

clear coatings and metal paints the water-borne paints are growing in 

popularity. A survey by the ARB indicated that 60% of the architectural 

paint sold in the state was water-borne. 

The control methods for architectural coatings are to continue to 

persuade the professionals and non-professionals to substitute water-borne 

paint for solvent based paint; and to use, when possible, other solventless 

coatings as colored stucco, epoxy, and other low solvent coatings, prefinished 

panels, etc. 

7. Wood finishing--Wood finishes involve varnishes, shellac, stain, 

wax, and plastic coatings. Water-borne and low solvent coatings are the 

primary method of solvent emission control in this area. However, certain 

pigments and high gloss finishes can only be accommodated with the solvent 

based formulations. In this case add-on devices like charcoal adsorbers 

as well as thermal and catalytic incinerators can be used to control air 

pollution emissions. 
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4.2.3 Chemical Manufacturing 

Manufacturers of synthetic organic chemicals such as elastomers, 

dyes, flavors, perfumes, plastics, resins, plasticizers, pigments, paints, 

varnishes, rubber processing chemicals, pharmaceuticals, and miscellaneous 

solvents have the problems of controlling emissions of hydrocarbons from 

raw materials and from products made from these materials. 

Of the thousands of chemical manufacturing processes, each has 

unique control problems. The types of chemical conversions utilized in 

these processes are classified below. 

Alkylation is the union of an olefin with an aromatic or paraffinic 

hydrocarbon. Ethyl benzene is produced by alkylating benzene with ethylene, 

and naphthalene, by dealkylation of a petroleum fraction. 

In amination, an amino compound is formed by using ammonia (or a 

substituted ammonia) as the agent. Other amines are made by reducing a nitro 

compound. Ethanolamines, for example, are obtained when ethylene oxide is 

bubbled through an ammonia solution. 

Hydrogenation, the addition of hydrogen, is used to manufacture a 

broad range of products. For example, methanol is made by reacting CO with 

hydrogen. 

Dehydrogenation, the removal of hydrogen, produces unsaturated 

compounds. Benzene is made by dehydrogenation of substituted cyclohexanes. 

Dehydration, the removal of water, produces ethers from alcohols. 

Hydration, the addition of water, produces ethyl alcohol from ethylene. 

In esterification, an alcohol reacts with an organic acid to form 

an ester. Ethyl alcohol reacts with acetic acid to form ethyl acetate, an 

important solvent. 

Halogenation and dehalogenation are the addition or removal of a 

halogen. Methyl chloride is made by chlorination of methane. Chlorine, 

bromine, iodine, and fluorine are the halogenation agents. 

KVB 5804-714 

4-106 



Oxidation, the addition of oxygen, is one of the most valuable 

conversion processes. Ethylene oxide is made by oxidation of ethylene. 

The cheapest oxidizing agent is air, but pure oxygen has advantages in many 

applications. 

Nitration introduces nitrogen into hydrocarbons. Nitrobenzene is an 

important product of nitration. 

Polymerization is the reaction of simple molecules to form more 

complex polymers. For "example, ethylene is polymerized to polyethylene. 

The raw materials and the products are potential sources of emissions 

in any chemical conversion operation. Chemical reactions for production of 

a desired product usually result in several by-products. Although the 

formation of by-products is minimized by adjusting the conversion condi~ions, 

the quantities formed must be either recovered for use or be properly disposed 

of as wastes. Waste disposal is a primary problem, complicated by the fact 

that wastes may be highly toxic. Thus air-cleaning methods that merely trans­

fer the emissions to streams or other waters are not satisfactory. 

The major sources of emissions to the air are streams of waste gases, 

vapors from distillation columns, and leakage from feed and product transport 

lines. Many chemical plants generate their own steam for use in refining and 

for supplying power; therefore, emissions characteristic of power plants are 

an inherent part of the total. The manufacture or regeneration of catalysts 

usually result in nonhydrocarbon emissions. 

Often, control of emissions by the chemical industry is based on 

economic incentives. In other words, condensers are used to recover vapors 

containing usable reactants, and wastes are burned to recover heat value. 

This is not possible for all processes, however. For example, catalytic 

oxidations are seldom, if ever, free of odor. Large quantites of air are 

pumped through the reaction system to provide the oxygen necessary for the 

conversion. Low concentrations of the main reactants are carried into the 

air. Existing methods for recovery of these low concentrations are often 

unattractive economically, in the sense that the recovered material does not 

pay for the cost of recovery. 

KVB 5804-714 

4-107 



Recently, however, new developments in recovery methods using 

automated jet compressors (Ref. 4-51) have begun to reduce the economic 

burden of recovery or disposal. 

A. Halogenates--

Organic emissions containing a halogen (primarily chlorine) are a 

special problem, because the halogen atoms are not combustible. Accordingly, 

incineration of chlorine-containing organic compounds can produce HCl, 

elemental chlorine, or other chlorinated compounds. 

The problem is to design an incineration system that will first 

produce the hydrogen halide gas and then absorb it. Experimentation has 

shown that if the hydrogen-to-halogen ratio is high enough, approximately 

5 to 1, essentially all of the halogen in the products of cOmbustion will 

be in the form of the hydrogen halide (Ref. 4-4). 

To maintain this ratio for substances like ethylene or propylene 

dichloride, some hydrocarbon fuel must be added to the combustion system 

to supply hydrogen. A technique developed to do this for organic chlorides 
, 

recovers up to 99 percent of the hydrogen chloride as 18 0 Baurne acid from 

gas streams containing as little as 3 percent hydrogen chloride (Ref. 4-52). 

In this recovery system, the waste is incinerated in a vortex-type 

burner and immediately quenched in a graphite- or carbon-lined tower; the 

resulting vapors are processed through a series of impervious, graphite, 
,

tubular cascade absorbers, which are designed to produce 18 0 Baurne acid, 

with up to 100 ppm of hydrogen chloride in the vent gas. If additional 

- treatment is required, another scrubbing station is provided to produce verj 

weak hydrochloric acid to be used as make-up liquor in the main absorption 

equipment. The remaining vapors usually contain fewer than 50 ppm hydrogen 

chloride. This recovery system, depending on the disposal rate, can produce 

a positive return on investment. 

B. Coal Gases--

Catalytic vapor incinerators can eliminate essentially all hydrocarbons 

contained in a relatively cool waste gas stream. The heart of the system is 

a catalyst that makes it possible to burn ethylene that is present in concen-

trations too low to support normal incineration. The treated stream does not 
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C. Varnishes (Paints, etc.)--

The vapors emitted from varnish cookers possess penetrating and 

disagreeable odors and other irritating characteristics. These vapors 

consist of (1) low-melting-temperature constituents of natural gums, synthetic 

a~ids, and resins, some of which are purposely driven off for process reasons; 

(2) thermal decomposition and oxidation products volatilized during bodying 

of oils; and (3) volatile thinners, which distill off during thinning of 

hot varnish. 

Total emissions to the atmosphere depend on the composition of the 

batch, rate of temperature application, maximum temperature of the process, 

method of adding solvents and driers, amount of stirring employed, extent 

of.air-blowing, length of cooking time, and amount of pollution of other 

process control equipment employed. Typical losses from various cooking 

processes are as follows: 

1. Total loss from oleoresinous varnish cooks average 3 to 6 
percent, with some losses as high as 10 to 12 percent. 

2. Losses from alkyd resin cooks range from 4 to 6 percent. 

3. Cooking and blowing of oils produce losses of 1 to 3 percent. 

4. Heat polymerization of acrylic resins produces losses of less 
than 1 percent unless the reaction gets out of control. 

The most effective means of controlling emissions from varnish-making 

operations has been combustion (Ref. 4-4). Vapor disposal by combustion has 

several advantages over other control methods because it requires a minimum 

of equipment, assures complete vapor elimination from the atmosphere, and 

consumes very little fuel in correctly designed furnaces. Incineration, of 

these hot combustible vapors calls, however, for special devices to protect 

against flame propagation in the opposite direction of the flow of vapors 

between the kettle and the incinerating furnace. In some systems, a series 

of water jets or a water scrubber are interposed between the varnish kettle 

and the furnace. In ano~~er system, the vapors are passed first through a 

water-cooled condenser and then to a combustion hearth. In still another, the 

varnish vapors are assisted from the kettle by means of a steam nozzle. The 

mixture of steam and vapor is condensed. The reduced pressure, which results 

from the vapor condensation pulls the vapors from the kettle. The nonconden-

sibles are then burned. KVB 5804-714 
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In designing condensers to control emissions from varnish-making 

operations, the standard design factors such as the type(s) of compounds and 

their physical properties, such as temperature, volume, concentration, vapor 

pressure, and specific heat must be considered. In addition, in many of 

these processes noncondensible substances must be removed by other means. 

Many of the lower-boiling-point noncondensible hydrocarbons are very 

inflammable, and provision must be made to remove the risk of flashes. For 

example, to remove copal vapors, a satisfactory condensation unit should 

include the following: 

1. A condenser to remove most of the vapors, followed by 
scrubbing and combustion, charcoal adsorption, or a 
ventilating stack to remove the traces. 

2. Means for vapor withdrawal. 

3. Provision for cooling and collecting a large volume 
of distillate. 

4. Corrosion-resistant materials of construction. 

5. Precaution against flashes. 

6. Provision for overflOW between cooking kettle and 
first condenser. 

7. Recirculation of cooling water to reduce quantities 
required. 

8. Separate unit for each kettle if possible. 

Both surface-type and direct-contact-type condensers have been employed in 

this industry. 

Several different types of scrubbers have been used by the varnish 

industry. These include (1) a countercurrent device in which the vapors 

enter at the bottom against a descending water stream and leave through 

the top, (2) a parallel-current water scrubber succeeded by smaller counter­

current scrubbers, (3) water jet scrubbers, and a (4) scrubber with spinning 

discs located on a revolving vertical spindle. 

D. Pharmaceuticals--

Pharmaceuticals encompass a broad spectrum of materials, ranging from 

purified anesthetic-grade ethers and other anesthetics to the extraction and 

purification of cod-liver oil. "Biological" odors are conventionally controlled 
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by incineration. Solvents may be recovered by adsorption. Usually there 

is no provision for recovery of the adsorbed materials. Frequently, the 

use of packaged replaceable adsorption units is feasible. 

4.2.4 Other Industrial Processes 

A. Metallurgical--

Metallurgical processes are some of the largest sources of pollution 

in the Basin. However, compared to carbon monoxide, particulate and sulfur 

emissions these sources emit small amounts of hydrocarbons. These sources 

include coke ovens, blast furnaces, steel making furnaces, remelting processes 

as in a foundry or reheating processes as in forming or heat treating. 

Hydrocarbons are emitted from stacks as exhaust gas from fuel combustion 

and as fugitive emissions from openings or leaks in material processing 

retorts. References 4-53, 4-54, 4-44, 4-2, and 4-55 contain descriptions 

of these processes and details of emission sources and control measures. 

Reference 4-54 is a comprehensive report by the ARB staff on a steel mill in 

the Basin. Table 4-9 summarizes the emissions from that plant and shows the 

relatively small amount of organic gases emitted. However, since 25 tons/yr 

constitute a major source in this study, the 865 tons/year listed does make 

this plant a significant hydrocarbon source. 

TABLE 4-9. AMOUNT OF POLLUTANTS GENERATED BY ~ISER STEEL 
AT FONTANA, CALIFORNIA (REF. 4-54) 

Organic Gases, Tons/Year 

Total NOx 502 CO Particulate 

Kaiser emissions 865 8,107 13,636 78,267 2,475 

Percent of Kaiser's 
contribution to all 
pollutants emitted 
into atmosphere 
from all stationary 
sources in the 
SCAQMD 

0.37\ 5.6% 69.3% 8.2% 
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KVB's measurements of stack emissions (refer to the Appendix) account 

for 75% of the organic gases shown in the table. The remainder could well be 

fugitive emissions from leaks that escape directly into the air. Actually, 

the hydrocarbons emitted from the stacks are most likely caused by internal 

leakage from ~~e coke ovens into the combustion gas st~eam near the end of 

the gas pass. The combustion gases apparently are no longer hot enough to 

react all of the leaking coke oven gases. In KVB's tests of two different 

coke oven exhaust stacks 200 and 700 ppm of methane were found respectively. 

CO levels were 1 and 2% respectively. These hydrocarbon and CO values 

are very high, indicating incomplete combustion. But since the 02 levels 

in these gases were .7 and 15% respectively, which is very excessive, the 

possibility of incomplete combustion is not reasonable. One possible 

explanation is that methane is leaking into the exhaust gases through the 

metal and ceramic heat transfer wall at a point where the combustion gases 

have cooled down sufficiently that some of the methane does not have time to 

oxidize. 

Me·thods for controlling hydrocarbon emissions from coke ovens and 

metal manufacturing processes are essentially the same as those for controlling 

particulate and sulfur emissions, i.e., seal up the leaks or enclose the 

processes in a vapor collector and remove the pollutants. After ~~e vapor 

collected has been scrubbed for sulfur and particulate removal, the remaining 

gases can be adsorbed on charcoal to increase the concentration and recycled 

into the fuel gas supply. Other hydrocarbon emissions from combustion of 

fuel associated with these metallurgical processes should be very low in 

hydrocarbon concentration (of the order of 1 to 10 ppm). If combustion 

processes are found where emissions are greater than this level, the best 

approach is to improve burner design, recirculation patterns, air/fuel ratio 

to bring the emissions to acceptable levels. In some cases, where oil coated 

scrap material is charge into a furnace for instance, the hydrocarbon content 

of the e~~aust gas becomes high enough to require a secondary incineration 

process. 
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B. Mineral--

Most of the mineral processes are primarily particulate emitters and 

have little hydrocarbon emissions. Asphalt is often used for paving or 

roofing applications. Freshly applied asphalt concrete does emit some 
-6hydrocarbon emissions. KVB measured an emission factor of 10 Ib hydrocarbon 

per Ib of asphalt hot mix paving material (including aggregate). Midwest 

Research (Ref. 4-56) recently measured a weight loss rate for the list melt 

asphalt (without aggregate) of 4x10-3 Ib hydrocarbon loss/lb asphalt. 

Assuming the asphalt is 5% of the paving mixture (5-10% is the normal range) 
4this emission factor would become 2xlO- Ib hydrocarbon/lb of paving material 

or 200 times greater than KVB's measurement. Since both emissions are small, 

this variation could be well within the experimental error. Reference 4-57 

contains emission data from the preparation of hot mix which indicates that 
9these emissions are of the order of 10- Ib hydrocarbon/lb asphalt paving 

material, negligible compared to the emission from the paving operations. 

Based on a g~ometric average of the MRl and KVB data (i.e., 10-5 lb/lb) a 

mile of asphalt paving, 60 ft wide and 3 inches thick would emit 300 Ib 

plus or minus a factor of ten. 

Although ~~ese emissions are low in rate they were found to be high 

olefinic species which are most reactive in smog formation. 

The best control option is to substitute Portland cement type concrete 

for the asphalt type. This doubles the installed cost but saves some of this 

extra cost in maintenance and repair. When cutback asphalt is used (i.e. 

asphalt mixed with a petroleum thinner) the emissions can be 10 to 100 times 

higher according to MRI (Ref. 4-56). Where cutback asphalt has been used the 

emission can be reduced by as much as 95% by substituting water emulsified 

asphalt. The water emulsified asphalt has good fluidity but emissions as 

low or lower than the basic uncut asphalt. 

Roofing operations also use asphalt, the type that has been oxidized 

by air blowing as discussed above under oil refining. This type of asphalt 

is uncut and the practice is to use heat to melt and apply the material to 

the roof. In this operation the principal emissions come from the roofing 

KVB 5804-714 

4-113 



kettles. The control methods involve the use of enclosed kettles in which 

the solid asphalt "keg" is inserted into the kettle through quick opening/ 

closing doors. Liquid asphalt is tapped off into buckets that are quickly 

applied to the roof where the material cools rapidly minimizing the emissions. 

Some emissions escape through door seals and other leaks in the kettles. Any 

system for evacuatL,g the vapors from inside the kettle have been rejected 

because of the possible of drawing air into the kettle causing an explosive 

mixture. 

C. Food Processing--

Food sources of hydrocarbons include operations such as the cooking, 

frying, broiling, baking, and roasting of vegetables, fruits, nuts, meat, 

fish, and fowl. These operations may involve food processing for commercial 

or domestic consumption, restaurant food preparation, or fermentation 

processes. Emissions range from light hydrocarbons from fermentation to 

medium from baking and roasting of vegetable products to heavy hydrocarbons 

from meat cooking. The disposition or concentration of inedible parts of meat 

and fish cause objectionable odorous emissions in the form of trimethylamine. 

Alcohols, esters and ~ldehydes constitute a large part of these emissions 

which are highly reactive from a photochemical smog standpoint. 

The universal method for controlling these emissions is incineration 

which is usually an effective measure for odor control. Often, however, the 

medium to heavy emissions tend to condense and form organic particulates 

that can be filtered out of the gas stream mechanically. Condensation can 

be promoted by use of cold surface contact and direct water scrubbing. For 

low concentration streams where malodorous pollutants are concerned, charcoal 

adsorption can be employed with the desorbed products concentration and 

burned. 

D. Combustion of Fuel--

The combustion of fuels may result in the emission of hydrocarbons 

and other organic material if combustion is not complete. ~fuen properly 

operated and designed, however, stationary fuel combustion equipment is not a 

large source of organic emissions, and control equipment is not required. 
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Fuels are burned in a wide variety of equipment ranging from small 

hand-fired coal furnaces to large oil, gas, and coal-fired steam-electric 

generating plants. Due to variations in combustion efficiency and type of 

fuel, hydrocarbon emissions will depend on the particular type of combustion 

device. Table 4-10 presents some typical hydrocarbon emissions for various 

types of fuels and furnace sizes. Considerable variation in these emissions 

can occur, however, depending on the operation of an individual unit. 

TABLE 4-10. TYPICAL HYDROCARBON EMISSIONS FROM STATIONARY 
FUEL COMBUSTION SOURCES (lb/109 Etu) 

Size Range 
Domestic and 

Fuel Steam-Electric Industrial Commercial 

Oil 5 10 20 

Gas 0.01 0.1 0.5 

Hydrocarbon emissions from fuel combustion can be reduced or eliminated 

by essentially three techniques: improved operating practices, improved 

equipment design, and fuel substitution. 

Good operating practice is the most practical technique for reducing 

hydrocarbon emissions from existing stationary combustion sources. Even the 

best equipment will perform poorly if improperly applied, installed, operated, 

or maintained and emit hydrocarbons, smoke, and other pollutants. Hydrocarbon 

emissions are directly related to the three common combustion parameters of 

time, temperature, and turbulence. A high degree of fuel and air turbulence 

will greatly reduce hydrocarbon emissions, increase combustion efficiency, 

and reduce fuel consumption. Flue gas monitoring systems such as oxygen and 

smoke recorders are helpful in indicating the operation of the furnace and 

are useful in keeping emissions at a minimum. 

In the Basin very little waste disposal is performed by burning 

because the best control for this process is to substitute sanitary landfills 

as discussed in the next section. 
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E. Waste--

The primary waste disposal technique in the Basin is sanitary land­

fills. COllected waste is dumped into natural or excavated cavities and 

mixed and covered with earth. The decay process which ta~es place causes 

copious quantities of light hydrocarbons (primarily methane) to be emitted. 

Until the recent awareness of an energy shortage these emissions 

were ignored except where a specific problem (odors, etc.) was generated 

by encroachment of residential areas on landfill sites. In this event a 

control method of collecting the generated gases was instituted. To collect 

the gas a network of perforated PVC pipe was buried in the landfill. The 

pipes were connected to a vacuum pump through which the gas was discharged 

to atmosphere or incinerator. Recently, with energy conservation incentives 

there has been an effort made to use the collected gases to augment the 

fuel supply in utility or industrial boilers. 

4.3 COST EFFECTIVE~~SS 

Cost effectiveness has been defined as the total cost associated 

with the reduction of one ton of pollution. There are many factors effecting 

the investment and annual cost of gaseous organic control systems such as 

the: 

a. Gas stream volumetric flow rate 

b. Gas stream temperature 

c. Organic specie concentration in the gas stream 

d. Specific organic compounds contained in the stream 

e. Present degree of control 

f. Facility modifications required 

g. Energy consumption 

h. Operating and maintenance labor 

i. Waste heat applications 

j. Usefulness of recovered materials. 

k. Available space and structural requirements 

Wi~~ so many factors involVed, it is only possible to present costs ~~at 

represent some typical situations and which might apply to an industry 

average but not necessarily for a specific plant. For any real applications, 
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a more specific look at these cost elements should be made in determining 

the optimum system. KVB has attempted to assemble cost data from the 

literature and from equifment manufacturers to provide the ARB with an 

indication of the cost impact of any control strategy that they may 

consider. As discussed in Section 4.1, the total cost for any control 

scheme includes the installed costs plus operating costs, as well as the 

indirect costs which can add SO% to 100% to the direct costs. 

4.3.1 Carbon Adsorption 

The cost effectiveness study presented was based on an extensive 

effort by the EPA Emission Standards and Engineering Division in Durham, NC 

as presented in Reference 4-2. The study considered both investment and 

operating cost and included all of the typical facility modification costs 

associated with an add-on system. Operating costs were adjusted for solvent 

recovery. 

The basic assumptions used in developing this cost were as follows: 

a. Exhaust gases contain benzene and hexane (50/50 weight percent) 
mixture in air 

b. Exhaust gas temperatures of 70, 170, and 375 OF 

c. Hydrocarbon concentrations of 100 ppm, 15 percent of the 
lower explosion limit (LEL) and 25 percent of the LEL 

d. Exhaust gas flow rates of 1,000, 10,000, 50,000 scfm 

e. Fuel costs of $1.50/millionBtu* 

f. Electricity at $0.03/kW-hr 

g. Activated carbon at $0.68/1b 

h. Water at $O.04/thousand gallons 

i. Steam at $2/thousand lb 

j. 5-year life of activated carbon 

k. Adsorber operating at 100 OF 

1. Market value (December 1975) of benzene = $O.8S/gallon; 
market value (December 1975) of hexane = $O.46S/gallon. 

m. Normal retrofit situation 

n. Direct labor assessed at O.S hr/shift x 730 shifts/yr x $8/hour = 
$2920/yr 

*September 1977 fuel costs in the Basin were $l.SS/million BTU per SouL~ern 

California Gas Company. 
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o. Annual maintenance, taxes, insurance, building overhead, 
depreciation, and interest on borrowed money taken at 25 
percent of capital investment 

p. Operating time; 5840 hr/yr. 

In addition the recovered solvent was valued at three levels: 

a. no value 

b. fuel value - $1.50/MMBtu ($0.20/gal) 

c. market value - see above list 

The assumed solvent concentration levels of 15 and 25% of LEL is 

based on typical fire safety standards which specify 25% of LEL as a maximum 

safe concentration level for normal operations. In some areas plants can 

operate up to 50%. Some typical solvents and their LEL are as follows: 

Solvent LEL, ppm 

Acetone 25,000 
Benzene 14,000 
Carbon Disulfide 12,000 
Dichloroethylene 62,000 
Ethyl Alcohol 35,000 
Ethylene Glycol 32,000 
Gasoline 13,000 
Hexane 12,000 
Methyl Alcohol 67,000 
Methyl Butyl Ketone 14,000 
Methyl Ethyl Ketone 18,000 
Tolulene 13,000 
Turpentine 8,000 

No provisions were made for any distillation or water treatment 

equipment. If a plant emits water soluble organics in the exhaust, the 

cost would be considerably higher. , The estimates did not include any 

particulate removal equipment. Finally, it was assumed that the solvents 

to be collected were of the middle range with regard to adscrptivity. 

Compounds which are difficult to adsorb (light compounds) or desorb (heavy 

compounds) can add considerably to both installation and operating costs. 
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Capital costs for adsorption systems designed to recover the solvent 

are presented in Figure 4-26. 

Annual control costs for adsorbers are presented in Figures 4-27 

through 4-29. For figures that give total annual cost, cost effectiveness 

information is also presented, that is, the cost per ton of hydrocarbon 

removed. Cost effectiveness information is a useful criterion when trying 

to devise air pollution control strategies to reduce the total amount of a 

pollutant emitted at a minimum cost. In this study annual depreciation was 

viewed as a cost, not as a credit, against taxable income. Thus the analysis 

was simplified and the resulting effect may be a slightly higher annual 

control cost. The curves indicate the importance of the value of the 

recovered solvents. 

KVB obtained some case history data to check these curves as follows: 

Case 1 - A Magnetic Tape Manufacturer 

A 10,000 scfm, three-canister, activated carbon system with 

steam regeneration and distillation for solvent recovery was 

installed to collect methyl isobutyl ketone (MIBK) vapors which 

were originally emitted at a rate of 500 Ib/hr or 3000 ppm 

(22% LEL) at that flow rate. The system recovered 450 lb/hr 

of MIBK at a cost of $lO/hr excluding equipment depreciation, 

taxes, insurance, building overhead, etc. and the price of the 

recovered solvent. 

A comparison of the reported cost parameters with the parameters 

predicted by the cost curves presented is as follows: 

Reported Actual Predicted 
Parameter (Ref. 4-58) by Study 

Installed Cost, $ 250,000 270,000 
Annual Cost, $ 110,000* 100,000 
(no credit for recovered solvent) 

Annual Wt. of Solvent Recovered, 
tons 1,300 

Cost Effectiveness, $/ton 85 125 

*Include 25% of Installed Cost for depreciation, taxes, insurance, 
overhead, etc. the same as used in the study. 
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The MIBK was valued at $2.50/gal. which means that the 1300 tons 

of solvent recovered was worth approximately $800,000, over 

three times the original investment. 

Case 2 - A Pharmaceutical Company 

A 10,000 scfm, three-canister, activated carbon system with 

distillation for solvent recovery was installed to collect 

acetone vapors which were emitted at a rate o~ 500 lb/hr or 

5000 ppm (20% LEL) at that flow rate. The system recovered 

450 lb/hr of acetone at cost of $lO/hr excluding equipment 

depreciation, taxes, etc. and the price of the recovered 

solvent. The comparison of reported cost and those predicted 

by the study are: 

Parameter 
Reported Actual 

(Ref. 4-58) 
Predicted 
by Study 

Installed Cost, $ 

Annual Cost, $ 
(no credit for recovered solv
Annual Weight of Solvent 
Recovered, tons 
Cost Effectiveness, $/ton 

ent) 

250,000 
120,000* 

1,300 
90 

270,000 
100,000 

125 

*Includes 25% of Installed Cost 

The acetone was valued at $1.25/gal which means that the 1300 tons 

recovered was worth approximately $500,000 or twice the original 

investment. 

Case 3 - A Gravure Printing Plant 

This plant has an 180,000 scfm, four-canister, activated carbon 

system with a solvent recovery system. The solvent concentration 

is 1000 to 3000 (10-25% LEL) ppm of a blend of aliphatic and 

aromatic « 20%) hydrocarbons. The installed cost of this system 

was reported as $5 million compared to a predicted $3.5 million 
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extrapolated from Figure 4-26. The operating costs were not 

disclosed, however, a payback period of 12 to IS years was 

estimated. This would reflect an approximate operation cost 

of from $100 to $200/ton of pollutant compared to $10 to $50/ 

ton from Figure 4-29. 

Case 4 - An Automotive Spray Paint Booth 
100 ppm hexane - 90% removal 

Parameter 

Solvent Concentration 
Flow Rate, SCFM 
Wt Recovered, tons 
Installed Cost, % 
Annual Cost, $ 

(no credit for solvent) 
Cost Effectiveness, $/ton 

- 5840 hrs of operation/year 

Reported Actual 
(Ref. 4-33) 

100 ppm 
248-,000 

870 
2,700,000 
1,000,000 

1150 

Case 5 - An Automotive Spray Booth 

Parameter 

Solvent Concentration 
Flow Rate, SCFM 
Installed Cost, $ 
Annual Cost, $ 
Cost Effectiveness, $/ton 

Reported Actual 
(Ref. 4-64) 

100 ppm 
1,815,000 

19,600,000 
7,300,000 

1150 

Predicted 
by Study 

100 ppm 
248,000 

2;200,000 
900,000 

Beyond Extrapolation 

Predicted 
by Study 

100 ppm 
1,815,000 

15,000,000 
2,700,000 
Beyond Extrapolation 

4.3.2 Incineration (Thermal and Catalytic) 

The cost effectiveness data presented in this section are taken 

from a 1976 EPA study, Reference 4-2. For additional cost data, espe­

cially on automobile painting incinerators, consult Reference 4-33. 

Incineration can be an economical control alternative if heat recovery 

techniques can be utilized. To illustrate the importance of heat recovery, 

three cases were investigated: 
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No heat recovery 

25 percent primary heat recovery 

35 percent primary heat recovery and 55 percent secondary 
heat recovery of the remaining 65 percent. 

For each case, cost estimates were made for three inlet flow rates 

(5,000, 15,000, and 30,000 scfm), two inlet stream temperatures (70 and 

300 OF), and three stream concentrations (0, 15, and 25 percent of the LEL*). 

Other assumptions used in developing the estimates are as follows: 

a. Noncatalytic incinerators designed for both oil and 
natural gas operation 

b. Catalytic incinerator~ designed for natural gas and 
propane operation 

c. Catalytic incinerators capable of 800 of ~peration below 
6 percent LEL; 1200 of design cagability for operation 
from 6 percent to 25 percent LEL 

d. 3-year catalyst life 

e. Costs based on outdoor location 

f. Rooftop installation requiring structural steel 

g. Fuel cost of $1.50/million Btu**(gross). Correction factors 
were provided to determine operating costs at higher fuel 
prices 

h. Electricity at $0.03 kH-hr 

i. Depreciation and interest was taken as 16 percent of capital 
investment. ~Jmual maintenance was assumed to be 5 percent 
of capital cost, taxes and insurance, 2 percent, and building 
overhead, 2 percent 

j. Direct labor assessed at 0.5 hr/shift x 730 shifts/yr 
$8.00/hr = $2920/yr direct labor expense 

x 

k. Operating time: 2 shifts/day x 8 hr/shift x 
5840 hr/yr. Correction factors are provided 
annual cost at different operating times 

365 days/yr = 
to determine 

*See Section 4.3.1 for Lower Explosion Limit (LEL) values. 

**Actual fuel cost (gas) in the Basin in September 1977 was $l.SS/million 
Btu. 
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1. The noncatalytic incinerator utilized was based on: 

1500 of capability 
O.S-second residence time 
Nozzle mix burner capable of No. 2 through No. 6 oil 
firing 
Forced mixing of the burner products of combustion using 
a slotted cylinder mixing arrangement. This cylinder 
allows the burner flame to establish itself before radial 
entry of the effluent through slots in the far end of 
the cylinder 
A portion of the effluent to be incinerated is ducted to 
the burner to serve as combustion air. This allows the 
burner to act as a raw gas burner, thus saving fuel over 
conventional nozzle mix burners. This design can only be 
used, however, when the 02 content of the oven exhaust is 
17 percent by volume or above 

m. The catalytic afterburner was casted for two design points, 
800 and 1200 OF; the higher temperature design required 
for LEL levels exceeding 6 percent. (At 600 OF into the 
catalyst and a 6 percent LEL, the outlet temperature of the 
catalyst is approximately 800 OF; at a 25 percent LEL condi­
tion and a minimum initiation temperature of 500 OF, the 
catalyst reaches an outlet temperature of around 1200 OF.) 

Based upon the results of the cost estimates, cost curves were 

developed (Figures 4-30 through 4-44). Because of the unique plant facility 

characteristics, actual control costs for some plants can be substantially 

higher than estimates given here. To adjust for the differences between the 

$1.50/MMBtu used in the study and the current fuel price of $1.85/MMBtu or 

to adjust for different operating times, refer to Figures 4-45 and 4-48. 

A. Installed Cost of Incinerators--

Figures 4-30, 4-35, and 4-40 give the installed cost for incinerators 

designed for (1) no heat recovery, (2) primary heat recovery, and (3) primary 

and secondary heat recovery. The costs were intended to represent typical 

retrofit situations. However, further investigation has revealed that the 

costs are more representative of the minimum retrofit situation, essentially 

the same as installation during the construction of a new plant. The 

installed cost in more typical retrofit situations will be 1.5 to 2 times 

the values shown in Figures 4-30, 4-35, and 4-40. In very difficult cases, 

the cost can be 3 to S times that shown in the figures. 
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Figure 4-30. Capital cost for direct flame and catalytic afterburners without 
heat recovery (70 - 300 of process gas inlet) Case 1 (1976 prices) 
(Ref. 4-2). 

KVB 5804-714 

35 40 

4-128 



8
0

0
�
r
-
-
-
-
-
-
-
r
�
-
-
-
~
I
-
-
-
_
r
.-
-
-
..

..
..

-
.-

-
-
.
.
.
"
J

I
 

7
0

0
0

 I
I 

I
I 

•
• 

6
0

0
0

 

7
0

0
 

5
0

0
0

 

4
0

0
0

 

6
0

0
 

3
0

0
0

 

tv
) 

5
0

0
 

a r
l x {

f)
-

~
 
4

0
0

 
0<

;-
U

l 0
rO

I 
:\-

0 
0

,;'
l' 

<d
 

/
/ 

4
c
Y

 
-
-
l 

/ 
/

.
/
 

1 

I 
~

 
./1

r
l 

J:
-

t-
-I 

~
 3

0
0

L
-

3
0

0
 

N
 w
 

20
01

 
2

0
0

 

1
0

0
 

1
0

0
 

25
 

p
e
rc

e
n

t 
L

E
L

 

O
. 

I 
I

I 
I

I 
o 

I
, 

I
,

, 
, 

a 
1

0
 

5
0

 
·0

 
1

0
 

2
0

 
3

0
3

11
0 

5
0

 
F

lo
w

, 
sc

fm
 

x 
1

0
 

F
ig

u
re

 
4

-3
1

. 
A

n
n

u
a
l 

c
o

s
t 

a
n

d
 

c
o

s
t-

e
ff

e
c
ti

v
e
n

e
s
s
 
o

f 
d

ir
e
c
t 

fl
a
m

e
 
in

c
in

e
ra

to
rs

 
(1

9
7

6
 

p
ri

c
E

;s
) 

(n
o

 
n

e
a
t 

re
c
o

v
e
ry

, 
p

ro
c
e
ti

s 
te

m
p

e
ra

tu
re

 
=

 7
0

 
°F

) 
C

a
se

 
1 

(R
e
f.

 
4

-2
).

 
K

V
B 

5
8

0
4

-7
1

4
 



1
5

 
p

e
rc

e
n

t 
L

E
L

 

0
' 

I 
I 

I 
I 

I 

1
0

0
 p

p
m

 

8
0

0
 

7
0

0
0

 

6
0

0
0

 

7
0

0
L

 
~

 
5

0
0

0
 

4
0

0
0

1 
~

 
60

01
 

/
I 

3
0

0
0

 

. 
2

0
0

0
M

 0 r
l 

5
0

0
r
-

/ 
-
-
t 

1
0

0
0

 
~

 

<
IT

 
.::

, 
a 

+J
 

+J
 

lJ
l 

. 
""- <I

T 
4

0
0

a 
4

0
0

 
u 

-
r
l 

~
j

 

III
 

III
 

.p
. 

a ::J
 

a
~
v
.

I 
'V

 
u 

t-
' 

3
0

0
 

'V
w

 
0'

( 
0 

_
0
~

 
3

0
0

 

2
0

0
 

2
0

0
 

1
0

0
 

1
0

0
 

0
, 

I
I 

I
I

I 

o
1

0
 

2
0

 
3

0
4

0
 

5
0

 
o 

1
0

 
2

0
 

3
0

3
4

0
 

5
0

3
!:

'l
o

w
, 

sc
fm

 
x 

1
0

 
F

lo
w

, 
sc

fm
 

x 
1

0
 

F
ig

u
re

 
4

-3
2

. 
A

n
n

u
a
l 

c
o

s
t 

a
n

d
 
c
o

s
t-

e
ff

e
c
ti

v
e
n

e
s
s
 
o

f 
d

ir
e
c
t 

fl
a
m

e
 

in
c
in

e
ra

to
rs

 
(1

9
7

6
 

p
ri

c
e
s
) 

(n
o

 
h

e
a
t 

rc
c
o

v
e
.r

:y
 

-
p

ro
c
e
s
s
 

te
m

p
e
r"

a
tu

re
 

'" 
3

0
0

 
°F

) 
C

a
se

 
1 

(H
o

f.
 

4
-2

).
 

K
V

B 
5

8
0

4
-7

1
4

 



---

.
. 

5
0

0
0

7
0

0
 •

 

6
0

0
 L

 

5
0

0
 
~

 
tv

) 0 r
l x ~
 

4
0

0
 
~

 
, 

~
J

 

U
l 0 U
 

3
0

0
 

r
l <d

 
~

 c :i!
J:

:. I .....
. 

w
 

2
0

0
 

.....
. 

1
0

0
 
L 

o 

4
0

0
0

 

I 
3

0
0

0
 . I 

~ 
2

0
0

0
 

1
0

0
0

 

0 ~
 

4
0

0

~
 

+
l 

"'- ~
 

J 
+

l
~
V

V
 

U
l 0

:,;,
'V

 
0

U
 

3
0

0
 

0 

~0-
1,:

 
V~
V 

).
~ 

~'(
., 

C
O

 
0

i-

1 
2

0
0

 
'}.
'>
~ 

, 
I 
~

 

~
 

1
0

0
L

,
-

0
1 

2
5

 
p

e
rc

e
n

t 
L

E
L

 

I 
__

_~
L

_
_

--
-:

~I
~:

-__
 

I
I 

--
-:

« 

'\,
 

1
0

0
 

pp
m

 

1
5

 
p

e
rc

e
n

t 
L

E
L

 
-
-
.
.
;
.
 

o 
1

0
 

2
0

 
3

0
3

4
0

 
5

0
 

o 
1

0
 

2
0

 
3

0
3

4
0

 
5

0
.

F
lo

w
, 

sc
fm

 x
 

1
0

 
F

lo
w

, 
sc

fm
 

x 
1

0
 

F
ig

u
re

 
4

-3
3

. 
A

n
n

u
a
l 

c
o

s
t 

a
n

d
 
c
o

s
t-

e
ff

e
c
ti

v
e
n

e
s
s
 
o

f 
c
a
ta

ly
ti

c
 

in
c
in

e
ra

to
rs

 
(1

9
7

6
 
p

ri
c
e
s
) 

(n
o

 
h

e
a
t 

re
c
o

v
e
ry

 
-

p
ro

c
e
s
s
 

te
m

p
e
ra

tu
re

 
~

 
7

0
 

O
F)

 
C

a
se

 
1 

(R
e
f.

 
4

-2
).

 

K
V

B
 

5
8

0
4

-7
1

4
 



7
0

0
 

6
0

0
 

5
0

0
 

C
O

) 0 r
l X
 

4
0

0
 

IJ
)- , 

.j
J
 

(J
) 0 u 

3
0

0
 

r
l cd
 
~

 c: 

'e..1:
-

~
 

w
 

N
 

2
0

0
 

1
0

0
 o 

v
~
v

 
",

ce
~'

C.
. 

1-
ry

 V
e 

4
0

0
0

 I
r
-
-
-
-
-
,
�
r
-
-
-
-
~
I
-
-
-
-
T
I
-
-
-
-
.
.
,
I
.
-
-
-
-
-
-
.
,
I

 

3
0

0
0

 

2
0

0
0

 

4
0

0
 

c: o .j
J
 

....
....

 
IJ

)-

3
0

0
 

.j
J
 

(J
) o u 

2
0

0
 

1
0

0
 o
I 

L
E

L
 

25
 
p

e
rc

e
n

t 
L

E
L

 

' 
I 

, 
I 

o 
1

0
 

2
0

 
3

0
3

4
0

 
5

0
 

o 
1

0
 

2
0

 
3

0
3

4
0

 
5

0
 

F
lo

w
, 

sc
fm

 
x 

1
0

 
F

lo
w

, 
sc

fm
 

x 
1

0
 

F
ig

u
re

 
4

-3
4

. 
A

n
n

u
a
l 

c
o

s
t 

a
n

d
 
c
o

s
t-

e
ff

e
c
ti

v
e
n

e
s
s
 
o

f 
c
a
ta

ly
ti

c
 

in
c
in

e
ra

to
rs

 
(1

9
7

6
 

p
L

'i
c
o

s)
 

. 
(n

o
 
h

e
a
t 

re
c
o

v
e
ry

 
-

p
ro

c
e
s
s
 

tr
n

u
p

e
ra

tu
re

 
=

 3
0

0
 

°F
) 

C
as

e 
1 

(N
e
f.

 
4

-2
).

 

K
V

B 
5

8
0

4
-7

1
4

 

I 



(Approximate )Process Flow, 

120 

160 

320 

360 r-----r---r----r---.-----r---,...-----....---~---. 

80 ':-_--"'-~--_:_~--~---.l....---~---J----...l.---..l----J 
o 30 40 45 

.J 240 
Ul 
o 
U 

.... 
<1l 
.;; 200 
0; 
<1l 
U 

""0 280 
.... 
l< . 

Figure 4-35. Capital cost for direct flame and catalytic afterburners with 
primary heat recovery (70 - 300 of process gas inlet) (1976 
prices) Case 2 (Ref. 4-2). 
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The average installed cost of incinerators with primary heat 

recovery is roughly 25 to 30 percent greater than incinerators without 

heat recovery. Incinerators with primary and secondary heat recovery 

have roughly 50 to 60 percent higher installed costs than incinerators 

without heat recovery. 

B. Annual Control Cost of Incinerators--

Annual control cost curves are given in Figures 4-31 through 4-34, 

Figures 4-36 through 4-39, and Figures 4-41 through 4-44 for the three 

heat recovery cases investigated. The costs obtained from these figures 

include a fuel cost of $1.50/million Btu and operating time of 5840 hr/yr. 

If fuel cost and/or operating time for a specific installation differ from 

these values, the annual costs obtained from these figures can be adjusted 

by correction factors obtained from Figures 4-45 through 4-48. The annual 

costs read from the figures are multiplied by the correction factor(s). 

The cost effectiveness can be corrected by the following equation: 

5840CE 
c = CEi x Ff x Fh x actual hours operated 

where: 

CE = corrected cost effectiveness 
c 

CEo cost effectiveness read from the appropriate figure 
~ 

F
f = correction factor for fuel cost 

F
h 

= correction factor for hours operated 

The costs given in annual cost figures include depreciation and 

interest for the capital investment at a minimum retrofit cost situation. 

In cases where retrofit difficulties cause the installed cost to be increased 

substantially, an appropriate multiplying factor (retrofit difficulty factor) 

can be used to obtain the increased capital cost. The increase in annual 

cost, for a given retrofit difficulty factor, will be a varying amount for 

the different cases of vapor concentration, initial temperature, and heat 

recovery. The increase in the annual cost for the different cases is given 

in Tables 4-11 and 4-12. The annual cost is first read from the applicable 

figure, then is increased by the percentage given in Tables 4-11 and 4-12 

under the appropriate difficulty factor. 
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TABLE 4-11. INCREASE IN ANNUAL COST OF DIRECT FLAl·1E INC HlERATORS 
DUE TO RETROFIT DIFFICULTY FACTORS (Ref. 4-2) 

Percent Increase in Annual Cost 
Vapor Process Heat At Retrofit Difficulty Factor: 

Concentration Temperature Recovery 1.5 2 3 

100 ppm 70 0 None 2 5 9 

15 percent LEL 70 0 None 4 7 14 

25 percent LEL 70 0 None 5 10 20 

100 ppm 300 0 None 3 6 11 

15 percent LEL 300 0 None 4 8 16 

25 percent LEL 300 0 None 7 15 30 

100 ppm 70 0 Primary 4 9 18 
015 percent LEL 70 Primary 8 16 32 
<)25 percent LEL 70 Primary 17 33 66 

0100 ppm 300 Primary 5 10 20 

015 percent LEL 300 Primary 10 20 40 

25 percent LEL 300 0 Primary 20 40 80 

0100 ppm 70 Pri. & Sec. 8 16 32 

15 percent LEL 70 0 Pri. & Sec. 16 32 64 

025 percent LEL 70 Pri. & Sec. 80 160 320 

0100 ppm 300 Pri. & Sec. 10 20 40 

-~.. 015 percent .!..L,lj 300 Fri. & Sec. 25 50 100 
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TABLE 4-12. INCREASE IN ANNUAL COST OF CATALYTIC INCINERATORS 
DUE ~O RETROFIT DIFFICULTY FACTORS (Ref. 4-2) 

Percent Increase in Annual Cost 
Vapor Process Heat At Retrofit Difficulty Factor: 

Concentration Temperature Recovery 1.5 2 3 

100 ppm 70 0 None 6 13 25 

15 percent LEL 70 None 6 13 260 

025 percent LEL 70 None 8 15 30 

100 ppm 300 None 8 16 330 

0 

0 

15 percent LEL 300 None 9 17 34 

25 percent LEL 300 None 11 22 43 

100 ppm 70 0 Primary 6 13 25 

15 percent LEL 70 Primary 11 22 450 

25 percent LEL 70 0 PrimarY 22 44 88 

100 ppm 300 Primary 10 20 400 

015 percent LEL 300 Primary 15 30 60 

025 percent LEL 300 Primary 16 33 65 

100 ppm 70 Pri. & Sec. 12 24 480 

0lS percent LEL 70 Pri. & Sec. 18 36 72 

25 percent LEL 70 0 Pri. & Sec. 36 72 144 

0100 ppm 300 Pri. & Sec. 14 28 56 

15 percent LEL 300 0 Pri. & Sec. 2S 50 100 

KVB 5804-714 
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C. Case Histories--

To check the data developed by EPA, KVB investigated several 

incinerator installations as follows: 

Case 1 - A Metal Lithographic Sheet Coating 

Actual Case 
Parameter (Ref. 4-59) 

Pollutant 
Flow Capacity, sefm 
Type Equipment 
Concentration, ppm 
HIC Flow, 1b/hr 
Heat Recovery, 2 stag
Process Temperature, 

e 
of 

Toluol 19 
6,000 

Direct Flame 
2,500 (20% LEL) 

215 
31%/80% 

300 
Installed Cost, $ 152,000 
Annual Cost, $ 65,000 

Case 2 - An Antibiotic Spray Drying System 

Actual Case 
Parameter (Ref. 4-59) 

Equipment Type Direct Flame 
Pollutant Soy & Corn Oil 
Flow Capacity, scfm 23,000 
Heat Recovery, 2 stage 65%/43% 
Installed Costs, $ 240,000 
Annual Cost, $ 150,000 

Case 3 - A Carbon Bake Oven 

Actual Case 
Para.-neter (Ref. 4-59) 

Equipment Type Direct Flame 
Pollutant Hlc & Particulate 
Flow Capacity, scfm 22,000 
Heat Recovery, 2 stage 65%/62% 
Installed Cost, $ 235,000 
Annual Cost, $ 150,000 

Predicted 
by Study 

6,000 
Direct Flame 

20% LEL 

35%/65% 
300 

150,000 
40,000 

Predicted 
by Study 

Direct Flame 

23,000 
35%/65% 

210,000 
180,000 

Predicted 
by Study 

Direct Flame 

22,000 
35%/65% 

200,000 
N/A 

KVB 5804-714 
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Case 4 - A Meat Rendering Plant 

Predicted 
Parameter Actual Case by Study 

Equipment Type Direct Flame Direct Flame 
Pollutant Odor 
Flow Capacity, scfm 6,800 6,800 
Heat Recovery 2 stage 2 stage 
Installed Cost, $ 47,000 140,000 
Annual Cost, $ 14,000 50,000 

Case 5 - A Rubber Processing Device 

Predicted 
Parameter Actual Case by Study 

Equipment Type Direct Flame Direct Flame 
Pollutant Mineral Oil 
Flow Capacity, scfm 4,000 4,000 
Heat Recovery 2 stage 2 stage 
Installed Cost, $ 30,000 11 ,000 
Annual Cost, $ 11,000 40,000 

4.3.3 Condensation 

Condensation is used for recovery of organic vapor in various 

industries. The most frequent application is in the gasoline marketing 

field especially at bulk terminals where nearly saturated gasoline vapors 

are collected, condensed, and returned to liquid stage. Radian (Ref. 4-60) 

reviewed the various vapor recovery systems including costs using a 250,000 

gal/day bulk terminal as a basis for comparison. Three systems were compared 

as follows: 

1. Compression/Refrigeration/Adsorption (CPA) 
(The vapor is condensed by raising the pressure, cooling and 
spraying with liquid product) 

2. Compression/Refrigeration/Condensation (CRC) 
(The vapor is condensed by pressure and cooling alone) 

3. Refrigeration (R) 
(The vapor is condensed by a chiller alone) 

KVB 5804-714 
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A comparison of the three systems is presented in Table 4-13. The 

costs presented in this table have been escalated for inflationary trends 

from 1974 to 1976 over the costs presented in Reference 4-60. Escalation 

was according to the labor and equipment rates present in Chemical Engineering, 

May 9, 1977 (16% for equipment and labor). 

In a vapor degreaser, chillers are used to reduce vapor emissions. 

EPA (Ref. 4-61) reports ~~e following costs for refrigerated chillers: 

Ne'... Units Retrofit 

Installed Cost, 310 $ 2.7 - 5.0 4.0 - 7.5 

Net Annual Cost, $ (1066) to (24 ) (646) to 204 

Ton/year Saved 1 to 5 1 to 5 

Cost Effectiveness, $/ton (200) (100) 

This shows that both for !lew and retrofit applications the refrigerated 

chillers will pay for themselves in two to three years. 

4.3.4 Absorption (Scrubbing) 

Scrubbers are used primarily to remove 502 and particulates of all 

types - sulfates, nitrates and organics. In a few cases they may be used 

to control gaseous organic emissions particularly where the pollutant is 

water soluble. "Lean oil" has also been used as an absorbent in a scrubber 

to collect organic vapor such as gasoline. The "lean oil" absorption vapor 

recovery system is based on the absorption of gasoline vapors into lean gaso­

line stripped of light ends. Gasoline vapors are displaced through a packed 

absorber column where they are absorbed by cascading lean gasoline (also 

termed "sponge oil") at atmospheric temperature and pressure. Cleaned air 

is vented from the top of the absorber column. The enriched gasoline is 

returned to storage. Lean gasoline for the absorber is generated by heating 

gasoline from the storage tanks and evaporating off the light ends. The 

separated light ends are compreseed, condensed, and returned to storage, and 

the lean gasoline is stored separately for use in the absorption collli~. 
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The reader is directed to the McIlvane Scrubber Manual (Ref. 4-62) 

for comprehensive cost data. The cost of a scrubber as with most add on 

systems depends on the volumetric flow rate and the properties of the exhaust 

stream. For an example, according to McIlvane (Ch. XI, Figure 8.2) scrubbers 

on an asphalt batching plant and animal rendering plant require the least 

amount of auxiliary equipment. The installed price for this type of scrubber 

at a flow of 50,000 ACFM would be approximately $70,000. A basic oxygen 

furnace closed hood system is among the most complex systems and a 50,000 

ACFM scrubber would-cost approximately $4 million. Thus it can be seen that 

the installed cost can run from $1 to $100 per CFM. 

4.3.5 Vapor Space Elimination 

A. Floating Roof Tanks--

The most common application of vapor space elimination is the use 

of floating roof tanks to replace fixed roof tanks. The EPA published some 

comparative costs for floating vs. fixed roof tanks and some cost effective­

ness data for retrofitting fixed roof tanks to floating roofs (Ref. 4-63). 

These data are presented in Tables 4-14 and 4-15. The costs have been 

escalated by 20% to allow for the difference between prices in 1974 when 

Reference 4-63 was published to the present. Note that the storage of 

gasoline in floating-roof tanks raL~er than fixed-roof tanks, results in a 

slight savings, while the storage of the less volatile jet naphtha in 

floating-roof tanks ra~~er than fixed roof tanks, results in a slight cost. 

TABLE 4-14. INVESTMENTS - FLOATING ROOF VS. FIXED ROOF TANKS (Ref. 4-63) 



TABLE 4-15. CONTROL COSTS FOR RETROFITTING FIXED ROOF TANKS (Ref. 4-63) TO 
COVERED FLOATING ROOFS 

Product Gasoline Jet Naphtha 

3
Tank Size (10 bbls) 1.1 22 80 1.1 50 80 

Investment Floating vs. 
Fixed (103 $) 3.4 31 64 3.4 31 64 

Annualized Cost* (10 3 S) (0.2) (2.3) (18) 0.4 2.9 3.4 

Cost per gallon 
thruput ¢/gal (0.04 ) (0.04) (0.04) 0.06 0.02 0.01 

*Savings represented by parentheses 

Recently, the ARB passed a new regulation for the South Cpast Air 

Quality Management District (Rule 463) requiring double seals on floating 

roof tanks storing organic liquid with a true vapor pressure of 1.5 psi 

or greater. The installed cost of retrofitting existing tanks with a 

double seal which would comply with this rule has been estimated at $30 to 

$55 per linear foot of tank seal (Ref. 4-8) . Since most storage tanks 

are field erected the additional cost for a double seal on a new tank would 

only be slightly less than the retrofit cost and probably within the range 

of $30 to $55 per foot indicated above. 

B. Floating Covers on Oil/Water Separators--

The EPA (Ref. 4-65) based on their contacts with oil companies, pro­
2

vided an estimate of $8/ft for covering a new API separator with a floating 
2

roof and $13/ft for a retrofit. For a 5000 ft forebay and waste water 

separator, the estimated costs were as 

Floati.I'1g Cover Capital Cost 

follows: 

Annual Cost* 
Cost 

Effectiveness t 

New 

Existing 

$40,000 

$65,000 

$12,000 

$20,000 

$140/ton 

$230/ton 

*Includes 10% of capital used for operation and maintenance plus 
10% interest for 10-year life. 

3TBased on an emission factor of 0.1 Ib/day/ft and a 95% control 
efficiency. 
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4.3.6 Liquid/Vapor Exchange 

The primary use of liquid/vapor exchange emission control is for the 

transfer of petroleum and solvent products especially in gasoline marketing 

which is a major source of hydrocarbon emissions. In 1974 the EPA issued a 

study of control methods for gasoline marketing operations (Refs. 4-60 and 

4-63). The following liquid/vapor exchange systems were proposed: 

Tank Truck Delivery - Balance System 

Per Service Station Delivering 25,000 gal/month of gasoline 

Recycled Vapor Vapor Recovery 
to Tank Truck at Bulk Terminal Total 

Installed Cost, $ 1,200 800** 2,000 

Annual Cost,* $/yr 220 150 370 

Emission Red., #/yr 1,900 1,700 3,600 

Cost Effectiveness, $/ton 230 170 400 

Cost per Gallon, $ 0.001 0.0005 0.0015 

*Includes 10% of Installed cost for amortization, etc. 

**Bulk terminal cost indicated reflects proportioned amount per service 
station. 

All costs escalated 15% from 1974 values in Ref. 4-63. 

Automobile Filling - Balance System 

25,000 gal/month Stations (Ref. 4-65) 

Installed Cost - Retrofit, $ 9,000 

Installed Cost - New, $ 3,000 

Annual Cost (Retro)*, $ 1,500 

Emission Reduction, lb/yr 1,600 

Cost Effectiveness, $/ton 1,875 

Cost per Gallon, $ 0.005 

*Includes 10% of Installed cost for depreciation, etc. 

From these data it can be seen that while the cost effectiveness $/ton is 

relatively high the actual price per gallon is minor. 

KVB 5804-714 

4-156 



4.3.7 Enclosure 

The installed cost for 90-it dia., 50,000 bbls, variable-vapor­

space tanks are as follows: 

Lifter Roof 5' dia. $140,000 

Lifter Roof la' dia. $170,000 

Flexible $180,000 

These costs are based on values in Reference 4-60 escalated from 1961 to 

1977 prices. Based on recent costs of $160,000 for a 50,000 bbl fixed roof 

tank in the same publication the escalation of the tabulated numbers seems 

reasonable. Based on AP-42 a 50,000 bbl, fixed roof tank would have breathing 

losses of 90 ton/yr of gasoline vapor. If 95% were recovered by addition 

of a variable vapor space tank at an annual cost of $17,000 (10% of the 

total tank price) the cost effectiveness would be $200/ton. The recovered 

vapor would be worth approximately $lOO/ton so the net cost effectiveness would 

be approximately $lOO/ton. In comparing this with the results in Table 4-16 

it appears that the variable vapor space tank may be less cost effective than 

the floating roof tank. However, in view of the additional cost associated 

with the SCAQMD Rule 463 (double seal FRT) the variable vapor space tank may 

be reconsidered for storage applications. 

The cost of covering drains as separators is difficult to estimate 

and no values could be found in the literature. Recently KVB investigated 

a technique for reducing emissions from refinery sewer systems. It was noted 

that vapors were emitted from the sewer opening where drainage pipes from 

various items of equipment discharged their leakage into the sewer. The 

emissions from the sewer opening were measured as a function of the wind 

blowing over the opening. It was noted that the emissions increased 

significantly with wind velocity and it was felt that a jet pumping action 

was produced by the wind. 
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4.3.8 Process and Material Charges 

A. Automotive--

1. Electrophoretic dip premixing (Ref. 4-33) --The installed cost of an 

electrophoretic system for a typical vehicle assembly plant would be about 

$8 million. Costs will vary considerably depending on what building altera­

tion and relocation of existing equipment is necessary. Table 4-16 gives 

increased operating costs for electrophoretic primer, based on electricity 

of $0.03/kWhr, interest and depreciation at 12 percent of capital costs, and 

operation for 4000 hours per year. 

2. Low solvent primer and top coat (Ref. 4-33) --The achievable reduction 

depends on both the old coating and its replacement. For example, the 50 

volume percent coating achieves an 86 percent reduction if it replaces a 

lacquer with 12 volume percent solids, but only a 53 percent reduction if it 

replaces an enamel with 32 volume percent solids. Obviously, even further 

reductions .can be achieved if an add-on control device is also installed. 

Typical capital costs for this option are difficult to assess because 

they depend completely on the specific plant situation. It is estimated 

that a change from lacquer to enamel would require a capital cost (including 

engineering) of $1,000,000. (General Motors claimed that it would be higher.) 

Based on a rule of thumb 12 percent of capital investment, annualized 

operating costs could be as high as $120,000 per year although this would be 

affected by the lower manpower required to apply enamels and the increased 

manpower which would be needed to repair damaged coatings. 

3. Water-borne top caats--The cost of converting to water-borne top 

coa~s for an existing plant will vary. A major variable will be the age 

of the existing coating equipment. If near retirement, it may be better 

to build entirely new spray booths and ovens. This was done at one of two 

automobile plants in the Basin which converted to water-borne coatings. If 

the coating equipment is still relatively modern, however, retrofitting 

will entail lengthening of ovens and modification of spray booths and con­

veyors. This was the approach taken at the other automObile plant in the 

Basin using water-borne top coats. 
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TABLE 4-16. INCREASED ANNUAL OPERATING COST FOR ELECTROPHORETIC 
DIP PRIMERS COHPARED TO SOLVENT-BORNE PRIMER (REF. 4-33) 

utilities: 

Electricity $0.03/kWhr x 4000 hrs/yr x 1400 kW 168,000 

Direct labor: 

Savings of 

Interest and 
depreciation 

8 hrs/shift x 500 shift/yr 
3 workers/shift $15/hr 

t§
12 percent x (1,000,000 to 8,000,000) 

-180,000* 

120,000 
to 960,000 

Total increased operating cost --- 108,000 to 948,000 $/yr 

*There is a net credit for labor cost for electrophoretic dip coating. The 
calculation is for the difference between one operator versus four in a 
conventional spray booth applying organic solvent-borne primer. 

T 
'Assuming 20 year life, 10 percent interest. 

§The range of values is for different ages of the existing prime line. The 
lower value represents the increased total installed cost of an electrophoretic 
dip line over an organic solvent-borne prime line for a plant with an old 
prime line ready for replacement. The higher value represents the total 
installed cost for a plant with a new solvent-borne prime line. 
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Capital costs for a switch to water-borne top coats employing all 

new spray booths and ovens was estimated at $10 million while for a plant 

where the booths and ovens were retrofitted, the capital costs would be 

about half that amount. 

Incremental operating costs include increased electrical requirements 

and increased maintenance labor. Coating material costs are approximately 

the same. Higher oven temperature causes an increase in natural gas usage. 

Annualized operating costs for the model are given in Table 4-17. 

TABLE 4-17. INCREASED k~fOAL OPERATING COST ESTL~TE FOR WATER-BO~~ 

TOP COATS OVER ORGk~IC SOLVENT-BORNE TOP COATS (Ref. 4-33) 

Utilities: 
Electricity $0.03/kWhr x 4000 hrs/yr x 5000 kW $600,000 

Direct labor: 20 additional hrs/shift x 
500 shifts/yr $15/hr $150,000 

~1aintenance 

Building overhead 21 percent x capital costs = 
0.21 x $20,000,000 $4,200,000 

Taxes and insurance 
Interest and 
depreciation* 

Total increased 
operating cost $4,950,000/yr 

*Assuming a 20 year life and 10 percent interest charge 

B. Paper Coating - Low Solvent Coatings--

Costs will vary for low solvent systems depending on t~e type of low 

solvent coating and the particular end use. The low solvent coatings will 

be economical once the technology .has been established, but there can be 

large costs involved in initially developing the coatings, purchasing new 

application equipment and learning to use the new systems. 
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Cost comparisons between various low solvent coatings are not as easy 

to make as are cost comparisons between various types of add-on control 

systems. However, a detailed cost comparison has been made between various 

types of silicone application systems. This comparison is shown in Table 

4-18. The cost of learning to apply water-borne systems to paper could be 

very large. 

TABLE 4-18. CAPITAL COST OF SILICONE COATING SYSTEMS IN PAPER COATING INDUSTRY 

Coating systems 

Solvent (with solvent recovery) 
Solvent (with solvent incineration) 
Solventless (heat cure) 
Solvent (with no recovery) 
Water emulsion system 

Net Cost $/lb of 
Silicone Solids on Paper 

8.20 
7.38 
7.11 
6.69 
5.28 

The emulsion system is the lowest in cost, but the 100 percent 

'solventless (pre-polymer) process may prove to be the most practical system 

in the long run. It may be difficult for paper coaters that are familiar 

with organic solvent-borne systems to switch to a water-borne system because 

of wrinkling of the paper and other application problems. 

Additional costs will be associated with switching to 100 percent 

nonvolatile (pre-polymer) coatings. Most organic solvent-borne silicone 

release coatings are currently applied by gravure or reverse roller. None 

of these are suitable for solventless coatings. Solventless coatings must 

be applied with 3-roll or 4-roll offset gravure presses. These cost from 

$25,000 to $200,000 per coating line. A cost of $100,000 would be about 

average. Because of these costs, availability of capital can be an impediment 

to the adoption of solventless silicone coatings. 
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4.3.9 Maintenance 

The cost effectiveness is impossible to generalize. As discussed 

in section 4.1.9, it is deoatable as to whether a special leak control 

program in a refinery would be cost effective. (The leak control program 

would be beyond the scope of no~ maintenanc~.) A study more compre­

hensive than afforded by this program would be required to completely 

assess this prospect. 

The EPA (Ref. 4-65) provided some interesting cost data which 

could contribute to a study of overall costs of reducing fugitive emis­

sions from refineries. Their information came from equipment manufac­

turers and oil companies, and are based on 1976 prices: 

A. Pump Seals--

1. Mechanical seals (cost per pump) 

Extra cost for mechanical seals 
on new pumps (shaft size I" to 3") $200 to $1200 

Retrofit cost for mechanical seals 
on used pumps (shaft size I" to 3") $2000 to $3000 

Annual cost to replace seals every 
t .....o years (shaft size I" to 3") $500 to $1200 

2. Dual mechanical seals (cost per pump) 

Extra cost for new pumps (shaft size 
I" to 3") $800 to $3000 

Retrofit cost (shaft size I" to 3") $3000 to $3500 

Annual cost to replace seals every 
t .....o years (shaft size 1" to 3") $1300 to $2700 

The costs vary wit.~ the shaft size over the range indicated. 

B. Compressor Seals--

1. Centrifugal--eentrifugal compressors may be equipped with oil seals 

which collect hydrocarbon emissions. The oil is processed by a system 

which reclaims the product collected in the oil. The 1976 costs for an 

oil seal system on a compres'sor between 1500 and 10,000 HP, based on the 

EPA data from industry, is as follows: 
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New compressor cost including oil 
system $700,000 

Retrofit cost $150,000 

Annual cost $ 45,000 

2. Reciprocating compressors--Reciprocating compressors may be equipped 

with labyrinth type mechanical seals. An estimate of costs for a double 

labyrinth seal compressors in the size range of 50.to 1500 HP is as follows: 

New compressor $50,000 to $500,000 

Extra cost for double labyrinth seal $1,000 to $8,000 

Retrofit cost $25,000 to $250,000 
(up to cost of new unit) 

Annual cost $7,000 to $80,000 

These and other miscellaneous refinery costs should be published 

by the EPA in a report entitled "Control of Hydrocarbon Emissions from 

Miscellaneous Refinery Sources." 
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SECTION 5.0 

ANTHROPOGENIC EMISSION FORECAST 

With the inventory results presented in Section 2.4 as a baseline, a 

ten-year forecast was made of the stationary source anthropogenic emissions. 

The forecast was based on the industry growth projections prepared by the 

ARB (Ref. 5-1) and some unpublished projections provided by SCAG (Ref. 5-2). 

Table 5-1 summarizes the projection calculations. The 1975-76 emissions come 

~rarn Table 2-40. The industrial growth factor was based on the projections 

in the above references. A weighted average of the various county growth 

factors 'las determined. Weighting was distributed according to the point 

source emissions, which emphasize emissions in LA County. The general industrial 

growth is 3%/year. Combustion of fuel was projected at a lower rate because of 

natural gas curtailment and because of the anticipated requirements for adding 

sulfur dioxide scrubbers on oil-fired units. Probably no additional utility 

boilers will be built in the Basin and the numbers of new industrial boilers 

will be few. Also since the population in the Basin is projecte~ to increase 

10 to 15% (mostly in counties other than LA), there will be some increase in 

domestic fuel cons~ption. 

The projections of emission reductions due to controls was based on 

the impetus provided by the Clean Air Act as amended in 1977. This requires 

each state and air quality control region to implement a plan to achieve the 

national ambient air quality standards for oxidant by 1987. 

An estimated 80 to 85% reduction for petroleum sources is based on 

recent ARB/AQMC/APCD efforts to control pipeline and storage tank leakage. 

Improved valve maintenance and retrofit double seals on floating roof tanks 

is predicted. 

Combustion of fuels offers little potential for organic emission re­

ductions. In most instances, the organic emission concentration is of the order 

of 1 to 10 ppm. There are no practical methods to reduce emissions at this 

level. Only in the case of poorly maintained combustion devices, SOme 
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significant improv~~ent may be made. Some of these maintenance improvements, 

which will be made, account for the 5% reduction estimate. The surface coating 

reduction of 75% is attributed to improved controls on industrial operations, 

the changing to water-borne paints, etc. However, recognition is given to the 

continued use of solvent based paints for repainting operations as well as for 

numerous specialized commercial and domestic painting applications. 

The dry cleaning reduction of 40% may seem low; although exhaust emis­

sion can be controlled to better than 99%, many of the emissions are fugitive. 

Solvent,which adheres to the cleaned clothes, eventually evaporates. 

The reduction of methane emission can be accomplished by preventing 

leaks (of all types.) Other control techniques like adsorption or incineration 

are not very effective for abating methane emissions. Therefore, the 50% 

reduction of methane emissions was assumed for petroleum sources due to im­

proved maintenance practices reducing leaks. 

The projected emissions are a simple calculation of baseline emissions 

X (1 + projected growth) X (1 - control efficiencyj. The results are tabulated 

in Table 5-1. Figure 5-1 shows a plot ~~d summary of the emissions projected 

for the next ten years. The percent reductions at the end of the ten years 

are summarized on the figure. 
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ACFM 
AP-42 
APCD 
API 
AQCR 
ARB 
ARCa 
ARLI 
AV 
AVQUAL 
C2, C3, etc. 

CARB 

CEC 
EIS/P&R 
EPA 
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FCC 
FID 
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GC 
GC/FID 
GC/MS 
GM 
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IC 
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LA 
LEL 
M.E.K. 
MIBK 
MMBtu 
M.W. 
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NC 
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Actual Cubic Feet per Minute 
Emission Factor Publication (see Reference 2.3) 
Air Pollution Control District 
American Petroleum Institute 
Air Quality Control Region 
California Air Resources Board 
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Analytical Research Laboratories, Inc. of Monrovia, CA 
AeroVironment, Inc. of Pasadena, CA (consultants) 
Designation given to a plume dispersion model 
General hydrocarbon formula (aliphatic) indicating number 
of carbon atoms in the molecule 
California Air Resources Board (usually just ARB) 

Consolidat~d Electrodynamics Corp. 
Emission Inventory Subsystem/Permit and Registration 
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Molecular Weight 
Molecular Weight 
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Total Organic Content 
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	SECTION 1.0 OVERVIEW 
	1.1 INTRODUCTION 
	Organic compounds emitted from stationary sources contribute to the formation of smog in the atmosphere. These compounds (often referred to as hydrocarbons) react 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 each other in the atmosphere to form long chain organic molecules which contribute to the a~~ospheric aero­sol, another constituent of smog, which limits visibili
	For some time scientists have been measuri~g the reactivity of organic compounds (with regard to both oxidant ana aerosol formation) using smog a~~ospheric conditions. Prior to this program, ~he actual a~issions from stationary sources had not been characterized by species. Only the total organic emissions or at best the methane/non-methane composition (also referred to respectively as "non-reactive" and "reactive" hydroca=bons) we=e available in existing inventories. 
	chambers to simulate 
	hydrocarbon 

	G~e Sou~~ Coast Air Basi~,* the ARB initiated this program to i~ventory organic compound emissions from stationary sources, investigate control tech­nology and forecast emissions for the next ten years. The inventory would compo~~ds are being ~itted by various sources ~~d where G~ey are located. It would also specify the reactivity of those compounds according to a three-class scheme developed by the ARB. It was to account for all 
	In order to develop an organic emission control strategy for 
	California 
	reveal which 

	for the purposes of this study includes part of Santa Barbara, Ventura, Los Angeles, Orange, Riverside, and San Bernardino Counties. 
	*The South Coast Air Basin 
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	organic emissions from point, area, anthropoga~ic, and natural sources. 
	Sources were 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) coordinates, and the Sources were to 
	be grouped into ten-kilometer grid squares. Other portions of the study would reveal what could be done to reduce the objectionable species. 
	Later in the program, a requirement was added to present the inventory data in the Emission Inventory Subsystem, Permit and Registration (EIS/P&R) 
	format. EIS/?&R (hereafter referred to as EIS --a computerizGd data system) was developed by the EPA to be used by all local and. state agencies for their own records as well as to provide data to a national data bank. ?~other added requirement was the reporting of emissions, specie by specie, for each one kil­ometer grid square in the Basin. 
	1.2 SUHMARY AJ.'lD CONCLUSIONS 
	In order to accomplish these objectives, ~~e first steps were to prepare a prelimina~J ~nventory of total organics (wi~~out specific species), to identify the major sources, and to determine the distribution of emissions among the various source types. 
	Next, a field test program was conducted to characterize emissions from sources selected on e,e basis of the prelimina~l inventory, emphasizing those source types comprising the greater amount of the emissions. Organic species contributing at least 1% of the total organic composition were iden­tified using GC/MS analysis. Over 600 samples were collected and analyzed from various equipment in the following locations: 
	KVB 5804-714 
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	Adhesives Mfg. Plant Aircraft Plant (2) Appliance Plant (2) Asphalt Plant Auto Body Shop (2) Automobile Plant (2) Chemical Plant (2) Dry Cleaning Plant Equipment Mfg. (2) Gas Compressor Plant Gas Pumping Station Gasoline Station 
	Equipoent tested included: 
	Adhesive Spray Booth API Separator (6) Asphalt Paving Basic Oxygen Furnace Blast Furnace Charcoal Adsorbers (4) Chemical 11.111 Chemical Process 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 (5) 
	Landfill Magnetic Tape Plant Oil Field (2) Oil Refinery (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 (6) Incinerator (10) Lithograph (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 (6) Valves (24,000) ~ecovery Tank to Car (3) Vapor Recovery Truck to Tank Well heads (5) 
	Vapor 

	In addition to direct source sampling, one attempt was made to characterize-emissions from a refinery, a complex point source, by collecting ana analyZing air samples taken ~pwind and downwind of the refinery. Diffusion 
	KVB 5804-714 
	1-3 
	modeling techniques were used to predict emission factors from the refinery. The resulting emissions predicted by this indirect technique were lower than those determined by direct source methods by an order of magnitude. This was probably caused by vertical dispersion of the hydrocarbon ~~issions, which could not be adequately detected by fenceline measurements. 
	Test results were augmented by questionnaire responses and litera­ture data to establish bo~~ emission factors and emission profiles (percent 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 (SCC No.) and industry category (SIC No.). Where possible, emission factors, determined from field tests, were compared for validity wi~~ factors contained L~ AP-42, and those in the SCAQ
	Sou~~ Coast Air Quality Management District (SCAQMD) (Los ~~geles, Orange, Riverside, and San Bernardino Coun­ties), and the Ventura and Santa Barbara County Air Pollution Control Dis­tricts (VAPCD and SBAPCD) were compiling new EIS files for ~~eir individual districts. These County EIS data files were provided to KVB, Inc. hy the ARB, along wi~~ a breakdown of population data for the Basin in 1 KID grid squares. 
	Coincident with this work, the 

	The las~ step in the program was to generate a final inventory. The EIS data were the basis for ~~is KVB final inventory. The emission factors used in the EIS files were reviewed by KVB and adjusted where necessary by applying correction factors determined from source tests to specific sources or to a group of sources identified with a certaL~ Source Classification Code 
	(SCC) number. The 140 emission profiles were also keyed to the sources. In addition, sources not contained in the EIS files, primarily area sources, were added to the data base. 
	The final inventory was delivered to the ARB under separate cover as computer printouts and magnetic tape files. The prima~l elements are as follows: 
	1. 
	1. 
	1. 
	A Total Organic Emission Report by ARB Application Category 

	2. 
	2. 
	A Total Organic Emission Report by Ten-~~ Grid Squares 

	3. 
	3. 
	~n Emission Profile Listing 
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	4. 
	4. 
	4. 
	An Emission Summary Report for Each One Km Grid Square 

	5. 
	5. 
	An Individual Organic Specie Report by Appli­cation Category 

	6. 
	6. 
	A Point Source Emission File in EIS For~at (Tape) 

	7. 
	7. 
	An Emission Profile File (Tape) 

	8. 
	8. 
	An Area Source File (Tape) 

	9. 
	9. 
	Miscellaneous Indexes, Listings and Files (Tapes) to Support the Items Above 


	The inventory which has a baseline of 1975-1976, shows total hydro­carbon emissions of 2200 ton/day of which one-half is methane. Point sources (major and minor) account for 350 ton/day and area sources account for 1850 ton/day total hydrocarbon emissions. 
	The petroleum industry accounts for 20% of the total emissionsi 110 ton/day from production, 120 ton/day from refining and 190 ton/day from market­ing. Solvent use accounts for another 10% of the organic emissions. 
	The largest source category is landfills, which account for over 40% a~issions, 930 tons/day, and are 99% methane, which is photo­chemically non-reactive. Natural terpene emissions from forest and scrub vege­tation account for 15% of the total emissions, 300 ton/day. These emissions occur at the perimeter of the Basin and downwind of the central populated area, therefore, their contribution to smog formation in the metropolitan area ~uch less significance than the anthropogenic emissions. 
	of the total 
	is probably of 

	The primary organic species emitted are: 
	Ton/Day (Avg.) 
	Methane 1100 Terpenes 300 Pentane 
	80 Butane 70 Hexane 
	60 Perchloroethylene 50 Ethane 
	50 Propane 40 Isopropyl Alcohol 30 Toluene 
	30 
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	The emissions of compo~~ds rated as Class 3 highest photochemical 
	1 

	reactivity, account for 500 ton/day, of which 300 ~on/day are natural terpenes. 
	Other Class 3 emissions include: 
	Ton/Day 
	Isopropyl Alcohol 30 Toluene 30 Et..'J.ylene 20 Ethyl Alcohol 20 Xylene 15 Pentene 10 Butyl Alcohol 6 Glycol Ether 6 Formaldehyde 6 Propylene 4 
	A brea~down of the sources of individual species emissions by 13 
	application categories (i.e., petroleum refinerl, solvent use, combustion of 
	fuel, etc.) is provided in Section 2.4. 
	In addition to the emission inventory, an investigation of 'control 
	techniques for various application categories was performed. Control tec~iques 
	described in this report include: 
	a. 
	a. 
	a. 
	Activated carbon 
	adsorption systems 

	b. 
	b. 
	Thermal 
	and catalytic incinerators 

	c. 
	c. 
	Vapor 
	condensation 
	systems 

	d. 
	d. 
	Scrubbers 
	(absorption 
	syst~~) 

	e. 
	e. 
	Vapor 
	space 
	elimination 
	(e.g., 
	floating 
	roof 
	tanks) 

	f. 
	f. 
	Liquid/vapor exchange 
	systems 
	for 
	fluid transfer 

	g. 
	g. 
	Enclosure 
	(covering drains, 
	sewers 
	and 
	separators) 

	h. 
	h. 
	Process 
	and material 
	changes 
	(e.g., 
	solvent substitutions, 

	TR
	high 
	solids 
	coatings, 
	etc.) 

	i. 
	i. 
	Improved maintenance. 


	Over 60 industrial and commercial processes are considered. For each process, applicable control techniques are identified. Finally, cost effectiveness data (S/unit weight of pollutant reduced) are developed for the techniques 
	listed above. 
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	with so many different processes and plant configurations involved, it is possible to determine most cost effective control technology only on a plant-by-plant basis. For the control of organic emissions from exhaust stacks, without a change in the basic process, activated carbon adsorbers and incinerators are the preferred add-on devices. For low ~ydrocarbon con­centrations (around 100 ppm), carbon adsorption is more economical. For con­trol of high concentrations (around 25% of the lower explosion limit, 
	The conversion of architectural and industrial coatings to water­borne and solventless formulations should continue at the current ra~e over the next ten years. The pacing items are (1) necessarj 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-year forecast of organic emissions in the Basin indicates that the anthropogenic a~issions will decline by 65% by 1986. Anthropogenic methane emissions will probably be reduced by 50% while non-methane emissions will be 
	reduced by 70% since most control methods are less effective on me~~ane than on non-methane emissions. A projection of nat~al a~issions was beyond the program scope. 
	This report consists of four sections. section 2.0 deals with the emission inventory describing the data sources and presents the detailed data used in its compilation. Various summary tables and plots are also 
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	presented. Section 3.0 deals wi~h the field test program presenting sampling and analysis methodology, test results and an assessment of data quality. Section 4.0 is a summary of control technology state-of-the-a~t. Of major interest is Section 4.4 which provides cost effectiveness data for using control techniques. Finally, a prediction of future emission trends is pre­sented in Section 5.0 based on expected industrial and population growth, control technology implementation, and control legislation. 
	1.3 RECOMMENDATIONS FOR FURTHER RESEARCH 
	1.3.1 Standard Procedures for Organic Emission Measurement 
	The measurement techniques employed on this program met the objec­tives of characterizing typical emissions. The techniques were of necessity universal in application, covering emissions of pure hydro~arbons as well as organic compounds containing oxygen, nitrogen, halogens, etc. If future control strate~l involves placing a limitation on organic emissons, then some measurernenc standards must be established similar to those now spe­cified in the Federal Register for NOX, SOx, particulates, H S, etc.
	2 
	It was observed on this ?rogr~~ ~~at the collection and recovery of certain species was dependent on the techniques employed. Some materials used in sampling trains like plastic tubing are known to adsorb certain compounds. These are avoided in the ~lB sampling train. Heat~ng the col­lector to release the sample is effective on certain compounds but causes others to undergo a chemical change. Some types of GC columns are more ef­fective than others for separating certain compounds. Also, a GC will have diff
	Therefore it is recommended that a research program be conducted to define specific equipment and procedures for measuring the various classes of organic compounds. The program must include sufficient evaluation test­ing of the selected techniques to establish values of accuracy and precision. 
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	The EPA is aware of this need and is sponsoring some work in ~~is area. They have divided the organic emissions into three categories: (1) synthetic organic compounds, (2) oxygenated solvents, and (3) pure hydrocarbon com­pounds. Procedure work books are being prepared for Category (1). Category 
	(3) has not been handled yet but is admittedly routine. They are without a good answer on Category (2) which is the situation in Which KVB has also found itself. One aspect that EPA is not addressing is speciation. They are only interested in measuring methane, ethane, and total organics. For use in the Basin, specific compound identification would be desirable. 
	1.3.2 Investigation of Org~~ic Solvent ~~issions from Paint Spray Booths 
	Emissions from paint spray booths have been estimated based on pai~t usage times the fraction of solvent in the paint. At~empts at a material balance in measuring actual emissions indicate that the calculation method may produce higher results. Many oxygenated solvents are water miscible and their vapors may be absorbed by water curtains used in spray booths to collect overspray. These oxygenated solvent vapors may also be missed by GC analysis. 
	Another interesting observation made on this program is that the emissions from water-based paint operations in an automobile ass~~ly plant are sL~ilar in tonnage and reactivity to those from a similar solvent-based painting opera~ion. 
	Therefore it is recommended that a research program be conducted to characterize the release of organic a~issions from new automobile painting operations comparing those using wa~er-based and solvent-based paints. 
	1.3.3 Development of Measuring Techniques for Evaporative Emissions from Petroleum Sources 
	Separators, ponds, cellars, sewers, and cooling towers appear to be significant sources of hydrocarbon emissions. Attempts to characterize emissions from these s~urces on this program met with varied results. Con­sultation with o~~er investigators in the field revealed similar frustrations. Future control strategy may require establishment and enforcement of maximum emission level from evaporative sources. 
	-

	~-9 
	Therefore, it is recommended that research be conducted to develop reliable measura~e~t techniques for evaporative sources of nydrocarbon emissions. 
	1.3.4 Gasoline Marketing Data 
	Because gasoline marketing is one of the large sources of hydro­carbon emissions in the Basin, the control of these emissions with vapor recovery systa~s is an important part of any air quality improvement stra­tegy. To handle the control of such a large number of sources, a computer­ized system would De a great convenience. A source of compu~erized infor­mation regarding gasoline station location, chroughput rate, hours of operation, etc. exists in a private company, Lundberg surveys, North Hollywood, Cali
	possible that. a magnetic tape version of this report could be obtained for government purposes. 
	L~~dberg survey tapes be secured to support the conerol of gasoline station hydrocarbon emissions. 
	Therefore, it is recommended that the 

	1.3.5 Development of an Organic Compound Flux Gage 
	Because of the difficulties encountered in measuring organic emis­sions from large evaporative sources such as storage tanks as well as separators, cooling towers, etc. as mentioned above, an instrument which could measure G~e flow of hydrocarbon vapors would be useful. Devices exist to measure concentrations of organic vapors in the form of sniffers. The proposed device would measure the vapor flow in weight per unit area per unit time. ~vD began the development of such a device under wOGA sponsorship at a
	seme 
	seme 
	seme 
	method of measuring 
	flux 
	should be 
	investigated and, 
	if possible, 

	developed. 
	developed. 

	TR
	K'lB 
	5804-714 
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	Therefore, it 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 development of a prototype unit capable of being evaluated in the field. 
	1.3.6 Oil Field and Off-Shore Platform Emissions 
	KVB estimated oil production emissions based on emission factors developed from field tests at two oil fields. These factors were applied on a per-well basis using the California Divison of Oil and Gas informa­tion on the number and location of oil wells. This was the best estimate that could be made within the program budget limitations. Previous inven­tories had ignored this significant area source. 
	A more thorough program would involve an inventory of oil field componen~ emission factors. The API is currently sponsoring a program to develop oil 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 required. The APCDs have performed only a limited amount of inventory work on oil field emissions. 
	equipment throughout the Basin and further testing to support 

	The~efore, it is recommended that further research be conducted to characterize oil field emissions. The program should include an inven­a~ission factors for the equipment identified. 
	tory of equipment and testing as necessary to develop or confirm 

	1.3.7 Emissions from Stationary Ie Engines 
	The KVB inventory identifies Ie engines greater than 30 HP G~ey require permits and are in the EIS file. Smaller engines are used throughout the Basin and do not require permits. Each oil well at the Huntington Beach field has a 60-HP engine. There was not enough time to con­duct an inventory of these small engines. 
	because 

	The organic emission factors in AP-42 were based on engines much larger than those normally found in the Basin. KVB's lL~ited testing agrea~ent with the AP-42 values. 
	showed little 
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	Therefore, it is recommended that an inventory be made of Ie engines in the Basin and that selected testing be performed to develop emission factors. In addition to organic emissions, NOx should be measured to check emission factors which were questioned in KIm's NOx inventory report to ~~e A..~. 
	The SCAQMD is currently engaged in an effort co locate ~~ese engines. Depending on their success, this may fulfill the invencory need. A program to develop emission factors would still be appropriate. 
	1.3.8 Refinery Maintenance 
	As discussed in Section 4.0, the cost/benefits of a special emission­control maintenance program in a refinery are debacable. KVB could only afford a few exploratory tests which revealed some potential for significant benefits to be achieved by such a program. 
	Therefore it is recommended that a special research program be con­ducted to determine what the cost/benefit racio would be for a program in which a mainta~ance crew were dispatched on a continuing basis to detect and correct any leaks that exist. The program should determine optimum crew size, frequency of slirleillance, and recommendations for equipment and techniques to be employed. The feasibility of such a progrwn would be determined based on estimates of costs and anission reduction tonnage. 
	KVB 5804-714 
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	SECTION 2.0 INVENTORY 
	2.1 DATA SOURCES 
	The data used in this organic emission inventory were obtained from the following sources: 
	1. 
	1. 
	1. 
	Various government agency files 

	2. 
	2. 
	Field testing 

	3. 
	3. 
	Questionnaires 

	4. 
	4. 
	Literature 

	5. 
	5. 
	Engineering analyses 

	6. 
	6. 
	Personal contacts with government and industry personnel. 


	All county enforcement agencies were in the process of a total recom­pilation of their permit files using the EPA's EIS/P&R* (Ref. 2-1) format 
	(referred to as EIS hereafter) during the ?eriod of this inventory. The computerized pe~t file from Los Angeles County and the permit files from the other counties were used to obtain da~a for the preliminary invento~l. It was planned that the final inventory would ~e compiled using the new EIS data base for the major poin~ sources as soon as data entry was completed and checked for all counties in the inventory. The following key data were 
	contained in the EIS data base: 
	1. 
	1. 
	1. 
	Plant name, address, ID No., etc. 

	2. 
	2. 
	Standard Industrial Code (SIC) 

	3. 
	3. 
	Source Classification Codes (SCC) 

	4. 
	4. 
	UTM Coordinates 

	5. 
	5. 
	Stack Height 

	6. 
	6. 
	Pollutant Identification 

	7. 
	7. 
	Emission Factor 

	8. 
	8. 
	Throughput Rates 


	*Emission Inventory Subsystems/Permit and Registration 
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	9. 
	9. 
	9. 
	Estimated emissions 

	10. 
	10. 
	Seasonal 
	variations 

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


	For minor sources in LA County, the original germit file was used. Also a compu~er tape file of gasoline station locations in LA County was received from the SC AQMD. Both of these files had location coordina~es on a one mile square grid basis. The ARB provided an algorithm for converting the one-mile grid to UTM coordinates (Ref. 2-2) . 
	The ARB also provided a tape file of population by uTN coordinates which was used to distribute population related area source emissions. 
	Field test data were used to formulate emission profiles and to 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) . 
	Questionnaires were received from approximately lQO industrial sources wi~h comprehensive data on their solvent and fuel usage. Data received were used to develop emission profiles and to check values con­tained in the district files. 
	There was a great deal of activity in the area of organic emission assessment by other agencies and contractors. A list of those programs Nhich provided valuable data for this inventory are summarized in Table 1. Excellent cooperation and data exchange were main~ained with those contractors and agencies listed. 
	Other sources of information included personal contac~s with various industry associations (dry clea~ing, refinery, asphalt, printing, etc.) and government agencies (especially the ArtS, California Division of Oil and Gas, EPA Office of Air Quality Planning and Standards in Durham, EPA Kegion 9, local air pollu~ion dist~icts and the Southe~n California Association of Governments, SCAG). 
	From data received from the above sources, comprehensive ~nalY5es were conducted to derive emission profiles in a form compatible with the i~ventory format. fu,alyses of test data from this and rela~ed programs listed in ~able 2-1 were perforned to create or evalua~e existLng emission factors. 
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	'I'ABLE 2-1. 1{j~LA'l'ED S'J'UDIES ON ORGANIC COMPOUND EMISSIONS 
	=~====-~=~,~====~=~=~"=~~~_~~~~=_=.=-=""~c=r=~=c=~"~~~~.----"---_. -.. _~=~~~~~= 
	____~P~r~o~ject Title Scope Sponsor· Contractor Status (as of Mid 1977) 
	Air Quality Impacts of Assess the impacts of OPR OPR Staff Final Report Draft Outer Continental Shelf oes ctevelopwcnt on the & ER'l', Inc. issued March 1977 Oil Development in the cnvi rQl \1I1C n t Santa Barbara Ch,l!lncl 
	Fugitive Emissions from Determine emission API Hockwell Work plan being oil ~'ield Production factors on a compon­Air l1onitor­developed Operations ent basis for onshore inlj Center and Of['3hore facilities 
	j\SSl~SSI:lent of the Determine validity of EPA Radian, Inc. Test~ arc currently I::nv ironu\en tal Bf f lu,"nts l.·(~fiTlery cmis£ion being conducted in from Oil Hefining factors cuu:entl y used second refinery in AP-42 
	Emissions from Ships Detel.-lI\ine emissions ARB Scott Work plan being and Shipping Operation frow shipPlnlj o[>era­Research developed w including Transfer of tions in the SCAB Laboratory Oi1 
	N
	I 

	\~OGA Engineering Final Report released from Floilting Roof AP 2517 SCiCJ1Ce, Jan. 1.977 Pc:troleum 1'anks Inc. 
	Hydrocarbon Emissions De::ennine validity of 

	\~OGA Engineering Final Report released from Fixed Hoof 'l'i1l\ks of A[' 2518 Science, Inc. July, 1977 
	Hydrocarbon Emissions Assess the validity 

	Hydrocarbon Emissions Detenlline IIC emissions WOGA Chevron Final Report originally from Tanker Loading resulting from crl~e oil Reseat:ch, scheduled for l1ay 1977 Operations lo,ldinCj off Ventul-a and Inc. 
	Sdllta Bd~bd.ra counties 
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	'i'ABLE: 2-1 (Cant) 
	~-=-'-'~"'~.''''--_'''''=-'''i--'-='':';::;~-::L';';':''''':'';'.= ~:' __-'=."'=='-_=---':--'..--+' __ ~ -'-----'. :.-=--':-=--.-, =--'<~'-==-=-=~=.,-,--='.,";=~_",",-,-,--~-=_==,-=--",",;:.-=,:::=-_.~ -"--~=~....=.=..o;:~...o.::..~-=,=--.::...-=-:,==-==::.;."",,
	o.====~-__ 
	___P,-r~o.ject_l'lyl.£.. ~J!COf'.El ~ SP<2.l1C'0r· Contractor Status (as of Mid 1977) 
	Floating Roof Tank Determine effects of WOGA Chicago Pinal Report issued Metallic Sealing King wind, ring quality, gap Bridge and March 1977 Emission Test Program size and secondary tieals Iron on lie emissions 
	Or:<janic Compound Emis­Determine niltur-al emis­EPA Washington Final draft completed sions From Natur:al sion rates from forest State Sources vC<j'ltation University 
	Llllission Factors from Determine emission ARl1 UCR State-­Final Report, January Bunting Agr:icultm:al factor:s from burning wide Air 1977 'k.';Les Collected in 31 field and orchard Pollution California crops Hesearch 
	Center 
	tJ Of\GSOL Regulation Detenlline potential ARD JUG Staff Staff report issued Stucly Group n,ductiorl of orl)aniu June 1977 l\lchiteclural Coatings el"i;i" ion us i Ill) 1120 
	b
	I 

	Su.cv~y bOLlie paints 
	l\ ~h;thoclology for­Dctel~mine He emissions ARB AR_a Staff Report due August 1977 Reactive Organic Gas from [-'Llsticide applica­Emissions: Assessment tl011:3 of Pesticide Usage in California 
	Gilsoline l-1arketing Determine test [lrocedurcs SDAPCD SDAPeD Test continuing Vapor Pecovery System to assess the effective-Development JleSS of va!Jor recovery techniqueS applied to petroleum m"rketing 
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	TABLE 2-1 (Cont)
	t 
	Project Title 5coEe Sponsor· Contractor Status (as of Mid 1977) 
	Mea~urelhellt of Atmos­Determine He emission EPA ~lidwest Preliminary tests 
	pheric Organic Emission factors from asphalt Research underway 
	In~titute 
	from Natural Sources operations and landfills 

	Control of Volatile Prepara tioll of documents EPA EPA Air Volume 1 issued November Organic Emis~ions for for control of organic Program 1976. Future volumes to Existing Stationary emis~ions Staff be released late 1977. Source 
	Abbreviation Code: OPR -Cdlifornia Governor's Office of Planning and Research, Sdcrdlnento, Calif. 
	API -American Petroleum Institute, Washington, DC 
	EPA -U.S. Envirorunental Protection Agency, Research 'l'riangle
	IV 
	I Park, North Carolina 
	Ul 
	ARB -AiL' !{esources Board, Sacramento, Calif. 
	WOGA -Western Oil & Gas Association, Los Angeles, Calif. 
	SUAPeD -San Diego Air Pollution Control Uistrict, San Diego, Calif. 
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	2.2 8ATA ~~AGEMENT 
	The data to be processed as part of the final organic ewission included: 
	1. 
	1. 
	1. 
	EIS data for major point sources for SCAQ~ID 

	2. 
	2. 
	Minor point source data from the SCAQI1D (Metro Zone) 

	3. 
	3. 
	Gasoline station data for SeAQ~ID (Metro Zone) 

	4. 
	4. 
	EIS data for 'lentura and Santa Barbara County (major and minor sources including gasoline stations) 

	5. 
	5. 
	Petroleum production field 

	6. 
	6. 
	Additional area data for sources such as forests, landfills, architectural coat~ng, domestic solvent use, etc. 

	7. 
	7. 
	Emission profiles 

	8. 
	8. 
	Population distribution by one kilometer grid 

	9. 
	9. 
	Emission factor adjustments to EIS data 


	The available EIS data processing software was incorporated for processing the EIS data. In this system individual sources could be modified, added or deleted. KVB added a feature which also permitted the data to be modified by see number. For example, the emissions in the EIS data base from certain fixed roof tanks (identified by a specific see number) appeared to be too high based on recent test data. The emissions from those tanks were modified by one correction factor applied co all the emissions of tha
	The profile data was organized with sec number as the key. The specific organic specie emissions for any source were determined by factoring the total source emissions by the profile of specie weight percentages. 
	Area source emission rates were added to G~e EIS data file using w~e emission factor and inva~cories presented in Section 2.3.4. These sources, including natural emissions, architectural surface coatings, and gasoline marketing, constituted a large portion of the total emissions in the Basin. Since a standard for.nat was not yet available for describing emissions not meeting the EIS point source criteria, KVB chose to develop an area source data base for this purpose based on general guidelines proposed by 
	(Ref. 2-4). The format was designed co allow description of emissions Dy ~~eir one kilomecer grid location and process (or activity) ~VB 5804-714 
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	Gasoline marketing data for this data base were acquired in three ways. In Los .~geles County, information concerning 10,000 stations in the Basin was computerized; however, individual station throughputs ~ere missing. KVB chose to take the total sales for Los Angeles County and apportion the 
	through-put by the total storage tank volume at each station. For Ventura County the gas station data were included in the EIS file. ?or 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. KVB assigned new emission factors to the data. For the remaining counties the gas station emissions were apportioned by residential area based on the total county sales. These gas station data were formatted in the KVB area source fo~at. 
	Since the EIS point source data base did not contain G~e 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 area source format. Data on the emissions from minor point sources not under permit were also obtained and included in the KVB area source data base. 
	Finally the ~VB area source data base contained data from all area sources identified by the KVB engineers. These emission sources included waste disposal, petroleum operations other than refining, domestic and agri­cultural sources, geogenic sources and natural emissions. 
	All point sources in the inventory ~ere given an SCC n~~er whic~ ~as occasionally qualified by L~e SIC number. For area sources, process codes devised by the ARB Staff ~ere used in lieu of sec numbers. A file was created with all information relative to these see numbers (or process codes), the emission correction factors to be applied to all sources wi~~ the given 5CC/ SIC number; the profile key to identify the profile for ~~is source type, the relevant ARB application category, and summer or winter diffe
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	Within each ARB application category only unique profiles were identified. The profile records contained information concerning the method of determining the profile and estimated error. In addition, each profile ~he profile. iihere the SAROAD coding was not comprehensive, KVE and ~~eir subcontractor, ARLI, added SAROAD codes in a logical manner. Since SAROAD codes were the only specie identifier in the profile data base, a separate tabular file was created to contain SAROAD codes, species name, molecular w
	contained the SAROAD code and percent by ,.eight of each specie in 
	-

	From the data files used in this inventory, eight reports were produced. They included: 
	1. A Total Organic Emission Report containing: 
	a. Source infor~tion (county! APeD Point ID No., sse eTo., SIC No.) 
	b. 
	b. 
	b. 
	Total organic emissions, ton/year 

	c. 
	c. 
	Summer emissions, ton/day, broken down into weekday emissions and weekend emissions 

	d. 
	d. 
	Winter emissions, ton/day, broken down into weekday emissions and weekend emissions 

	e. 
	e. 
	Emission profile key which will relate to an emissions species breakdown in Item 2 below. 


	~wo sorted orders: 
	These data were reported in 

	a. 
	a. 
	a. 
	According to ~~e ARB application categories and inclUding point ~~d area sources (Report =1) 

	b. 
	b. 
	locat~on in 10 ~~ UTM grid squares and ~2) 
	According to 
	including point and area sources (Report 



	A plant identification index (Report #3) 
	2. 
	2. 
	2. 
	An Emission Profile Listing which lists each organic specie (by name and code no.) emitted by a particular source or source type, the reactivi~y class (according to ~~e ~IS 3-class svstem) of ~~at specie, and ~~e percent by welght of the total emitted hydrocarbons that the specie contri­butes (Report #4) . 

	3. 
	3. 
	An Emission Summary consisting of t~e following data for eac~ 1 KID grid square in the Basin (Report #5): 
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	a. 
	a. 
	a. 
	Total organic emissions, ton/year 

	b. 
	b. 
	Individual specie emissions by' code no. rib/year 

	c. 
	c. 
	Emissions for each reactivity class: I, II, and III, ton/year 


	4. 
	4. 
	4. 
	An Individual Organic Specie Report showing the emission of each specie broken down by ARB Application Categories (Report #6). 

	5. 
	5. 
	An see report listing the profile keys, application and emission correction factors for all see codes encountered in the source files reported in two sorted orders: 


	a. 
	a. 
	a. 
	By see code (Report ~7) 

	b. 
	b. 
	By profile key in order to reference all see codes attributed to a given profile (Report #2). 


	A more detailed description of these reports is presented in Section 2.4.1. 
	In addition to these reports which were 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. 
	1. 
	1. 
	An updated (for hydrocarbon emission) point source emission file in EIS format (File in) (KVB Label No. 7077 and 7078) 

	2. 
	2. 
	An organic specie profile file (File #2) (Label No. 113) 

	3. 
	3. 
	An area source data file (File #3) (Label No. 111) 

	4. 
	4. 
	i'. chemical species description file (File #4) (::'abel No. 114) 

	5. 
	5. 
	An sec description file (File #5) (Label No. 112) 
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	2.3 ENGINEERING ANALYSIS 
	2.3.1 Point Source Emission Factors 
	There has been considerable interest in the development of emission factors that can be employed to estimate emissions :rom specific sources based upon a ~~owledge of the pertinent operating characteristics of the source. Such procedures are in common use throughout the country by local control agencies to estimate air pollution emission rates for point and area sources. One of the primary objectives of the ARB organic compound emission study was to critically evaluate the emission factors for organic compo
	~'J.ey required a significantly different approach. 
	Point source emission factors for industrial poin~ sources in the Basin were divided into three groups. The first group included ~he combustion of fuels and evaporative emissions from petroleum operations. In general, emission rates from these sources had been calculated by the local control agencies using emission factors and the appropriate information on fuel usage, petroleum product throughput, etc. This group, especially petroleum storage and transfer operation represented a large part of the total hyd
	The second group of sources included solvent evaporation. 2missions from these sources were generally not calculated by local control agencies using emission factors but rather were determined from solvent use question­naires since the organic compo~~d emissions were essentially predetermined by the solvent content of the materials employed. Therefore, correction to the EIS data base were made through updates of the solvent use i~ventory rather than corrections to emission factors. A discussion of the quest
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	The third category included much less significant industrial point sources of organic compounds in the Basin such as metallurgical, mineral and food processing operations. For these sources, data contained in the we~e attempted. 
	EIS data base were left intact and no corrections 

	A. Approach-
	-

	fo~~d in the EPA publication, "Compilation of Air Pollution Emission Factors" (Ref. 2-4), hereafter referred to as "AP-42." The SCAQMD had its own emis­sion factors which had been employed in the process of estimating emission rates for industrial point sources 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 ~~e emission factors differed because the SCAQMD sometimes based it
	A comprehensive listing of point source emission factors was 
	factors. In other instances 

	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 operations and the combustion of fuels stem from studies conducted as far back as the 1950's. Considerable debate had been raised about their continued applicability in view of improved technology, sampling procedures, etc. Second, certain emission factors liste
	represent conditions in the Basin. 
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	Field ~ests were conducted to provide data to assist in emission 
	factor evaluation and development. In addition, data from several related 
	projects Table 2-1, specifically oriented to imFrovi~g AP-42 emission 
	factors have been incorporated into this analysis. In most cases, these .studies had been directed at conditions within the Basin making them directly 
	applicable to the current study. 
	Comparisons have been made between the emission factors used by the SCAQMD, those contained in AP-42 and those generated in this and related studies. Where KVB felt that available data disagreed wi~~ the SC~Q11D emission factors, correction factors were applied to the emission rates listed in ~~e EIS data system to update these emission estimates. The intent was to have ~~e EIS data file, delivered to the ARB, reflect the best and most recent information available. This 'Nas a vital part af the improvements
	-

	B. Results-
	-

	~~ission factors selected for evaluation in this study are discussed in the following sections. Sources have been divided into four groups: (1) fuel cornbustion~ (2) petroleum transfer and storage, (3) 
	-

	refinery fugitive emissions, and (4) petroleum production operations. 
	table for each of these source categories presents a general description 
	of G~e source, appropriate SCC cades, units employed, emission factor 
	listed in AP-42 , those used by the local control agencies, and those 
	resulting from recent investigations including field tests from ~~is 
	study. ':'he "best" emission is also given along wit.'"1 the correction factor 
	used to update the EIS data files. A complete discussion of each table is 
	also presented. 
	1. Fuel =ombustion--rt was appropriate to investigate the organ~c compound emission factors for the 'combustion of f~e1s used in the Basin. Emission factors used by the SCAQMD stern from data generated in the 1950's 
	(Ref. 2-5) and were currently under revision during the study using more up-to-date test data. 
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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 sources. 
	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 samples that could be obtained for anyone source type. Sources tested were selected so G1at the tests would be representative of that general sources type. A thorough evaluation of the test data was made to assure ~ts accuracy. Table 2-2 presents a summary of the sources and emission factors for fuel comoustion evaluated during this program. 
	Among the most important of ~~e 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 ~his source type, the results of the KVB test program conducted on a utility boiler firing low sulfur residual oil tended to support the lower figure. Conse­quently, a correction factor was incorporated into the data manag
	Similarly, the SCAQ~1D 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 testi~g of this source type. Since this represented a relatively insignificant source of organic SCAQ~ID emission factor was not char-ged. 
	compounds, the 

	Refinery gas combustion, on the other hand, represented an important industrial source of organic compolli~ds. In this case, good agreement between the three emission factor sources was obtained and no correction factor was necessary. 
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	2-2. ANALYSIS OF EMISSION FACTORS combustion of Fuels 
	~ ,.f!~~~~~_..!':~~~~_~ _ Al~-42 __ ~~.Q VJ\~~ .SUAPeO _~_ Q!:!lCC:.i 
	__,__

	1.0 2.6 1.0 1.0 0.7 
	1.0 11.11 1.0 1.0 
	jO.O 21. Y 20.0 
	3.0 7.0 3.0 1.0 j(L 0 
	<00 1.6 I. Il 
	1400 Huo 1lJ50IILlJO 
	-

	(H~teren(;el 
	(XVII) 
	(KVIl) 
	(XVII) 
	(KVIl) 
	(KVIl) 
	l::mlssloll t'dctur Las· UticJ in the COL-n.:ction 
	Cun-ellt_~!:.~L~_....._f"c~ __ 1.0 0.40 
	11.11 LOO 
	<1.9 I. 00 
	7.0 I. 00 
	1.6 I. 00 
	HOO NA 
	*EIS Correction Factor Ratio of emission factor used in current study to the emission factor used by SCAQMD in their EIS file. 
	TOC 'l'otdl Orgdnic Compounds 
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	Industrial natural gas consumption also represents an extremely large energy use in the Basin. As shown in Table 2-2, ~~e emission factor used by the SCAQMD was between the AP-42 and KVB emission factors so that again no correction factor appeared to be warranted. 
	Emissions from CO boilers treating exhaust gases downstream of an FCC unit were also evaluated. Since the SCAQMD used test results from these units rather than emission factors, the comparison between SCAQl1D values and those obtained in this program has been made for a particular unit tested. Again, the SCAQMD value appearea to be reasonably close to that Obtained during this study and no correction factor was necessary. 
	~atural gas combustion in IC engines represented another somewhat unique case. At the time of the study, sources of this type were not inclu­
	ded in ~~e EIS data file although a preliminary inventory of IC engines in the Basin had been made (Ref. 2-6). This inventory was incorporated into the area 
	source data base for this study. A decision on an appropriate emission 
	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 KVB on IC engines also resulted in large emission rates; however insufficient data were obtained to generalize an emission factor. The AP-42 value was used as it was somewhat conservative, although it was fully recognized that the emission rates from these sources may be higher. 
	2. Petroleum storage--Table 2-3 presents a comparison of the emission factors used to estimate organic compounds emitted from petroleum storage operations. ?erhaps no other source has received so much recent investigation and is under so much controversy as those sources listed in this group. Responding to this controversy both the Western Oil and Gas Association (WCGA) and the California Air Resources Board have initiated field test programs 
	(Refs. 2-7, 2-8, and 2-9) to investigate emission from petroleum storage ~OGA programs as well as the revised AP-42 emission factors (Ref. 2-10) are listed in Table 2-3. 
	operations. The results of the 
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	'1'ABLE 2 -3. ANALYSIS OF' EMISSION FAC'I'OIiS PE'l'ROLEUt-1 S'fORAGE 
	Emi~~iOlt factor EIS 
	Emi~~iOlt factor EIS 
	£r.\i~~iou l"lctor~ _ 

	Applicable U~c:d in the COLrc(.:tion * ~~:".-~.!.:ion__~ .. sec ~Jes ...!!!~~..:!__. _ ---AP-=--4-2~--=~T~~__.'-yAi:'cn -=_~iApCI) ---==-~t:~~~.= (kcf~I.·Cl\~-=1. ~ __ CU!E~~!-~ud'i ~__ 
	l:"'lUdtilly noot 4-0)-OO~-XX API 2:,17 2517 2'>17 50\ of (WOGl\ Ecport 100\ of API 1.00 Sit 01"<.tlJt.: 'l'duk:.. IlIllI ~ Lin API Ret. ~-7) £Jull..:lill 2517 2S17 2 ~~ 1 '1 
	fi xed ft()Ur 4"'O)-OOl-XX API 2516 2518 2'>10 50\ ot (WOG1\ HcpOJ:"t ~o~ ut API 0.60 Stot"..,yc Bullelin API Rd. 2-6) Utillclin 2518 
	2:'10 251~ 
	IV I 
	f-' 0) 
	*EIS Correction Factor Ratio of emission factor used in current ~tudy to the emission factor used by SCAQMD in their EIS file. 
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	API Bulletins 2517 and 2518 are universally used to estimate emissions from floating ~oof and fixed storage tanks respectively. These formulas and Basi~ have resulted in two programs sponsored by WOGA. 
	their application to conditions in the 

	Results of the first study on floating roof tanks (Ref. 2-7) are presented in Table 2-4. It has been widely published (Ref. 2-11) that the results of this program demonstrate that emission estimates 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 2-4 was 0.489 and therefore not sig
	CALCULA~ED ilERSUS OBSERVED HYDROCA-~ON EMISSIONS 
	TABLE 2-4. API 2517 

	Table
	TR
	Hydrocarbon Emission Rate 
	(bbls/year) 

	Tank 
	Tank 
	API 2517 Calculated 
	Observed 

	A 
	A 
	510 
	55 

	a 
	a 
	30 
	87 

	C 
	C 
	131' 
	o 

	o 
	o 
	128 
	175 

	E 
	E 
	49 
	60 

	F 
	F 
	237 
	55 

	G 
	G 
	237 
	57 

	H 
	H 
	362 
	445 

	I 
	I 
	35 
	56 

	J 
	J 
	34 
	33 

	K 
	K 
	145 
	43 

	L 
	L 
	132 
	84 

	M 
	M 
	433 
	286 
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	Data from the program on fixed roof tanks (Ref. 2-8), presented in Table 2-5, on the other hand, demonstrated that there was a correlation between the various sets of numbers. The correlation coefficient bet"een ~,d measured losses was calculated to be 0.749. This value was accepted as representa~ive of a significant correlation suggesting that API bulletin 2518 does predict the trends in emissions based on storage tank parameters. nowever, the API formula appeared to overestimate emissions. 
	the predicted 

	In order to test the hypothesis that the emissions data calculated 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 results, the calculated value for t is 2.11 while the acceptance limit for t at 0.05% confidence and 20 degrees of freedom is 1.725. 
	a Therefore, the data did not seem to represent the same population. 
	fo~ula was overestimating the fixed roof tank emissions, two numbers were chosen as factors for the .;PI estimate. The actual ratio of the means of the two sets of data (0.58) was 
	To test the theory that the API 

	used as one factor and 0.60 was also tested. (The correlation coefficient was unaffected by changes in the estimated emissions factored by either 
	0.58 or 0.60.) Resulting t values were 0.631 and 0.119 for correction factors of 0.58 and 0.60, respectively, supporting the hypothesis that the corrected emission predictions from API 2518 were not significanLly different from the test data. A correction factor of 0.60 was w~erefore applied to 
	~~e EIS data base given in Table 2-3. 
	3. Refinery fugitive emissions--An analysis of the emission factors used to estimate fugitive emissions from valves and pumps in operation wit~in petrole~~ =efineries has been made. Smission escimates for both AP-42 and tr.e SCAQMD qenerally stem from an extensive study conducted in 1958 of air pollution emissions from petrole~~ refiDing operations ~aised 
	located in the Basin (Ref. 2-12). Considerable incerest had been 

	about the accuracy of these emission estimates in view of advances in technolo~I in the form of better valve and pump packing materials and L~proved 
	p~~p seal designs. 
	KVB 5804-714 
	2-18 
	ST&~DING T~NKS 
	ST&~DING T~NKS 
	ST&~DING T~NKS 
	TABLE 2-5. MEASURED VERSUS API CALCULATED EMISSIONS FOR 
	STORAGE FIXED-ROOF 


	API Calculated 
	API Calculated 

	Measured Loss 
	Measured Loss 
	Breathing Loss 

	Test No. 
	Test No. 
	(bbls/yr) 
	(bbls/yr) 

	-1 
	-1 
	Negligible 
	17 

	2 
	2 
	< 1 
	51 

	3 
	3 
	Negligible 
	·91 

	4 
	4 
	Negligible 
	10 

	5 
	5 
	1 
	101 

	6 
	6 
	Negligible 
	21 

	7 
	7 
	224 
	607 

	8 
	8 
	164 
	257 

	9 
	9 
	122 
	856 

	10 
	10 
	Negligible 
	44 

	11 
	11 
	< 1 
	26 

	12 
	12 
	6 
	74 

	13 
	13 
	240 
	167 

	14 
	14 
	3 
	17 

	15 
	15 
	84 
	138 

	16 
	16 
	339 
	490 

	17 
	17 
	1,086 
	783 

	18 
	18 
	Negligible 
	61 

	19 
	19 
	9 
	298 

	20 
	20 
	Negligible 
	2 

	21 
	21 
	20 
	38 

	TR
	TOTAL 
	2,400 
	4,149 


	KVB 5804-714 
	2-19 
	Table 2-6 presents a summary of the analysis of the emission factors 
	from fugitive sources ~ithin petroleum refineries. Since the SCAQ~1D did not 
	use emission factors to esti~ate emission rates from these sources ~ut 
	rather used actual test data on specific sources only the emission =actors 
	listed in AP-42 (Ref. 2-10) are given. However, since both t~e SCAQMD and 
	t~e emission estimates are ~ased on the same data from Reference 2-12, a 
	comparison of test data from the KiTB stUdy ~ith AP-42 values was made to 
	indicate if any corrections to the EIS data ~ere necessary. 
	A specific objective of the ~,~ field test program, therefore, was to evaluate these emission factors listed in AP-42. Of course, a test program comparable to that described in Reference 2-12 ~as beyond the scope of this stUdy. Therefore, a brief evaluation (as described in Section 3.0) was conducted with the aim of assessing the relative ~agnitude of these emission rates. The results of these tests are presented in Table 2-7. Given is a description of the device and the product carried, the total number of
	device basis is also given. These test results involve ~he inspection of approximately 18,000 valves and other fittings and 80 pumps. 
	Several conclusions were apparent from the results of the tests conducted on valves and fittings. As shown in Table 2-7, there was a substantial difference between the average emission rate for valves and that for metal connections in bo~h gas and liquid service. Based on these results, emissions from metal connec~ions such as flanges, wlions, 
	ties, etc. were assumed to be negligible. ~ote that there also was a significant difference between ~issions for valves in gas service as opposed to those carrying liquic prodUCtS. 
	A composite e~~ssion factor for valves was determined by applying an appropriate weighting factor to each of the gas and liquid emission factors. Previous inventories (Ref. 2-12 ) had reported that the ratio of valves in liquid service to those in gas service in refinery operations was approximately 3 to 1. Applying this ratio to the emission factors listed in Table 2-7 resulted in a composite emission factor of 0.15 lb/day·valve. using these 
	KVB 5804-714 
	2-20 
	'I'ABLE 2-6. EMISSIOtI FACTORS, REFINERY FUGI'l'!VE EMISSIONS 
	Emission Factor EIS Al-'plicable Used in the Correction Description SCC Codes Units AP-42 Others (Reference) Current Study Factor * 
	Valves 3-06-008-01 lb/day-valve 0.15 0.15 (KVB) 0.15 1 
	t--) I 
	Pumps 3-06-008-03 lb/day-seal 3-5 4 (KVB) 3 1 
	N 

	I-' 
	Cooling . 6 
	3-06-007-01 lb/l0 gal 6 12 (KVB) 6 1
	Towers 
	FCC 
	(See Figure 2-2, CO Boiler)
	Units 
	*E1S Correction Factor Ratio of emission factor used in current study to the emission' fClctor used by SCAQMD in their E1S file. 
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	TABLE 
	_ Dev~ce~!}pe 
	"[9-.!ves_~Fi tting~ 
	Valves Metal Connections Valves Metal Connections 
	IV I IV IV 
	Pump Seals Mechanical Mechanical Packed Packed 
	" Based on test data 'I" See 'l'able 3-4U for 
	2-7. KVB FUGI'rIVE EMISSION DA'l'A FOE PE'l'HOLEUM REFINING OPERATIONS" 
	No. of Leakers Identified 'Total (Average Leak Rate, Inventory Ib/day.leak) 'I" Prodl.:..lc_'_t _ No. Large Medium Small 
	'Total Emission Emissions FiJctor (lb/day) (lb/daY'device) 
	1G'1tj 2'j(l8) 23 (3) Gas 3100 o (J) Liquid 27'74 2 (18) 4 (3) 56bl 1(18) o 
	1 
	Liquid 

	Gas 
	< 26 [(VI' ~3 3(7) 4 (1) > 26 RVP 1'1 2(70) 0 < 26 RVP 12 1(4) 0 > 26 RVP 4 1(170) 0 
	100(0.3) 17(0.3) 32(0.02) 2(0.02) 
	17(0.01) B(O.OG) 5(0.06) 0 
	620 8 4'01 HJ 
	25 140 5 170 
	0.4 0.003 0.02 0.003 
	0.3 
	7 
	0.4 40 
	from Source 117 ou1y. determinatiou of averaye leak rate. 
	KVB 5804-714 
	results, the AP-42 emission factor of 0.15 Ib/daY'valve appeared to be reasonable and no correction factor was applied to the EIS data. 
	A similar analysis for pw~ps was conducted. As shown in Table 2-7, the product transferred and the type of seal both had a significant effec~ on emission rates. Tests conducted on pumps servicing liquid with a Reid Vapor Pressure (RVP) less than 26 had a relative low emission rate as com­pared with pumps carrying more volatile materials. Similarly, for pumps with hign volatile materials, packed seals leaked at a rate five times that of mechanical seals. In general, these results were consistent wiw~ values 
	A composite emission factor for pumps was difficult to determine since no invento~l of pumps comparable to valves was available. Therefore a composite emission factor was developed using both the inventory data and emission factor presented in Table 2-7. The emission factor for mechanical and packed seals were 1.5 and 11 Ib/seal-day respectively with a composite emission factor for all p~~ps of 3 Ib/seal·day. This result compared favorably w~th the values listed in AP-42 and no correction factor was deemed 
	Additional field test data on emission rates from oil/water separators, cooling towers and compressor seals were obtained during this study. However, insufficient data from the field test conducted as part of this program were available to perform a credi~able analysis of the emission factors. 
	4. Petroleum ?roduction fugitive ernissions--(Although these sources have been considered as area sources and are included in Section 2.3.4, a discussion of the methodology used in determining emission factors from these sources was felt appropriate due to the similarity with previous analyses.) 
	Table 2-8 presents the emission factors developed by KVB to estimate f~gitive emissions in petroleum production operations. These represent ne,. data since emission factors from these sources had not appeared previously in AP-42 or in the EIS data base. 
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	'l'ABLE 2-8. EMISSION FACTORS, PE'I'ROLEUM PRODUC'l'ION FUGITIVE EMISSIONS 
	L:ll\i~slon l"ilctor EIS AVPlic.1ble L'OWlty u::scd in the CUI.~'c{;tioll * ~8crlrtion ~~~~ ~ __. !!~!~ . Af'-4~_~~~~_ Otllcrs (Rcfcn~nc~) CUCt"Cllt Stnd"t--_ t'~ctor 
	V~lvc,\:j )·-06-000-01 lb/day-volvo 0.10 (KVO) 0.10 Nh § 
	S,-=pdl-atucs )-06-U05-XX l lb/day-tt0.1 (KVO) 0.1 NA § 
	2 

	Comp.rc.\:J:;ior Scal.a )-06-000-04 lb/day-ulll t 26 (KVU) 26 NA § § 
	Wdl lIoAda )-06-UOO··Ol "j-Ib/we ll-dAy 0.05 (KVU) 0.05 NA 
	tv tvCc:llan. )-06-005-XX t lb/wdl-d.y 2.0 (KVO) 2.0 NA 
	I 
	§ 

	,10
	-

	*~IS Correction Factor RaU.o of emi::;sion factor used in current study to the emi::ision factor used vy SCAQMD in their EIS file. t Uest fit §Data entered iJILo EIS data vase Ly KVB using listed Emission Factors 
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	The emission factors for leaking valves and metal fittings were 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 refinery operations, the emiss~on rate from valves and fittings appeared to be highly dependent on both the type of device and the product involved. Again, (1) emission rates from metal fittings were much less than those from valves, and (2) valves in gas service had higher emission rates than those in liquid service. A composite emission factor developed using the emission rates and inventories presented in Table 2-9 was determined to be 0.10 lb/valve·day. This was compara
	A similar procedure for fugitive emissions from compressor seals was used and the results are presented in Table 2-9. This represents data on only nine compressors (out of an estimated population of approximately 
	500) and therefore must have a lower level of confidence. 
	Another potential source of emissions was fo~~d to be the leakage from the stuffing box around the polish rod on the rod pumps used in production operations in the Basin. This was shown to be extremely 
	small in comparison to other leak sources. 
	Techniques were also developed to estimate the evaporative loses from standing oil in p~~p cellars and oil/water separators. The emission factor presented in Table 2-8 for these sources represents composite data frcm eight cellars and seven separa~ors evaluated during the curren~ program. 
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	TABLE 2-'J. FUGI'rIVE EMISSION FAC'I'ORS FOR PE'!'HOLEllM PRODUCTION OPERA'l'IONS 
	No. of Leakers Identified I Total Emission Total lb/day-leak) Emissions Facto!:' _!~yice ~~~ yroduct_~~~ Inventory Large Medium ~ __Small (lb/da~) (lb/day'device) Val.'!es £ Fittings Valve Gas 910 15(13.0) 20(1.3) 42(0.2) 229 0.25 Metal Connections Gas 372 3(13.0) 6(1.3) 20(0.2) 50 0.11 Valve Crude 1,192 0 2(0.5) 4(0.05) 1 < 0.01 Metal Connections Crude 339 0 0 3(0.05) Neg. Neg. 
	(Average Leak Rate 

	Compressor Seals Gas 9 units 8(31.2) 5(0.5) 2(0.1) 280 28.0 
	N
	I 

	N ()'I 
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	2.3.2 Emission Profiles 
	A. Description-
	-

	A unique aspect of the current program was the development of emis­sion profiles, the identification of the organic compound species represented by the total hydrocarbon emission rates currently given in emission measure­ments. Only one other study (Ref. 2-13) had previously attempted a breal<down into generic classes. That was done primarily for the purpose of dividing emissions into reactivity classes. The results of that previous study have been widely used in the Basin. 
	A primary objective of this program was to identify the organic compound emissions for each stationary source 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 emissions of the individual organic compounds. Thus an emission profile was formulated for each Source Classification Code (SCC) emitting organic compound species in G~e Basin. Both point and area sources were included. In certain instances a furthe
	Another objective of this program was to predict future emission trends. Satisfying this objective required emission profiles based on SCC number rather than individual pl~,t profiles based on individual plw,t 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 of the device in general. Additional advantages of developing aggregate profiles by sec 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 see number system, and (3) the volume of profile data was reduced to a more manageable level. 
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	The initial intent was to provide a profile for each sec listed in the data base. In many instances, however, an individual profile was found to cover several sec and See/SIC combinations. The profile data base was therefore formulated and indexed by a profile number. Separate profile numbers (with identical specie distributions) were given to specific See/SIC combinations to facilitate data management, specifically the segregation of emissions from devices with similar sec codes in two different industry c
	In each profile the organic species were identified by their appropriate SAROAD code, ARB reactivity classification (3 class) and molecular weight. Each profile 'rlas also "tagged" wi t."1 other identifiers to assist those who may wish to use or evaluate these data. Associated with each emission profile 'rlas an estimate of its relative error. This "Error Estimate" 'rlas strictly subjective and has been included to give a relative level of confidence to the specific profile. No statistical significance have
	Given in the Appendix is a listing of the emission profiles used in the current study. Two reports are used to relate the profiles to the devices in the inventory. The sec report (sorted by sec number and profile number) lists all devices in the inventory and gives the profile number of the pro­file ~hat describes the e~ssion bre~~down for the particular device. The profile report lists the profiles by profile number. 
	A profile contains a subjective estimate of the probable error in the profile and also lists the SARO~~ code, chemical name and percent contribution of each specie. The species are also s~med ~y reactivity class. In all 270 profiles were identified as being unique by either tie specie breakdow~ or application category. 
	Table 2-10 presents tie emission profiles for some of the mos~ significant source types in ~he 3asin. 
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	B. Methodology-Two general approaches were used to formulate the emission profiles, one where only one data point was available 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 source was believed to be representative of all such source types in the Basin, then that particular source emission profile was used. An appropriate error estimate was given to reflect the relative confidence level of these data. 
	-
	of the representative nature of their emissions to all 

	particular type. In this way, data from this source could be correctly applied to other non-tested sources. Test results are presented in section 
	3.4. SL~ilarlYI questio~~aires Here submitted to and received from selected ~~at the data from these large and representative sources were obtained. 
	solvent users. Follow-ups were made to assure 

	~NO examples of formulating profiles based on one data point from a selected source are the following. The first, concerned with the emission profile typical of residual oil fuel combustion, was obtained by (1) recogniz­ing that 95% of all residual oil combustion in the Basin occurs in utili~y boilers, (2) selecting a boiler that "..as "typical" of such de'lices in the Basin and finally (3) conducting a test on this 1lnit. Multiple samples were taken and the profile was based on an average composition. 
	The second example involved the use of data from questionnaires. ~ne SCAQ~~ files, was responsible for 90% of the emissions from adhesive use. A questionnaire was mailed to this source and follow-up contacts were made to assure that information from this source was received. The questionnaire contained a comprehensive breakdown of the composition of the solvent composition and usage which formed the basis for the emission profile. 
	sourCe in the Basin, according to the 
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	This approach of using one analysis to characterize a general source type also applied to profiles determined by inspection. For example, there were a few SCC's that specifically idencify the solvent used in a coating operation or housed in a storage tank. In this case, a solvent identified by its SCC as toluene or xylene would be given an emission profile of 100% of that organic compound. 
	The second approach used was to develop emission profiles based on data from several sources within a particular source type. This involved 
	(1) 
	(1) 
	(1) 
	acquiring the data, (2) determining the relative magnitudes of each source compared to the total emissions from the source type, and 

	(3) 
	(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 approach was the formulation of a profile for r,~hile SCC numbers had been t~~ks for gasoline, jet fuel, crude oil, various 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 products identified and the fraction of the emissions from fixed roof tank storage for each based on information compiled from the SCAQ
	"Miscellaneous Organic Storage" in the Basin. 
	assigned to storage 
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	'I'ABLE 2-11. COMPOSITE PROFILE FOR MISCELLANEOUS PE'l'ROLEUM STORAGE 
	(I."ixed Roof 'I'anks) 
	Lt.hylt;U~ 
	~'!'~~~..!:..,~~!!;~. AG~.~~~~j Vu !,-.!~ollo!:-_~~~~l!-__ !~~~~E0ell~!.~~~ __".~.I.!:.'~'~:!~~, ide .~_.~·~~~!~~~~__~etonc_ StOtldd-.E..<!-_2Y lelle Othucs C0Jllpo~ite_ 
	t'cdctluH uf 
	tlllJ.:;i~iofl::i 0.163 0.022 0.OU4 0.07U 0.051 0.004 0.004 0.191 0.071 0.057 0.2/5 
	~~ '..!~!.!.~_ CO~!l~ 
	ACl:lUJIC 100.0 1.0 10.4 Pe.rchJoroelhylt::Hu 100.0 5.1 £lhylo.:lle 
	Dichlurid~ 100.0 0.4 FO!"Il\..t.l'lellydc 100.0 0.4 MEK 65.0 12.4 Mlur( 35.0 6.7 Xylene 100.0 5. 7 'l'01 tJt.:lle 5.6 31.0 8.0 ELlM.no 1.0 0.1 
	N I Ethylent.: 2.0 0.2 W 
	,jO. Pt'Olh UW 13.0 1.0 U-UutAflU 18.0 1.4 (-UlJldl\e U.O 0.6 ll-h ..!otdue 18.0 1-4 l-I'~lIldJle 12.5 3.4 lICX~\IIC 84.6 2.0 25.0 8.9 I-Hl;xan.e 12.0 0.9 lIo.;pt.iJ,llu 14.0 1.1 I-Heptane 11.0 1.0 I-OctdllC 1.0 0.8 0.1 l-UeJllctliC 27.3 1.9 !-UcC.11IC 69.4 4.9 I-lJlldf_~cdnt! 2.1 0.2 ethyl Al..:ct4te 5.8 15.5 4.4 
	C-1 CyclopAraffine 15.5 4.2 l~up(vpyl Alcohol 40.0 3.4 Ethyl A1<.:ohol 30.0 2.0 I~0LJlltyl Alcohol 30.0 2.6 
	-

	---------~~~-------_._---~-------_._----_._---------------~.,-~--~~----~-----_._----------------
	--------
	-
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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 vapors released from production and refining storage tanks, fugitive emissions from petroleum refining operations, architectural surface coatings, automotive spray painting, land fills and natural forest emissions. Detailed discussions of the deve
	1. Gasoline storage and marketing--For the purpose of the ARB hydro­carbon inventory, a general emission profile suitable for use for both gasoline storage and marketing operations was desired. Such a profile was diffi~ult to develop for several reasons. First 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). Each of these brands generally had three grades of gasoline including ~~ere w
	regular, premium and unleaded. In addition, 
	would have involved the incorporation of scores of gasoline 
	beyond the budget of 

	Data for the gasoline vapor emission profile were 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 from 
	KVB 5804-714 
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	evaporative losses and engine exhaust. A blend of 55% leaded regular, 38% leaded premium and 7% unleaded was prepared. These three types of gasoline had each been blended from samples ta~en from large volume retailers of the eight major brands as shown below in Table 2-12. 
	TABLE 2-12. GASOLINE SALES: PERCENTAGE OF TOTAL FOR MAJOR CALIFO~~IA 3RANDS 
	A.QCO Exxon Gulf Mobil Shell Standard Texaco Union 
	Total 
	14.0 
	12.1 
	7.0 
	10.1 
	14.4 
	20.0 
	9.4 
	13.0 
	100.0 
	The composition of the liquid and the vapor at 70 of were determined and are presented in Table 2-13 as the emission orofiles used for this inventory. 
	In selecting and validating these data it was noted that the samples 
	of gasoline blended and analyzed had been purchased in mid September 1974 (Ref. 2-14). This means that the blend should have been representative of the gasoline sold during 1975, the base year of the inventory. The validity 
	of blending and measuring as compared with ~nalyzing individual products a~d averaging the results was proved by the ARB (Ref. 2-15A) when they analyzed six samples individually and calculated an average composition which they compared with the analysis of a composite mixture of cne s~x blends. The results agreed compound by compound within 5-15%. 
	In this sa~e scudy the ARB (Ref. 2-14) presented their GC analyses results for the blends of ~eaded premium, leaded regular and ~~leaded. The results for the leaded premium and regular were compared with results published in 1968 by WOGA in a gasoline marketing emissions study (Ref. 2-16). The agreement in composition was found to be very close. To validate the unleaded gasoline composition a calculation was made of a gasoline vapor 
	KVB 5804-714 
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	TABLE 2-13. EJ.'HSSION PROFILE FOR THE COMPOSITE AVERAGE GASOLINE LIQUID AND VAPOR AT 70 of IN THE SOUTH COAST AIR BASI~ -1975 (REF. 2-14 AND 2-15) 
	Weight % 
	Liquid Vapor compound (Spills) (Evap. Loss) 
	Propane 0.1 1.8 
	Isobutane 0.5 6.6 
	Butane 2.2 19.8 
	Butenes 0.4 1.8 
	Isopentane 8.0 29.0 
	Pentane 4.2 10.6 
	Pentenes 2.5 6.2 
	2-methylpentane 5.9 6.3 3-methy1pentane 3.0 2.6 Hexane 3.8 2.5 ~1ethylcyclopentane 3.6 2.1 Benzene 2.4 1.1 
	2,3-dimethy1pentane 3.3 1.2 3-methy1hexane 2.4 0.8 2,2,4-trimethy1pentane 3.5 1.1 Heptane 2.5 0.6 1-1ethy1cyclohexane 1.1 0.2 . Dimethylhexane 1.7 0.3 Toluene 9.7 2.1 
	Iso-octane 3.6 0.5 Octane 1.3 0.1 Isononane 1.2 0.2 m & ?-Xylene 9.9 1.2 a-Xylene 3.6 0.4 
	Nonane 0.6 Propylbenzene 0.3 3-ehty1toluene 6.5 0.5 l,2,4-trimethylbenzene 3.8 0.3 l,2,3-trimethylbenzene 1.4 0.1 
	Dimethy1ethy1benzene 2.7 
	0.1 Buty1benzene 1.7 > C 2.2
	10 
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	composition based on the published composition of the unleaded gasoline liquid. This calculation involved the use of the laws of partial pressures and the gas law. The resulting vapor composition was compared ~it~ meas~rements of unleaded gasoline vapor made in early 1977 in San Diego during an investiga~ion by KVB on gasoline marketing vapor recovery systems. Table 2-14 presents a comparison of the t;v~o cornpositions. The t,.,..,o a.re 
	-

	similar except that the ARB composition had approximately nine percent olefins and cycloparaffins which were not found in the San Diego tes~ 
	gasoline. It was suspected that the San Diego tests were conducted using straight-run gasoline. Straight-run gasoline means that the gasoline was merely fractionated from the crude oil and not formed by a cracking process which tends to form unsaturated and cyclic compounds. Since most gasoline in the Basin is a olend of·the cracked and straight-run gasoline, it was felt that the use of the ARB composition was appropriate. 
	TABLE 2-14. COMPARISON OF UNLEADED GASOLINE VAPOR CCt'~OSITIONS I'1EIGHT PERCE~T 
	.J.. 
	.J.. 
	.J.. 

	Measured* 
	Measured* 
	Calculated from Liquid' 

	Propane 
	Propane 
	3.7 
	2.2 

	N-Butane 
	N-Butane 
	26.1 
	31. 3 

	I-Butane 
	I-Butane 
	11.8 
	12.3 

	N-Pentane 
	N-Pentane 
	12.2 
	6.9 

	I-Pentane 
	I-Pentane 
	27.8 
	24.8 

	:l-Hexane 
	:l-Hexane 
	3.9 
	1.0 

	I-Hexane 
	I-Hexane 
	7.1 
	6.1 

	I-Heptane 
	I-Heptane 
	4.4 
	1.7 

	I-Octane 
	I-Octane 
	1.5 
	0.7 

	Other 
	Other 
	1.5 
	13.0 
	(olefins, cyclo­

	TR
	f'araffins and 

	TR
	aromatics) 

	TR
	Total 
	100.0 
	100.0 


	*samp1e collected from automobile gas tank fill pipe during filling operation and ~~alyzed by GC as described in Section 3.0 
	'vapor composition calcula~ed from liquid composition reported by A~ in Reference 2-14. 
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	2. Crude oil 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 differences therefore 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 three general areas of production, marketing and refinery operations. 
	a. Production operations--Results from the current inventory show that the organic compound emissions from crude oil storage at petroleum production operation account for 35 tons per day or approximately 5% of all anthroprogenic sources. The emission profiles for the vapors released from these sources were developed using data from the field tests conducted on this program and the results of a recently completed study on fixed roof ta~~ emissions sponsored by WOGA (Ref. 2-8). 
	A summary of the data used to determine this profile is included in 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 wi~~ the identification of the crude oils across the top and the organic compounds listed vertically. The numbers in each column represent the weight percent of that specie in the associated crude oil vapors. 
	As seen in Table 2-15, there was a wide variation in the organic constituents of the crude oil vapors within the study area. The composite emission profile was developed using the weighting factor listed with each crude oil which represents roughly the fraction of the total crude oil produced within the Basin according to the California Division of Oil and Gas (Ref. 2-17). 
	b. Refining operations--A similar procedure was used to develop an emission profile for crude oil storage associated wi~~ refining operations. A summary of ~he data used to calculate a composite profile is included in Table 2-16. The crude oil stored in refineries showd a much larger variation in vapor compositions reflecting the diverse origins in the crude oil. 
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	'fABLE 2-15. CRUDE OrL S'l'ORAGE, PE'l'HOLEUM PRODUC'rION OPERA'frONS 
	Prod\l~tion f'~_____~ 
	-_._-~~-.-_
	.. __..
	-

	9 §§§
	'I" §
	lIuntinytoli I" §§ Scal ~ S.3nt~l. Fe BICd South _______~_____,_!:!cac!l__..~ __,._ 53-ticay ko~t"l:cc.:\l1~ Wilmi flCJton DC.lch VC!ltur-a Spr~__~}ind4__Mulllltllil\__--2l~_i__ Comllo~~ 
	Fn'lction of P["(JLiuction 0.1] 0.01 0.10 0.45 U.O:J o.n 0.02 0.00 0.05 0.01 1.0 
	OCIJ!lnic Compoulid 
	~~-,.~L__ 
	___

	Ml.!tIMlIC 3.0 1.1 1.0 10.6 2.0 1.2 5.3 1.4 1.9 0.2 6.2 t;tltiHlC 6.1 17.6 1.9 6.1 1.9 2.6 15.4 2.0 9.2 2.1 5.6 l'tuPdllC 20;2 30.6 12.6 10.1 12.5 19.6 19.7 9.5 25.5 6.4 17.6 N-Uut.dnc 1~.9 19.5 24.1 21.4 25.6 14.5 26.2 30.1 26.5 30.9 21.1 I-Butane 11.0 9.9 1.5 U-'Pcnla.Hc 6.0 5.1 19.3 13.1 30.1 14.1 13.0 23.5 10.5 25.6 14.6
	tJ I 
	I-P.,;:ntanc 11.1 5.& 1.5
	,I'. 0 
	IIcxd.n~ 5.0 2.1 12.9 6.6 12.3 9.4 5.0 11.3 5.0 11.3 1.9 I-llo.:xolUC 0.0 lIt:pt ..lIIC 11.2 9.J 9.2 10.1 6.2 13.1 1.5 11.6 9.2 OClaIlC* 10.4 7.8 5.6 7.3 8.,1 1.9 1.1 9.7 6.9 C-7 Cyclopilraffins 9.9 0.6 1.3 C-U Cyc.:.lopardfflll9 3.5 0.5 Bt~IlZl:f\C: 1.0 0.1 O.J 
	CyclollC)(dliC 
	)-Ncthyl PenldHt: 
	-----1..:..1
	-

	100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
	c +
	* 
	* 
	6 

	'fc::it~ condut:tcd during the curn.~l1t project 
	t 

	Het. 2-8 
	§ 
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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 dif­ferentiation between vapors emitted from each tank type. Regulations by the SCAQMD require storage of petroleum liquids with a vapor pressure greater than 
	1.5 psia in floating roof tanks. Therefore, it would seem reasonable to assume that differences between the vapor composition for crude oils above and below this limit would exist. 
	c. Crude oil storage and transfer operations--Table 2-17 presents the data employed to deter~ine a composite emission profile for crude oil storage and transfer operations primarily at marine terminals. Significant variations in the crude oil vapors were observed between the various samples analyzed. The data shown were taken from the WOGA Fixed Roof Tank Study (Ref. 2-8). 
	3. Refinery fugitive emissions--A significant portion of the field test program involved the measurement and evaluation of fugitive emissions from leaking valves and pumps in refineries. This was done both to assess the accuracy of emission factors (discussed in Section 2.3.1) but also to develop emission profiles "typical" of refinery operations. Recognizing that such an undertaking was subject to numerous complications including variations among crude oils and resulting products, differences between vario
	As discussed in Section 2.3.1, tests were conducted to characterize petrole~~ refineries. To le~~ing vapors were collec~ed and analyzed. These analyses were believed to be as representative of leaks in refinery processing as is reasonably possible. As in the previous analyses, che problem became one of apportioning the leaks from various product lines to form a composite leak emission profile "typical" of all leaks from valves within a refinery. 
	the emission rate from valve and pumps within 
	complement these efforts, numerous samples of 

	Figure 2-1 presents a schematic view of a simplified refining pro­~~ree types of products result from crude processing: gases, low-viscosity liquids, and high-viscosity liquids. 
	cess. Basically 
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	'l'AHLE 2-] b. 
	Or'Jdni c Compound __~ __ (wt. _!.L Foreiqn* 
	Methane 5.3 Ethane 4.5 Propane 17 .1 N-Butane 18.6 I--Butdne 10.7 N-Pentane 15.0 I-Pentane 13.4 Hexane 7.3 I-Hexane 5.2 Heptane 0.9
	N I J.; I-Heptane 2.0 
	N 
	I-Octdlle Benzene 'l'olucne 100.0 
	_._.~ ----------~-_--'..........~ -_. ;;.-~._=...::_-
	----
	-

	* Tests conducted for the t Ret. 2-B 
	CWJDE OIL STORAGE, PE'l'ROLEUM l{EF'INING OPEHA'J'IONS 
	Crude Sources Domestic* Domestic* Domestic*
	.. ~.._._-~
	--------_
	-

	9.0 0.1 2.7 6.0 2.1 26.0 20.6 7.3 26.0 22.7 15.4 L1. 0 15.5 9.5 8.0 8.0 8.0 12.3 22.2 3.0 0.2 2.0 1.0 17 .1 0.2 1.0 8.1 14.0 1.9 4.3 7.9 3.0 3.9 100.0 100.0 100.0 
	program 
	Unknown 
	26.8 0.9 9.7 
	21. 7 
	19.4 
	12.8 
	8.7 
	100.0 
	t 
	Composite
	-----=--~--'--'---
	-

	8.B 2.7 16.1 20.8 9.3 10.1 11. 2 4.7 5.1 2.0 5.0 0.4 2.4 1.4 100.0 
	KVB 5804-714 
	TABLE 2-17. CRUDE OIL STORAGE, PETROLEUM :~~RKETING OPERATIONS 
	Organic Compound Crude Source (·"'t. %) Foreign Foreign Domestic Composite 
	Methane Ethane Propane Butane Pentane Hexane Heptane Octane + 
	Ref. 2-8 
	6.0 8.1 15.0 31.1 12.8 7.4 8.8 10.8 100.0 
	0.4 1.5 2.6 1.1 2.0 3.7 19.3 13.0 15.8 33.7 25.7 30.2 22.7 20.1 18.5 9.7 9.3 8.8 8.5 15.0 10.8 4.6 13.4 9.6 100.0 100.0 100.0 
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	Refinery Fuel 
	(4\)
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	LPG (3\) 
	Gas
	Gas 
	Blended
	Blending
	I

	Gasoline (45\) 
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	I Cracked Gasoline "" CI:acking Uni.t 

	Retol-med Stock 
	Separated Crude oil 
	II
	trom Pro­l'J 
	I 
	Distillates
	duction 
	I 
	(30\)
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	I 
	BOll oms OottolUS 
	______t .-lIeavy 
	t_ 

	Pr-oducts (10\) 
	Fiyure 2-1. Refining process schematic. 
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	The primary source of gaseous 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 outane. 
	Heavy liquids called "bottoms" were removed and used to form heavy fuel oils, 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 conduc~ed during this program and was thought to be due to either the leaks being self sealing or being so visible that maintenance is performed within a short time period. 
	assumption was verified by field tests 

	The intermediate stream was composed of liquids that flow through various paths and ultimately ended up as gasoline and other petroleum distillates. There 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. Approxi­mately 50% of the original crude oil (Ref. 2-18) that entered a refinery ultimately ended up as blended gasoline. As shown in Figure 2-1, this could have
	a. Valves--As discussed in Section 2.3.1, the leak rate for valves in gaseous products was 0.424 lb/valve-day whereas the comparable leak rate for valves in liquid service was 0.022 lb/valve-day. Estimates (Ref. 2-13) of the total valves in gaseous and liquid service in refineries located in the Basin were 23.6% and 76.4% respectively. By applying these percentages to the associated leak rates it was determined that approximately 85% of leaks from valves result from those handling gaseous products. 
	Using the above information, a "typical" fugitive emission for valves was generated. Table 2-18 gives a summary of the calculation procedure. Listed are the analyzed emission profiles for leaks in various 
	profi.le 
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	'l'ABLE 2-18. COMPOSI'I'E PROE'ILE FOR REFINERY FUGI'l'IVE E:MISSIONS FROM VALVES 
	Retonn.1t~ G35-0i1 Cr~ckcd 
	Strlliight RWl 

	l-t'~!l~=-Y Gdtj ____~~tllr3!-~_~~~lill=--____ !.!...:'l~~~._____ Stock ___ Stock Ga.5uli,:t;! Dl:jtill~tt: _~___~~o5i.~~___ 
	--_.~~~-~---
	-

	f.caction of £1~i~5i.ons 0.64 0.21 O.OlS 0.015 0.015 0.0] 0.03 0.045 
	O'y":,hlC COlllpounl.ia 
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	stre~~s along with the estimated contribution from each to the total. For the purpose of this analysis it was assumed that the percentage of valves in liquid service are as follows: 
	product 

	Straight Run Gasoline 
	Straight Run Gasoline 
	Straight Run Gasoline 
	10% 

	Naphtha 
	Naphtha 
	10% 

	Refonnate Stock 
	Refonnate Stock 
	10% 

	Gas-Oil Stock 
	Gas-Oil Stock 
	20% 

	Cracked Gasoline 
	Cracked Gasoline 
	20% 

	Distillate 
	Distillate 
	25% 


	For this analysis, the distribution was not critical since the leaks from valves in liquid 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 ~uch more detailed analysis would have also incorporated leaks from oG~er 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 been assumed that leaks from p~~ps occur only from the liquid product lines as previously described. A summary of the calculation procedure is given in Table 2-19. As with valves, a much more complex analysis was possible; however, existing data are only sufficient to make a cursory estimate. 
	4. Architectural surface coatings--As described in Section 2.3.4, architectural surface coatings represented a significant source of organic compound emissions. These are comprised of the contribution of solvent from countless applications of surface coatings supplied by literally 
	hQ~dreds of paint manufacturers. 
	The approach used to establish a composite profile was to use the results of data generated by the AQMD and APCD's in the area. These agencies 
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	'l'ABLE 2-19. COMPOSI'l'E PROF'ILE FOIl. REF'INEHY FUGI'fIVE EMISSIONS FROM PUMPS 
	St:::"d iyht Hun Rc forr..at~ Gas-Q1l Cracked ~~~~~______._,~~-L!:~~ ___._Sto~ ~_____ ~~.:'~c.~~ _ ~ ____~~sol~-!_ Dl stlllate ~o9i~_ 
	0.10 0.10 0.20 0.10 0.30
	j:o'Lb.clion of £mlS!:ilOIlS 0.10 
	Ol'YdOic COlllpl>und~ 
	_J~~.: _J.:~~~!U~~ Nelhdll(> 10.0 ~.2 3. ] 
	L:L1l.'10C 0.9 3.8 1.0 1.2 
	Propa'le 0.2 0.6 11.9 3.3 5.3 ].7 
	U-liutane 0.7 0.0 2·;.7 6.5 1.1 12.7 
	7.9 I-But.J.flC 0.1 2.5 0.8 
	Liut~ne 
	1.1 0.2 
	N--h.ole-ne I.] 1.3 21.5 7.4 19.7 11. 0 11. 1 
	!-Pellt"nt: 0.4 3.8 21.4 5.0 [J. U 
	1~-110xdone 
	6.2 19.3 11.& 15.4 9.0 11. a 1·-!lt:X.illC 1.1 6 •., 
	3.2 

	6.0 12.8 3.0 5.5 
	N N-Ileptd:l~ 
	1.4 1.8 10.0 8.3 14.9 0.6 U.S
	I 
	.(:. 
	I -lit~ptilIW 
	3.4 16.0 2.0 4.1
	CD N-OL"tilll~ 5U.1 6.4 9.7 
	7.9 9.9 l:':: .0 l-O:;tdIlO 4.7 5.6 
	4.1 
	L.B

	3.0 
	U-Noflan~ 
	2.0 0.3 4.4 6.5 J.'J I-!j0IlrlOe 

	8.5 20.6 0.2 0.5 j.l 
	8.5 20.6 0.2 0.5 j.l 
	fJ-DecdllC 
	3. S 14.8 * '>.J 
	I'-De~dne 
	2.6 16.6 
	1.~ 
	C-l Cyclopdraffiil6 1.0 2.4 
	3.9 1.1 l:yc10p~rdtfln~ 0.2 
	c-o 

	0.6 
	0.1 c--~ C)'cloprtratt'1ns 2.6 
	4.6 0.3 0.0 
	1'u 1Ul~Ht: 
	3.2 6.2 ·7.3 3.0 3.0 Xylene 2.6 7.0 
	1.6 

	1.3 
	Lkn'L~!II~ 
	1. ·1 2.5 0.5 0.'> 
	eye I ullc)(i1f".~ 0.5
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	had in their files all of the paint formulations and information on product sales within their jurisdiction. This information had been obtained directly from manufacturers and suppliers. Such an inventory was well beyond the scope of this study. 
	The most comprehensive architectural coating. study was conducted by the San Diego APeD as described in the Appendix. The results of the SDAPeD study are sUIT~rized in Table 2-20. This table gives the total solvents that were contained in the architectural surface coatings marketed in San Diego County in 1974-75. This represented the most complete accounting of solvents used in this manner and was used to formulate the composite emission profiles for this inventory. 
	5. Automotive surface coatings--One of the largest sources of industrial solvent used in the Basin was surface coating operations associated with automotive assembly operations. Auto painting operations in the Bas~n include both water-based and oil-based formulations. An important aspec~ of the current test program was to document emissions from each of ~~ese sources to establish emission rates, compos~tions, and the effec~s of the water-based reformulation on possible control strategies. 
	Presented in Table 2-21 are the results of the test program conducted on the body priming and top coat operations for each of the coating types. The objective was to generate a composite emission profile representative of both water based and oil based coatings. Given also in Table 2-21 are the fractions of total emissions from each of the coating types. The composite 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 current program. As expected, these gases were primarily methane with trace quantities of various other materials. Consider­ing that there were approximately 1000 tons per day of total emissions from these sources (see Section 2.3.4) these trace quantities represented signifi­cant sources of each of the organic compounds to the atmosphere in excess of one ton per day. 
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	SOLVE~TS USED IN ARCHITECTURAL COATI~GS IN Sfu~ DIEGO COUNTY (1974-75) 
	TABLE 2-20. 

	Solven1:. Ibs. Solvent Ibs. 
	.:'l.cetone Benzene iso-Butane Butanol Butyl Acetate iso-Butyl Acetate iso-Butyl Alcohol Butyl Ce11osolve Butyl Cellosolve Acetate Butyl Lactate iso-Butyl iso-Butyrate C8+Aromatics Ace~ate Cellosolve Solvent Cyclohexane Diacetone Alcohol Ortho-Dichlorobezene Diethylene Glycol Dimethyl Formamide Dipentane Ethanol Ethyl Acetate Ethyl &~yl Ketone Ethyl Benzene Ethylene Dichloride Ethylene Glycol riexane 
	Cellosolve 

	324,315 4,234 60 158,340 257,417 lJO ,443 60,985 5,036 25,881 129 619,674 372,752 52,040 75,212 4,021 2,437 1,309 1,543 
	51,529­
	181 59,804 11,140 663 63,868 1,144 62,513 303 
	Kerosene Methyl Amyl Ketone Methyl iso-.~yl Ketone Methyl Amyl Acetate "lethyl Ethyl Ketone Methyl n-Butyl Ketone Methyl iso-Butyl Ketone Methyl Heptyl Ketone Methylene Chloride Methanol Monochlorobenzene Monoethanolamine 1 & 2 Nitro-propane Olefi:ls Paraffins & Naphthenes Pentoxone n-Propanol iso-Propanol n-Propyl Acetate iso-Propyl Aceta1:.e Propylene Carbonate Propylene Glycol 
	Tetrahydrofuran Triethanolamine Triethylene Glycol Trichloroethylene Toluene Tur::?entine Xylene 
	554 681 12,912 3,739 571,769 66,455 
	59,043 
	15,900 29,299 393,512 207 2,870 2,575 
	416 4,169,717 3,876 3,357 1,673,935 2,478 1,483 610 74,462 24 2,068 1,323 24 534,229 6,088 269,177 
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	'rABLE 2-21. AU'rOMO'l'IVE SPRAY BOO'I'll EMISSION PROFILE 
	~_~=-=-~ ..~-=~."-':":::"~~.';" .::...._~-....:..=.,:...;;:.:.~_--::...:.:.;.~..:.c_;::,_..:
	-

	Fraction of Emissions 
	Organic Compounds % wt Acetone Benzene 'l'oluene N-Heptilne I-Heptane N-OctilllC 
	tv 

	I I-Octane
	UI 

	f-' 
	I-Nonane Cyclohexane C-7 Cycloparaffins C-8 Cycloparaffins C-9 Cycloparaffins 2 Methyl Pentane 3 Methyl Pentane Methane Ethane Ethyl Acetate 
	~ .•._----_.__ .,..---.--,._. _. -_.__._._.-_. -',-.-_. -..;..=..., 
	--.•--._.._..

	...'.. _-------..
	_

	--",;,;._-=--.~._.-~"",:,-~:~. __--' ~-~
	-

	. .,-'--...:..::.......-•. =-= 
	'rype of Coating 
	Primer Water-borne Oil-borne Compo!;ite 
	0.3 0.7 1.0 
	68.9 20.7 22.2 6.6 8.9 2.6 
	19.6 13.7 22.2 15.5 37.1 26.0 1 ,
	-

	2.2 .J 
	0 -8.0 5.6 1.6 1.1 8.7 6.1 0.8 0.6 
	-

	-._-----____ •__~ _::::' .•_.'::"';'~_':"~~'-"";:'~"-"-....=.~ .. __--'::"';","';C.~-':''-'';'''';'':'':''':'''",;,-,----'--:''.~=~~ 
	Top Coat Water-borne Oil-borne Composite 
	0.1 0.9 1.0 
	9.9 0.9 16.0 1.6 8.6 9.0 0.4 0.4 5.8 5.2 25.4 22.8 23.8 21. 4 16.4 14.8 7.4 6.7 7.4 6.7 10.9 9.8 2.0 1.8 0.5 0.5 
	39.6 3.9 4.9 0.5 21. 0 2.1 
	.. --'
	-
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	TABLE 2-22. CLASS II L~~DFILL SITE 
	TABLE 2-22. CLASS II L~~DFILL SITE 
	TABLE 2-22. CLASS II L~~DFILL SITE 

	TR
	% by \'it. 

	~1ethane 
	~1ethane 
	98.6 

	Ethane 
	Ethane 
	0.1 

	Propane 
	Propane 
	0.1 

	Cyclopentane 
	Cyclopentane 
	0.2 

	N-Butane 
	N-Butane 
	0.2 

	Iso-3utane 
	Iso-3utane 
	0~1 

	N-Pentane 
	N-Pentane 
	0.1 

	Terpenes 
	Terpenes 
	0.1 

	Perch1oroethylene 
	Perch1oroethylene 
	0.3 

	Toluene 
	Toluene 
	0.1 

	xylene 
	xylene 
	0.1 

	TR
	100.0 


	~VB 5804-714 
	2-52 
	7. Natural forest emissions--As discussed in Section 2.3.4, emissions from the natural interaction between forest vegetation and the atmosphere 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 a pinene emissions had been associated with emissions from soft woods whereas hard wood tended to emit isoprene. However, since the identificatio
	2.3.3 Solvent Use Questionnaires 
	Solvent use questionnaires were processed prL~arily to obtain infor­mation on the quantities and specific types of solvents used in the Basin during 1975 for use in developing a~ission profiles and factors. Other information on process equipment, control devices, future plans for modifi­cations or expansion were also requested for checking the ErS data and fore­castL~g emission trends. 
	KVB prepared the questionnaires using modified formats from Reference 2-20. Sections were specifically directed to the following solvent users: 
	Degreasing Operations 
	Dry Cleaning Operations 
	Protective and Decorative Coatings 
	Fabric and Rubberized Coatings 
	~liscellaneous Coatings 
	OVens 
	Printing Operations KVE 3804-714 
	2-53 
	Data were requested on an individual device basis using actual process records or best estimates from total plant consumption. Provisions for confidential or proprietary information were made. A copy of the organic solvent use ~uestion~aire is presented i~ the Appendix. 
	Individual questionnaires were mailed to approximately 200 plants wi~~in the Basin with reported total organic compound ~~issions from solvent use in excess of 25 tons per year. Only the quest~onnaire forms that would pertain to the individual source operation were included. The response to these questionnaires was only 25% despite follow-up by telephone. 
	Of those returned, the quality and completeness of the information . was excellent providing detailed information on solvent composition and 
	operating parameters previously not available. Data were obtained from a 
	wide cross section of industries which added depth to the data base. These 
	patter~s for those firms visited during 
	data, along with updated solvent use 

	the field test program have been incorporated into the final emission 
	inventory. 
	2.3.4 Area Sources 
	An important aspect of the .KV3 organic compo~~d inventory was the identification of sources of organic compound emissions not under permit and generally not included or adequately characterized in previous inventories. These sources were grouped as waste disposal, petroleum operations other than refining, domestic and agricultural sources, geogenic sources and natural 
	emissions. Because these were diffuse sources net concentrated like 
	industrial point sources, they are referred to as area sources. Emission 
	factors for these sources were therefore based on land area, population, 
	land use or other criteria characteristic of the are~ source. 
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	Table 2-23 presents a summary of total hydrocarbon emission estimates from each of the area sources considered. Precise emission rates were difficult if not impossible to estimate due to the complex nature of each source type. A discussion of realistic limits to these values is presented in subsequent sections. 
	A second objective of the current project was to locate these area sources geographically in the Basin. To this end, information waS secured from various governmental agencies on population distribution, land use, petroleum production operations, etc. Maps corresponding to the approximate location of each source were developed for each source. Area sources ~ased on population were distributed on a per capita basis based on information received from the ARB. 
	The following sections present a discussion of the methodologies and references used in making these estimates. In general, the procedure involved the establishment of two factors, (1) an emission factor coupled with (2) an appropriate inventory. Using this procedure, improvements to either factor can be readily employed 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 Air 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 ~urning--The organic compound emissions from the burning of agricultural wastes in California have been recognized for several years (Ref. 2-21). The ARB and the EPA have sponsored several on-going studies 
	(Refs. 2-22, 2-23, 2-24) with G~e intent of developing emission fac~ors for such operations. 
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	TABLE 2-23. EMISSION ESTIMATES FOR AREA SOURCES (STATIONARY SOURCES ONLY) 
	Waste Disposal Agricultural Burning Sanitary Landfills 
	Petroleum Operations Production Operations Marine Terminals Gasoline Marketing Natural Gas Transmission 
	Domestic and Commercial Sources Architectural Surface Coatings Solvent Use Fuel Consumption 
	Agricultural Natural Emissions Orchard :J:eaters Animal 't'1astes Pesticides 
	Geogenic Sources Natural Seeps 
	?orest Emissions Natural Emissions Forest Fires 
	Other Sources Dry Cleaning Asphalt Paving Operations 
	Tons/Day 
	2 
	900 
	70 
	3 80 80 
	100 30 5 
	15 3 80 15 
	10 
	300* 
	40 
	25 
	1 
	*An additional 200 tons/day is released above the inversion layers at altitudes above 3500 ft. 
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	The ARB and local districts have also implemented regulations that severely restrict the open 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 wastes, burns conducted for range improvement, forest management, pest control or the improvement of wild~ife or game habitats. Such burns can only be conducted duri:1g "permissive burn" days as determined by local meteorological conditions. Burn permits re
	Annual reports by the ARB were issued with estimates of the air pollution impact of these burns utilizing this lnventory and the emission factors referred to above. It was estimated by the ARB that 550 tons of organic compound vapors were emitted in 1975 due to agricultural burning in the South Coast Air Basin. These emissions were distributed into the agricultural regions shown in Figure 2-2. The apportionment of these emis­sions were made based on the data on agricultural waste generation reported in the 
	2. Sanitary landfills--As shown in Table 2-25, over 15 million tons of liquid and solid wastes were disposed annually in the 45 major landfill sites distributed within the Basin as shown in Figure 2-3. Several studies 
	(Refs. 2-26, 2-27) indicated that appreciable amounts of methane rich gas are generated due to the biological anerobic decomposition of these wastes. The production rate of this gas appeared to be highly dependent on the type, liquid content, soil composition and age of the particular site. These gases represent not only a potential source of useful 2nergy but a large, currently uncontrolled source of organic compounds to the atmosphere. 
	No precise estimate of the emissions from landfill operations for the study area existed. Results 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 first was to use the results from a recent seudy (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 decomposition for each pound of refuse. 
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	TABLE 2-24. AGRICULTURAL WASTE PHODUCTION IN 'rilE SOUTH COAS'I' AIR BASIN AND VENTURA COUNTY 
	County 
	Agricultural Wastes* San ('rons/Year) Velltura Los Angeles Oran<je Riverside' Bernardino"!" Fruit & Nut Crops 107,644 139,800 87,400 
	Field & Row Crops 30,900 60,000 112,000 765,000 9,800 
	Vegetable 481,800 
	'fatal 620,344 60,000 112,000 904,800 97,200 
	N
	I 

	Ul 
	W 
	*Data from the county solid waste management plans. ·I~otals only available for counties as a whole. 
	:,/ 
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	(Reference -County Solid Waste ~anagement Plans) 
	TABLE 2-25. EXISTING MAJOR C~SS I &iD II Sfu~ITARY LANDFILL SITES SOu~H COAST AIR BASIN 
	TABLE 2-25. EXISTING MAJOR C~SS I &iD II Sfu~ITARY LANDFILL SITES SOu~H COAST AIR BASIN 
	TABLE 2-25. EXISTING MAJOR C~SS I &iD II Sfu~ITARY LANDFILL SITES SOu~H COAST AIR BASIN 
	IN THE 


	Quanti~" 
	Quanti~" 
	of 
	::\eoot"":.ed. 
	Tons/Yea-I; 

	°dastg 
	°dastg 
	:::>ec=-.i 'Jerl 
	'::.?-ss 
	.~c!'edc'!' 
	Li,=u~d 
	SoL lC 
	70tal 

	Ventura Count:v, 
	Ventura Count:v, 
	"J75 

	l. 
	l. 
	OZeha 
	II 
	1,086 
	-
	1,086 

	2. Sa.nta Clara 
	2. Sa.nta Clara 
	II 
	47 
	-434,~00 
	-
	434,400 

	3". 
	3". 
	Toland Road 
	II 
	120 
	36,200 
	-
	36,200 

	~. 
	~. 
	Sill1i 
	r 
	230 
	-144,300 
	-
	144,300 

	All Other Class 
	All Other Class 
	II Sites 
	'''<;0 
	-167,400 
	-
	167,400 

	Total 
	Total 
	457 
	783,88~ 

	Los Angeles Countv, 
	Los Angeles Countv, 
	1974 

	5. ~. 
	5. ~. 
	'lalley Refuse 
	Cent.er 
	II 
	230 
	550,000 
	550,000 

	6. Bradley 
	6. Bradley 
	Avenue 
	OUI:lp 
	~ ... 
	63 
	332,000 
	332,000 

	7. ?enrcsc 
	7. ?enrcsc 
	?it 
	II 
	73 
	398,000 
	398,000 

	3. Hewitt Pi: 
	3. Hewitt Pi: 
	II 
	117 
	436,000 
	436, JOO 

	9. Calabasas Land FEl 
	9. Calabasas Land FEl 
	I 
	416 
	36,000 
	320 ,000 
	356, 000 

	10. Mission Ca.nyon ~nc Fill 
	10. Mission Ca.nyon ~nc Fill 
	II 
	1.491 
	1,394, 000 
	1,394, JOO 

	11. Burbank Ci::y 
	11. Burbank Ci::y 
	Land Fill 
	II 
	133 
	75,000 
	75,000 

	12. Toyon Canyon 
	12. Toyon Canyon 
	Land 
	F11l 
	.~ 
	40 
	795,000 
	795,000 

	13. Scholl 
	13. Scholl 
	Canyon 
	!:....and 
	?ill 
	II 
	484 
	450,000 
	450,000 

	14. Palos Verdes 
	14. Palos Verdes 
	Land 
	Fill 
	! 
	295 
	280.000 
	1.300,000 
	1,580,000 

	15. Ascon 
	15. Ascon 
	!I 
	65 
	85,000 
	422,000 
	507, JOO 

	16. Operat.lnq 
	16. Operat.lnq 
	Indust.::'les 
	I! 
	190 
	177.000 
	539,000 
	766,000 

	17. City of Whittier' 
	17. City of Whittier' 
	Ldnd 
	F~ll 
	II 
	117 
	107,000 
	107,JOG 

	18. Puente 
	18. Puente 
	Hills 
	t..and 
	Fill 
	II 
	1.214 
	17,000 
	l,1.65,CCO 
	1,132.000 

	19. AzUSil 
	19. AzUSil 
	Western 
	II 
	307 
	271, 000 
	271,:)00 

	20. 8.K.lC. 
	20. 8.K.lC. 
	wnd ,ill 
	I 
	583 
	254,000 
	352,000 
	~06,OCO 

	2l. 
	2l. 
	Spadra Ldnd 
	Fill 
	II 
	199 
	13 ,000 
	192,00'0 
	205,000 

	22. flarbor 
	22. flarbor 
	Dum9 
	II 
	2S 
	160,000 
	160,000 

	23. Chiquita Canyon 
	23. Chiquita Canyon 
	Land FEI 
	II 
	40 
	33,000 
	33,000 

	All Other Minor Class 
	All Other Minor Class 
	II Sic.es 
	N.R. 
	56,050 
	56,050 

	Total 
	Total 
	6,082 
	362, ;,)00 
	g! 341 ,,000 
	l.J, 20) .JOe 

	San 
	San 
	Bernardino Countv, 
	1974 

	24. Milliken 
	24. Milliken 
	II 
	106 
	215,500 
	215.500 

	25. Cajon 
	25. Cajon 
	II-2 
	106 
	-117,500 -
	11 7,500 

	26. 
	26. 
	Fontana 
	II 
	82 
	601.000 
	~4,000 

	27. 
	27. 
	H~aps Peal<. 
	II 
	63 
	16.600 
	16.500 

	2S. 
	2S. 
	Colton 
	:r 
	94 
	93,700 
	93.700 

	29. Yucaipa 
	29. Yucaipa 
	II 
	560 
	34,600 
	34,600 

	30. Sig Bear 
	30. Sig Bear 
	II 
	70 
	11.600 
	11,600 

	TR
	Total 
	1,081 
	553,500 

	Riverside County, 
	Riverside County, 
	":une 
	1975 

	31West:. 
	31West:. 
	-

	Riversid.e 
	II-2 
	63 
	52,700 
	-
	52,700 

	32. :orona 
	32. :orona 
	II-2 
	101 
	-
	eS,350 
	-
	8S.350 

	33. 
	33. 
	.:iighqrove 
	II-2 
	280 
	8,100 
	3,:'00 

	34. Mead 
	34. Mead 
	'/alley 
	II-2 
	240 
	8,100 
	8.100 

	35. Elsinore 
	35. Elsinore 
	II-2 
	44 
	12.400 
	12,400 

	36. Sadlands 
	36. Sadlands 
	II-2 
	904 
	15,500 
	15,500 

	37. Double Butte 
	37. Double Butte 
	II-2 
	580 
	61.380 
	61.380 

	38. Lanb Canyon 39. IdyllWild 
	38. Lanb Canyon 39. IdyllWild 
	II-2 II-2 
	i8S 30 
	-
	48,050 3.010 
	--
	48.050 3.010 

	40. Anza 
	40. Anza 
	n-2 
	10 
	1.550 
	1, 550 

	Total 
	Total 
	3,040 
	299.140 

	Orance ~ount.v, December 
	Orance ~ount.v, December 
	1975 

	4L 
	4L 
	Olinda 
	II 
	235 
	758,000 
	is8,000 

	42. Coyote Canyon 
	42. Coyote Canyon 
	!J: 
	593 
	2,130,000 
	2,130,000 

	43. 
	43. 
	Sdntiaqo CMyun 
	II 
	160 
	374.000 
	]74, 000 

	44. Prina De5checha 
	44. Prina De5checha 
	II 
	945 
	479,000 
	478,000 

	':'0 tal 
	':'0 tal 
	1,933 
	3,740,000 
	3. ""40,CCO 

	Sa.nta 
	Sa.nta 
	3arbara. 
	~975 

	45. TaJiguas 
	45. TaJiguas 
	1I 
	130 
	202,900 
	20::,9120 

	TR
	GRA.'ID TO':'A!. 
	_llLi§Q. 
	15424.25 

	TR
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	Figure
	LOCATION OF MAJOR SANITARY LANDFILLS IN THE SOUTH· COAST AIR BASIN. Figure 2-3. (Reference: County Solid Waste Management Plans) 
	KVB 5804-714 
	Assuming the lower figure, this represents a 13% conversion by weight of 
	waste to generated organic vapors. 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 used estimates OL the rates of carbon escape over the "life" of the fill presented in a study by the California State Water Quality Control Board (Ref. 2-29). Using this study, it was found that 
	177 3.75 + 1.95t 
	r 

	'tlhere r rate of carbon escape (lb/ton refuse·year) t = age of refuse (years) 
	Note that carbon is released as both methane and carbon dioxide gas. To USe this relation, a gross esti~te of the total quantity and age of wastes presently "alive" in the Basin '"as needed. It was assumed for the purpose of this estimate that the quantity of materials disposed in landfills over the last 75 years was constant and therefore proportional to the total population with the Basin. A summary of the resulting computation using 
	~
	... •+-

	the above relation and the ass~~ed age and quantity of refuse a.l.J..ve In Cone Basin is given in Table 2-26. As shown in Table 2-26, 90% of the carbon emission result from deposits made in the last 25 years. ~ssuming 15% by weight of the total carbon emitted is transformed to methane IRef. 2-29), th~s would represent 340,000 tons per year or approximately 930 t8ns per day of methane emissions. 
	-

	The third approach employed test da~a generated by ~T3 during the current test program. Gtilizing tecr~iques described in Section 3.0, it was estimated that 1500 Ib/acre'yr of gas were evolved from landfills. This represented 240 tons/day from the 46 sites in the Basin. This however represents the results from only two tests on relatively small landfill surface areas of indeterminable composition and history. 
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	TABLE 2-26. SUMMARY OF COMPUTATION OF TOTAL CARBON RELEASE FROM ACTIVE LANDFIL~ SITES DURING 1975* 
	TABLE 2-26. SUMMARY OF COMPUTATION OF TOTAL CARBON RELEASE FROM ACTIVE LANDFIL~ SITES DURING 1975* 
	TABLE 2-26. SUMMARY OF COMPUTATION OF TOTAL CARBON RELEASE FROM ACTIVE LANDFIL~ SITES DURING 1975* 

	Refuse 
	Refuse 
	Total 

	% of 1975 
	% of 1975 
	Quantity 
	Carbon 

	Refuse 
	Refuse 
	for 
	Emissions 

	t 
	t 
	r 
	(based on 
	Period 
	in 1975 

	Period 
	Period 
	(yr) 
	(lb elton refuse) 
	population) 
	(106 tons) 
	(L06 lb) 

	1970-75 
	1970-75 
	2.5 
	20.52 
	98 
	76.3 
	1566.49 

	1965-70 
	1965-70 
	7.5 
	9.63 
	92 
	71. 7 
	690.14 

	1960-65 
	1960-65 
	12.5 
	6.29 
	83 
	64.7 
	406.68 

	1955-60 
	1955-60 
	17.5 
	4.67 
	70 
	54.5 
	254.65 

	1950-55 
	1950-55 
	22.5 
	3.72 
	55 
	42.8 
	159.38 

	1945-50 
	1945-50 
	27.5 
	3.08 
	44 
	34.3 
	105.57 

	1940-45 
	1940-45 
	32.5 
	2.64 
	35 
	27.3 
	71. 98 

	1935-40 
	1935-40 
	37.5 
	2.30 
	28 
	21.8 
	50.17 

	1930-35 
	1930-35 
	42.5 
	2.04 
	23 
	17.9 
	36.55 

	1925-30 
	1925-30 
	47.5 
	1.84 
	18 
	14.0 
	25.80 

	1920-25 
	1920-25 
	52.5 
	1. 67 
	13 
	10.1 
	16.91 

	1915-20 
	1915-20 
	57.5 
	1.53 
	8 
	6.2 
	9.53 

	1910-15 
	1910-15 
	62.5 
	1.41 
	4 
	3.1 
	4.39 

	1905-10 
	1905-10 
	67.5 
	1. 31 
	2 
	1.6 
	2.04 

	1900-05 
	1900-05 
	72.5 
	1. 22 
	1 
	0.8 
	0.95 

	Total 
	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 to have the most data to substantiate the emission factors. It was evident, however, that regardless of the approach used, the organic compound emissions from these sources were appreciable. 
	B. Petroleum Cperations-
	-

	1. Production operations--As shown in Table 2-27, extensive petrolelli~ production operations were lli~derNay in the Basin. Nearly 150 million barrels of crude oil and 116 billion cu.ft. of natural gas were produced in 1975 (Ref. 2-17) 
	For this inventory only onshore production operations were considered. These production facilities were distributed throughout the study area as shown in ~igure 2-4. 
	Prior to ~~is ARB study, ~~e magnitude and composition of organic 
	compound emissions from production operations other than tank storage were essentially unknown. Tests were conducted at two locations recommended by the \qestern Oil and Gas Association as typical of such operations in the Basin. Since only brief test programs were possible during the current program, the emission factors developed should be considered as representative and useful for estimating purposes only. Discussion of the test procedures employed and the emission factors developed is included in Secti
	3.0. 
	A summarJ of the emission factors and inventories used in the current study are given in Table 2-28. These inventories were made based on data from the California Department of Oil and Gas (Ref. 2-17), data from SCAQ~ID 
	(Ref. 2-6) and n~~erous discussions wit~ representatives of ~he major petroleum production comp~~ies operating in the Basin. It must be emphasized that these represented data for the study area only and should not be applied arbitrarily to any other situation. Confidence fac~ors on a scale of Ato 2 (A-high, E-poor) were also assigned to assist in the eva~uation of these data. 
	KYD 5804-714 
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	TABLE 2-27. PETROLEUM PRODUCTION FIELDS IN THE SOUTH COAST AIR BASIN (1975) (Reference: California Division of Oil and Gas) 
	Average ~umb~r 0' ?roduc.lnq ~~lls 
	Average ~umb~r 0' ?roduc.lnq ~~lls 
	Average ~umb~r 0' ?roduc.lnq ~~lls 
	Oil ?roduction 103 3b1/yr 
	Col. ?roduction 10° ftJ/yr 

	1
	1
	-

	Aliso Canyon 
	90 
	670 
	38.413 

	2. 
	2. 
	B4ndini 
	32 
	141 
	207 

	3. 
	3. 
	aardsd.3.1e 
	93 
	154 
	616 

	4. 
	4. 
	Beverly :fills 
	179 
	5.141 
	7,168 

	S. 
	S. 
	Brea-Olinda 
	736 
	3.185 
	4.136 

	6. 
	6. 
	Carpe::t~rla 
	01 
	1.452 
	1,710 

	7. 
	7. 
	Casac~J.c :t.J.lls 
	27 
	44 
	35 

	3. 
	3. 
	Casa~ic Junc:~on 
	:7 
	473 
	l.806 

	9. 
	9. 
	Chino-Sequel 
	3 
	5 

	10. 
	10. 
	Delle 'Jallt!y 
	33 
	99 
	1 

	11. 
	11. 
	Dominque::; 
	132 
	1.035 
	503 

	12. 
	12. 
	East Coyoce 
	152 
	721 
	342 

	13. 
	13. 
	n Sequ."lcc 
	6 
	37 
	19 

	14. 
	14. 
	Esper,w,u 
	13 
	23 

	15. 
	15. 
	!ur9ka 
	14 
	32 
	1 

	16. 
	16. 
	Konor ~.,ch 
	15 
	140 
	328 

	17 • 
	17 • 
	:fo9pe= Ca,.'1yon 
	9 
	96 
	109 

	18. 
	18. 
	auncinqton 3ea.ch 
	1,108 
	17.167 
	3.999 

	13. 
	13. 
	:ngle....ood 
	441 
	3.580 
	1.788 

	20. 
	20. 
	Kr3emer 
	79 
	1.686 
	14 

	21
	21
	-

	Lone; 6eac:, 
	623 
	2.594 
	1,562 

	22. 
	22. 
	Los Angeles 
	46 
	52 
	858 

	23. 
	23. 
	lIOh4.b 
	34 
	143 
	47 

	24. 
	24. 
	MontaLvo 
	jl 
	587 
	1.311 

	25. 
	25. 
	Mont:ebello 
	216 
	675 
	522 

	26. 
	26. 
	~ewhall 
	42 
	39 
	9 

	27. 
	27. 
	~ewhAl1-?otrero 
	90 
	444 
	7,699 

	28. 
	28. 
	:iewport 
	239 
	l.425 
	40 

	29. 
	29. 
	OU canyon 
	19 
	185 
	293 

	30. 
	30. 
	Ooll< i'ar!< 
	15 
	32 
	12 

	31. 
	31. 
	OAkridge 
	20 
	207 
	81 

	32. 
	32. 
	Ojai. 
	138 
	1,127 
	1.814 

	33. 
	33. 
	Olive 
	a 
	56 
	22 

	34. 
	34. 
	Oxnard 
	92 
	368 
	281 

	35. 
	35. 
	Piru 
	7 
	3 

	36. 
	36. 
	Placentia 
	169 
	296 

	37. 
	37. 
	Playa Del Rey 
	52 
	70 
	15 

	38. 
	38. 
	Poe:rers 
	18 
	129 
	150 

	39. 
	39. 
	Pracio-Covona 
	13 
	69 
	32 

	40. 
	40. 
	ila>:lonol 
	10! 
	179 
	384 

	41. 
	41. 
	Richfield 
	257 
	1,666 
	138 

	42. 
	42. 
	Rincon 
	311 
	2,919 
	),729 

	43. 
	43. 
	:tQsecran3 
	115 
	503 
	SS9 

	44. 
	44. 
	SAlt .t..aite 
	57 
	l.019 
	761 

	45. 
	45. 
	San Miq'...lleto 
	62 
	1.794 
	882 

	46. 
	46. 
	Sansinena. 
	116 
	736 
	1,151 

	47. 
	47. 
	Santa E'e Spring. 
	216 
	709 
	688 

	48. 
	48. 
	Santa ?aul.l 
	17 
	10 
	2 

	49. 
	49. 
	Santa SUZ3.nd. 
	13 
	151 
	1.826 

	SO. 
	SO. 
	Sati.ccy 
	J3 
	2ao 
	150 

	51. 
	51. 
	Sed ::.each 
	173 
	1,~05 
	355 

	52. 
	52. 
	Sespi 
	182 
	1.085 
	1 / 380 

	53. 
	53. 
	Shields 
	77 
	350 
	93 

	54. 
	54. 
	SiaLL 
	39 
	42 
	17 

	55. 
	55. 
	$Out!> !'otou..ic,aL-" 
	437 
	1.548 
	2.663 

	56. 
	56. 
	:Summerland. 0{: Shor'! 
	22 
	259 
	1, 328 

	57. 
	57. 
	Sunset. seach 
	5 
	12 

	58. 
	58. 
	hpia 
	12 
	20 

	39. 
	39. 
	t'a!?O 
	25 
	54 
	6 

	60. 
	60. 
	Temeseal 
	16 
	67 
	11 

	61
	61
	-

	Timber Car.yon 
	25 
	90 
	260 

	62. 
	62. 
	'!'orrence 
	388 
	2.859 
	1,421 

	63. 
	63. 
	Torrey Canyon 
	41 
	207 
	2.659 

	64. 
	64. 
	'Nest COyot:~ 
	144 
	2.039 
	184 

	65. 
	65. 
	'iotes'C :'.ountain 
	23 
	SO 
	77 

	66. 
	66. 
	''''hittier 
	208 
	693 
	669 

	67. 
	67. 
	Wilminqton 
	2,285 
	65.595 
	11.808 

	68. 
	68. 
	Vcn.c.ura 
	787 
	10.943 
	6,i76 

	'59. 
	'59. 
	'!orb~ Lind.'l 
	486 
	),726 
	11 

	TR
	':'OTJl.L'; 
	11.810 
	145.162 
	116.031 
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	LOCATION Of MAJOR PETROLEUM PRODUCTION fIELDS IN THE SOUTH COAST AIR BASIN. Figure 2-4. (RefeL-ence: State of California Divi.sion of Oil and Gas) 
	KV13 5804-714 
	'l'ABLE 2-28. PE'!'ROLEUM PRODUC'l'ION EMISSION FACTORS AND INVENTORIES 
	_~:.:c.~-:..:...:.:-~_:.=..:_.::;..:....~..;;..-.:-~,~_~.:...:;..:..;.;;;.~,=.:..;,;,. __~-:;: ._=-~_;,;.~.:::~~~_;,;.;...;..c..=-~::O~--=O=-'.~.:: ..:;::;;,,~._~-="'::-'=';;':":'~==--",-_~_.-_-__~ 
	Emission Emission Estimate t Confidence Source Units Factor Inventory (tons per day) Level 
	Crude Oil Storage * tanks 34 B 'ranks 
	1650 

	Process Drains Ib TOC/rod punV well-day 2.0 8000 rod pump 8 D wells 
	Oil/Water Ib 'rOC/ft-day 0.1 184,000 ft2 9 C Separators 
	2

	Fugitive Leaks Ib TOC/valve-day 0.10 150,000 valves 8 B from Valves 
	IV (J) 6 63 
	I 

	-.J Pump Engine Ib 'l'OC/I0 ft3 1400 4250xl0 ft /yr 8 C Exhausts 
	6 63
	Heaters and Ib 'l'OC/10 ft3 30.0 5100xlO ft /yr 0 C Boiler Exhausts 
	67
	'l'OTAL 
	~_._. ~c._ =,=.~_=c==~~~~-=_=.~~ ~~=~~_~~C~=~=,~.=====~. 
	* Emissions estimated by local control agenices using API 2518, adjusted to 60% of this using the analysis contained in Section 2.3.1. 
	I Emissions have been rounded to the nearest ton per day. 
	KVB 5804-714 
	As shown in Table 2-28, petroleum production operations represented approximately 68 tons per day of which 50% 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 snown in Table 2-29, significant quantities of petroleum products were transferred through marine terminals in the Basin. These generally represented (1) crude oil loading off the Santa Barbara and Ventura coasts, (2) crude oil delivery to refineries in Los Angeles County and (3) refined product loaded at the Los Angeles and Long Beach Harbors and the El Segundo ~!arine Terminal as illustrated in Figure 2-5.. A description of the various marine facilities within the study area can be
	-

	TABLE 2-29. MARI:NE TRANSFER OPERATIONS I!'I THE SOUTH COAST A:R BASIN 
	Quantity Emission Factor Emission Rate (10gal) (lb/10gal) (Ton/Yr) 
	0 
	3 

	Loaded 
	Fuel Oils Gasolines Crude Oils Lube Oils Petrochemicals 
	Distillai:.es 

	Unloaded 
	Fuel Oil Gasolines Distillates Crude Oils Lube Oils Petrochemicals 
	1304 0.0002 0.1 384 2.5 480.0 881 0.005 2.2 754 1. 20 452.4 29 < 0.001 0.0 57 0.56 16.0 
	950.7 
	950.7 

	951 627 (Not deter:nined 433 -mobile 
	7724 sources) 86 17 
	r.::lB 5804-714 
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	Considerable interest was raised concerning the magnitude of G~ese emissions. Several studies directly applicable to this program were initiated. These involved a WOGA/Chevron crude oil loading program in Santa Barbara and Ventura Counties (Ref. 2-3l) and a SOHIO product transfer program in ~~e Los Angeles/Long Be~ch Harbor area (Refs. 2-32, 2-33). 
	Emission factors for crude oil loading ranged from 0.5 to 2.0 Ib/10 gal (Ref. 2-10) and appeared to be a flli~ction of the condition and cleanliness of the tanker prior to loading as well as the properties of the crude being loaded. For the purpose of this inventory, an emission factor of 1.2 
	3
	Ib/10 gal proposed by Laird (Ref. 2-34) and used by both the Santa Barbara 
	and Ventura APCD's has been employed. Total organic compound emission rates 
	based on this emission factor are presented in Table 2-29. 
	The loading of refined petroleum products had received much less recent investigation. Estimates of loading loses were made using a formula developed by API (~ef. 2-35): 
	L = 0.3 PW 
	where 3
	L loading loss lb/10 gal of load P = true vapor pressure at storage temperature, psia W = density of liquid at storage temperature, lb/gal 
	Inventories of the total product throughput in the harbors were obtained 
	from the Corps of Engineers (Ref. 2-36). These inventories together with 
	the above emission factor were employed to generate the emission rates 
	given in Table 2-29. 
	Additional emissions resulting from '....hat is generally termed "unloading losses" were considered and discarded. The great majority of these losses resulted from shipboard operations including bil~ing and venting which take place at sea as well as within the harbor area. Since these operations are small and more appropriately considered as "mobile sources," they are not included in ~~e current inventory. 
	-
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	3. Gasoline marketing--Organic compound emissions from the transfer of gasoline to automobile tanks has been recognized as a major source of emissions to the atmosphere and has been studied extensively. Control measures were being implemented in cOlli~ties in Southern California to reduce these emissions through vapor recovery techniques at both the tanker truck to storage tank transfer (Phase I) and the nozzle to vehicle tank transfer operations (Phase II). Phase I had been essentially completed within the
	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 representatives of the EPA and the San Diego County APeD, one of the most active of the local control agencies in assessing the validity of these emission rates and effectiveness of Phases I and II cont
	3
	trolled) is 0.7 Ib/l0 gal. throughput which represents a 90% control effi3
	-

	ciency, rather than the AP-42 (Ref. 2-3) value of 0.3 Ib/IO gal. throughput which would represent a control efficiency of 95%. The 95% control efficiency is believed to be too high. 
	TABLE 2-30. GASOLINE MARKETING EMISSION FACTOR 
	Emission Source Ib/10Gal Throughput Submerged Filling of Underground 0.7 
	3 

	Tank (Controlled) Underground Tank Brea~~ing 1.0 Vehicle Refueling Displacement 9.0 
	Loss (Uncontrolled) Vehicle Refueling Spillage Loss 0.7 
	K'I/B 5804-714 
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	These emission factors have been incorporated with an estimate of gasoline sales in the Basin generated for this program. Estimates by the Calif8rnia 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 population of those counties which have areas outside the Basin. A summary of this calculation is presented in Table 2-31. This procedure resulted in an estimate of 5.
	These emissions have been distributed by estimated sales and location of service stations as described in Section 2.2.2. Information on ~he sales from individual stations was available for Ventura and Santa Barbara Counties generated by surveys conducted by the local APCD's. Additional information on gasoline sales for specific service stations in Los .;ngeles County was available in Reference 2-39, however not in a form suitable for processing. 
	4. Natural gas distributior--The average daily consumption of natural gas by all sources in the South Coast Air Basin is in excess of 1.5 billion cubic feet. Although precise measurements are not available, the Southern California Gas Company (Ref. 2-40) estimated that of this total, 3.7 million 
	cubic 
	cubic 
	cubic 
	feet 
	(0.25%) 
	or 
	83 
	tons 
	per day 
	were 
	lost to 
	the atmosphere 
	as 
	fugitive 

	emissions 
	emissions 
	from valves, flanges 
	and 
	o~~er 
	metal conn
	ections 
	as 
	well 
	as 
	pipe 

	failures 
	failures 
	or 
	required maintenance works. 


	This estimate was made by SCGC by taking the difference between purchased gas tha~ 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 emissions have been distributed throughout the Basin on the basis of popUlation. This generally reflects the location of transfer facilities and especially meters and cheir metal connections which have been shown to be ~~e most prevalent source of fugitive emissions. 
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	TABLE 2-31. COUNTY GASOLINE SALES 1976 Total State Sale~ -10,756,387,557 Gallons of Gasoline* 
	~.=~,==~.~~~=~=~~..~._~ ~=~=
	~_====~~c~=~.=~=,~.~.=·· Annual Sales 'rotal Population qalions x 10Population in SCAB t 3,684.063 6,963,604 6,884,933 821.788 1,722,042 1,722,042 192.539 442,060 422,060 421. 650 701,220 578,409 307.633 534,726 383,945 151. 665 281,294 162,294 
	__
	6 

	% of Total County State Sales* Los Angeles 34.25 Orange 7.64 Ventura 1. 79 San Bernardino 3.92 Riverside 2.86 
	Santa Barbara 1.41 
	IV 
	I 

	-..J 
	W 
	1< Ref. 2-37. i Hef. 2-38. 
	% of Popula-ti'?~.Jn SCAB 98.87 100 100 82.49 71.80 57.70 
	'fatal Sales in SCAB x 10ga1/yr 3,642.284 821. 788 192.539 347.803 220.887 81. 504 
	6 

	5,312.805 
	KVB 5804-714 
	C. Domestic and Commercial Sources-
	-

	Over 10 million people reside in the Basin. Therefore sources of org~~ic compound such as domestic fuel burning, solvent use, dry cleaning and surface coatings which may appear to be small for each individual r can collectively represent large sources of organic emissions. Smission factors were developed on this program on a per capica basis and were distributed by population. 
	1. Architectural surface coatings--Sstimates of the total volume of coatings applied to the surface of stationary structure and marketed within the Basin was difficult to make due to the large number of manufacturers and suppliers involved. The most effective approach was to use marketing questionnaires. This proved to be very time consuming and costly operation without the legal authority to require responses by those questioned. 
	Surveys that were performed by the local control agencies in California showed that emissions of organic compounds from architectural surface coating applications were from 3.4 to 3.7 tons/lOOO people/year 
	(Ref. 2-41). The ARB estimated that 93 tons per day of emissions result from architectural coating wi~~in the Basin (Ref. 2-42) for ~~nual emission factor of 3.3 tons per 1000 people. In the same study it was estimated that total emissions from architectural coating for the entire state amounted to 
	193.7 tons per day or an annual emission factor for the state of 3.3 tons per 1000 people consistent with the estimate for the South Coast Air Basin. Thus 3.3 tons/1000 people/year was used in this inventory resulting in tocal emissions within ~he study area of 97.6 tons per day. 
	2. Domestic solvent use--Numerous products used in residences r commercial establishments and industrial plants contain organic solvent materials. Such products included cleaning compounds r floor waxes r cosmetics r and heal~h and beauty aids used in homes and commercial establisr~ents (barber and beauty shops, shoe repair shopsr etc.) and institutions (schools r hospitals, churches r etc.). The total contribution of solvent evaporation from these products had not heretofore been attempted. Due to the larg
	KVB 5804-714 
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	Two approaches were used. The first consisted of obtaining informa­tion on product sales from a limited number of retail establishments in Orange County. These sales data were divided by the approximate consumer population for ~~at establisb~ent and an emission factor on a per capita basis was obtained. 
	The second approach used data from the Department of Commerce (Ref. 2-43) on the total value of these products manufactured nationally. A national use factor was then determined by dividing the total value by wholesale prices for each product. These wholesale prices were determined by KVB through a limited survey of local retail establishments and contacts with major manu­facturing sales representatives. No itemized wholesale price information was available. A summary of the estimated national sales and sol
	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 of total organic vapors per day released within the 3asi~. 
	3. Domestic and commercial natural gas fuel consurnption--Over 410 billion cubic feet of natural gas were consumed annually by domestic and commercial users within the study area (Refs. 2-40, 2-44). An emission factor of g Ib per million cubic feet (Ref. 2-4) was used which corresponded to an emission rate of 4.5 tons per day and an annual emission factor of 0.16 tons per 1000 people. 
	D. Agricultural Sources-
	-

	1. Natural citrus emissions--Studies have shown that significant quantities of terpenes are emitted as part of the natural biological cycle of citrus trees. An emission factor of 0.06 tons per year per acre of citrus trees was proposed by Zimmerman (Ref. 2-45 ). 
	There were approximately 85,000 acres of citrus trees in the Basin 
	which were distributed by specific tYge and county as shown in Table 2-33 (Ref. 2-46). Using this inventory and the emission factor it was estimated that 13.9 tons per day of organic compounds were emitted to the atmosphere each year by this source. 
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	These emissions were distributed into approximate areas of major citrus growing activity as shown in Figure 2-6 based upon information obtained from Citrus Industry representatives (Ref. 2-47). 
	':'ABLE 2-32. :-JATIONAL DCHESTIC A..'lD COML\fERCIAL SOLVENT SALES Based on Department of Commerce Data 
	Estimated :-Jational 
	Estimated :-Jational 
	Estimated :-Jational 
	Total Weight 

	Sales 
	Sales 
	Solvents 
	of Solvents 

	Product 
	Product 
	(106 
	Ibs) 
	(wt. 
	%) 
	(106 
	lbs) 

	Furniture Polish 
	Furniture Polish 
	53 
	40 
	21 

	Floor Polish 
	Floor Polish 
	87 
	40 
	35 

	Shoe Polish 
	Shoe Polish 
	3 
	40 
	"'
	-


	:1etal Polish 
	:1etal Polish 
	8 
	40 
	3 

	Shaving Soap 
	Shaving Soap 
	56 
	5 
	3 

	After Shave 
	After Shave 
	49 
	20 
	10 

	Perfumes, 
	Perfumes, 
	Toiletries 
	17 
	39 
	7 

	& 
	& 
	Cosmetics 

	Shampoo 
	Shampoo 
	152 
	10 
	15 

	Hair Tonics 
	Hair Tonics 
	5 
	5 
	0 

	Hair Spray 
	Hair Spray 
	210 
	59 
	124 

	Hair Rinses 
	Hair Rinses 
	23 
	5 
	1 

	Mou-r::hwash 
	Mou-r::hwash 
	119 
	14 
	17 

	Creams 
	Creams 
	74 
	30 
	22 

	Su.11tan Oil 
	Su.11tan Oil 
	9 
	50 
	5 

	Hand Lotion 
	Hand Lotion 
	51 
	20 
	10 

	Cleaning Lotions 
	Cleaning Lotions 
	23 
	60 
	14 

	Rubbing Alcohol 
	Rubbing Alcohol 
	153 
	100 
	153 

	Deodorant 
	Deodorant 
	148 
	14 
	21 

	Nail Polish 
	Nail Polish 
	, "
	-

	50 
	1 

	Nail Polish Remover 
	Nail Polish Remover 
	8 
	90 
	7 

	TR
	TOTAL 
	469 
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	TABLE 2-33. CITRUS GROVE ACREAGE (1975) 
	~~,~_.===~~~~--_.._~,~ .~~.,.,,~ ~~-~~~~~= 
	-----

	Citrus Crop____ Ve!ltu~_ Orange Los Angeles Riverside San Bernardino 
	Grapefruit 838 431 14 2,500 1,532 Lemons 23,098 1,148 953 5,300 2,220 Navel Oranges 1,427 102 283 8,400 6,782 Valencia Oranges 15,879 10,754 201 8,400 4,277 
	'l'O'l'AL 41,242 12,435 1,451 24,600 14,811 
	=--_.~-...:.......:;....=...:..........;._..::.._..:...;..---_._-..:...= --=--,.~--_::.-;.... ~ ..;.~=--'-~--'='--~~:;:::...,::.....=:.._..:...;..~--:...-,~::..;=.;~:::.:..._----
	-
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	2. Orchard neaters--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 oil and not as a result of the combustion process (Ref. 2-4). There­fore, even if the orchard heaters were used relatively infrequencly, organic compound emissions 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 evaporation averaged 0.25 gal./heater, for a total of 2.25 gal./heateryear. 
	-

	Emission estimates for the current program were based on published figures by the local control agencies. Total emissions from these sources were estimated to be, 1200 tons per year. 
	3. Animal wastes--The existence of methane and other components in the gas generated by the biological decomposition of animal wastes had been extensively studied. These investigations had been aimed both at the potential for energy recovery (Ref. 2-49) as was the case with landfill gases and also to assess the harmful effects of these gases on livestock production in confined areas (Ref. 2-50). 
	Results from a recent study (Ref. 2-51) were employed to estimate the emission rates from these sources. A summary of the calculations is presented in Table 2-34. Inventories of the livestock population for each 
	county 
	county 
	county 
	were 
	obtained from 
	the County Agricultural Reports 
	(Ref. 
	2-46). 
	For 

	these data, 
	these data, 
	it was 
	estimated that 77 
	tons 
	per 
	day of gases 
	from animal 

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


	TABLE 2-34. ORGANIC COMPOUND EMISSIONS FROM ANIMAL WASTES 
	Total Inventory (103 Head) 
	Total Inventory (103 Head) 
	Total Inventory (103 Head) 
	Emission Factor (lb TOC/I03 head·day) 
	Emissions (tons/day) 

	Cattle Chickens Pigs Horses Sheep 
	Cattle Chickens Pigs Horses Sheep 
	147 9992 5 73 87 
	440.5 7.0 160.0 229.3 33.2 
	32.4 35.0 0.4 8.4 1.4 

	Total 
	Total 
	77.6 


	~~ 5804-714 
	2-79 
	4. Pesticides--Application of pesticides for agricultural and domestic use have be~n included in previous inventories of hydrocarbon emissions con­ducted by the local control agencies. These inventories have generally been based on county reports in the State Pesticide Use Report (Ref. 2-5lA). 
	This procedure has also been used in the study. It was learned that the data base for the State Pesticide Use Report had been computerized by ~~e University of California-Davis (Ref. 2-513). Arrangements were made with ~~e University to have the data reported for each pesticide on a town­ship basis (to allow geographic distribution) and for the Basin as a whole. It was estimated from these data that the total emissions of pesticides in ~~e study area were 3000 tons per year of which approximately 40% was no
	An estimate of the pesticide emissions due to domestic and commercial use has been made based on information from the Reference 2-51B for general pesticide use in the Basin. An emission factor of 9 tons/lOO,aOa people·yr was developed from this data. 
	Recent more comprehensive examinations by CARE (Ref. 2-5lC) have shown that the pesticide use reports under esth~ate the emissions from this source by factors of six and two for nonsynthetic and synthetic organic materials, respectively. Based on ~~ese estimates, the total emissions from ~~ese sources would be 17,000 tons per year. The quantification of ~~ese estimates was a complex problem as discussed in Reference 2-51B, and therefore the more conservative estimate, described above, was used in tl1e in­ve
	E. Geogenic Sources-
	-

	1. Natural seeps--Figure 2-7 (Ref. 2-52) shows the location of the major petroleum seeps within the study area. The presence of these seeps had created significant local pollution problems due to "petroleum odors"and evolution of heavy oil and tar. 
	Studies had been conducted to quantify the emission rates from two large offshore seeps in Santa Barbara County (Ref. 2-53). The largest of these was estimated to have organic compolli~d emissions of approximately 6 tons per day. The California Jivision of Oil and Gas was in the process of mapping all existing oil seeps wi~~in the study area however no data en seepage or emission rates are expected (Ref. 2-54). 
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	It was estimated by the Santa Barbara and Ventura County APCD's that the total emissions from these sources are approximately 4000 tons per year. These estimates were used for the final inventory. 
	F. Forest Emissions-
	-

	As illustrated in Fi~~re 2-8, approxL~ately 3.6 million acres of forest, located in the northern, eastern, and southern areas of the South Coast Air Basin, constitute nearly 2/3 of the total area. ~ihile the emissions from these forest areas may be significanc, they probably have a lesser impact on the smog problem in the central population area shown on Figure 2-8 than ~~e equivalent anthropogenic emissions because of their downwind location and G~e elevation at which they occur. Approximately 40% of the f
	1. Natural emissions--Field investigations (Ref. 2-19 and 2-56) indi­cate ~~at ~~ere are considerable a-pinene, S-pinene, and isoprene emissions from plant life found in the Southern California forests. The primary source of data on natural emission factors was Zi~erman, Washington State University (Ref. 2-56). Some of ~~ese data were ~~published at the tine of this study. Information on the type and distribution of vegetation was obtained from the National Forest Service (Ref. 2-57). 
	The emission rate data provided by ZL~erman are presented in Table 2-35 along with the emission factors computed from these data. Table 2-36 presents a summary of the forest area by county and the type of vegetation found in each area. The National Forest Service provided data on the federal 
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	Lll -Long Beach 
	P -Palilalia 
	!{ -niverside C -CorOlld 
	TABLE 2-35. FOREST :-JATURAL 
	Fores"t Type 
	(g" 
	,' 
	,' 
	Composition) 

	Hardwoods 
	(60%) Oak (40%) Maple DouglaMixed Conifer 
	s ?ir 

	(60%) (40%) 
	(60%) (40%) 
	(60%) (40%) 
	Ponderosa Pine Douglas Fir 

	Pines 
	Pines 

	P' _~
	P' _~
	.nlon 
	Juniper 


	~ 
	(85%) Sagebrush * (10%) Scrub Oak (5%) Juniper 
	Active Emission Rate 
	jJg/g·hr 
	4 
	1 
	1 
	3 
	1 
	3 3 
	12 
	4 
	3 
	EMISSION 
	Dormant Emission Rate ',.Jg/g.hr 
	0 
	0 
	0 
	1.5 0 1.5 3 
	4 0 3 
	Rl'.TES BASED ON LEAF 
	Leaf Biomass 10kg/km
	5 
	2 

	3 3 
	11 
	11 11 
	11 
	3 
	3 3 3 
	BIOMASS 
	Annual Emission Factor ton/acre·yr 
	0.02 
	0.02 0.08 
	0.1 0.04 0.08 
	(Ref. 2-56) *Sagebrush equi'lalent to mesquite and chaparrel in emissions. 
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	'l'AllLE 2-36. FORES'l' AREA SUMMARY (10 ACRES) 
	~~~~_~c~c~~_~_ .~_-_.·~=c~~~_, 
	_____ 

	County pe Ventura Orange Santa Barbara 
	Forest Ty
	Los Angeles 

	Hardwoods 161 370 59 27 Douglas Fir 195 146 2 8 Mixed Conifer 14 6 0 0 Pines 4 212 0 Pinjon Juniper 40 116 0 6 Brush 418 691 529 36 'fotal 832 1, 350 592 77 
	tv 

	I OJ 
	151 
	.~.:.....;.=. =--~~~:::...;....;..--~ -_. ~ --;';'::.":;'.-'._-'---,---::;. .:-,..:;-~:.....;:;_._----_.-,=~.;..=-~_ .. ~ ...:;;.;::;:~~.:;.....~:..._~--=-.....;;: 
	-------"----._---, 

	Reference 2-55 and KVB estimates. 
	San Bernardino 48 20 81 87 4 330 570 
	Riverside Total 6 671 1 372 6 107 16 130 0 166 143 2,147 172 3,593 
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	land and assisted ~lB on est~~ating the location and vegetation for pri­
	vately owned lands. It must be emphasized that both the emission factors, 
	acreages and compositions are estimates and more specific information on 
	the composition, emission rates, and acreage would improve the natural 
	emission calculations used in this inventory. 
	It was apparent from ~~e vegetation compos~tion and the emission factors presented in these tables that the primarz concern was with the category of "brush". In t.~e Basin, the primary types of brush found are mesquite and chaparral. These are believed to have similar emission rates to. sagebrush. The degree of uncertainty regarding this similarity is pro­bably the same as the uncertainty in the basic emission rate levels for sagebrush itself. 
	ZL~erman, in support of a national emission assessment, generated emission rate and biomass data based on tests performed in the northwest and east coast areas of the U.S. For sagebrush, he reported emission rates of Ii ~g/g·hr for both active and dormant periods with a leaf biomass of 
	52
	3 x 10 kg/kID. However, recent measurements of Southern California vegetation have shown emission rates that are lower, especially during the dormant period. In Southern California, ~~ere are two dormant periods which occur during the drz SQmmer months of July, August, and September, and during the winter months of December, January, and February. Zi~IDerman measured emissions rates of 4 ~g/g·hr for the dry dormant period which is usually t.~e worst period for ambient air quality. Based on an assumption by 
	-
	-
	-

	52
	The leaf biomass estimate of 3 x 10 kg/km for brush is on the low side of a world-wide inventory of leaf biomasses which (according to Ref. 2-56) vary only by a factor of eight from the most dense tropical jungle to a scrub desert like the Mojave in Southern California. Thus 
	52
	the leaf biomass value of 3 x 10 kg/km shown in Table 2-35 could be as 
	52 52
	low as 2 x 10 kg/krn, while the value of 11 x 10 kg/krn also fo~~d in ~~e table for pine and fir forests could be as high as 16 x lOS kg/~2. 
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	Applying the emission factors presented in Table 2-35 to the a~ission rate estimate of 600 tons/day. Considering that 40% of these emissions are released above ~he in­version layer, only 300 to 400 ton/day are emitted into the mixing layer. A value of 300 ton/day was used in Table 2-23. 
	inventory in Table 2-36 results in a total 

	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 experL~ents 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. 2-59). These fires burned over 2 million tons of forest material. Studies (Ref. 2-23) had estimated that 14 pounds of organic compounds were released per ton of forest material cons~ed. Therefore it was estimated that there were approximately 13,700 tons of emission in 1975. Since these fires generally occurred during relatively short periods, they constituted a significan
	G. Other Area Sources-
	-

	1. Dry cleaning--For the purposes of this inventory, dry cleaning opera­tion associated with residential customers were considered as an area source distributed on the basis of population. Those establishments previously listed in ~~e EIS data base with total emissions less than 10 tons per year 
	were removed from ~~e EIS data file. This categorization was required due to ~~e fact that these small dry cleaning establishments were identified i~ the EIS data base for Ventura and Los Angeles Counties only. For the remai~ing four counties, the EIS data base for ~~ese sources were incomplete. Large dry cleaning establishments (with emissions greater than 10 tons per year) that generally use Stoddard solvents were retained as part of ~~e EIS data base. 
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	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 ~~ese small dry cleaning establis~~ents, of which 90% were synthetic solvents 
	(perchlorethylene) and 10% Stoddard solvents. This cor~esponded to an 
	annual emission factor of 0.93 tons per 1000 people. Reports from the 
	National Fabricare Institute (Ref. 2-60) listed the annual per capita con­
	sumption of perchloroe~~ylene dry cleaning solvent in California as 1.75 to 
	2.0 pounds, or an annual emission. factor of 0.9 tons per 1000 people, which showed excellent agreement. Total emissions from this source were therefore estimated to be 25.9 tons per day. 
	2. Asphalt paving--The Asphalt Institute reports that 24 million tons 
	of road paving were laid in 1975 (Ref. 2-61). Data from the current program -6
	showed that approximately 1 x 10 pounds of total hydrocarbons were released per pound of asphalt concrete laid. The emissions in the South Coast Air Basin were therefore estimated to be approximately 0.1 tons per day. 
	2.4 RESu~TS 
	INVENTORY 

	The final organic a~ission inventory was produced in April 1978 using EIS data tapes received from the ARB. The tape from SCAQMD was produced in February 1978 and ~~e tape from Ventura APCD was produced in Deca~er 1977. Placing a baseline date on the inventory is difficult. The EIS efforts at SCAQMD and VAPCD were initiated in 1975 but data processing, correcting and updating contined from that time until the tapes used on this inventory were finally produced. Considering the span time involved in incorpora
	An attempt to run a final inventor; was made in August 1977 using ~~e first EIS tapes produced by the SCAQMD and VAPCD. During ~~e initial data validation step in ~~e inventory processing, a large number of data records were found to be incomplete and in error with respect to data ~eeded :or this inventory. Error messages were provided to the two control districts, who 
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	completed or corrected the data entires. In April 1978, when the inventory was finally produced, only a negligible number of records were rejected for incomplete or inaccurate data. A check of 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, ~~e results of the inventory will be discussed. 
	2.4.1 Physical Description and Use Instructions 
	The inventory was delivered to the ARB in the form of three bound volumes of computer printouts plus four reels of computer tape as mentioned in Section 2.2. The following is a more detailed description of these reports to help facilitate their use. 
	A. Volume I-
	-

	Volume I of the 9rinted reports contains a plant index, an inventory by application category and an inventory by 10 kilometer grid squares. 
	The plant index is aranged by counties and pl~~t I.D. number. Five­hundred and thirty one plants are identified. For each plant, the following information is listed: County, Plant ID, ?lant Name and Address and UTM Grid Coordinates. The other inventory reports identify the plants using the ID nlli~er. Therefore, the user must refer to the index to learn the plant name if he locates an entry in the inventory that he wishes to check. If ~~e user wishes to look up a specific source, he must sc~~ the index obse
	2-89 KVB 5804-714 
	scanning. Once the plant has been located in the index, the complete emission 
	record can be found in the 10-K~ grid file by noting the UTM coordinates 
	and the Plant ID Number. 
	The Application Category Report contains the sources grouped by application categories (i.e., Petroleum Production, Petroleum Refining, Organic Solvent Use, combustion of Fuel, etc.). The information listed for each line item record is: County, ?lant ID, Point ID, SCC No., SIC No., Sl~uer and and Winter S~issions (ton/day), each broken down into Weekday and Weekend emis­sions, Annual Emission (ton/year), Profile Key and UTM Coordinates. The Pro­file Key is a reference to Volume III which lists emission prof
	-

	For small sources, the inventory may il'ldicate 0.00 tons/day ~~issions. This means that the daily emission is less than 0.005 ton/day or 10 Ib/day. These 
	small sources were included because they are in a plant producing 25 ton/year or more. At the end of each application category listing, a s~mary is pro~he Major sources are those listed. The ~tinor sources are point sources not listed because they have less ~~an 25 ton/year emission and are not part of a plant with 2S ton/year emissions. Area sources are as discussed in Section 2.3.4. 
	-
	vided for Major, Minor and Area Sources. 

	The 10-KID Grid Report contains the same information as the Application Category Report but the sources are grouped by their location in UTM Coordinate grids. ?or each grid, the population and major city (if appropriate) is
	-

	, 
	listed. After the point sources are listed for each grid, a summary of ~inor point and area source emissions is L~dicated by Application Category. (The printout: only indicates "Area Sources" but the data include minor poi:lt sources. 
	3. Volume 11-
	-

	Volume II of the inventory report contains the One-Kilometer-Grid, S~~ary and an Individual Species Report. 
	Emission 

	The One-Kilometer Report lists for each set of UTM X and Y coordinates L~e total organic emissi9n (ton/year), the total ~uission by reactivity class, 
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	I, II, III. (Refer to Table 3-32) and the emission of individual species (lb/year) by SAROAD Code. The code numbers listed are the last four digits of the SAROAD 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"). In all cases t..'le first three (two) digits are significant and the last digit indicates the decimal point location in places to the right of the left-hand side of the number (e.g., 0670 = .067, 5385 = 
	The Individual Species Report lists each species in order of SAROAD a~issions broken down into Application Cate­gories. One hundred and one species are included. 
	Code and provides a listing of 

	C. Volume 111-
	-

	Volume III contains a SCC Description Report and t..'le Emission Profiles. The SCC Description lists 739 source categories by SCC and SIC number, t..'le emis­appl~cation category equivalent 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 orders, the first by profile key and t..~e other by SCC number. 
	sion profile key (which indicates the applicable profile), the ARB 

	The emission profiles contain the Profile Key, an estimate of error in t..'le profile for any species, the reactivity class, SAROAD Code, chemical name, molecular weight and weight % for each species. Also included is a sum­e~issions for e1e ~~ee ARB emission reactivity classes. 
	mary of the 

	2.4.2 Total Organic Emissions 
	The total organic emissions in t..'le Basin plus Ventura County are 810,000 tons per year (2200 tons per day) of which 16% (350 ton/day) are from point sources. Over 5000 individual point sources are identified. A breakdown of these emissions according to application categories is presented in Table 2-37. Also presented in that table are the data from 1975 inventories conducted progr~~ published in the Interim Report, November 1976) and a combined SCAQMD/Ventura APCD inventory for 1975 
	by KVB (the preliminary inventory on this 

	(Refs. 2-5, 4-48). 
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	~he total emissions from the EIS/KVB inventory are greater than the respective totals of the other two inventories. However, the EIS/KVB inventorf accounts for a greater number of source types than the other two inventories. The sources seem to be consistent. The major and minor point source emissions were calculated directly from the SCAQ~ID and VAPCD EIS data files. Adjustments were ~ade to the emission factors of certain source types (see Section 2.3.1) i but, essentially, the inventory results reflect t
	Seventy percent of ~~e emissions are from area sources essentially unaccoun~ed for in previous inventories. The largest of ~~ese are from land­fills (which produce over 900 tons/day of 99% methane gas) and from trees and brush (which ~~t approximately 300 tons/day of terpenes.) 
	The refinery ~~issions in the EIS/KVB inventorf are higher than ~~ose in the previous inventories. This is due exclusively to the EIS data. ~lB made no adjustments in this area. Petroleum industry emissions account for over 50% of the point source emissions and 18% of the total emissions. 
	2.4.3 Emission by Species 
	A breakdown of the total organic emissions by species is presented in Table 3-38, which is arranged in order of SARCAD Code and includes ~he reactivity class designation for each compound. Table 2-38 is a summary of Table 2-39 which is an application category report for each of the species accounting for 1000 tons/year or greater. 
	MeL~ane accounts for half of the total emissions and is considered relatively unreac~ive. The methane listing in Table 2-39 can be used ~o determine non-~ethane hydrocarbons from each application category as presented in Table 2-40. 
	2.4.4 Spatial Distribu~ion 
	A map showing the spatial distribution of the ~~issions ~s shown in Figure 2-9. Table 2-41 iden~i=ies the grids with emissions of over 20 cons/ day. 
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	TABLE 2-38. SOUTH COAST AIR BASIN ORGANIC SPECIES INVENTORY EMISSIONS BY SPECIES 

	Chemical Name S.:>JlOAD COde 
	Chemical Name S.:>JlOAD COde 
	Reaet Class 
	TonslYear 

	!!ethane 43201 ::~hane 43202 
	!!ethane 43201 ::~hane 43202 
	1 1 
	US,OOO 17.000 

	Ethylene 43203 
	Ethylene 43203 
	3 
	6.400 

	?ropane 43204 
	?ropane 43204 
	2 
	14.000 

	?ropylene 43205
	?ropylene 43205
	l
	1.600 

	Acetylene 43206 
	Acetylene 43206 
	1 
	2.500 

	Cyelopenune 43210 
	Cyelopenune 43210 
	2 
	700 

	N-3ut.a.ne 43212 
	N-3ut.a.ne 43212 
	2 
	25.000 

	BU'tene 43213 
	BU'tene 43213 
	3 
	900 

	I-Butane 43214 
	I-Butane 43214 
	2 
	7.500 

	N-P<entane 43220 
	N-P<entane 43220 
	2 
	11.000 

	Pen~e.ne 43224 
	Pen~e.ne 43224 
	3 
	2.800 

	nexane 43231 
	nexane 43231 
	2 
	14.000 

	Heptane 43232 
	Heptane 43232 
	2 
	4.400 

	OCtane 43233 
	OCtane 43233 
	2 
	3.500 

	I-Hexane 43236
	I-Hexane 43236
	2
	6.700 

	I-Heptane 43237 
	I-Heptane 43237 
	2 
	2,100 

	I-OC't.ane 43239 
	I-OC't.ane 43239 
	2 
	1.300 

	Cyclohexane 43240 
	Cyclohexane 43240 
	2 
	8.600 

	I-Sonane 43242 
	I-Sonane 43242 
	2 
	1.100 

	I-Decane 43243 
	I-Decane 43243 
	2 
	2.500 

	C-i Cycloparaf!in 43253
	C-i Cycloparaf!in 43253
	2
	3.000 

	C-8 43254 
	C-8 43254 
	2 
	400 

	Terpenes 43256 
	Terpenes 43256 
	3 
	124.000 

	Mineral Sp~ics (C-4 to 8) 43263 
	Mineral Sp~ics (C-4 to 8) 43263 
	2 
	10.000 

	I-Pentane 4326a 
	I-Pentane 4326a 
	2 
	17.000 

	Met:..";yl ~l=ohol 43301
	Met:..";yl ~l=ohol 43301
	1
	2.000 

	:::t..~yl Alcohol 43302 
	:::t..~yl Alcohol 43302 
	3 
	6.000 

	N-~ropyl Alcohol 43303 
	N-~ropyl Alcohol 43303 
	3 
	500 

	I-~ropyl Alcohol 43304 
	I-~ropyl Alcohol 43304 
	3 
	12.000 

	N-oucy1 Alcohol 43305 
	N-oucy1 Alcohol 43305 
	3 
	2.000 

	. I-Sueyl 1I1cohol 43306 
	. I-Sueyl 1I1cohol 43306 
	3 
	200 

	Cellosolves 43308 • 43309 
	Cellosolves 43308 • 43309 
	3 
	300 

	Glycol Ether 43367 
	Glycol Ether 43367 
	3 
	2.3CO 

	Glycol 43368 
	Glycol 43368 
	3 
	800 

	?ropylene Glycol 43369 
	?ropylene Glycol 43369 
	3 
	600 

	Ethylene Glycol 43370 
	Ethylene Glycol 43370 
	3 
	200 

	Ethyl AceUte 43433 
	Ethyl AceUte 43433 
	2 
	5CO 

	?ropyl Aceeace 43434 
	?ropyl Aceeace 43434 
	2 
	700 

	S-Sutyl IIceeate 43435 
	S-Sutyl IIceeate 43435 
	2 
	4.600 

	Cellosolve Ace~tl! 43443 
	Cellosolve Ace~tl! 43443 
	3 
	600 

	Isopropyl Acetate 43444 
	Isopropyl Acetate 43444 
	3 
	600 

	Isobu.tyl Ace-ute 43446 
	Isobu.tyl Ace-ute 43446 
	3 
	500 

	Dime thy1 For:nam.ide 43450 
	Dime thy1 For:nam.ide 43450 
	2 
	200 

	Isobu~yl !sobu~grate 43451 
	Isobu~yl !sobu~grate 43451 
	2 
	2.000 

	Formaldehyde 43502 
	Formaldehyde 43502 
	3 
	2.400 

	Aceeone 435S1 
	Aceeone 435S1 
	1 
	7.100 

	Methyl Et..'ty1 Ketone 43552
	Methyl Et..'ty1 Ketone 43552
	2
	6.100 

	Methyl N-Bueyl Ke~ne 43559 
	Methyl N-Bueyl Ke~ne 43559 
	2 
	200 

	Methyl-Isobutyl Ketone 43560 
	Methyl-Isobutyl Ketone 43560 
	2 
	2.000 

	Ethylamine 43721 
	Ethylamine 43721 
	1 
	300 

	TrJ..al.et.hylamine 43740
	TrJ..al.et.hylamine 43740
	1
	300 

	Freon 11 438ll 
	Freon 11 438ll 
	1 
	900 

	l.l.l-Trlchloroethane 43815 ?erchloroethylene 43817 MathyIbrCll1ide 43819 1.1.2-Trlchloroe~ 43820 Naphtha 45101 
	l.l.l-Trlchloroethane 43815 ?erchloroethylene 43817 MathyIbrCll1ide 43819 1.1.2-Trlchloroe~ 43820 Naphtha 45101 
	1 1 1 1 2 
	2.600 20.000 500 2.700 1.700 
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	3.400 

	Toluene 45202 
	Toluene 45202 
	3 
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	£thyl Benzene 45203 
	£thyl Benzene 45203 
	3 
	1.600 

	Is~mers of Xylene 45222 
	Is~mers of Xylene 45222 
	3 
	5.200 

	Zsomers of Etbyltoluene 45227 
	Zsomers of Etbyltoluene 45227 
	3 
	300 

	Isomers of Oiethylbenzene 45229 
	Isomers of Oiethylbenzene 45229 
	3 
	200 

	Isomers of :-riJDec.nyl45230 l>enzene 
	Isomers of :-riJDec.nyl45230 l>enzene 
	-

	3 
	--2.Q.£... 810.000 
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	PETRO~EuM PROOUCTION ____~PURGI,. ~IJH KEf IN INO 
	PETRC~EUM MA~KETING 
	_______ ORO SOl,. SURfACE CUAT O~G ~C~ CT HER I4E fALLURGIC;:Al 
	I4INERAL ______ ~ASTe dURNING fuOO AND AGRICu~TUkAl uNCl,.A~~~flcO 
	ToaL 
	MULtC. "fiGHT KtACTl'lIT,!, 11~.£3 2 
	EMISSIONS (TUNS/YEARl 
	l051:l.H 
	~ 40, 1't 
	qt.22 
	Do.OT 
	O.do 
	0.41 
	0.05 
	15.33 
	I ...... 
	2018.80 
	I~OI~IOUAL S~ECIES 
	lNUlVIDUAL SPECIES 
	HO~EC;:. I.E lGMT "tACT 1v ITY 
	do.17 
	do.17 
	do.17 
	.2 

	EMISSIUNS 
	EMISSIUNS 
	(T~.S/YEAMI 

	810.14 
	810.14 

	U 
	U 
	17 .10 

	2931.41 
	2931.41 

	0.04 
	0.04 

	1.42 
	1.42 

	19.16 
	19.16 

	\1.0 I 
	\1.0 I 

	1 b6 .;n 
	1 b6 .;n 

	",.3.15 
	",.3.15 

	0,,50.02 
	0,,50.02 

	RfPORT 
	RfPORT 
	INDiViDUAL 
	SPECIES 


	!!tJUc.. l/EIGnI RfAC.Il~IH 100.20 2 
	EMiSSIONS ITUNS/YEARI 
	3.1l 
	1259.1~ 
	13'0.3'1 
	L5 .... 8 
	O.OL 2. '01 1't.o'i 
	.z089.e8 
	110lfC. .. f l.jtlf REACT IV lTY 11'0.23 2 
	EMISSIONS ITONS/YtAKI 
	12.10 
	~lO.4" 
	707.33 
	0.91 
	L". 5£ 
	L. 33 
	L.13 
	O.Ot 
	0.37 
	135.01 
	1349.81 
	REPORT 
	CI.A~L 
	l 
	Of TUTAL 
	.q~ 
	29 

	".10 2.58 3.do 0.02 o. a0.00 
	1 

	2. D O.,.l't 
	51.LO 
	KI:PUkT 
	CoLASS 
	l 
	Of fUT.i.l 
	l~.l'l 
	3'0.2'0 
	44.08 0.00 0.02 0.30 0.00 2.50 0.61 
	100.00 
	REPORT 
	CLASS 
	uf roT Al 
	0.L8 00.25 35. L4 0.74 0.00 
	0.1 Z 3. 57 
	10J.O\l 
	~EPORT 
	CLA:':' 
	l 
	uf feUl 
	0.<'0 30 ... 1 56.85 0.51 1.0<1 0.10 
	O. U 0.00 \l.03 LO.OO 
	luO.Ol 
	Figure
	C;:t1E HI C.l.~ NAME .ISOI1ERS U~ HEXANE 
	APP~ICATluN CAfEOURY 
	PtTRO~EUM PRGOUlf ION PETROLEul1 REfiNING 
	~ETRU~Eu~ ~ARK~TING 
	CHEMICA~ 
	HE fALLURGICAL HINI:RAl .. ASTt: BU.-NINO FUEl~ 
	COMI.lUSnON OF 

	. ----PEST lelOE uSE 
	TOTAL 
	Q8GANiC 
	Q8GANiC 
	Q8GANiC 
	COMPOUNDS 
	EM1SS10~S 

	H&!lAO_ ...CO",o...E,,-
	H&!lAO_ ...CO",o...E,,-
	-

	Cl:lf.1UC..u. 
	/lAllE 

	~3237 
	~3237 
	.ISOMERS 
	Of 
	~EPTANE 


	APPL1C~TiOH CATEGURY 
	PETROLEUM PRODUCTION 
	______ PETaOLfuM 
	~fFINiNG MAR~ETING GRO SOL OTHEll "I: ULlURGICAI. I1IM:ilAL 
	PETROLEUM 

	CO~8usrlON Of fUELS 
	TOT Al 
	Figure
	CME:U CA4.. /lAME 'ISOI1E"S Gf CCTANE 
	AP~lII.ATION CArEOO~Y 
	PET~OLeU" P~OOUCTION 
	?ETllOLEuM REfiNING MA~KETING Ok~ SO~ SURfACE CoUAr GRG SOL OKY CoLEAi.1 NG Ok~ SUl UEGXEASING UkO SOL efl1ER Mt TAL L.uIIG I CA L HINERAL CO"8U~rION Uf fueLS 
	PETRGlEUI1 

	TOTAL 
	Figure
	TABLE 2-39. (Continued} 
	l'olD .__ =.__--....J.l&(jAtUCo. t;U/lPOUNCS EMISSIO/,;S ItEPOll.T INOIVIOuAL SPECI~S REPORT 
	_ e__"':":':~CI1~I'H'AL HAilE.... I1QLec. weiGHT HACTlYln_~I.,qs. _. "32'00 IICYCLOHEXANE 8".10 2 _ .. -----
	..S.......ll....OA~Q~C~l...IQ...
	1: 

	O~ TOUL 
	APPLICATION CATEGORY EMISSIONS (TONS/YEARI 

	PETKOLEuM PkUOUCTI~N o.17 0.00 
	--=Pt!~~g\!I1__ REF IN ING _ ) 09.07 3.01 HA~KEIING 753~~b 
	____
	PETROLEUM 

	-9.79 
	SO~ SuRfACE COAT 227.15 2.65 
	GAG 

	----ORG SOL alMER -H2. 78 3.05 CHEMIC"L 111.0 3 O• .22 1A~LURGIC"'L 1. it.2 O.Ol 
	HE 

	____t1II'j~k~'_ . 0.01 \J .,,)(1 ",AS TE BURN LNG 0.0 L .).~{) O~ FUELS Lo. ~o O.21l FUUD Aka AGll.ICULTURAL 38.19 U... , yNC~ASS!fIEO 0895 • .23 dO.'o..! 
	CCMoUSIION 

	100.01 
	INOIV(OUA~ SPECIES REPORf 
	~~"I.iAO cQ~e CHt:/OIICA~ NAMt: 
	HOLEC. wE ICHT 
	Kt:ACflY~TY CLASS
	~32 ..2 ..SUME"S Lf t.ONA/IlE 128.25 
	2 
	,

	APPLICATIUN CATEGUkY 
	APPLICATIUN CATEGUkY 
	EMI SSIONS (TOttS/YEAR) Of-TOTAL 

	PETRULeUM PRCOUCTIUN 
	PETRULeUM PRCOUCTIUN 
	O.OL 

	0.00
	PI;TRO~EUH REfiNING
	---~----_. 
	2bO.05 
	23.59
	PE TiUlLEUM /OIARr.e Tl NG 1.23.810 
	10.'18
	OKC SOL SURFAC" CUAT 188.11 
	lo.74
	OXG SUL ORy C1EAlliNG '095.53 
	'03.94
	Oll.G SOL Ol:CREAS WG 
	itS. 31 
	4.02
	ORG SOL OTHeR 
	8.05 
	o.7L 
	--------. /OlE rA~LuRi!!pl, 
	-0.09 
	O.Ol
	.'!IHERAL 
	O. O~ 
	0.00 
	TOTAL l!2 7./)'o 
	99.99 
	_. 
	INDIVIDUAL SPECIES REPURT 
	S4IlQ.a .cooE -CJ1f.ltl CJ.1. NA11 e .!IQU..c.. ~UGHt KEACTIVI TY (;1...SS_ ".32"3 'ISOMEAS OF OECANE l'r2.Z8 2 t 
	APPLICATION CATEGORY EMISSIONS ITONS/YEAR) Of TOUL 
	~ffINING 539.67 2L.;1 2E TlUl-WJi /tAUE rI HG 9... .20 3.7b OR~ SOL SURfA'E CvAT .. 1ll.29 19.1'l URG ~OL ORY CLEANING 1257.88 50.1" ORG SOL OECREASING 115.01 4.56 ~OL OTHI:R 20.53 O.lll 
	PETROLEUM 
	ORG 

	TOUL 2508.58 100.00 
	((Vii 
	Ct.Ji1P(jUt"J~ UHS~IGNS R~i'URT 
	URt.ANIC 

	INOI" Iau AL ~PEC I ES ~ePOR T 
	HIUlAIJ cuoe CI1c.MICAL NAME I1JLfC. ,,10 I l..rH kEACTlYITY CLASS "3253 'C-7 CYClUl'A>lAfFINS 98.19 
	2 ; 
	A~PLICArION CAIEGURY eMISSIONS (TONS/YEAK) Of TOIAL 
	PETROLEUM PROOUCTION 1810.2.3 PETROLfUM RtflNlHG 
	59.92

	1"2.37 
	".70
	PtTROleUM MARr.c.TING a1• 17 ORG SOL OTHER 
	2.0<1

	139.02 it.';'!
	CHEMl CAL 0.08 ME TULURGICAL 0.0 1 ·~lNEIUl: 7.1I5 pl:~r ICHIE USE H3.o7 
	0.00 
	O.vO 
	0.26 

	Z7.33 
	TUTAL 3031.00 lOO.OO 
	KVB 5804-714
	2-101 
	TABLE 2-39. (Continued). ORGANIC COMPOUNO:;' EMISSIONS :;'UOA[LCmL-. CHEI"IICA!. NAME 
	~l250 ,TERPENES APPLICATION CArEGallY UNCl.ASSlfIEO 
	TOTAL 
	-

	~A&JAO CQLlE CHt:I"\ICAL /lAME ".lia., flU .... c:HAl. SPill.! TS 
	APPLICATION CATC:vORY 
	UKG SUL SuRFACE COAT 
	_OKG SUl. OTMER CHEI'lIC ..l Pt:STlcIOl; USE 
	TOTAL 
	!~Il O&GMU C C.iJIlI'ClltiOS Eill:' SIUNS 
	~S~4&~U~A~D~r~r~n~~ . _CHEi"IICAL NAI"\E '032,08 .ISOMERS Of PENTANE 
	__

	APPLiCATION CATEGORY 
	PETROLEUM PRODUCTiUN 
	______ PET8.QL.flJll REf !NING HARKETIN~ CI1~iCAl ~ ULl.URGI CAL i'litiEIUL wASTE t1URNING l:UH8U~TIO~ Of fUEl.S UNCLASSlflEO PESTICIOE USE 
	PETROLEUM 

	TOTAL. 
	ukGANIC CWHPOUNOS E~ISSIUNS 
	\"HtM1C~ NAME lit THYl. Al.COHUL 
	Figure

	AjlPL1CAT LllN CAl E:GOIH 
	PETROLEu~ KEftNING 
	__ P~T~Q\,~1,J14 HAI<KfTlNG ORG SOL ~uRfACE C(JAf ~ Cl1 El'lt CAL UNCLASSlfltD MtS~fLl.ANEOUS INllUSTk 
	llRG Sal lJTHE 

	TOT~L 
	~EPOKr INOIVIDUAL SPECIES REpORT MaLEC. wE l(il1T ~~ACTIVITY 'LA~~_ 
	130.2'0 
	130.2'0 
	130.2'0 
	l 
	, 

	eMISSIONS 
	eMISSIONS 
	ITONSIYEAH I 
	Of 
	TOTAL 

	20;81:11.0'0 
	20;81:11.0'0 
	Loo.ao 

	205881.0'0 
	205881.0'0 
	100.00 


	INDIVIOUAl SjlECIES KE?OkT 
	MOL EC. IoE IGl'! T il t AL JI V1 TV ClAS> 11'0.00 2 
	(TCNS/Y~ARl 0 ... TOTAL 
	EMISSIONS 

	8'oLO.3; 80."5 121l.8a 11.ba 9.71 u.09 821.70 1.86 
	100.00 
	HPOP. I 
	ltiOlVIOUAL SPECIES REPORT 
	HUl.fC. liflGtH RfACTl'ilTl Cl.ASS _ 72.15 : 
	2 

	EMiSSiONS ITONS/YEAR) Of TOTAL 
	727. \I 1 
	".35 
	aOO'.c9 35.87 \1'017 ... ~ 
	50.00 0.02. 0.00 12.78 0.08 12.10 0.07 O.OC; 0.00 
	HO. 07 l.a; 2'1.22 0.17 11>9.83 
	1.01 
	10'J.1l0 
	107<,;.10 

	R~PuRT INOIVIOUAl ~?€CIES Rt:PURT 
	MOLEC. r.t:lCiHT KtACT\VITY Cl.ASS 32.U4 I t 
	ITuNS/YEA~1 Of TUTAL 
	EMISSI0NS 

	7'0.11 3.71 18.90 0.90; .lol.'t1 111.28 
	109.05 d.S) 
	50.10 2.83 1299.10 05.35 
	0.50 O.B 
	100.00 
	19811.0L 

	2-102 KVB 5804-714 
	TABLE 2-39. (Continued). 
	ClllGAltIC COI1PGUttOS E/'IlSSHlNS 
	_S......w;8.....0...A...O,~(....O'"'O...E C~lCAL NAME ~)302 ETHYL ALCOHOL 
	CATEGO~1 
	APPLIC"TION 

	P~T80lEuM REFlklNG PEI&OLful1 MARKETIkG ORG SOL SuRFACE COAT OIl.G Sal OTHER CHEMICAL UNCLASSIFIEU /II SCEllANeous INOUSTR 
	TOUL 
	TOUL 
	REPOR T INOIVIOUAl SPECIes 

	/!QL~. WEI~IH . P'I;AC T1 VI TY ~6. 07 3 
	EMISSIONS (TONS/YEARl 
	110.49 11:1.97 324.18 
	oi.1.1.9 
	1".77 "1163.1::> 
	5.l7 
	5970.12 
	I\Vll INOlvlOUAl SpECIES 
	Figure
	CHEMICAL NAME ISU-PRUPYL AlCUHUL 
	CATE~ORY 
	APPLICATION 

	PETRUlEU/I REFINING PETK~LEuM MAKI\ETlkC Ol\(~ SOL SURFACE COAT ORG SOL OTHER CHt/l1 CAL \JNCL.ASSIF I EO III SCHlANEOUS INOUSTR 
	TorAl 
	IIOUC.. wEllil1T ReACTIVITY 00.0'1 3 
	ElIlSSlliNS (TuNS/YEARl 
	131."1 19.3,2 1I0l.3L 750.43 
	21.23 
	10303. tl2 
	l'i.22 
	l2"13.1'> 
	Rt~ORT 
	CLASS __.__ 
	; 
	Ot' TOTAL 
	1. 'ij 0.32 5."3 
	10.51 0.25 81."0 0.09 
	lOO.Ol 
	REI'CK r 
	CL..lSS 
	OF TOTAL 
	•

	1.00 0.10 9.30 0.05 0.2l 83.00 oJ.IS 
	lOO.ou 
	Figure
	l 
	APPLICATION CAreGOR1 EI1ISSIONS (TONS/YEARl OF TOTAL OKG SOL SU~FACE COAT 1258.00 03.U­
	____-¥Qk.~ SQI. QI!:!tIL .l"","[ 7.33·------~:3;;--
	--
	-

	CHeI1IC"l 0.07 
	l,INCI.ASSlfl~O S32.'io 27.06 /llsceLLANEOUS INOUS1R 27.54 L~'tO 
	______ 

	TCTAL 100.00 
	~=-------~---._--------'--......,---.....--_._-~~-
	-=.........,_...........
	-

	eKe ...N!': LCI1Puutws t.111SSIGNS KEPORr 111001 VIIJUAL ~PEC Ib KEPOR T __ .s.uwAO CG.J E. C.Hf."11 C.AL NAMf 
	MOLEe. ~ f I~l1 T REA01V1TY CI..A:lS 
	...Bo 1 '~l YClJL ETHE: K 02.01 ) 
	,
	APPlICATluN CATEGukY El1lSSluNS ITuNS/YEARI UF TOTAL 
	OKG SOL SURFACE COAr lJ 1... 0" 59.::>0 ORIi ~Ol. CIH;~ \ 1. )9 0."'1CHEMI CAL 2 • IlL J~ll U«~A$$IflfO ~ 21.58 39.89 
	TOTAl,. 
	lOv.OO 
	2-103 KVB 5304-714 
	TABLE 2-39. (Continued) . 
	lI.Vll._ =_ Q&~AIHC CQI'lI'(JU/'iuS Ell IS SI ONS REPOR T [ND(~IOvAL SPELlES ~EPGRT 
	---ll&OALl..C.:llf..-_ CHElilCAL. NAME _.tlaL~C. l'lfl~HT KEAC n ~ [TY .. ~A ~ S 'oH35 1t-1iUTYL -"ETATE 111>. II> 2 
	APPLICATION CATEGORY EMISSIONS I TONS/YEARI OFTOTAL 
	•

	SU~FACE COAT 3'007."0 7'0 ... 8 
	ORG SOL 

	~Q~Qrl't~R ~88 • qz ",13 CHEI4ICAL 1.22 1.l.03 IJNI;LASSlfl~O 977.11.l 21.:;0 
	____QRIi 

	TOTAL 100.00 
	I\.VII = lkOIVlOUAL SPEClES REPORT 
	548n40 Ulllf. (.l1fJUCAl. /tAME 1iOLfC. I/EllOHI RfACTlvTV CLASS. "3"'1 .ISuliUTYl ISObUTYRATE 1..... 21 2 
	1

	, 
	A.PPLICATION CATE..OkY EMISSIONS I TONS/YEAHI Of TOTAL 
	UNCLASSlflEO 2031.93 100.1.l1.l 
	TOTAL 100.00 
	~-~~~~---------------------------------
	-

	ItiOlV(().,lAL SPEc.ll:S R~I'ORT 
	Figure

	·_------.PPLICAT ION CATeGORY EMISSIONS'lONS/YEARI Of lOUL 
	•

	_. ----
	-

	PETROLEUM PRoaUCTION 0.02 0.00 _____..!:p.i..erl(~I,,!~.JEf!N!NC! -• ~90,03 20.20 o~;.';
	. 

	PETll.OLEtJII IIAR... t:T ING 10.71> 
	ORG SOL OTHER 9."1 0.39 
	CHfM ICAL --. -. 11.55 0.12 M~ TAL.LlLRG l~"~ ! I.)b 0."1 MINERAL 0.07 0.00 
	~...AH; ~Yk'~(N<;. . O,?':i o.O! COMBuSTION Of fUELS LTal.3~ 73.1.1 ut;CL4SSIFlEO 1>0.,,2 2.1'j MISCELLANEOUS INOUSTR 32.11 1.35 
	____

	TOrAL 100.00 
	lO. ... b 4NOIVIUUAL SPE~ltS R~~OR( 
	CCJ.lE L.litl'llCJO. kAl'lt MOLtC. Nt l\Jn T ~£)'CTlVITY CL~S~ ~3551 ACETONE Sd.OB I 4 APPLICATION CATEGORY EI'lISSIONS I TOt,S/YEAli; I Of TG TAL 
	S.l.II.C.lO 

	PtTROLEUM REFINING '-1>0 • .10 0.'-8 
	PErROLEU~ ~AK~lTING j 3.9.. 
	O.'-d 
	ORG SOL SUKf4ce COAl "352.2J. (d.25 QRG SOL UTHER 2'0.00 3.0 L CHf141CAL 9.0'" 0.1'" ~INeKAL O.Ob 0.00 .Asre l'URNIN(i 2.tIL 0.04 COI1llUSTlON Of fUELS L2~. 7'0 
	1.1" 
	UNCLASSIFIED 1181.50 25.10 
	1'l1 SCE.LLA/liEOUS IMlJuSTK 11 ....9 1.09 
	TOTAL 11 05.19 100.OL 
	2-104 KVB 5804-714 
	\ 
	TABLE 2-39. (Continued). 
	CR"MilG GOMI'(JUNu~ El'I1S~ lUNS Kt::PCiRT INaIVI QUAL Sf'ECIES RtPOkT 
	Crit/'llCAL NAME MULEC. WElliriT KfACTIV1TY CLASS .. 35 ~ l METH~L EThYL ~~TONE 72.10 2 
	~MOAa CQUt 

	A""LICATIUN CAT~GOkV EMISSIONS (TONS/YEARl OF "TurAl 
	~cFINING 335.60 ... 14 Pi::TROi.;VM MARKETING 33.92 
	PETkUlEUM 

	0.42 ORG Sal SURFACE COAT 5 7t..2. 77 
	70.'l5 
	OR~ SOL uTNER H. 3~ 
	u...2 

	CHEIIICAL 7.39 0.09 
	IIIf',EilAl ;.)0 
	\l.07 UNCLASSIFIi:O 1805.37 I'll ~\;!'\.~~N~QV~ I~V~T!< 
	22. 97 

	77 .u6 0.il5 
	TOTAL 6122.30 100.0 L 
	""\Ill ClKGANIC CUHPauNO~ EMISSIONS ~EPOIH IND!VIDUA~ SP~Cl~S REPORT 
	C~ __. CHEl.tlCAl NAI'!E HOlEC. IotlGHT BEACIIYITY CL.A~~ "3~oQ METHYL lS08UTYl ~ETuNE 100.1~ Z 
	SAijOAa. 

	, 
	APPLICATION CATEGORY EMISSIONS lTONS/YEARI OF TO TAL 
	PETROLEUM kEFINING 177• .33 ~.Il fEJ~~Lf~H MARKeTING LC•• 91> <J.88 
	_________

	77~""
	.... 

	OR .. SOL SURFACE COAT _____. ORG SOL QTHf;R 8.02 
	l"911.23 

	0."5 2.~ .. 0.15 ___. UNCLASSIFIED 199.81> 10.33 141 SCElLANEQUS INOUSTR 30.0" i.511 
	CHEHICAL 

	TO TAL· 100.00 
	lNOIVIOU~L SP~CI~5 Kt~UKT
	~xGANIC CuMPuUNuS EMISSluNS REI'ORT 
	CrtEI'IIGAL NAME MOlEC. \olE 1(;11\ K~~CTIVITV ClA~S 
	__ iARLoAO CIJO E .. 3111 .. 1.I.l-TklI.HLORCi:THANE L33.102 I 
	t 
	A"PlICATION CATEGORY EMI:>SIONS ,TlJN:>/vI:AR I DF TC.Ul 
	lOa .uo
	ORG SUL DEGREASING 
	100.00
	TCUL 
	KV8 ORGANIC CO~PUUNOS e~!SSIC~S REPORT INDiViDUAl. SPEcIES REPORT 
	SMCAQ CJmt.....-. ~hl;.'1I'~ /'IAI1e; MULEC. wE llOrtT i<eACTI '>'1 T'! ,.. ~~~ 103817 PERCHlOR~ETI1YlENe lIl5.d3 1 
	APPLICATION CATEGORY EMISSIONS (TONS/YEAK) OF TUTAl 
	~ 

	PETROlEU" REFINING 210.31 1.09 
	~fTRQLe~ ~ARK~1IN4 H.1l9 0.17 ORG SOL SURFACE COAT 177~91 0;90 ORG Sal. DRY CLEANING 11... 71 lIRG SUl DfGRfAS ING 27.1" ORG SUI. CJTH~R 7.39 0.010 CHEMICAL 21."0 0.1" 
	__________
	12835.18 
	51097.11 

	~yN.C~illf1f;Q._. . 
	____

	__ .L9~0!0? 5,15 
	rOTA\. 100.00 
	198IS.3Z 

	2-105 KVB 5804-714 
	'!'ABLE 
	'!'ABLE 
	'!'ABLE 
	2-39. 
	(Continued). 

	IWtl 
	IWtl 
	INUI",llJUAL 
	S?EClf~ 
	R€?ORT 

	TR
	CH~MICAL 
	NAME 
	,"I(JL~C. 
	",E1GH T 
	Rt;ACTI'Iln 
	CLASS 

	TR
	l.l.l-TkICHLOHUfTHANE 
	131.bb 
	1 
	, 

	TR
	APPLICATION 
	CATE~ukY 
	EMISSIGNS 
	I TU~S/YEARI 
	Of 
	TO TAL 

	TR
	ORG 
	~OL 
	O~G~EA~ING 
	2737.39 
	100.00 

	TR
	T(;TAL 
	100.00 


	~PECIES ~EPURT 
	ORGANIC COMPOUNDS EMISSIONS KEPURT I/lOI'lIOlIAI. 

	_~Sl.JA!l:BlJ,jO AlL CUDE _ Chf~,1\;;,\I,. Milt IIlJLEC. WEllOHT kEA'TI~ITV C~.~~ .. 5101 NAPTHA 11'0.00 2 
	APPLlCULON CATt:CiORV EMISSIONS ITUNS/YEAKI Of-" TOTAL 
	ORG SOL SuRfaCE coar Ll15.5() 05.25 _____.Q..~(j SOl. QHK!L 8.H 0 ...9 
	CI1 EI'II CAL 82. 07 ~.dO ..000 PROCESSING '0.00 0.23 UNCLASSIFIEO "99.b5 ';9 • .2.\ 
	TuTaL 1 709.55 100.00 
	ORG~NIC ~~PauNOS EMISSJONS RePORT INDIVIDUAL SPECIES RtPORT 
	UROAO conE _.)jOLt!:. WE IGiiT KfACIIYlfY CLASS "5201 78.11 I f 
	APPLICATION CATEGuRV EMISSIONS ITCNS/VEARI Of TOTAL 
	PETROLEUA PROOUCTION 30. 'lit 
	12'>1.87 

	____ @E IRU1.fUH kEf I I'll NG bbb ...a 19.73 PE TROLful'I MARt<.E T1 Me. 3tl2.2'o 11.32 ORG SOL SURfACE COAT 53.89 l.bO aRlO SOL OTHER 10.01 0.3<l Q1Eltl CAL 103... 3 J,.06 MET ALLURGI CAL 9<l.JI l.b 7 I1INERAL lO.05 0.59 WAS TE 8URN INC 1.97 0.0l> fUEL~ 12... '01 3. b8 fUuO AND AGRICULTURAL 3.20 O.Oq PES,TICJOE USE 013. Ult 1'/.95 
	COM6USTION Of 

	TOTAL 3317.70 99.99 
	~~ANIC COMPOUNvS EM1SSlu~S REPORT INOIVIOUAl SPECIE, REPORT 
	_ :..allLJ AU CWl.l E (.nEI1ICAL ~At\t MOLEC. '~I;{(;H T Rt;Al.T1'1ITY ~lASS 'o~.1u~ TGluENE 92.13 3 
	APPL1CArlCN CATEGORY EMISSIGNS I TUNS/YEARl Of TOTAL 
	•

	~02.lt5 '0.29 PtTR~L~U~ REFI~INC 315.19 0.90 ~ETkOLEuM MAKXETI~G 333.b9 T.U ~OL SUkf4CE COlor ..9 ...0 URe;. SOl: OTHER 1265.32 10.97 CHEl'IlCAl "CJ. '03 O.'ol ME TALlURGI CAL 8.Jo 0.07 M{ IolERA" O.Ob O.OU ~ASTE "UKNING 0.02 0.00 CU"6U~Tl~~ uf FUEL~ H.80 0.2'1 fOOO ANO AGRICULTURAL 55.20 'J. ,. 7 UNClASSlFlED 2072.1" 17.08 PtSTICIOE USE 273.92 2.3 .. 
	PElRULeUM PRUOuCTIUN 
	URe;. 
	57811.21 

	Tor 4L 100.00 
	LI711.51 

	KVB 5804-714
	2-106 
	TABLE 2-39. (Continued). 
	"Vll OaGANH. CCIIPOUIlOS EIHSS lONS R!::POR T INOIVIOUAl SI'ECIES HI'QRT 
	~ACcooe ..._C.I1E!'IlC.u. li&l!f . __ ._:101.Ei:. "EICI1T RfACTl~lTY CLASS _ "5203 H HYL8ENLENE lOo.lo 3 
	APPLlCATION CATEGORV EllISSILlNS I TONS/lEAR I OF TOTAL 
	•
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	TABLE 2-40. ~1ETHlu~/NONMETHANE ORGANIC EMISSIONS 
	TABLE 2-40. ~1ETHlu~/NONMETHANE ORGANIC EMISSIONS 
	TABLE 2-40. ~1ETHlu~/NONMETHANE ORGANIC EMISSIONS 

	Emissions Ton/Year 
	Emissions Ton/Year 
	% of Total 

	Application Category 
	Application Category 
	Total Organic 
	Methane 
	::ronmethane 
	Nonrnet.'1ane 

	Petroleum Production 
	Petroleum Production 
	39,000 
	14,000 
	25,000 
	6 

	Petroleum Refining 
	Petroleum Refining 
	42,000 
	3,500 
	38,000 
	10 

	Petroleum Marketing 
	Petroleum Marketing 
	68,000 
	29,000 
	3'9,000 
	10 

	Solvent Use 
	Solvent Use 
	-Surface Coating 45,000 
	3,000 
	42,000 
	11 

	Solvent Use 
	Solvent Use 
	-Ot::J.er 
	33,000 
	170 
	33,000 
	8 

	Chemical 
	Chemical 
	1,300 
	17 
	1,300 
	< 1 

	Me tal1urigcal 
	Me tal1urigcal 
	1,000 
	500 
	500 
	< 1 

	Mineral 
	Mineral 
	250 
	40 
	200 
	< 1 

	Waste Burning 
	Waste Burning 
	550 
	50 
	500 
	< 1 

	Combustion of Fuel 
	Combustion of Fuel 
	5,900 
	1,500 
	4,400 
	1 

	Food & Agriculture 
	Food & Agriculture 
	400 
	150 
	200 
	< 1 

	Unclassified 
	Unclassified 
	(nat-clral) 
	570,000 
	360,000 
	210,000 
	53 

	Misc. 
	Misc. 
	Industrial 
	4,300 
	3,900 
	400 
	< 1 


	Total 810,000 410,000 400,000 100 (Ton/Day) (2,200) (1,100) (1,100) 
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	Figure 2-9. Spatial distribution of stationary source organic emissions (numbers in grid indicate emissions in tons/day) . 
	TABLE 2-41. MAJOR lO-KM GRID EMITTERS 
	TABLE 2-41. MAJOR lO-KM GRID EMITTERS 
	TABLE 2-41. MAJOR lO-KM GRID EMITTERS 

	UTM Coord. 
	UTM Coord. 
	Nearest 
	Emission 
	Principal 

	::'1\'1 
	::'1\'1 
	N/S 
	Cit.y 
	Ton/Day 
	Source Type 

	290 
	290 
	3780 
	Oxnard 
	32 
	90% Landfill 

	350 
	350 
	3820 
	Castaic 
	38 
	Landfill 

	360 
	360 
	3820 
	Bouquet Cyn 
	23 
	Landfill 

	360 
	360 
	3810 
	Bouq'..let Cyn 
	55 
	Landfill 

	360 
	360 
	3780 
	Sepulveda 
	97 
	Landfill 

	360 
	360 
	3750 
	LA Intern A/P 
	23 
	278 Pt Sources 

	370 
	370 
	3790 
	Sunland 
	53 
	Landfill 

	370 
	370 
	3780 
	Burbank 
	20 
	177 Pt Sources 

	370 
	370 
	3740 
	Torrance 
	117 
	Landfill 

	380 
	380 
	3800 
	Ravenna 
	39 
	Landfill 

	380 
	380 
	3760 
	Downtown LA 
	31 
	330 Pt Sources 

	380 
	380 
	3740 
	Paramount 
	85 
	Pt and Area Sources 50% Landfillt' 

	380 
	380 
	3730 
	LA Harbor 
	66 
	{55 Pt Sourees and 

	TR
	Oil Production 

	390 
	390 
	3760 
	Monterey Park 
	64 
	70% Landfill 

	400 
	400 
	3760 
	El Monte 
	121 
	Landfill 

	410 
	410 
	3790 
	Baldwin Park 
	21 
	Landfill 

	420 
	420 
	3750 
	Diamond Bar 
	56 
	Landfill 

	420 
	420 
	3710 
	N. Lagu.l'1a 
	132 
	Landfill 

	430 
	430 
	3720 
	E. Irvine 
	27 
	Landfill 

	440 
	440 
	3700 
	S. Clemente 
	35 
	Landfill 

	450 
	450 
	3770 
	Fontana 
	21 
	{SOt Landfill 

	TR
	50% Pt Sources 
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	SECTION 3.0 
	FIELD TESTING 
	The field tests conducted on this program provided a realistic assess­ment of the organic emissions from stationary sources iri 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, avoid duplication, identify representative sources and insure high data quality. In that standard measurement procedures for organic emis­sions are as yet unestablished, ~lB felt it important to obtain 
	~~e experimental methods employed, an evaluation of data quality by an independent consulting firm, and a discussion of test results. 
	The following sections present 

	3.1 APPROACH 
	The number of stationary sources of organic emissions in the Basin progr~~ was to provide as much informa­tion as possible to characterize the organic emissions from these sources. An initial goal of 600 to 800 samples was established. 
	is huge. The objective of the test 

	The EPA has categorized pollution sources using a system of Source Classification Codes (SCC). The sources in the Basin account fQr appro:{imately 350 SCC numbers. For each of these an emission factor and an emission profile was required. In many cases emission factor data were available. VerI little data were available on which to base emission profiles. Therefore, the major 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. 
	~oncerned about this testing. They often requested a full technical briefing. The petroleum industry used WOGA as an agent to monitor and control their participation. As a result of this concern a great deal of engineering time was required to gain entry to 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 field test, WOGA engaged a consultant to take samples 
	Industry was found to be cautious and 

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

	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 all devices on the see listing, occasionally the crew divided into two-man teams to collect two or four samples on a special device or process that could not dur~ng a major test. 
	be obtained 

	As an attempt to characterize the fugitive emissions from a refinery KVB 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 complete report is included in the Appendix. 
	KVB 5804-714 
	All GC/MS analyses of the field samples were conducted at Analytical Research Laboratories Inc. (ARLI) who also 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 organic measurements using an FID, and AV also per­formed sample analysis on a Beckman 6500 Ge. However, all speciation for emission profile purposes were performed by ARLI. 
	~n all, 618 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 quality. 
	A summary of the plants and device types tested was presented in Section 1.0. 
	3. 2 !1ETHODOLOGY 
	Sampling and analysis methodology described in this section was developed during the Phase I period of the program. The objectives were to develop techniques and equipment as necessary to (1) determine the hydrocarbon emission rate from both ducted and fugitive sources, (2j collect and preserve representative samples of these emissions and (3) analyze the ~~eir organic chemical composition. The general approach to emission rate determination was to either measure the emission rate or to determine it by calc
	samples for 
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	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 glass 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 oth.er compounds from C -up. The gas collection bottles and bags were used to collect ali­
	l phatic compounds with boiling points below that of n-pentane. On most major sources, a combination of sorbent tubes and either bags or bottles were used. Bags or bottles were used for ~~e entire compound range when utilized for grab sarnpling. 
	All samples were analyzed using gas chromatography (GC) and mass C~/MS apparatus. The bottle or bag grab samples were introduced directly into the apparatus while the samples collected on charcoal were first extracted with carbon disulfide .. Because of the survey nature of the program only ~~ose 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. 
	spectrometry (MS) techniques on a tandem 

	Presented in the following sections are a detailed description of the field test and laboratory equipment, some explanation for their selection, the results of test runs using this equipment, and a detailed description of test procedures and data reduction techniques followed during the progr~~. 
	3.2.1 Sampling 
	A. Equipment Description-
	-

	1. Sampling train--KVB designed and built two identical portable sampling ~~its that cQuld: 
	measure stack gas temperature and velocity filter out particulates larger than 2 microns collect samples in sorbent tubes, glass or polybags. 
	KVB 5804-714 
	Figure 3-1 illustrates the assembled sampling trains. Materials of construction were as follows: 
	all metal components were stainless steel 
	seals were Viton or Teflon 
	containers were borosilica 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: 
	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 LiOH crystals a borosilicate (Pyrex) gas collection bottle a sorbent tube train with thermometer and vacuum gauge a Brooks flowmeter with needle 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 pyrometer for use with a pitot tube? 
	The above system was unitized within a portable aluminum closure. Its interior arrangement permitted significant freedom of directional orientation for rigging convenience. In addition to the packaged sampling unit, 
	-

	the following additional test equipment was used: 
	two pitot tubes for velocity measurements 
	two thermocouples for stack temperature measurements 
	three dry gas meters 
	additional glass sorbent tubes containing charcoal sorbent 
	two Gast vacuum pumps 
	six Spectrex diaphragm pumps 
	two squeeze bulb type hand pumps 
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	Reproduced from best available copy. 
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	Figure 3-1. 
	~vB hydrocarbon sampling trains. 
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	Figure
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	Figure 3-2. Complete organic sampling train as set up for a hot combustion source (> 180 OF) (Mode 1 in Table 3-5). 
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	°
	an Orsat analyzer for CO, CO ' and N determination
	2
	2
	,

	22 
	a Draeger gas detector with detector tubes 
	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 various ranges 
	liquid sampling equipment, graduated cylinders, and funnels 
	rigging tools 
	two VVI micro buses as support vehicles for equipment transportation. 
	Typical test setup and configurations 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 Apollo space capsule. Initially an ice water impinger was considered for moisture, NOx, SOx, and fel~ that the alcohols and some other oxygenates would be highly water soluble and would not be easily separated for analysis. (The impinger solution was analyzed for hydrocarbons.) LiOH was used in the Apollo life support system to adsorb primarily C02' In the sampling train it neutralized NO
	CO removal. The problem with this approach was that it was 

	2 and no hydrocarbons were found. 
	The probe, filter, line and valves leading to the impinger were maintained at less than 220 OF. Some light condensation was found downstre~~ of the impingers in the collection bottles and sorbent tubes but this did not interfere with the hydrocarbon determinations. The water content of ~~e exhaust gases was determined using a separate water knockout train, or aquasorb. 
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	b. Sorbent--The suitability of several different types of sorbent mate­rials was investigated. The materials tested included: Tenax Ge, Carbosieve B, activated charcoal, and XAD-2 resin. The criteria observed in the selec­tion of the sorbent included quantitative retention and recoverability of every analyte possible. These qualities were dimensionalized by measurement of breakthrough volumes and recovery efficiencies. Table 3-1 presents the breakthrough volumes of the sorbents (25 °C) for hexane and benzen
	Another important parameter in sorbent selection is the analyte recovery efficiency. Elevated temperature, thermal stripping (with a purge 
	gas or in vacuo) or adsorbed components 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 techniques also showed high molecular weight discrimination (see Table 3-2). 
	TABLE 3-1. RETENTION EFFICIENCIES OF VARIOUS SORBENTS 
	Breakthrough Volumes, '* 
	Breakthrough Volumes, '* 
	Breakthrough Volumes, '* 
	l/g sorbent 

	Benzene 
	Benzene 
	Hexane 

	Carbosieve 
	Carbosieve 
	B 
	47 
	65 

	Tenax GC 
	Tenax GC 
	3 
	1.4 

	XAD-2 
	XAD-2 
	Resin 
	12 
	20 

	Activated Charcoal 
	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. 
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	Solvent stripping for analyte elution preparatory to chromatographic analysis was investigated. Carbon disulfide (CS ) was found to be an attrac­
	2 tive solvent. Many of the other common solvents, such as methylene chloride 
	(CH C1 ), chloroform, hexane, benzene, etc., tended to swamp the chromatogram,
	22 obliterating any signals of components that have boiling points even decades 
	higher. 
	Unfortunately, it was found that Tenax GC is soluble in CS as well
	2 as in CH C1 Carbosieve B showed poor recoveries with solvents. Testing
	2
	2
	.

	2 was therefore primarily focused on solvent extraction of activated charcoal 
	with CS and XAD-2 resin extraction with CH C1 (CS also dissolved XAD-2) .
	2 222 Table 3-3 presents the results. Mueller and Miller (Ref. 3-1) reported similar efficiencies for halogenated and oxygenated hydrocarbons using charcoal adsorption followed by CS elution. Based on the data they
	2 presented and the precedent set by the National Institute for Qccupational Safety and Health (NIOSH) in the selection and published (Refs. 3-2 to 3-4 characterization of the charcoal/CS analysis scheme, the use of coconut­
	2 derived activated charcoal as supplied by Mine Safety Appliances or SKC, Inc. 
	was selected as the material of choice for source sampling. 
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	TABLE 3-3. SORBENT RECOVERY EFFICIENCIES FOR NORMAL ALKANES USING SOLVENT ELUTION TECHNIQUES 
	Activated Carbosieve XAD-2 Resin/ Charcoal/CS B/CS CH C1
	n-Alkane 2 2 2 2 
	n-C 97 <1.0 Solvent
	6 
	Masked n-C 98 <1.0 Solvent
	7 
	Masked n-C 92 <1.0 Solvent
	8 
	Masked n-C 87 <1.0 Solvent
	9 
	Masked n-C 90 <1.0 100+
	10 n-c 90 <1.0 97
	U 
	n-c 90 <1.0
	12 n-c 100+ <1.0
	13 n-c 76 <1.0
	14 
	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) p~ovide an indication of variations in hydrocarbon concentrations in the exhaust gas due to process changes and (3) assist in the quantifying of fugi­tive emissions. It also served as indicator check on the results attained by GC/~~ 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 
	KVB 5804-714 
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	The TLV sniffer is an improved version of a lower-explosive-limit de~ector of combustible organics 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 hydrocarbon or LEL readings. Because it is FM* approved, it can be used in refineries or other locations where potential explosive mixtures exists. It incorporates a contact mass sen
	(LEL) 

	'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 equivalents. 
	TABLE 3-4. MULTIPLYING FACTORS FOR COnVERTING ppm METER READINGS OF HEXANE­CALIBRATED INSTRUMENTS TO ppm CONCENTRATIONS OF OTHER GASES ON TLV SNIFFER 
	Gas Detected 
	Gas Detected 
	Gas Detected 
	Factor 
	Gas Detected 
	Factor 

	Acetone 
	Acetone 
	1.50 
	Methane 
	1. 58 

	Acetylene 
	Acetylene 
	1. 78 
	Methanol 
	3.71 

	Benzene 
	Benzene 
	1.02 
	Methyl Acrylate 
	3.37 

	1,3 Butadiene 
	1,3 Butadiene 
	1.52 
	Methyl Chloride 
	3.81 

	Butyl Acetate 
	Butyl Acetate 
	2.08 
	Methyl Chloroform 
	4.44 

	Carbon Disulfide 
	Carbon Disulfide 
	5.92 
	Pentane 
	1.04 

	Cyclo Hexane 
	Cyclo Hexane 
	1.02 
	Perchlorethylene 
	13 .66 

	Ethyl Acetate 
	Ethyl Acetate 
	2.22 
	Propane 
	1.14 

	Ethylene Oxide 
	Ethylene Oxide 
	2.05 
	Styrene 
	2.25 

	Heptane 
	Heptane 
	1.05 
	Toluene 
	1. 03 

	Hexane 
	Hexane 
	1.00 
	Trichloroethylene 
	6.40 

	Hydrogen 
	Hydrogen 
	1.45 
	Vinyl Chloride 
	2.24 

	M.E.K. 
	M.E.K. 
	1.60 
	Xylene (0) 
	1. 64 


	* FM: Fire Marshall 
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	Figure 3-3. TLV sniffer: conversion curves showing relationship of ppm concentrations of various gases to percent LEL equ~valents. 
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	B. Sampling Method-After permission for testing had been received from plant management, 
	-

	plant visits and on-site inspections of the preparatory information was obta~ned: 
	plant visits and on-site inspections of the preparatory information was obta~ned: 
	plant visits and on-site inspections of the preparatory information was obta~ned: 
	source 
	were 
	made. 
	The 
	following 

	plant size and location process parameters: type, temperature, plant safety requirements sampling facility and accessibility. 
	plant size and location process parameters: type, temperature, plant safety requirements sampling facility and accessibility. 
	proc
	ess 
	mass 
	flow 


	This information was used by KVB'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 source 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 expected in the emissions the temperature of the emissions the water content of the emissions the type of emission flow (i.e., ducted or fugitive). 
	Table 3-5 indicates the sampling equipment used for 17 different source types. For each ducted source the universal sampling train presented earlier in Section 3.2.1.A was adapted as indicated in Table 3-5 by the "mode" numbers one through five. Figures 3-2, 3-4, and 3-5 show the first three of these ~odes four and five involve the measurement of fugitive emissions. Figures 3-6 through 3-9 illustrate the sampling setups for a typical fugitive source, in this case a petroleUm transfer line valve. In Figures 
	different adaption modes. 
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	TABLE 3-5. TEST AND SAMPLING TRAIN CONFIGURATIONS BY SOURCE TYPES 
	SOU RCE T 'i PE 
	~ 
	(l) 
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	Figure 3-4. Organic sampling train configuration for continuous solvent process related sources of high complexity (Mode 2, Table 3-5). 
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	Figure ]-6. Leak rate and concentration measurement of ambient temperature fittings. High leak rates. (Mode 4, 'l'able ]-5) 
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	Figure 3-7. Leak rate by dilution sweep and sampling of ambient hydrocarbon fitting. Low leak rates. (Mode 4, Table 3-5) 
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	Figure 3-8. Leak rate measurement and concentration measurement of high temperature fitting. 
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	1" iqure 3-9. llydl':OCdrboll sdmpling from hot oil or: SOIVI nt transfer (t1ode 5, Table ]-S\. KVU ~U04-H4 
	Figure 3-2 illustrates the train setup for high temperature combus­tion source sampling. The train filters out particulates at stack tempera­ture, collects andehydes. collects moisture, NOx, SOx and CO on LiOH 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 hydrocarbons by entrapment and by adsorption. It records fluctuation in total hydrocarbon emissions using the TLV sniffer. 
	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 
	" 
	emission sources. The rate of emission is measured, total hydrocarbon concentrations monitored, and gaseous emissions are collected for analysis. In Figure 3-6 the H!C leak rate is so great that the vapors fill the tent and drive the gas meter. In Figure 3~7 a pump is used to draw purified air through the tent to pick up the emitted H/C vapors. 
	Figures 3-8 and 3-9 illustrate test setup for sampling a high temperature fugitive emission source. In Figure 3-8 aluminum foil is substituted for polyfilm and rates are measured as Figure 3-6 or 3-7. When the foil cannot be used ~~e setup in Figure 3-9 is used. The temperature of the source is measured, a grab sample is obtained in a gas collection bottle, and the concentration of total hydrocarbons is measured. The leak rate is obtained by applying engineering judgments. 
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	2. Ducted sources--Exhaust 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. 
	~~e point of average gas velocity. An attempt was made to maintain an isokinetic sampling rate. Sampling time was adjusted according to hydrocarbon concentra­tion to avoid breakthrough on the sorbent tube. 
	The ducted sources were sampled at an accessible point closest to 

	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 discon­necting 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 to obtain a material balance. 
	. 
	The TLV sniffer was used to indicate expected or unexpected process fluctuations. 
	3. Fugitive sources--The measurement of emission rates for non-ducted or fugitive emissions required ingenuity on the part of the test crew. As mentioned earlier, 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
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	The approach used was to usually check all of the accessible hydro­carbon-transfer fittings (valves, flanges, etc.) for signs of leakage (stains, etc.). Next the fittings were checked with soap 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 avail­able and the number of "leakers" , a selected, representative number of leakers were tented and their emissions measured. 
	lea~age rates is shown in Figure 3-7. polyfiL~ envelope. The air drawn into the envelope is filtered to remove background hydrocarbon where necessary and is metered with a rotameter as shown. The outlet air and hydrocarbon mixture is metered and delivered to the TLV analyzer where the total hydrocarbon level is measured continuously. wnen 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 is taken. The tota
	The test setup for measuring 
	The small Spectrex pump pulls a low rate of air through the 

	-5
	HC = 1 .. 36xlO 
	where 
	HC = hydrocarbon leak rate, lb/hr pp~v = parts per million total hydrocarbon concentration detected on TLV as hexane ft = meter reading on gas meter corrected to 60 OF and 29.9 in. Hg, in cu. ft. t = time in minutes ftwas measured 
	3 
	3 

	-5 1 60 min/hr
	1. 36xlO ppm = 106 x 379 ft/-lb-mole x 86 (Mwt. of Hexane) 
	3

	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 measured and recorded. The total hydrocarbon content of the bag was determined by GC analysis in the laboratorj as well as the specie breakdown and average molecular weight. From this information the total hydrocarbon emission rate 
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	w 
	I N 
	lJl 
	indicating source of leak 
	E'igure 3-10. Soap bubble detection and temperature evaluation of hydrocarbon fittings. 
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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 leakage rates, the leakage rates for other fittings were estimated on the basis of observing ~~eir performance during the soap-solution test. KVB also applied the use of the TLV sniffer to determine relative total hydrocarbon emissions from these types of fitti~gs. This proved to be successful and it became particularly valuable 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 equipment 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 charcoal sorbent and 100 ml flasks containing 1% sodium bisulfite solution. The bottles, bags and sorbent were analyzed for all organic species while the liquid in the flask was only analyzed for aldehydes. 
	Most of the gaseous 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 samples 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 charcoal samples could stand for longer periods without fear of losses, and were not usually analyzed wt~il afte
	extract the sample components. 
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	Initial analysis of all-samples was conducted using a gas chromato­graph (GCl. Lower boiling component identifications were based on retention times established by repeated analyses of standards. If there were questions 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 a number of chromatographic peaks contained at least two and sometimes three components. The mass spectra also provided a basis for determinin
	A Beckman Model GC-55 equipped with a precision temperature-programmed, t~e GC work performed on the program. The column was 1/8" 0.0. 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 boiling hydrocarbons representing the top of the range of interest. 
	column oven and a flame ionization detector (FlD) was used for most of 

	Analyses were performed using helium as the carrier gas at a flow rate of 30 cc/min. Detector gas flows were: H -40 cc/min; air -300
	2 cc/min. The following conditions were used for GC analyses: 6 min. at 40°C followed by temperature programming at 10 °C/min to 190°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 FlD of the GC, the 
	other to a heated transfer line which carried the 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. 
	as 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 whose area is proportional to the quantity of the gas present. Thus the term peak is used to refer to an indication of a component of the gas mixture being analyzed. 
	*Conventional g
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	SAMPLE NUMBER: 
	ARB 
	ARB 
	ARB 
	EPA 

	CODE 
	CODE 
	NUMBER 

	1 
	1 
	43201 

	1 
	1 
	43202 

	3 
	3 
	43203 

	2 
	2 
	43204 

	2 
	2 
	43212 

	2 
	2 
	43214 


	2 COMPOUNDS OF 3 COMPOUNDS OF 1 COMPOUNDS OF 
	TABLE 3-6. GC ANALYSIS REPORT 
	TYPICAL COMPONENT ANALYSIS 
	IIC ENGINE EXHAUST BOTTLE 10130 A 
	CHEMICAL NAME MOL,WT UG/L %WT PPM %VOL 
	16 2860. 74.8 4350. 87.2 30 378. 10.0 307. 6.2 28 35. 1.2 4.9 1.1 44 370. 9.8 205. 4.2 58 10l. 2.7 42.3 0.9 58 58. 1.5 24.4 0.5 
	METHANE 
	ETHANE 
	ETHYLENE 
	PROPANE 
	N-BUTANE 
	ISO-BUTANE 

	3770. 100. 4930. 100. 
	TOTALS 

	TOTAL PPM FROM GC AS HEXANE TOTAL PPM FROM TOC AS HEXANE 
	1070. 
	1010. 

	ARB CLASS I ARB CLASS I I ARB CLASS III 
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	The mass spectrometer used on this program was a Consolidated Electrodynamics Corporation (CEC) Model 21-104. This was a 180 degree magnetic sector instrument having an electron impact ion source and an electron multiplier detector system which permitted modernately high­speed mass scanning. 
	Multiple MS scans were taken when a GC signal was observed on the strip chart recorder. Multiple scan studies indicated that approximately 2 seconds were required for the maxima to be observed by the MS. Multiple scans were required to insure representative ion pair formation. 
	Mass spectra were interpreted manually using such reference works as: 
	"Compilation of Mass Spectral Data," Cornu, A. and R. Massot, Heyden & Son, Ltd., London, England, 1966. 
	"Index of Mass Spectral Data," AMD II, Americal Society for Testing and Materials, Philadelphia, 1969. 
	"Eight Peak Index of Mass Spectra," Atomic Weapons Research Establishment, Aldermaston, England, 1970. 
	"Atlas of Mass Spectra Data," Stenhagen, E., et al., Inter­science, 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. 
	A spectrophotometric method similar to that specified by the NIOSH was used for the determination of aldehydes. The total volume of liquid in the aldehyde sample flasks was measured, and an aliquot taken for the determination. The sample was allowed to react with a modified Schiff's 
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	reagent prepared from rosanaline hydrochloride and sodium bisulfite. After m~ against a reagent blank on a UV-vis spectrophotometer. Concentration 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 ~g/ml formaldehyde standard. Results were calculated and reported as total micrograms of formaldehyde equivalent in the sample. The minimum amounts of aldehydes that could be detected by this method were
	a suitable development time, the adsorbance was read at 580 
	1-3 

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

	The volumetric measurements of ducted sources were made using EPA Method 1 as described in the Federal Register, Volume 36, Number 159, August 17, 1971. Standard conditions used in all calculations were 60 OF and 29.95 in. of mercury pressure. Gas density correction factors were based on Chapter 3 of the "Source Testing Manual" published by the Air Pollution Control District of Los Angeles County, 1972 (now SCAQMD Metro Division). Page E of the KVB data forms (Table 3-7) shows the step-by-step computation f
	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 ~anual". 
	in detail in Section 5.4 of the "Source Testing 
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	TABLE 3-7. TEST DATA AND CALCULATION SHEETS 
	(Nine Sheets) 
	KVB 
	Sample Codes 
	Page ...o.A-=-_
	Test No. 
	_ SUMMAR'! OF RESULTS Date _ 
	1. Name of Firm (see page C) 
	2. 
	2. 
	2. 
	Plant Location (see page C) 

	J. 
	J. 
	Basic Equipment (see page B) 

	4. 
	4. 
	Control Equipment/see page B) 

	S. 
	S. 
	Equipment Tested (see page B) 

	6. 
	6. 
	Process Weight Per Hour (see page C) 
	_ 

	TR
	Test: (see page C) 

	7. 
	7. 
	Sampling Station (see page 0-1 & G) 

	8 •. 
	8 •. 
	Av. Gas Velocity, FPS (see page F) 

	9. 
	9. 
	Gas Temperaturg,$F (see page F&D-l) 

	10. 
	10. 
	Gas Flow Rate, ScrM (see page F) 

	lI. 
	lI. 
	Material Sampled(see page 0-1 & G) 

	12. 
	12. 
	Time of Test-Begin (see page 0-1) 


	13. 
	13. 
	13. 
	Time of Test-End (see page 0-1) 

	14. 
	14. 
	Net Sampling Time, lun. (see page 0-1 ) 

	15. 
	15. 
	Cone., Gr./Scr (see pgs. 8,D-2 & G) 

	16. 
	16. 
	0; G) _
	Cone., Gr/Scr at 12\ CO (see pgs.8,0-2 


	17. 
	17. 
	Cone., Volume ppm (see pages B,0-2 & G) _ 

	18. 
	18. 
	Pounds/Hour (see pages B,0-2 & G) 

	19. 
	19. 
	Collec~ion Efficiency, \ (see page B) 


	2 
	20. 2I. 22. 23. 24. 
	20. 2I. 22. 23. 24. 
	20. 2I. 22. 23. 24. 
	Water Vapor, Vol. \ (see page E) CO2 , Vol. '(Stack Condo ) (see page E) Vol. \ (Stack Condo ) (see page E)°2 ' CO, Vol. \ (Stack Condo I (see page El N(see2, vol. \ (Stack Cond.) page E) 

	TR
	Tested by 
	3-31 
	KVB 
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	KVB 
	Sample Code 
	Test No. Date 
	Test No. Date 
	Test No. Date 
	Tested By 
	Page _8_
	-

	_ 

	Name 
	Name 
	of Firm 
	SUMMARY: 
	EMISSIONS 
	TO 
	ATMOSPHERE 


	Location of Plant 
	Type of Operation _ 
	(Jnit Tested _ Efficiency of Control Equipment, % 
	Gas Flow Rate, SCFM Gas Temp. OF _ (see page 0-1) Test Method _ 
	I ,COMPOUNDS ANALYZED EI>1ISSICNS I Mol. ppm 1Jg Gr./SCF Lbs/Hour Tons/year IName Wt. I ! I I I I I I I ! i I I I II I I I Ii i I I I II ! I I 1 I I i ! I I I I II I I ! 
	I 
	I 
	I 

	I 
	I 
	I 

	I ! 
	I ! 
	I 

	i i 
	i i 
	I 


	I
	I !
	I

	II 
	I i
	i 

	I
	:i I 
	I
	II 
	II I
	I
	I

	II
	!I 
	I 
	I 
	I 
	I
	II 
	Total: 
	i I I 1 I I I II 
	KVB 5804-714 
	3-32 
	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 End of Operation, Time __ 
	Elapsed Time, Minutes Idle Time During Cycle,Min. Net Time of Cycle, Minutes 
	DATA ON I1ATERIAL CHARGED TO PROCESS DURING OPERATING CYCLE: 
	c1aterial \'leight Ibs,gal Material or Ibs,gaJ c1atcrlal Volume Ibs,gal :1aterial Ibs,gal ~1atenal Ibs ,gal 
	.'1at.crlal Ibs , gal ~1a terlal Ibs,gal 
	Total: 
	Signature Title 
	KVB 5804-714 
	3-33 
	KVB 
	Firm and Unit=--_ 
	Sample Code 
	-----
	-


	.....;D;;..-...;;l~ _ _______________________ Date
	Test No. __ Page 

	Sampling Station SAMPLING TRAIN DATA AND CALCULATIONS 
	Gas Meter Flow Meter ImP~nq. THC Reacnnc Vac. Temp. \Readin< Vac. Temp. Temp. Sam-M::mi-~tacl< Time Cu Ft. In.Hg of cc/min In.Hg of of ~le tor Temp Vm p"., 'I'm . V s p ~ T. t. loom of x '" I I I , I I I -N<:>t----Net~--Av. Av.--=-Net* 0 Av; --Av. -Av.~ ~ Av. ------
	*NetVCu.-Ft. = total cc x 3.531 x 10-
	s 
	5 

	A. Material type sampled _ 
	B. Source -Flow Rate SCFM (lineJ of page F) 
	C. Condensate Volume, ml 
	D. Condensate Vapor Volume, 0.0026 x c x (460 +Tm)/(29.9-Pm), CF~ _ 
	Total Sampled Volume, !mpingers = Vm+D, 0" _ Vs
	Figure

	Total Sampled Volume, Sorbent = VS + (D x V--), CF 
	m Sampled Volume in Impingers =-[Ex 520 x (29.9-Pm) 11 [29.9 x (460 + Tmll, seF _ 
	1 

	F Sampled Volume in Sorbent Train = [E x 520 x (29.9 -P )I/[29.9 x (460 +
	2s Tsl I, SCF _ Continued on page B KVB 5804-714 
	3-34 
	KVB 
	Sample Code 
	Firm Name and Unit 
	Test No. Page 0-2 Sampling Station Date 
	SPOT MONITORING DATA BY DRAEGER OR TLV SNIFFER 
	CONCENTRATION jINSTRUMENT USED FUNCTIONAL DATA COMPOUND NAME cprn Grs/SCF Lbs!Hour I I I I I I 
	I I I I I I I I I i I I I I I II 
	KVB 5804-714 
	3-35 
	KVB 
	Sample Code _ 
	Firm and Uni t_ 
	.~ _ Page -=~:..--_ 
	Test No 

	Sampling Station Date 
	WATER VAPOR AND GAS DENSITY CALCULATIONS 
	Percent Water Vapor in Gases 
	A. Gas Pressure at Meter, In. Hg (Absolute) 
	3. Vapor Pressure of Water at Impinger Temp. , In. Her 
	~ ~ 
	. Volume of 11etered Gas, Cu. Ft. 
	D. Volume of Water Vapor Metered,BxC/A, Cu. Ft. 
	E. Volume of Water Vapor Condensed, Cu. Ft. 
	* 

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

	G. Total Volume of Gas Sample, C+E, Cu.Ft. 
	H. % Water Vapor in Sampled Gas, 100 x F/G 
	* See D on sampling train data sheet, ?age 0-1 
	Gas Density Correction Factor 
	Weight Per I-Iole Component Volume Percent X ~oisture Collection X Mol Wt.= Wet Basis 
	Water CarbonDioxide CarbonMonoxic.e Oxygen Nitrogen + Inerts 
	Water CarbonDioxide CarbonMonoxic.e Oxygen Nitrogen + Inerts 
	Water CarbonDioxide CarbonMonoxic.e Oxygen Nitrogen + Inerts 
	Dry Dry Dry Dry 
	Basis Basis Basis Basis 
	1.0 
	~. 
	180 44.0 28.0 32.0 28.2 
	I 
	1 -
	-


	TR
	I 
	Average 
	Molecular Weight 
	I 


	_ . . 
	Av.Mol.Wt

	J. Density of Gas Rererred to Alr = 28.95 
	="------------
	-

	K. Gas Denslty Correction Factor =~ l.~O = 
	..; 
	KVB 5804-714 
	KVB 
	Sample Code _ 
	Uni.::t~ _ 
	Firm and 

	Page ....F_-_
	Test No. 
	______________________--JJDate _
	Sampling Station 
	Time 
	Time 
	Time 

	Start 
	Start 

	TR
	-

	pnint 
	pnint 

	£ n 
	£ n 
	'" 


	GAS VELOCITY DATA 
	Vel. Head In. H2O 
	I I Jel.HeacTemp. Vel. Vel. Hea Temp. I Vel. Temp. Vel. <IF l:'t/Sec. In. H20 <IF Ft/Sec. In.H20 <IF Ft/Sec. I ! I I 
	,c,. Average Velocity (Traverse) Ft/Sec _ 
	S. Av. Velocity(Ref. Point) Ft/Sec 
	C. Flue Factor A/B 
	D. Pitot Correction Factor _ 
	E. Gas Density Correction Facto~r __ 
	F. Corrected Vel., AxDxE, Ft/Sec or BxCxDxE, Ft/Sec 
	G. Area of Flue, Sq. Ft. _ 
	H. Average Flue Temp., of 
	I. Flow Rate, FxGx60, CFM _ 
	Figure
	J. Flow Rate, 520 x I/(H+460), SCFM _ 
	3-37 
	KVB 
	Sample Code Firm and Unit _ Page G....-;;..-_ 
	~st :-10. 
	Date _ 
	GRAB AND BAG SAMPLE RESULTS 
	HYDROCARBONS ALDEHYDES, SAJ.\1PLE Sample ppm Grains/SCF STATION Type and Components ppm Stack Stack LBS/HRSampling Dry Conditions Conditions Loss Time Basis Location Temp., OF :-Iumidity, % Location Temp. , OF I . :-Iumidity, % Location 1 OFTemp. , Humidity, % , 
	KVB 5804-1l.4 
	Page _H _
	KVB 
	CONVERSION FACTORS AND CONSTANTS 
	Unless otherwise noted, all conversion factors and constants are 
	conditions of 60°F temperature and 
	TO cnl/YfRT fBf'M 
	grain3/cubic foot 
	parts per mi 11 ion (by volume) 
	per cent by volume 
	lDilligralD3/cubic meter 
	milligrams/cubic foot 
	milligrams/liter 
	cubic feet liters grams gruns 
	pounds 
	14.7 psia pressure. 
	part3 per million (by volume) per cent by volume milligram3/cubic meter milligrams/cubic foot milligrams/liter pounds/IOOO pound3 air pound3/cubic foot grains/cubic foot per cent by volume 
	milligram3/cubic meter 
	milligram3/cubic 
	milligrams/liter 
	part3 per million grain3/cubic foot milligrams/liter milligrlUlls/cubic 
	grains/cubic foot parts per million mil1igram3/cubic 
	grains/cubic foot partl per million 
	aailli gr ams/l i te r grains/cubic foot parts per million milligrams/cubic 
	Iiters 
	cubic fee t 
	grain. 
	milligralD8 
	gra in s 
	3::-39 
	foot 
	(by volume) 
	foot 
	(by volume) foot 
	(by Tolume) 
	(by volume) foot 
	at standard 
	'iULTIPLY BY 
	5.416 x 10 M 5.416M 2289 64.8 2.29 1.87 1. 429 x 10-1.846 x 10-SM 10-
	4
	4 
	4 

	4.23 x 10-2~ 1.196 x 1O-34.23 x 10-11 
	M 
	5

	10 o.1846M O.423M 11. 96M 
	4 

	4.37 x 10-4 
	23.7/M 
	0.0283 
	0.01543 
	836~ 
	0.0353 0.437 2.37 x 104/~ 28.32 
	28.32 
	0.03531 
	15.43 
	64.8 
	7000 
	rna1ecu1aT we i gh t KVB 5804-714 
	11= 

	The reported hydrocarbon concentrations were calculated from the laboratory results as follows: 
	The hydrocarbon concentration provided by the laboratory was on a dry, CO -free basis. This was converted to actual moisture and CO
	22 conditions at the source by the relation (page B of Table 3-7), 
	(100 -W.V. -CO,) 100 
	where, 
	= concentration of hydrocarbons at source (actual) conditions, parts per million by volume 
	= concentration of hydrocarbons; dry, CO -free basis, from the
	2
	analysis; parts per million by volume 
	W.V. = water vapor in source gases, percent by volume 
	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 concentration was obtained from Orsat analysis (dry basis), converting to stack conditions by multiplying by the factor (l-M.W./IOO). 
	-

	The reported emission rate of hydrocarbons was calculated by the general relation, 
	= 
	where, Mac = emission rate of hydrocarbons, pounds per hour 
	Q = stack gas flow rate, standard cubic feet per minute (SCFM) 
	(M,W')HC = molecular weight of hydrocarbon 
	KVB 5804-714 
	-7
	The 1.58xlO factor came from the following unit analysis: 
	3 
	ppm) (ft ) (60 min) lb 1(1' mole )
	(

	= 
	cHC(ppm) x 106 x Q MW hr x (M,W')HC (mole 379 ft3 
	6 
	= Q (M,W')HC ((1/10 ) x (60/379) x (lb/hr)]
	HC 
	c

	-7 
	= 1.58xlO Q (M,W')HC (lb/hr)
	HC 
	c

	The conversion factors used in the test 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 upwind and downwind and using plume disper­sion 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 mea­surements. At best, this program could only test some representative sources (i.e., v
	it seemed possible that the source emissions could be defined by 

	KVB 5804-714 
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	KV3 engaged AeroVironment, Inc. (AV) to perfor.n ~~e ambient testing and modelling ~hile the KVB engineexs simultaneously deter.nined the refinery emissions using discrete source acco~~ting techniques involving source sampling, equipment inventorying and emission calculations on an item by item basis. 
	AV's final report of ~~is experiment is presented in the "Appendix. This section presents a summary of that report. 
	A. Si~e Selection-
	-

	After a thorough su-rvey of all of the refineries in the Basin, AV selected ~~e Douglas Refinery in Pararno~~t, CA as the test site for the following reasons: 
	Location -the refinery ~as located in an area largely residen~ial and commercial -several miles from any other ~ajor source of hydrocarbons 
	~eteorology -in the early morning hours ~hen traffic interference is least ~he wind ~as found to be stable with a light (5 mph) and uniform wind 
	Size -this was one of the smaller refineries L, the Basin and thus the problems of plume moni­toring were minimized. 
	Agreement with this selection was received from .~qs and WOGA although it ~as realized that the Douglas refine~l is a specialized refinery ~~at has only a few of the processes found in other refineries in the Basin. For the first attempt at this type of test, it was conce<:ed by all that this site was an acceptable choice. 
	B. Test Approach-
	-

	Four test runs were ccnducted over an eight day period at ~he end of November 1976. A system of receptors was arranged as shown on :~e map 
	in figure 3-11. A source of sulfur ~exafluoride (SF ) was insta_led a~ a 
	6 central location in the refinery (Figure 3-11). SF was rel~ased at a rate 
	6 
	~vc 3804-714 
	3-42 
	COMPTON BLVD. A t-..........-~Contreras St. 
	1/4 1/2 Scale of Miles 
	o 

	ARTESIA FREEWAY 
	Figure 3-11. Schematic representation of test site for November 23, 1977. 
	KVB 5804-714 
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	~~owing the SF release rate and the receptor point con­
	of 2.5 lb/hr. By 

	6 centrations, the source/receptor relationship were to be established by 
	diffusion modelling. Both SF and hydrocarbons were measured simultaneously
	6 so that the source/receptor relationship established for SF at that time
	6 would also 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
	6 speciation of organic 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 downwind receptors recorded about the same concentrations. Wind direction was recorded continuously at the AV mobile laboratory. Helium-filled balloons were released to check the uniformity of wind direction at higher elevations. 
	D. Test Results-
	-

	Table 3-8 is a summary of the test results. 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 mentioned above. The receptor location designation is consistent with that given in Figure 3-11. The reader is referred to the appendix for further details on receptor location which were varied slightly on 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 forSF THC, CH and CO provided that no interference was present.
	6
	6
	, 

	4 These net results were used for diffusion modelling. A magnification factor of 
	1.36 was used in the AV hydrocarbon measurements to correlate with ARLI data as discussed in the AV reports. 
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	TABLE 3-8. Continued 
	Temp (m/.cc! . (dell) (oC) Slabilily Run 1 0.06 7.4 10 l: 
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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 or "calibrate" its diffusion model using the test data presented above. Because of apparent ~~e mobile laboratory site, substantial differences existed" between the SF concentra­
	meteorological changes in the refinery which were not detected at 

	6 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 of up to two orders of magnitude. To use the AVQUAL diffusion model, cali­bration data were developed for selected runs. These are shown in Table 3-9. In the table, a is the vertical dispersion speed and A is the ratio of 
	v vertical to horizontal dispersion speed. The difference in the latter two 
	parameters between "measured" and "calibrated" should be noted. 
	F. Emission Prediction-
	-

	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 emissions in Ib/hr are shown in Table 3-10. The KVB calculated emissions are shown in Table 3-11. For comparison the "Total" emission column in Table 3-10 should be compared for the "Total" row in Table 3-11. Specifically the average prediction of 26 Ib/hr should be compared to KVB's predicted nighttime emission of 134
	A possible cause of ~~e discrepancy between the AV prediction and the KVB source testing results was the vertical diffusion of the hydrocarbon gas, especially the lighter ends so that the fenseline monitors did not receive a representative concentration. Source testing data clearly indicated 
	KVB 5804-714 
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	TABLE 3-9. COMPARISON OF MEASURED 
	AND CALIBRATED METEOROLOGICAL DATA 
	W I 
	Vl, 
	N 
	Mean Wind Speed 
	(m/sec)
	Run No. 
	1.6
	1 
	2.5
	9 
	2.0
	10 
	2.2
	11 
	1.6
	15 
	Mean Wind Direction (deg) 
	a.'v (m/sec) 
	Measured 
	340 
	335 
	330 
	340 
	330 
	Calibrated 
	360 
	355 
	350 
	355 
	355 
	Measured* 
	0.07 
	0.02 
	0.01 
	0.01 
	0.09 
	Calibrated 
	4.4 
	2.5 
	1.8 
	2.5 
	2.5 
	A 
	Measured** 
	Calibrated 
	10
	0.35 
	0.11 
	3.5 
	0.06 
	3.0 
	0.07 
	5.5 
	0.46 
	5.0 
	assuming a· = a w
	* v ** calculated as follows: 
	Ow
	av
	A------
	-

	-a -(j1)(af) ) 
	where °e in radian 
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	TABLE 3-10. HYDROCARBON EMISSION PREDICTIONS FOR VARIOUS SOURCE CATEGORIES OF THE DOUGLAS REFINERY IN LB/HR 
	TABLE 3-10. HYDROCARBON EMISSION PREDICTIONS FOR VARIOUS SOURCE CATEGORIES OF THE DOUGLAS REFINERY IN LB/HR 
	TABLE 3-10. HYDROCARBON EMISSION PREDICTIONS FOR VARIOUS SOURCE CATEGORIES OF THE DOUGLAS REFINERY IN LB/HR 

	Run No. 
	Run No. 
	Q1 
	Q2 
	Q) 
	Q4 
	Q5 
	. Total 

	1 
	1 
	8 
	0 
	0 
	0 
	39 
	47 

	9 
	9 
	14 
	0 
	0 
	0 
	10 
	24 

	10 
	10 
	12 
	0 
	0 
	3 
	0 
	15 

	11 
	11 
	18 
	0 
	0 
	1 
	0 
	19 

	15 
	15 
	23 
	0 
	0 
	0 
	0 
	23 

	Avg. 
	Avg. 
	15 
	0 
	0 
	1 
	10 
	26 


	Figure
	:: process areas and emulsion plant :: asphalt plant :: loading-unloading facilities :: fixed roof storage tanks :: floating roof storage tanks 
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	PRELIMI~ARY HYDROCARBON EMISSIONS SOURCE TESTING RESULTS WITH THE RESULTS CALCULATED BY USDIG THE SCAPCD AND AP-42 DATA FOR THE DOUGLAS REFINERY IN LEIER 
	TABLE 3-11. COMPARISON OF KVB'S 

	Table
	TR
	SC APCD 
	AP-42 
	KVB/ARB 

	24 
	24 
	Hr. Av. 13 54 95 
	Night 

	Stack Emissions Fugitive Emissions Tank Storage and Transfer 
	Stack Emissions Fugitive Emissions Tank Storage and Transfer 
	11 84 90 
	26 123 95 
	13 54 67 

	TOTAL 
	TOTAL 
	t85 
	244
	-

	162 
	134 


	CHemissions from the refinery. However, AV'S ambient testing data showed little or no difference for the upwind and downwind CH data. It is possible
	4 

	4 that under the very stable conditions most of the CH e~~ted would diffuse
	4 upward, and thus is not detectable in the ground level. Heavier hydrocarbons (in relation to air) under the same stable atmospheric conditions would tend ~~e~l processes in the refinery cause substantial updrafts which could cause upward .move!':'.ent of hydrocarbon gases heavier than air. 
	to diffuse downward. However, the various 

	G. Conclusions-
	-

	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 additional receptor stations above ground level), KVB did not feel that the results of these tests warranted the further use of the method. Originally, it was planned to use this method on two sources if the refinery results turned out to be satisfactory. 
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	3.3 QUALITY CONTROL 
	A comprehensive quality control program was conducted as an integral part of the overall organic-emission field tests. The program featured: 
	1. 
	1. 
	1. 
	Calibration of field test instruments with ASTM methods and NBS standards 

	2. 
	2. 
	Frequent response-factor calibration of laboratory instruments 

	3. 
	3. 
	Interlaboratory checks for accuracy 

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

	5. 
	5. 
	Separate total organic content analysis to backup the GC analysis 

	6. 
	6. 
	Unannounced "blanks" of zero gas, calibration gas, etc. 

	7. 
	7. 
	An independent QC consulting team. 


	From the outset KVB engaged the se~lices 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 evaluation of the sampling equipment and analytical methodology and defined a quality program with the above mentioned features. ~he special QC tests (duplicates, blanks, round robins, etc.) accounted for approximately 10% of the test budget and afforded an 
	1. 
	1. 
	1. 
	The total hydrocarbon-emissions were good to within + 25%. 

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

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

	4. 
	4. 
	The concentrations of oxygenates, aromatics 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 laboratory 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 for stationary sources in the SCAB with 
	'state-of-the-art' accuracy and precision." KVB 5804-714 
	3-55 
	The ESS report is presented in the Appendix. Their report contains not only a discussion of 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, etc. 
	Pr~sented 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 equipment, laboratory 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 "K" bottles from Precision Gas Products, Inc. including selected (1) aliphatic hydrocarbons, 
	(2) ha~ogenated organic compounds. Concentrations were specified and controlled by the KVB program manager who retained certifications until analyses were per­formed. 
	aromatic hydrocarbons, (3) oxygenated organics and (4) 

	Upon receipt of the four "K" bottles, three sets of samples '.."ere prepared in 250 ml gas collection bottles by KVB and delivered to ARLI, the SCAPCD laboratory in Los Angeles and the ARB laboratory in El 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 control 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 ar~ compared to other analyses of these calibration gases using various handling and analysis methods are presented in Tables 3-16 through 3-19 and discussed below. 
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	TABLE 3-12. QUALITY ASSURANCE ALIPHATIC STANDARD All data are reported in ppm in nitrogen. 
	TABLE 3-12. QUALITY ASSURANCE ALIPHATIC STANDARD All data are reported in ppm in nitrogen. 
	TABLE 3-12. QUALITY ASSURANCE ALIPHATIC STANDARD All data are reported in ppm in nitrogen. 

	Certified 
	Certified 
	Analytical 
	Results 

	Compound 
	Compound 
	Contents* 
	ARLI 
	SCAPCD 
	CARB 

	Ethylene 
	Ethylene 
	51 
	50 
	21 
	D§ 

	Propane 
	Propane 
	53 
	47 
	27 
	32 

	Propylene 
	Propylene 
	53 
	57 
	32 
	30 

	l,3-Butadiene 
	l,3-Butadiene 
	51 
	3# 
	+28 
	28 

	Isobutane 
	Isobutane 
	NR 
	NR:j:: 
	NR 
	0.4 

	Hexane 
	Hexane 
	50 
	50 
	30 
	40 

	Heptane 
	Heptane 
	51 
	46 
	24 
	D 

	Isooctane 
	Isooctane 
	50 
	43 
	26 
	D 


	*Analytical information prepared by Precision Gas Products Co. + 
	Identified as~-l-butene 
	§D = Identified but not quantified (insufficient sample) 
	#The ARLI recovery of butadiene was significantly below the certified composition. This was apparently caused during thermal desorption treatment of the sample bottle and transfer equipment. 
	SCAPCD and CARE labs are believed not to have heated the sample 
	bottles. 
	*NR = not reported 
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	TABLE 3-13. QUALITY ASSURANCE AROMATIC STANDARD All data reported in ppm in nitrogen. 
	TABLE 3-13. QUALITY ASSURANCE AROMATIC STANDARD All data reported in ppm in nitrogen. 
	TABLE 3-13. QUALITY ASSURANCE AROMATIC STANDARD All data reported in ppm in nitrogen. 

	Compound 
	Compound 
	Certified Contents 
	Analytical Results ARLI SCAPCD CARE 

	Benzene 
	Benzene 
	52 
	50 
	15 
	34 

	Toluene 
	Toluene 
	48 
	46 
	11 
	34 

	Ethylbenzene Chlorobenzene 
	Ethylbenzene Chlorobenzene 
	49 50 
	51 51 
	5 3 
	20 NR 

	Hexane 
	Hexane 
	49 
	50 
	20 
	35 

	Xylene 
	Xylene 
	NR 
	NR 
	3 
	0 


	NR = Not reported o = detected but not quantified TABLE 3-14. QUALITY ASSURANCE HALOGENATED HYDROCARBON STANDARD All data reported in ppm in nitrogen. 
	Certified 
	Certified 
	Certified 
	Analytical Results 

	Compound 
	Compound 
	Contents 
	ARLI 
	SCAPCD 

	Freon 113 
	Freon 113 
	48 
	47 
	22 

	Hexane 
	Hexane 
	50 
	50 
	5 

	Methyl Chloride 
	Methyl Chloride 
	55 
	48 
	NR 

	1,1,1 Trichloroethane 
	1,1,1 Trichloroethane 

	(Methyl chloroform) 
	(Methyl chloroform) 
	50 
	46 
	37 

	Chloroform 
	Chloroform 
	49 
	46 
	49 


	NR -Not reported 
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	TABLE 3-15. QUALITY ASSURANCE OXYGENATED ORGANICS STANDARD 
	All data reported in ppm in nitrogen. 
	Certified 
	Certified 
	Certified 
	Analytical Results 

	Compound 
	Compound 
	Contents 
	ARLI 
	SCAPCD 

	Methanol 
	Methanol 
	53 
	4 
	NR 

	Acet~e 
	Acet~e 
	52 
	43 
	7 

	Isopropanol 
	Isopropanol 
	NR 
	NR 
	9 

	Methyl Ethyl Ketone 
	Methyl Ethyl Ketone 

	(2-Butanone) 
	(2-Butanone) 
	51 
	45 
	2 

	Methyl Isobutyl Ketone 
	Methyl Isobutyl Ketone 
	48 
	42* 
	20 

	Hexane 
	Hexane 
	48 
	50 
	37 


	* Identified as 2-hexenone 
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	TABLE 3-16. RECOVERY STUDIES USING THE ALIPlffiTIC STANDARD 
	Analysis by Gas Chromatography -Porapak Q Column Temperature Programmed Reported as ppm of Component in Nitrogen 
	--_.----
	-

	Compound Case 1 Case 2 Case 3 Case 4 Case 5 Charcoal Tube Charcoal Tube Grab Front Back Grab Front Back 
	Ethylene 51 50 46 33 0 029 0 0 Propane 53 47 47 37 14 032 12 8 Propene 53 57 48 30 14 027 10 9 1,3-Butadiene 51 3 33 8 25 0 8 24 (0.2) n-Hexane 50 50 49 35 46 033 35 1 n-Heptane 51 46 49 36 43 0 36 44 0 w I Isooctane
	(}'I (2 l\lethyl Heptane) 50 43 45 34 43 0 32 45 0 
	l-' 

	'rotal Recovery 359 296 317 213 185 197 198 
	Case 1. Certified contents -gravimetrically prepared. Case 2. Glass-Teflon grab sample, GC analyzed on receipt; sample bottle and transfer lines heated during sampling and analysis. Case 3. GlaSS-Teflon grab sample -sampled and analyzed without heating during transfer process. Case 4. Glass-Teflon grab sample and activated carbon sorption tube using field sampling train ­first test. 27.7 liters of standard gas sampled. Case 5. Same sampling conditions as for Case 4 -second test. 32 liters of standard gas sa
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	TABLE 3--17. RECOVERY STUDIES USING THE AROMATIC STANDARD 
	Analysis by Gas Chromatography -Porapac Q Column 'remperature Programmed Reported as ppm of Component in Nitrogen 
	• 0.__ -____ •
	----_._
	-

	-~---~--
	Comeound Case 1 Case 2 Case 3 Case 4 Case 5 Grab Charcoal 'rube Grab Charcoa1 'rube 
	n-Uexane 49 50 40 43 45 + 2 44 45 + 3 
	-Benzene 52 50 43 47 45 + 2 47 46 + 4 
	-Toluene 48 46 26 28 45 + 1 23 47 + 3 Ethylbenzene 49 51 23 25 46 + 1 20 49 + 3 Chlorobenzene 50 51 45 48 37 + 1 46 39 + 3 
	-
	w 
	Total Recovery 248 248 177 191 218 + 2 180 226 + 3 
	I 

	(J\ ~===.;..~= 
	-
	-

	N 

	Case 1. Certified contents -gravimetrically prepared. Case 2. Glass-Teflon grab sample, GC analyzed on receipt; sample bottle and transfer lines heated during sampling and analysis. Case 3. Glass-Teflon grab sample -sampled and analyzed without heating during transfer process. Case 4. Glass-Teflon grab sample and activated carbon sorption tube using field sampling train ­first test. 30 liters of standard gas sampled. Case 5. Same sampling conditions as for Case 4 -second test. 28 1iters of standard gas samp
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	TABLE 3-18. RECOVERY STUDIES USING THE HALOCARBON STANDARD 
	Analyzed by Gas Chromatography -Porapak Q Column Temperature Programmed Reported as ppm of Component in Nitrogen 
	Compound Case 1 Case 2 Case 3 Case 4 Case 5 Grab Charcoal Tube Grab Charcoal Tube 
	Hexane 50 50 44 33 40 38 49+3 Methylene chloride 55 48 <0.1* <0.1 <0.1 <0.1 50 + 3 Chloroform 49 46 15 28 19 31 33 + 1 
	-
	Methyl,chloroform (1, 1, I-Trichloroethane) 50 46 <1 30 <1 34 41 + 2 
	w 
	Freon 113 w 
	Q) 
	I· 

	(1, 1, 2-Trichloro -2,2,1­Trifluoroethane) 48 47 37 21 34 -28 33 + 3 
	Total Recovery 252 237 112 131 206 + 3 
	*MeCL masked by solvent.
	2 Case 1. Certified contents -gravimetrically prepared. Case 2. Glass-Teflon grab sample analyzed on receipt of standard sample bottle and transfer lines heated during sampling and analysis. Case 3. Glass-Teflon grab sample and activated carbon sorption tube using field sampling train -first test. 24 liters of standard gas sampled. Case 4. ~ame as Case J, second test. 28 liters of standard gas san~led. Case 5. Glass-Teflon grab sample analyzed approximately 45 days after sample receipt. Heated transfer line
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	'l'ABLE 3-19. RECOVERY S'l'UDIES USING OXYGENA'I'ED ORGANICS STANDARD 
	Analysis by Gas Chromatography -Porapak Q Coluum 'I'emperature Prograuuned Reported as ppm of Component in Nitrogen 
	Compound Case 1 Case 2 Case 3 Case 4 Case 5 Grab Charcoal 'rube Grab Charcoal 'I'ube Hexane 48 42 Recovery· 39 47
	*•
	. 
	Methyl Alcohol 53 4 Less <1 • <1
	* 
	Acetone 52 43 Than 25 28
	*
	• 

	Methyl Ethyl Ketone ppm (2-Butanone) 51 45 *47
	* 
	39 

	Level Methyl Isobutyl Ketone 
	w 
	I 4842 33 *39
	(J) * 
	""" 
	Total Recovery 252 176 136 161 
	--~----_.
	._-------------------. ----------_.---------_. --._--_._---~----------------. ----_.------. -----------------._---__._--.__._---_.. ------------._--------
	-

	*The oxygenated material could not be displaced from the sampling container without heating because of adsorption or moisture and absorption. 
	Case 1. Certified contents -gravimetrically prepared. Case 2. Glass-Teflon grab sanple analyzed by GC on receipt of standard mixture. All transfer lines and sanvling system heated. Case 3. Same as Case 2 without heating. Case 4. Glass-'l'eflon grab sample and activated carbon sorption tube using field sampling train ­first test. 28 liters of standard gas sampled. Case 5. SaIne as Case 4, second test. 23.8 liters of standard gas sampled. 
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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 hydrocarbons on charcoal. This, of course, did not affect sample collection because the intended use of the adsorbents were for compounds boiling above 80 of. Low values reported for butadiene seemed to indicate p
	5 error. It was also indicated that heating of the glass grab sample containers 
	to 100 OF would maximize recovery of the lower hydrocarbons, < C
	4
	4
	. 

	Table 3-17 shows the data obtained on the aromatic hydrocarbon gas standard sample. These data showed that accuracy coul~ be achieved within the limitations of analytical repeatability. Warming the grab sa~ple ~ottle of toluene and ethylbenzene appear to improve the yield. Unexplained retention of chlorobenzene on the charcoal was observed although 80% recoveries of higher molecular weight compounds are considered acceptable by most laboratories and government agencies. No corrections were made for hydrocar
	Table 3-18 reflects the analytical studies made on halocarbon gas mixtures. These data are not consistent with the accuracy and reproducibility of the hydrocarbon data. It would appear that for the higher molecular weight halogenated materials, between 20 and 30% losses occurred simply on 
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	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. Methylene chloride elutes with carbon disulfide from a Porapak Q column. There~ore, no accurate measure of concentration could be made. The reported value of < 0.1 ppm appeared to be a small shoulder on the solvent peak and was probably an impurit
	Table 3-19 presents the results obtained for oxygenated organic materials. If it can be assumed that the amount of methyl alcohol found in the "K" bottle by analysis, restandardization, and reanalysis (as was actually performed in the laborator/) were correct, 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 calcul
	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 contaL~ oxygenated materials were warmed and the transfer lines maintained at an elevated temperature injection into the Ge. 
	samples that were expected to 

	3.3.2 Interlaboratory Field Sample Analysis 
	During the test of ~~e Huntington Beach oil field emissions WOGA used a consulting firm, RETA, to monitor KVB's procedures. RETA collected duplicate samples of gas in grab oottles which were analyzed by the Union Oil Research Laboratory in Brea, CA. A comparison of the KVE-ARLI results 3~20 through 3-25. 
	with those of RETA-Union are shown in Tables 
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	TABLE 3-20. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION OIL LABORATORIES TESTS ON LEAKY VALVES 
	KVB 
	KVB 
	KVB 
	Sample 
	#10062 

	KVB-ARLI 
	KVB-ARLI 
	RETA Union Oil 

	Gas 
	Gas 
	Bottle 
	Gas 
	Bottle 

	Compound 
	Compound 
	ppm 
	ppm 

	Methane 
	Methane 
	523,000 
	455,000 

	Ethane 
	Ethane 
	38,000 
	27,000 

	Propane 
	Propane 
	20,700 
	13 ,000 

	Cyclopentane 
	Cyclopentane 
	88 
	00 

	n-Butane 
	n-Butane 
	4,890 
	2,900 

	i-Butane 
	i-Butane 
	3,980 
	2,500 

	n-Pentane 
	n-Pentane 
	778 
	400 

	i-Pentane 
	i-Pentane 
	1,270 
	700 

	Methylcyclopentane 
	Methylcyclopentane 
	476 

	Isomers of hexane 
	Isomers of hexane 
	370 
	500 

	C-7 Cycloparaffins 
	C-7 Cycloparaffins 
	450 

	C-8 Cycloparaffins 
	C-8 Cycloparaffins 
	54 

	Benzene 
	Benzene 
	17 
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	TABLE 3-21. COMPARISON OF RESULTS OF AND RETA-UNION OIL LABORATORIES TESTS ON LEAKY VALVES 
	TABLE 3-21. COMPARISON OF RESULTS OF AND RETA-UNION OIL LABORATORIES TESTS ON LEAKY VALVES 
	TABLE 3-21. COMPARISON OF RESULTS OF AND RETA-UNION OIL LABORATORIES TESTS ON LEAKY VALVES 
	KVB-A..tU.I 


	. KVB 
	. KVB 
	Sample #10105A KVB-ARLI 
	RETA-Union Oil 

	TR
	Gas 
	Bottle 
	Gas 
	Bottle 

	Compound 
	Compound 
	ppm 
	ppm 

	Methane 
	Methane 
	816,000 
	710,300 

	Ethane 
	Ethane 
	28,700 
	35,700 

	Propane 
	Propane 
	29,600 
	36,200 

	Cyclopentane 
	Cyclopentane 
	674 

	n-Butane 
	n-Butane 
	14,700 
	19,000 

	i-Butane 
	i-Butane 
	8,010 
	10,200 

	n-Pentane 
	n-Pentane 
	4,350 
	6,500 

	i-Pentane 
	i-Pentane 
	5,890 
	8,400 

	Hexane 
	Hexane 
	3,020 

	Isomers 
	Isomers 
	of Hexane 
	1,950 
	20,400 

	Cyclohexane 
	Cyclohexane 
	321 

	C-7 
	C-7 
	Cycloparaffins 
	2,010 

	C-8 
	C-8 
	Cycloparaffins 
	166 
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	TABLE 3-22. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION OIL LABORATORIES TESTS ON LEAKY VALVES 
	KVB 
	KVB 
	KVB 
	Sample !H0063A KVB-ARLI Gas Bottle 
	RETA-Union Oil Gas Bottle 

	Compound 
	Compound 
	ppm 
	ppm 

	Methane 
	Methane 
	16,300 
	15,000 

	Ethane 
	Ethane 
	2,050 
	800 

	Propane 
	Propane 
	300 
	100 

	n-Butane 
	n-Butane 
	36 

	i-Butane 
	i-Butane 
	23 

	n-Pentane 
	n-Pentane 
	12 

	i-Pentane 
	i-Pentane 
	8 
	100 

	Hexane 
	Hexane 
	47 
	100 


	TABLE 3-23. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION OIL LABORATORIES TESTS ON LEAKY VALVES 
	!<;VB 
	!<;VB 
	!<;VB 
	Sample #10072A KVB-ARLI Gas Bottle 
	RETA-Union Oil Gas Bottle 

	Compound 
	Compound 
	ppm. 
	. ppm 

	Methane 
	Methane 
	13 ,900 
	15,200 

	Ethane 
	Ethane 
	786 
	1,000 

	Propane 
	Propane 
	438 
	600 

	n-Butane 
	n-Butane 
	128 
	100 

	i-Butane 
	i-Butane 
	87 
	100 

	n-Pentane 
	n-Pentane 
	23 

	i-Pentane 
	i-Pentane 
	33 
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	A~ID RETA-UNION OIL LABORATORIES TESTS ON LEAKY VALVES 
	TABLE 3-24. COMPARISON OF RESULTS OF KVB-ARLI 

	Compound 
	Compound 
	Compound 
	KVB Sample #10090 KVB-ARLI Gas Bottle ppm 
	RETA-Union Oil Gas Bottle ppm 

	Methane 
	Methane 
	688 
	1000 

	Ethane 
	Ethane 
	42 

	Propane 
	Propane 
	29 

	Cyclopentane 
	Cyclopentane 
	4 

	n-Butane 
	n-Butane 
	20 

	i-Butane 
	i-Butane 
	14 

	n-Pentane 
	n-Pentane 
	32 

	i-Pentane 
	i-Pentane 
	16 

	Methylcyclopentane 
	Methylcyclopentane 
	39 

	Isomers of hexane 
	Isomers of hexane 
	25 
	800 

	C-7 Cycloparaffins 
	C-7 Cycloparaffins 
	102 

	C-8 Cycloparaffins 
	C-8 Cycloparaffins 
	71 

	C-g Cycloparaffins 
	C-g Cycloparaffins 
	10 

	Benzene 
	Benzene 
	11 
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	TABLE 3-25. COMPARISON OF RESULTS OF KVB-ARLI AND RETA-UNION OIL LABORATORIES TESTS ON LEAKY VALVES 
	KVB 
	KVB 
	KVB 
	Sample iFI0094B KVB-ARLI 
	RETA-Union Oil 

	TR
	Gas Bottle 
	Gas Bottle 

	Compound 
	Compound 
	ppm 
	pom 
	_ 

	Methane 
	Methane 
	6280 
	8300 

	• Ethane 
	• Ethane 
	356 
	300 

	Propane 
	Propane 
	112 

	Cyclopentane 
	Cyclopentane 
	1 

	n-Butane 
	n-Butane 
	52 

	i-Butane 
	i-Butane 
	15 

	n-Pentane 
	n-Pentane 
	27 

	i-Pentane 
	i-Pentane 
	12 

	Hexane 
	Hexane 
	119 

	Heptane 
	Heptane 
	1 

	Isomers of Hexane 
	Isomers of Hexane 
	14 

	Isomers of Heptane 
	Isomers of Heptane 
	4 

	Benzene 
	Benzene 
	3 
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	Although these samples were taken sequentially rather than simulta­neously, the results in these tables show good agreement for total hydro­carbons as well as for the two'major components rne~~ane and ethane. For example deviations from the mean methane concentration 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' discrepancies percentagewise were in the low concentration spe cies. This l
	3.3.3 Redundant Field Samples 
	On selected sources two or three independent trains were inserted into the source for simultaneous sampling. The analyses of the samples were per­formed without informing the laboratory 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 irnpinger and one without. Note that for that stack the results were unchange with or without the use of LiaR which was used in every combustion source test. 
	KVB 5804-714 
	TABLE 3-26. REDUNDANT TESTS AT A PRINTED CIRCUIT BOARD PHOTOETCH OPERATION 
	TABLE 3-26. REDUNDANT TESTS AT A PRINTED CIRCUIT BOARD PHOTOETCH OPERATION 
	TABLE 3-26. REDUNDANT TESTS AT A PRINTED CIRCUIT BOARD PHOTOETCH OPERATION 

	Train 1 
	Train 1 
	Train 
	2 

	Bottle Sample 
	Bottle Sample 
	ppm 
	ppm 

	Methane 
	Methane 
	0 
	98 

	Ethane 
	Ethane 
	0 
	39 

	Propane 
	Propane 
	66 
	72 

	I-Butane 
	I-Butane 
	40 
	51 

	Methanol 
	Methanol 
	4200 
	4500 

	Dichloromethane 
	Dichloromethane 
	23000 
	25000 

	1.1.1 Trichloromethane 
	1.1.1 Trichloromethane 
	47 
	38 

	Charcoal Sample 
	Charcoal Sample 
	(0.59 SCF) 
	(0.71 SCF) 

	Methanol 
	Methanol 
	S9 
	17 

	Dichloromethane 
	Dichloromethane 
	* 
	* 

	1.1.1 Trichloromethane 
	1.1.1 Trichloromethane 
	18 
	10 

	Benzene 
	Benzene 
	2 
	1.1 

	Toluene 
	Toluene 
	0.6 
	1.4 


	*cs solvent masked the dichloromethane. Refer to bottle sample.
	z 
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	TABLE 3-27. REDUNDANT TESTS AT AN AUTOMOTIVE ASSEMBLY PLANT 
	Train 1 Train 2 Train 3 ppm ppm ppm Bottle Sample Methane 3.1 3.1 Ethane 1.1 1.1 1.0 Sample (0.70 SCF) (0.57 SCF) (0.46 SCF) Heptane 1.5 0.9 0.8 
	Charcoal 

	TABLE 3-28. REDUNDANT TESTS AT A UTILITY BOILER 
	Train 1 Train 2 ppm ppm Sample Methane 0 1.4 N-Butane 0.5 0 Sample Hexane 0.1 0 Acetone 0.2 1.8 Aldehyde 2.2 
	Bottle 
	Charcoal 

	2.2 
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	TABLE 3-29. REDUNDANT TESTS ON A GAS TURBINE EXHAUST 
	Train 1 
	Train 1 
	Train 1 
	Train 2 

	ppm 
	ppm 
	ppm 

	Bottle Sample. 
	Bottle Sample. 

	Methane 
	Methane 
	0.8 
	0.7 

	Charcoal Sample 
	Charcoal Sample 
	0 
	0 

	Aldehydes 
	Aldehydes 
	6.0 
	6.0 


	TABLE 3-30. REDUNDANT TESTS ON A REFINERY CO BOILER 
	Train 1 Train 2 With LiOH With LiOH ppm ppm 
	Sample Methane 2.2 2.3 , Sample Hexane 0.2 0.2 Aldehydes 2.1 2.1 
	Bottle 
	Charcoal 

	Train 3 Train 4 Without LiOH Without LiOH ppm ppm Sample Hexane 0.2 0.2 2.1 2.1 
	Charcoal 
	Aldehydes 
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	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 KVB Test No. was the control number used to identify samples and results between the field, laboratory and office. The KVB Code was assigned to identify the plant and test site. Except for Douglas Oil Co. the specific test sites will not be identified. Because of the unique series of ambient tests run at 
	. . Input -Output
	eff~c~ency ( x 100, percent)
	tested the measured control 

	Input is indicated. The total hydrocarbon emissions are based on KVB measurements (lb/hr) extrapolated using information provided by the source or the AQMD on operational data (hr/day, days/wk, whk/yr). In the columns headed "Species by % wt of Total" is a breakdown of the total organic emission by the three reacti~ity 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 quantitative 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. KVB'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 compounds being emitted and some assessment of how much to the extent of judging the validity of other 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. 
	-
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	Analvtical Resulta Haa. Specles bV , wt. of Total ).VB Control Flow Orsat ARB ARB ARB T<lst 1'est KVB Efti-Rate Water CO2 CO O2 Total Or9anic Emissions Class Class Class lJrocess NaUld i~o. Date Code c1encv S~!!!.---'-, , , Iblllr Tlvr Ib/dav 1 2 3 RelllArks Printin9 Pres. lU018 11-9-76 1-1 2000 0 ---2.11 b.b 38 ~l 47 211 Press Pcintirl9 Prulis 10019 11-9-7b 1-2 4702 0 ---8.38 26.4 1~1 62 38 < 1 1i4 Pr"ss Printiny Prtt5& 10020 11-9-76 1-3/4 78451 0 ---189 596 3 96 1IS P,,,s.. South 100U 11-9-76 3581 4538 " 
	'fABLE 3-31. SUMMARY OF TEST RESULTS 
	'fABLE 3-31. SUMMARY OF TEST RESULTS 
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	Melytj ,.,1 n'H.,,"-q MaS9 Species by , wt. of Total IC.VB Control Flow Orsat AJUl AJUl AJUlTest Test ICVIl £tit-Rat" liater CO2 CO O~ TOLal f9anic El\lssions Class Clau , Class Proces..:!_Ndlne ___ -~ ~~-Soda ciency Sct'H , , , 1blh!.--'!.L:i'!-.!h/day 1 2 3 "emarksElectrostatic Paint S1'. , Ov"n 10120 i-27-71 4-1 823 4.4 0 0 19.f> 4 l4.M !If> 45 5 50 Afterbut"ner-Inlet P4lint Sp. , Ovcn 10121 1-27-71 4-2 9n 4569 3.52 1.0 0.4 18.2 0.221 0.834 5.35 49 ~ 45 Aflcrbul·oe("-OuLiet Paint Sp. " Oven 10122 1/27/71
	TABLE 3-31 (Continued) • 
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	TABLE 3-31(Continued). 
	.-. .. 
	-

	~ 
	.-. ..• 
	lIass KVB Control Flow 
	lIass KVB Control Flow 
	Orsat 

	Test 
	TOlst IlVD 
	Effi
	-

	R;ite Water 
	CO CO 
	,
	2 

	Total 0 ,~anlc
	10072 1-10-77 5-10 0.56 0 ---10075 1-11-77 5-11 0.1 0 ---10000 1-11-77 5-12 -2 ---10009 1-11-77 5-13 2606 7.5 4.5 0 14.0 10090 1-12-77 5-14 0.019 2 ---10091 1-12-77 5-15 '0.108 2 ---10092 1-12-77 5-16 0.002 0 ---10093 1-12-77 5-17 0.27 2 ---10094 1-12-77 5-10 0.463 2 ---10096 1-13-77 5-19 0.514 2 ---10099 1-13-77 5-20 0.342 2 ---10100 1-13-17 5-21 -2 ---10102 1-1)-77 5-22 0.17 0 ---

	,2
	O 

	,
	Process NLtAl6 
	No. 
	Date 
	Code 
	cloncv 
	SCFK 
	~ 
	Ih/hr 
	Thr Oi 1 t'ield 
	0.026 
	0.11 M3 Ccude Oil Line MJ7 ValvOl 
	Oil Field 
	0.15 
	0.66 
	Crude Line 
	110 Valve Oil t'idd 
	1.93 
	0.45 Hot Woiter Tank 
	oil Fioold 
	0.459 
	0.405 
	Ilto:l;ttec Treater 
	lFirill9) Left 
	lFirill9) Left 
	-4 -4

	Oil field 
	2.0xlO 
	8.7xl0 Well SO 81 
	Oil r'ield 
	3.2xlO1. 41xlO-Well MS-OlE 
	-4 
	3 

	Wt:t Gas Valve: 
	W I 
	Oil Field 
	0.05 
	0.2 -.J Well S061 lO 
	Ullion .62 Oil (,ield 
	0.004 
	0.02 Well M5-61E 
	Wet GdS Valv8 
	Od field 
	0.0101 
	0.0447 Crude Oil Line .26 Valve 
	Oil neld 
	0.02 
	0.09 w"u nA 
	Casiu<j V.ilvti! 
	Oil Field 
	0.001 
	0.004 I/ell 58 728 
	Oil Field 
	0.007 
	O.Oll Well 12A 
	SUll\P AJ:t:a 
	Oil Field 
	0.003 
	O.OD Eloow .57 W"ll S-121! 
	Anal vtlcalResults 50ccies bv , wt. 
	of Total 
	ARB 
	ARB 
	ARB 
	Emission 
	Class 
	Class 
	Clau 
	IbJdav 
	1 
	1
	2 
	Remark. 0.624 
	1]
	87 
	-
	3.6 
	11 
	89 
	-
	46.3 
	8 
	91 
	1 
	2.8 
	59 
	Jl 
	10 
	winter 
	1.1 
	8wnmer 
	-3
	·1.OxlO 
	20 
	80 
	-
	-3
	7.7xlO 
	50 
	50 
	-
	1.2 
	09 
	11 
	-
	0.096 
	1]
	07 
	-
	0.2424 
	69 
	11 
	-
	0.48 
	58 
	42 
	-
	0.024 
	50 
	50 
	-
	P.lD8 
	38 
	46 
	16 
	p.012 
	06 
	-
	14 
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	,
	Pnj(;~:3~ N..au\C No. Datu Code ..; 1CIlcy SCt-'M~_ 
	01 1 1{...d'll";U:-y IUlll 4-21-71 1-46 I1qllld ~c.:al 
	Ijump 

	uil Hctlu~CY 1U322 4-21-71 1-4'/ 0.101 (Juu'l.) St:dl 
	Oil uctinccy 10lll 4-21-71 1-4il 0.0"/6 Valvu 
	Otl lic:t'inucy IOll4 4-21-71 1-49 0.061 V(ilvd 
	011 ttctiuccy 10326 4-22-71 1-50 IIC,H';:C 121 
	MJoy. 'l'.:1pe Hf(j. 10236 l-22-77 8-1 9~" no] 
	Act. Carb. Ab:i. 
	Outl"t 
	M"\I. 'ral''' Hf\l. 10231 3-22-71 8-2 l.ll Act.. Cdrb. Abii. 
	Inlet 
	l'dillt Spray booth 10239 l-2)-11 9-1 81112 
	OJ 
	W 
	'.'
	w 

	SUki 11 O~'Jc~"l:it:l· 10241 ]-2]-71 9-2 430 
	~PC4Y 800ch 10242 l-2)-n 9-3 4013 
	Svcay booth 1024] 1-23-n 9-4 5361 
	Li1cyt: UCljCU4SCC 10244 3-24-17 9-5 902 
	Ad.IC:ilVe Spray 10245 3-24-7"1 9-6 1261 
	livUlI, 
	(;as "l'ul1..l1'IC 102',U 4-U-11 10-1/ 
	1ll25~ 2 
	--"
	-

	0 2 2 2 0 ].9 
	2 
	2 
	2 2 
	2 
	2 2 
	5.6 
	CO
	2 
	I-.-L
	-

	--
	-
	-
	2.6 
	Orsdt CO ,..... " 
	_ T/yt p.19 
	-6 -5 
	l. 91xlO 5 
	-
	i4. ]xlO-3 
	-6 
	-

	-
	JxlO -3 -2
	4.2x10 1.101 
	566.]
	-
	15.07
	-
	0. H9 
	-
	21.214 52.111 
	24.514 3.606 
	-
	ll. III ..-._---. 
	u 
	-.------
	-

	°2 ~LlLili::' ".n;" -'--~-Ib/ht -0.18 9.03dO -9.9dO lxlO-4-9.6xlO 0.l5l -181. 5 -8.19 0.341 14.19 -22.]0 -14.851 1.960 16 4.5 -~---~---_. ----
	":U{l1l:L.
	-

	Ib/day 4.] '2. UxlO4
	-

	2.4xlO-2 
	-

	I. Ida 
	0.23 6.0 
	3086 
	9].6 
	2.116 168.9 
	382.2 
	169.67 22.311 
	6.93 
	~ 
	I'~'"lll ts l~ ):> ~~ i " !>v \ wt. of "otal IIRB IIRB IIRB Clasti Claf:i~ Cla~l;i 2 ] RelO4cks -100 -12 115 3 5 8] 12 92 62 -100 ---100 --100 11 22 1 100 --)) 59 II 51 29 ~O 100 --H 9 -7 -~3 
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	Figure
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	KVB 'fe:at 
	Test Procc5s Name: 
	Date
	No. 
	Oil Refinery 
	10057 
	12-2-76 Crude Cooling Tower 
	Oi 1 lief in"ry 
	Oi 1 lief in"ry 
	10058 

	12-2-16 Pwop P-605 
	011 Refin"ry 
	10059 
	12-2-76 Pwop P-603 
	011 lIefin"ry 
	10060 
	1;l-2-16 Fuel Ga5 Valve 
	Oil lIefinery 
	10061 
	12-2-76 Fucl Gas Valve 
	Rul.>ber 'fire Mfg. 
	10400 
	5-25-77 Mol Tuber Solvents, Adhes. 
	Rul>u"" Tire Htg. 
	10401 
	5-25-77 w '5 TulJer Cement 
	I 
	• ill 
	U1 Rubber Ti re Mfg. 
	10402 
	5-25-77 .6 I~hlte Sidewa 11 TOO..r. 
	-

	Rullb..>r 'fire 14fg. 
	10403 
	5-25-77 .69 Ilead Dip Tank 
	Auto Manuf. 
	10350 
	5-2-17 ::iolvcnt "Q.!;>~d Paint Pr-llnOr Aftt:c bu.cot!c Inh:t 
	Solvent. Ba5~d 
	10351 
	5-2-17 P.:tihl Primer 
	Afl..nburner Out 
	Sol vent B.... sed 
	10352 
	5-2-77 ~dil\l SmUKt:r Af t.CCbUH1"~ Jult:t 
	~olvent lJdscd 
	10353 
	5-2-17 Pdillt Smok-:a: hfl~dmn.er Outlet 
	Sulvuul Da,bc;l.! 
	10154 
	5-l-17 Paint P("illl~r ~vr4Y Booth 
	l(V1l 
	Code 
	11-11 
	11-18 11-19 11-20 11-21 12-1 
	12-2 12-3 
	12-4 13-1 
	13-2 
	13-3 
	13-4 
	13-5 
	ontrol t:ffi-lencv 
	-

	196\ 
	~1\ 
	Hali:ll 
	Flow R4te SCFH 
	Water Circ; 
	2500 GPM 7.blO
	-
	-


	1.4><10 
	-
	-


	0.123 
	0.049 
	5066 
	5471 3654 
	l719 9484 
	10756 
	11264 
	11720 
	44694 
	-later 
	, 
	--
	0 0 1.7 
	1.5 1.6 
	1.4 2 
	8 
	4.55 
	6.2 
	1.6 
	f....
	-

	CO2 
	, 
	-
	----
	-
	--
	--
	2.6 
	0 
	1.0 
	0 
	Orsat 
	CO 
	\ 
	-
	-
	--
	-
	-
	--
	-
	-
	0 
	0 
	0.0 
	0 
	OJ 
	-
	-
	-

	---
	--
	-
	-
	--
	15.2 
	19.0 
	17.8 
	21 
	Analvtical 
	Total Orqanic t:misslons Ib/hr 
	T/vr 
	Ib/~ 
	5.8
	1.32 
	31.7 
	1.09 
	4.8 
	26.2 
	0.21 
	0.9 
	5.0 
	0.216 
	5.18
	0.945 
	-3
	2.2xl0 
	0.010 
	0.053 
	51.55 
	160.8 
	1237.2 
	56.0 
	431.0
	11.96 
	l2.3 
	248.6
	162.lD 
	49.26 
	30.8 
	236.4 
	21.20 
	30.75 
	195.3 
	12 Ilumen) 
	0.705 
	4.10
	10·466 
	l.899 
	5.654 
	37.70 
	0.505 
	0.732 
	4.88 
	43.86
	4.5l6 
	6.804 
	AIlD Class 2 
	100 
	"'100 "'100 
	83 
	74 
	96 
	97 
	92 
	99 
	--
	32 
	36 
	100 
	Results Species bv , wt. 
	ARB 
	Class 1 
	-
	-
	-
	17 26 3 
	2 8 
	1 
	95 
	2l 
	61 
	--
	of Total ARB Class 3 ReIMrks 
	-
	-
	-
	-
	-
	1 
	1 
	-
	-
	5 
	17 
	7 
	64 
	-
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	Remark" 
	l..> 
	I ill 0\ 
	are for 1 booth WdS 4nd the sec-was llsswned 
	Analytical Results Masti Species bV , wt. of Total I<VB control "low O["~at ARB ARB ARII Taat. 'I'est ICVB Effi-R<lte Water CO2 CU O ,2 Total OrjanlC Emissionti Class Clas.. Clas..Process N,jm~ No. Datd CoJe cierlc.L SCFH , , ,lb/hr _'l"-;/yr lb/dav 1 2 3'--Solvent Based Paint 10355 5-3-11 13-6 3110;,9 1.6 ---6.991 10.131 61.60 -100 -Prim~r Spray UOoth Sol'l~Ht Based Paint 10356 5-3-11 13-1 52918 1.5 ---5.461 1.946 53.00 -100 -PeilTlcc t.il>l-a¥ uoath Solvent U.ui~d Paull 10357 5-3-11 13-6 51529 1.5 ---2.16

	"
	~""". 
	KVD 5804-714 
	TABLE ]-]l(Continued). 
	KVB Test 
	Tellt 
	Proc.;css Name 
	No. 
	Date 
	Wat~r-borno Paint 
	1031>8 
	5-5-17 
	Flowcoat Aft~(lJurncr Inlet 
	-

	1031>9
	Uatt::r-Lornu Paint 
	5-5-17 
	Flowcoat Afterburner Outlet 
	-

	Wdcec-bornu .bslut: 
	10150 
	2-15-11 Ii Pdm"r Spray 
	10155 Ilooth 
	13 6tilcks 
	Wa LtH -borne Paint 
	10156 
	2-14-11 '1 Pri,...,r Oven 
	Water-borne Paint 
	10157 
	2-14-17 M2 Top Coat Spray 
	1011>1 Booth 
	w 
	I 
	00 Wat.er-borna Paint 
	1011>2 
	2-14-17 -.I .2 Top Coat Spray Stack 
	Wdt.~r-borne Paint 
	10163 
	2-15-17 
	Elpo Incinerator 
	Inlet 
	Water-borne Paint 
	10164 
	2-lS-11 
	Elpo lncint!rdtor 
	Outlet 
	Wat.er-borne Paint 
	10165 
	2-15-11 '1 '1'01' Coat Spray Booth 
	Wiltor-bocne ('aint 
	1011>6 
	2-16-11 .2 Top Coat Spray Booth 
	\-Jat.t:lc-borne Paint 
	10167 
	2-16-11 M2 Topco"t Spray Booth 
	Water-Lorna Pdint 
	10168 
	2-16-17 .2 1'opcoat Spray Booth 
	KVB Code 
	13-19 
	11-20 
	14-1/1> 
	14-1 
	14-8/ 11 
	14-12 
	14-13 
	14-14 
	14-15 
	14-16 
	14-11 
	14-18 
	Effi
	-

	iencv 
	84\ 
	BB' 
	Rate SCFM 
	629B 
	5941 
	185130 
	29800 193339 
	31137 
	lUn 
	12516 
	15484 
	19120 
	19120 
	19120 
	Ocsat 
	Watar 
	CO 
	CO 
	0,
	2
	, 
	,
	\ 
	4.55 
	19
	-
	-
	8.ll 
	2.1 
	0 
	15.2 
	2 
	-
	-
	-
	5 
	-
	-
	-
	2 
	-
	-
	-
	5 
	-
	-
	-
	0.029 
	0.002 
	0.195
	-
	3.34 
	1.4 
	18.2
	-
	0 
	-
	-
	-
	2 
	-
	-
	-
	2 
	-
	-
	-
	2 
	-
	-
	-
	Analvtical Total Orq.nlc Emissions 
	Ib/hr 
	0.911> 
	0.143 
	6.148 
	0.83 19.210' 
	2.26 
	5.81 
	0.699 
	0.81 
	1.998 
	1.822 
	1.811 
	T/yr 
	1.3~8 
	0.201 
	1l.B04 
	1.51 31>.998 
	4.34 
	11.21 
	1.35 
	21.11 
	3.837 
	3.498 
	3.489 
	lb/da" 
	8.81> 
	1.38 
	98.37 
	H.28 308.3 
	36.16 
	93.92 
	16.18 
	12.91> 
	31.91 
	29.15 
	29.01 
	Results 
	Species by \ wt. at Tota1 ARB 
	ARB 
	ARB Class 
	Class 
	Class 1 
	2 
	3 
	100
	-
	-
	-

	2l 
	10 
	1>1 
	91 
	9
	-
	88 
	12
	-
	81 
	19 
	-
	96 
	4 
	-
	4 
	96
	-
	18 
	30 
	52 
	. 
	12 
	21 
	9 
	11 
	23 
	-
	85 
	15 
	-
	110 
	20 
	-
	Remarks 
	'Emissions based on air tlow rate tor 5 atacks extrapolated to 12 stacks 
	Triplicate parallel 
	teHto, data base for 
	KVB Test 110151 10161 aoove. Triplicate parallel 
	-

	test~, data base for 
	KVB Test '10157 
	-

	1011>1 aoove. 
	Triplicate parallel 
	tests, data ba6e to~ 
	KVB Teat Ml0151 10161 above. 
	-

	KVB 5804-714 
	!'\.,lSS 
	ontrol flow 
	TABLE 
	-
	I 
	-

	3-31(Continued). 
	Proce~~ NaRle 
	Wdtcc-bocne Paint 
	Vinyl Adhes. Spray Ilooth 
	Wdler-borne Paint 
	Vinyl Adh..s. Ory 
	Oven 
	Water-borne Paint Lacquor Spray 
	Booth 
	Auto faint 
	Spr.>y Booth 
	MlJt~11lJl"91.cal 
	• 6 0(101\ tlcarth 
	Prucip_ lnlut 
	H"tdllurgical '6 op"n lIearth
	W 
	I Pred\,. Outlet 
	00 
	00 
	Ht::lalluciJ!cal Coke Oven C 
	MQtullurgic411 
	Cok~ Oven 0 
	M"tallur9ical 
	IHdst }'urniace '4 
	M"tallu,-gical 
	~inleriog Plant. 
	Metallurgical 
	Basic Oxygen 
	Furnace Outlet. 
	Ga.s Plant, Valve 
	Ga.. Plant 
	EI\'.)ine 
	Ie 

	Powcc Plaut St~aJJl Boiler 
	011 l'-'lred 

	I<VP 
	'futit 
	No. 
	10169 
	10170 
	10171 
	10001 10031 
	10032 
	10033 10034 100]5 10036 100]7 
	10129 
	10130 
	10252 
	1025) '--. 
	Test 
	_--.!2~ 
	2-16-77 
	2-16-77 
	2-17-77 
	9-22-76 11-23-76 
	11-23-76 
	11-23-17 11-21-16 11-23-76 11-2]-16 11-23-76 
	2-1-17 
	2-1-77 4-1-17 
	KVB 
	~ 
	14-19 
	14-20 
	14-21 
	15-1 
	16-1 
	16-2 
	16-3 16-4 16-5 16-6 16-7 
	17-1 
	17-2 10-1/ 2 
	Contra 
	Efficl"ncy_ 
	-

	25\ 
	for 
	liC 
	Mas» 
	flow llat.. SerM
	1-=''---10030 
	-

	17359 
	73937 
	1041 32961 
	32961 
	40200 31164 
	~5000 
	152]16 2<10836 
	0.039 
	11>19 646921 
	Wilt~r 
	-.!-
	-

	0 
	0 
	0 
	4.1 13.1 
	13 
	12 4.2 
	13 
	1.8 8 
	0 
	1.3 9.4 
	CO 
	,2 
	-
	--
	0 
	11.4 
	10.2 
	2.1 
	14.4 
	14.1 
	1.6 
	--
	3.2 10.8 
	O 
	2 
	,

	---
	20.01 9.4 
	10 
	lS.1 
	1.8 
	4.0 18.4 
	--
	14.4 6.2 
	Analytical Total Organic Emissions 
	Oebat 
	CO f-' 
	-
	-
	-
	0 0.1 
	0 
	2.1 7.8 0.2 1.0 
	-
	-
	0.1 0 
	Results 
	Species bv ARB Class 1 
	46 
	72 
	21 
	-
	81 
	54 
	88 8S 100 91 60 
	96 
	06 41 
	, wto ARB Class 2 
	40 
	25 
	49 
	71 
	8 
	42 
	-
	-
	--
	40 
	4 
	12 
	2l 
	2l 
	of Total 

	ARB Class 3 
	14 
	3 
	30 
	29 
	5 
	4 
	12 
	15 
	-
	9 
	-
	-
	2 36 
	Remarks
	lb/hr 0.50 
	3.70 
	6.41 
	4.1 4.02 
	3.02 
	88.3 40.0 0.1 15.0 6.42 
	0.072 
	21.87 15.24 
	T/vr 0.96 
	7.10 
	12.31 
	20.59 11.35 
	13.05 
	381.4 172.9 2.82 65.8 21.76 
	0.315 
	95.19 66.6 
	lb/day 8 
	59.2 
	102.56 
	112.8 96.5 
	72.5 
	2119.2 960 16.8 
	360 154.1 
	1.728 
	524.00 365.8 
	KVB 5804-714 
	w 
	I 
	00 
	~ 
	.-., ., Resul ts Mass Species by , wt. of Total t;VB Control Flow Orsat ARB ARB ARB Test Test KVB f;ifi-Rate W"ter CO2 CO O2 "M,! nro~nj" Class Class Claea Process Name No. Date Code dency SCrM , \ , , Ih/hr T/yr Ib/~ 1 2 ] Remarks Ory Cleaners * 10247 ]-]0-77 19-1 1101 5.6 ---.6]6 4.0 25.51 -100 -·Stod. Solvent type TumLld Dryer Stack OC'Jl'easer 10124 2-1-77 20-1 300. 2 ---.5 6.8 52 100 --Vapor DegredtiCr D~9r-~aber 10US 2-1-77 20-2 3203 2 ---].9 14.5 111.2 66 14 -Mdtal Treating Oegn::asdr 10126~ 2-1-77 2
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	TABLE 3-31 (Continued) • 
	w I 
	\0 
	o 
	Proc~s~ Nd.Rle 
	Proc~s~ Nd.Rle 
	Proc~s~ Nd.Rle 
	KV8 T~st No. 
	Test Date 
	KYO Code 
	Control Efficiencr 
	-


	Oil Refin"ry Line G".. Oil Rufinecy API Scp.;aa tor Oi 1 Refinery ~'CC Pump Leak Oil R..::fincry t'Cc Char'.le Punlp Residential Furn. Outl"l -Home Heater Roofing 'j"dr Roof i09 Kettle Fl1Ule~ Gasoline ~'iU Vapor Recovery Gasoline FiU Vapor Racovcry Ga.soline i'~ill Vapor R~covt:ry Gasoline f'ill V~po): Hecovery Ga.soline Fill Vd.P()[: Rccov~ry t,;a.~olinc Fill Vapor R~covery Gdsoline Fill VdpOt" Recov~ry Gasoline Fill Vi.i.por R~covery 
	Oil Refin"ry Line G".. Oil Rufinecy API Scp.;aa tor Oi 1 Refinery ~'CC Pump Leak Oil R..::fincry t'Cc Char'.le Punlp Residential Furn. Outl"l -Home Heater Roofing 'j"dr Roof i09 Kettle Fl1Ule~ Gasoline ~'iU Vapor Recovery Gasoline FiU Vapor Racovcry Ga.soline i'~ill Vapor R~covt:ry Gasoline f'ill V~po): Hecovery Ga.soline Fill Vd.P()[: Rccov~ry t,;a.~olinc Fill Vapor R~covery Gdsoline Fill VdpOt" Recov~ry Gasoline Fill Vi.i.por R~covery 
	10000 10009 10010 10011 10235 10246 20001 20002 20003 20004 20005 2000& 20001 20008 
	10-20-16 24-6 10-20-'16 10-20-16 10-20-11 3-21-11 3-20-11 11-0-16 11-0-1& U-0-1& 11-lS-1& 11-15-1& 11-lS-1b 11-15-16 11-15-10 
	24-1 24-0 24-9 25-1 26-1 21-1 21-2 21-) 21-4 21-S 21-6 21-1 21-0 


	Muss 
	Flow Hate 
	~
	-

	t-;..tcr flow 
	150 '.W" 
	-2
	2.lxlO 
	51S 
	. 
	" 
	-
	-
	.• :-;-u. 
	I 

	,.. 
	Spedes bv , wt. of Tota1 
	Orsat 
	ARB AM ARB 
	Water 
	CO 
	CO 
	CO 

	O 
	Total Orqanlc Emissions 
	Total Orqanlc Emissions 
	Class 

	Class 
	Class 
	Clas..

	2 
	, 
	,

	,
	,
	2

	, 
	Ib/hr 
	U,/dav
	T/vr 
	1 
	2 
	3 
	Rell\Arks 
	23 
	68 
	9 
	-
	-
	L06 
	4.1 
	25.4
	-
	100 
	-
	-
	. 
	-

	11 
	01 
	0 
	-
	0.0011
	-
	0.005 
	0.026
	-
	-
	100
	-
	-
	-

	Not delectible 
	Natural Gas burner 
	L9xlo
	-
	-
	-

	6.4><10-4.6xlO
	3 
	-2

	i.6 
	30
	-
	60 
	10 
	"Estimated rale of 
	"Estimated rale of 
	per applied 

	b/ft2 
	application 
	·No flow rates available 
	100 
	-
	·WO flow rates availahle 
	-
	100
	-
	-
	-
	100 
	-
	1 
	99 
	-
	1 
	99 
	-
	1 
	99 
	-
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	J(VII 
	Control Test 
	T<lst 
	KVO 
	Effi-
	PrOcuSG Hall.e 
	No. 
	Date 
	Date 
	Code 

	ciencv Oil Field 
	10164 
	3-14-77 
	28-1 Compressor Seal 
	Oil f'ield 
	10165 
	3-14-77 
	28-2 Compcessor Valva 
	Oil Field 
	10186 
	3-14-77 
	28-3 COmpccsbor Valve 
	Oil t'icld 
	10167 
	3-14-77 
	26-4 COlnpct!s50r Valva 
	Oil t'ield 
	lll-5 ~'a ..k Val'0r Recovery 
	Oil Field 
	3"14-77
	1018'" 
	10190 
	3-14-77 
	28-6 Tank Vapor 
	R~cov~cy 
	Oil Field 
	10191 
	3-14-77 
	28-7 Tank Vapor Recovery 
	Oi 1 t'ield 
	10192 
	26-6 Gas Shut ott 
	Oil Fit>ld 
	1-14-77 
	10193 
	3-14-77 
	26-9 SSP 117 Valve 
	Oil field 
	10194 
	3-14-77 
	26-10 Tank f'acla Dcaina<je Ditch 
	Oil Held 
	10195 
	3-15-77 
	28-11 EdYdrds Tank R~covery 
	Vapor 

	Oil t'i<lld 
	Oil t'i<lld 
	10196 

	3-15-77 
	28-12 API Sl:;1)aC4t.or EVdporatlon 
	Oil Field 
	10197 
	3-15-77 
	28-1] API Sepauttar EVoiporat.ion 
	Oil Field 
	3-15-77
	10199 
	28-14 
	V41vu 
	all Field 
	10200 
	3-15-77 
	28-15 Wellhead Oclppio95 
	~ 
	Masa Flow Rate SCf'M 0.H4 
	0.001 
	0.450 
	0.369 
	0.227 
	0.125 
	0.056 
	0.075 0.269 
	-
	0.151 
	-
	-
	0.126 
	w 
	I <0 l-' 
	." ..,' "" ,;.... 
	Snecies by \ wt. ot Total 
	Ocsat 
	ARB 
	ARB 
	ARB 
	Water 
	CO 
	CO 
	CO 

	.'"no 
	Class 
	Clan 
	Class
	~t~9Antc ...
	2 
	,

	OJ
	,
	\ 
	lb hr T/yc 
	1b/day 
	I 
	2 
	3 
	Rell\arks 
	0 
	1.267 
	5.64
	-
	-
	42
	30.~9 
	56
	-
	-
	0 
	0.004 
	0.02
	-
	0.096
	-
	42 
	56
	-
	-
	0 
	1.484 
	6.50 
	35.62 
	50
	-
	50
	-
	-

	-
	-
	0 
	1.419 
	6.21 
	34.06
	-
	42 
	56
	-
	-
	-

	-
	0 
	1.279 
	5.60 
	10.7 
	J2 
	66
	-
	-
	-
	-
	0 
	0.604 
	2.65 
	14.50 
	41 
	57
	-
	-
	-
	-
	0 
	0.066 
	0.29 
	1.58
	-
	83 
	11
	-
	-
	-
	0 
	0.217 
	0.951 
	5.21 
	67 
	H
	-
	-
	-
	-
	0 
	-
	0.836 
	3.66 
	20.1 
	68 
	32
	-
	-
	-
	-
	218.1 
	955.2 
	5232 
	100
	-
	-
	-
	-
	-
	0 
	0.964
	-
	4.22 
	23.1 
	25 
	75
	-
	-
	-
	165.8 
	100
	6.907 
	30.252
	-
	-
	-
	-
	-
	-
	13.669 
	59.868 
	328.1 
	100
	-
	-
	-
	-
	-
	-
	8.76
	0 
	0.365 
	1.60 
	67 
	n 
	-
	-
	-
	-
	0.032 
	0.77 
	100
	0.140 
	-
	-
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	TABLE 3-31(Continuedl 
	KVB 
	'l't::st 
	Test 
	Process Namo 
	No. 
	Date 
	Oil Field 
	10201 
	)-15-17 Packiny Gland/ SucK"r Rod 
	Oil t'ield 
	10204 
	3-15-17 Wdl Cellar 
	Oil t'ield 
	10200 
	)-15-17 
	Avec3-]e Wolr 
	10201 
	Elnis51vus 
	10204 
	Oil t'leid 
	10202 
	)-15-17 TanK Fann -Valve 
	Oil Field 
	1020) 
	)-15-17 W..sh 'rank Vent 
	Oil Field 
	10206 
	)-15-17 
	Gas Drive Casing 
	Oil Field 
	10207 
	)-15-77 I Valve Leak I.D 
	w 
	N 
	Oil Field 
	lono 
	3-16-77 
	L~dk 
	Valve 

	Landfill 
	10179 
	3-2-71 
	A.,jhe~iv~» 
	10180 
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	2.0xlO 
	9.0x10 
	I.6xl0 
	100 
	1.166· 
	4.92) 
	28.0 
	100
	-
	28-18 
	0.0)7 
	0 
	-
	0.101
	-
	0.469 
	2.57
	-
	)J
	67 
	20-19 
	0.114 
	a 
	-
	0.134
	-
	0.613 
	1.22
	-
	00 
	20 
	20-20 
	0.096 
	0 
	-
	0.n9
	-
	1.2:l 
	6.70
	-
	67 
	)3 
	20-21 
	0.065 
	a 
	-
	0.082
	-
	-
	0.359 
	1.97 
	01 
	19 
	28-22 
	0.114 
	1 
	0.3)1 
	1.40
	-
	1.40
	-
	-
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	2 
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	\ 
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	TABLE 3-32. ARB REACTIVITY CLASSIFICATION OF ORGANIC COMPOUNDS 
	Class I Class II Class III (Low Reactivi-ty) (Moderate Reactivity) (High Reactivity) 
	C -C Paraffins
	l2 Acetylene Benzene Benzeldehyde Acetone Methanol Tert-aklyl alcohols Phenyl acetate Met..'lyl benzoate Ethyl Amines 
	Dimethyl formamide Perhalogenated hydrocarbons 
	Partially halogenated paraffins Phthalic Anhydride** Phthalic Acids** Acetonitrile* Acetic Acid Aromatic Amines Hydroxyl Amines Naphthalene* Chlorobenzenes* Nitrogenzenes* Phenol 
	Mono-tert-alkyl-benzenes Cyclic Ketones Alkyl acetates 2-Nitropropane C+ Paraffins
	3 
	Cycloparaffins n-alkyl Ketones N-methyl pyrrolidone N,N-dimethyl acetamide Alkyl Phenols* Methyl phthalates** 
	Cycloparaffins n-alkyl Ketones N-methyl pyrrolidone N,N-dimethyl acetamide Alkyl Phenols* Methyl phthalates** 
	All other aromatic 

	hydrocarbons All Olefinic hydro­carbons (including partially halogenated) 
	Aliphatic aldehydes Branched alkyl Ketones Cellosolve acetate Unsaturated Ketones Primary and secondary 
	C + alcohols 
	2 
	Diacetone alcohol Ethers Cellosolves Glycols* c + Alkyl phthalates**
	2 Other Esters** Alcohol Amines** C + organic acids +
	3 
	d~ acid** c+ di acid anhydrides** Formin** (Hexa 
	3

	methylene-tetramine) Terpenic hydrocarbons Olefin oxides** 
	*Reactivity data are either non-existent or inconclusive, but conclusive data from similar compounds are available; therefore, rating is uncertain but reasonable 
	** Reactivity duta arc uncertain 
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	Table 3-33 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 observations on the test results for various categories of devices tested during the program. The code number indicated on the tables below refer to Table 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% efficiency). 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 remove 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 probably caused by the low inlet concentration at ~~e time of testing. The catalytic unit was operating poorly with a negative effi­ciency 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 being released each year. One ton per yea
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	TABLE 3-33A. TEST RESULTS BY SPECIES, ALCOHOLS 
	Concentrations, Name 
	ARB 
	Class 
	ppm measured 
	Source Type 
	Methyl Alcohol 
	1 
	1 -100 
	Appliance enamel, 
	Flexograph. ink, Landfill, Printed circuit stripper 
	Appliance enamel, Flexograph ink 
	Ethyl Alcohol 0.1 -10
	3 
	0.1 -l.0
	Isopropyl Alcohol Lithograph ink inlet to control only (thermo burner) 
	3 
	n Butyl Alcohol Appliance enamel1 -10
	3 
	Isobutyl Alcohol Appliance enamel
	3 
	0.1 -l.0 
	TABLE 3-33B. TEST RESULTS BY SPECIES, KETONES 
	Name 
	Source Type 
	Table
	ARB 
	ARB 
	Concentrations, 

	Class 
	Class 
	ppm measured 

	1 
	1 
	0.1 -100 1 -100 1 -10 ,000 

	2 
	2 

	2 
	2 



	Adhesives, Appliance 
	en.,amel, Flexograph ~nk; La.ndfill gas, Plasti,cs coat;.ings , 
	PQwer plant combustion, Se_wage gas, 
	-

	Water based paint 
	Water based paint 
	Acetone 

	Appliance enamel, ~lastics coatings 
	Methyl Ethyl Ketone 
	Methyl Ethyl Ketone 
	Magnetic tape 

	coating 
	coating 
	Methyl Isobutyl Ketone 
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	TABLE 3-33C. TEST RESULTS BY SPECIES, THIO COMPOUNDS 
	Table
	TR
	ARB 
	Concentrations, 

	Name 
	Name 
	Class 
	ppm measured 
	Source Type 

	Thiols, 
	Thiols, 
	3 
	10 -100 
	Refinery sour water 

	Ethylmercaptan 
	Ethylmercaptan 

	Butyl mercaptan 
	Butyl mercaptan 

	Thiophenes -
	Thiophenes -
	3 
	100 -1,000 
	Refinery sour water 


	TABLE 3-330. TEST RESULTS BY SPECIES, ESTERS (ACETATES) 
	Name 
	Name 
	Name 
	ARB Class 
	Concentrations, ppm measured 
	Source Type 

	Ethyl Acetate 
	Ethyl Acetate 
	2 
	0.1 -10 
	Adhesives, Landfill gas, Water based paint 

	n Propyl Acetate 
	n Propyl Acetate 
	2 
	10 -100 
	Flexograph ink 

	Isopropyl Acetate 
	Isopropyl Acetate 
	2 
	0.1 -100 
	Flexograph ink 

	n Butyl Acetate 
	n Butyl Acetate 
	2 
	10 -100 
	Appliance enamel 
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	TABLE 3-33E. TEST RESULTS BY SPECIES, F~O-COMPOUNDS 
	e 
	e 
	Name Fluoro-trichloromethane Difluoro-dichloromethane Methylene Chloride (dichloromethane) l,l/l-Trichloromethane (methylchloroform) Vinyl Chloride Methyl Chloride -1,2 Dichloroethylene Perchloroethylene (tetrachloroethylene) Trimethylfluorosilane 
	Name Fluoro-trichloromethane Difluoro-dichloromethane Methylene Chloride (dichloromethane) l,l/l-Trichloromethane (methylchloroform) Vinyl Chloride Methyl Chloride -1,2 Dichloroethylene Perchloroethylene (tetrachloroethylene) Trimethylfluorosilane 
	Name Fluoro-trichloromethane Difluoro-dichloromethane Methylene Chloride (dichloromethane) l,l/l-Trichloromethane (methylchloroform) Vinyl Chloride Methyl Chloride -1,2 Dichloroethylene Perchloroethylene (tetrachloroethylene) Trimethylfluorosilane 
	-
	-
	-
	-

	ARB Class 1 1 1 1 3 1 3 1 I 1 
	Concentrations / ppm measured 10,000 -100/000 100,000 -1,000,000 1 -10,000 _ 1/0001 0.1 -1.0 1 -10 1 -10 0.1 -1/000 . 0.1 -10 
	Source Type Refrigerant fill lin gas Refrigerant fill lin gas Landfill gas, Lithograph ink, Printed circuit stripper solvent, Rubber masking paint Metal degreaser fluid, Printed circuit stripper Landfill gas Printed circuit, Process Plant Background Landfill gas Adhesive, l>.ppliance enamel, Landfill gas, Metal degreaser fluid, Rubber masking plant Steel furnace gases 
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	TABLE 3-3 3F • TEST RESULTS BY SPECIES, AROMATICS 
	TABLE 3-3 3F • TEST RESULTS BY SPECIES, AROMATICS 
	TABLE 3-3 3F • TEST RESULTS BY SPECIES, AROMATICS 

	ARB 
	ARB 

	Name 
	Name 
	Class 

	Benzene 
	Benzene 
	1 

	Toluene 
	Toluene 
	J 

	Xylenes 
	Xylenes 
	J 

	EthylbenZene 
	EthylbenZene 
	3 


	Concentrations, ppm measured 
	1-10 
	10 -100 100 -1,000 1,000 -10,000 
	1-10 10 -100 100 -1,000 1 ,000 -10,000 
	1-10 10-100 100 -1,000 
	1 -10 
	Type 
	Source 

	Appliance enamel 
	paint; Automotive water based paint; 
	Coke oven gas; Crude oil, heavy APIo, gas Crude oil, light API 
	gas; Dip enamel paint; Flexograph 
	ink; Gasoline; 
	Lacquer paint , automotive; Landfill gas; Nat:.ural gas combustion; Oil 
	field gas drier; Oil field sump; Paving asphalt; Refinery process gas; Refinery pump seal leak; Refinery sour water; Refinery stocK for blending; Roofing tar; Rotogravure ink; Rubber sol­vent; Stripper solvent for printed circuits; Vinyl adhesive 
	Appliance enamel 
	paint, Automotive wate: based paint, Automotive lacquer 
	paint, Dip enamel paint, Flexograph ink, Gasoline, Landfill gas, ~atural gas pilot light combustion, Process gas com­bustion, Refinery blending stock., 
	Re.ti.nery process gas, Refinery pump leak, Refinery sour liater, Roofing tar, Rotogravure ink 
	Appliance enamel paint, C'lemical blending process, Dip enamel paint, Flexoqraph ink, Gasoline, Landfill gas, Refinery blend stock., Refinery pump leak, Rotoqravure ink 
	Appliance enamel. paint 
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	TABLE 3-33G. TEST RESULTS BY SPECIES, ALDEHYDES 
	ARB 
	ARB 
	ARB 
	Concentrations, 

	Name 
	Name 
	Class 
	ppm measured 
	Source Tvpe 

	Formaldehyde 
	Formaldehyde 
	3 
	1 -100 
	Combustion Sources: 

	TR
	Appliance enamel 

	TR
	oven afterburner, 

	TR
	Gas combustion, Gas 

	TR
	turbine, Lithograph 

	TR
	ink afterburner, 

	TR
	Natural gas IC 

	TR
	engine, Pilot burner 

	TR
	gas, Power plant 

	TR
	boiler oil, Refinery 

	TR
	CO boiler, Refinery 

	TR
	process heater, 

	TR
	Sewage-sludge gas 

	TR
	burning IC engine, 

	TR
	Solvent based auto­

	TR
	motive paint oven 

	TR
	afterburner-cata­

	TR
	lyt~c afterburner, 

	TR
	Water based auto­

	TR
	motive paint after­

	TR
	burner, Water based 

	TR
	automotive base 

	TR
	coat spray booth, 

	TR
	Water based auto­

	TR
	motive base coat 

	TR
	fume incinerator 


	OLEFI~ OXIDE 
	TABLE 3-33H. TEST RESULTS BY SPECIES, 

	ARB Concentrations, 
	Class ppm measured 
	Class ppm measured 

	Source Type
	Source Type

	Name 
	I 
	I 

	0.1 -1.0 
	Vapor degreaser
	1,4 Dioxane 
	3 
	(Diethylene dioxide 
	solvent 
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	TABLE 3-33I. TEST RESULTS BY SPECIES, ACETYLENES 
	Table
	TR
	ARB 
	Concentrations, 

	Name 
	Name 
	Class 
	ppm measured 
	Source Type 

	Acetylene 
	Acetylene 
	1 
	1 -10 
	Steel processing coke ovens, sintering plant 


	TABLE 3-33J. TEST RESULTS BY SPECIES, CYCLOPARAFFINS 
	ARB 
	ARB 
	ARB 

	Name 
	Name 
	Class 

	Cycloparaffins 
	Cycloparaffins 
	2 


	Concentrations, ppm measured 
	1 -100\ 
	Source Type 
	Appliance enamel paint; lI-.utomotive solvent based paint, primer, top coat; Crude oil, 
	light APIo, heavy API, wet and dry gases; Dip enamel paint; Gasoline; Landfill gas; Paving asphalt; Refinery blend stock; Roofing tar; Rubber adhesive; Rubber solvent; Rotogravure ink 
	o 
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	TABLE 3-33K. TEST RESULTS BY SPECIES, OLEFINS 
	Name 
	Name 
	Name 
	ARB Class 
	Concentrations, ppm measured 
	Source Type 

	Ethylene 
	Ethylene 
	3 
	1 ppm to 100% 
	Appliance enamel paint; Automotive paint, solvent based primer oven, afterburner; Auto­motive paint, solvent based top coat oven, catalytic afterburner; Auto­motive paint, water based primer oven; Coke oven gas; Gasoline; Lithograph ink catalytic after­burner; Natural gas; Paving asphalt; Refinery process gas; Roofing tar; Sewage sludge gas, IC engines 

	Propylene Butene Pentene, etc. 
	Propylene Butene Pentene, etc. 
	3 
	1 ppm to 100% 
	Appliance enamel paint; Automotive solvent based primer paint; Coke oven gas; Crude oil, heavy AFIo, wet and dry gas; Flexograpn ink oven; Gasoline; Landfill gas; Paving asphalt; Refinery blend stock, process gas, process gas heater; Sewage gas; Sinter­ing plant, Steel mill 

	Terpenes 
	Terpenes 
	3 
	10 -100 
	Landfill gas 
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	I PARAFFINS 
	TABLE 3-33L. 'TEST RESULTS BY SPECIES 

	ARB 
	ARB 
	ARB 
	Concentrations, 

	Name 
	Name 
	Class 
	ppm measured 
	Source Type 

	Methane 
	Methane 
	1 
	1 ppm 
	to 
	100% 
	Adhesives; Appliance enamel; Asphalt processing; AutolllOtive 

	TR
	solvent ba~ed primer paint oven 

	Ethane Propane C-C1 3 
	Ethane Propane C-C1 3 
	2 
	and afterburner, top coat oven catalytic afterburner; Automo­tive water based basecoat paint, I top coat paint and oven; Coke oven gas; Crude oil, light API', 

	TR
	heavy APIo, 
	wet gas, 
	dry gas; 

	TR
	Degreaser, Flexograph ink Oven; 

	TR
	Gas 
	turbine, Gasoline; 
	Landfill 

	TR
	gas; Lithograph ink catalytic afterburner, thermo afterburner; 

	TR
	Natural gas; 
	Paving asphalt; 

	TR
	Power plants; Refinery fugitives, 

	TR
	process gas, process heaters, CO boiler; Roofing tar; Rotogravure 

	TR
	ink; Sewage Gas; Stripping 

	TR
	solvent for printed circuits 


	Cand higher and4tlieir isomers 
	Cand higher and4tlieir isomers 
	Cand higher and4tlieir isomers 
	2 
	1 ppm to 
	100% 
	IAdhesive, 'rinyl; Appliance enamel I paint; Automotive solvent based Ipaint, primerI topcoat, catalyticIafterburner, the=c afterburner; 

	TR
	;\utOlllOtive water based paints, 

	TR
	undercoat, topcoat, 
	over..:;, 
	after­

	TR
	burner incinerator; AutomotiveII lacquer paint; Cleaning solvent, 

	TR
	I 
	Stoddard; 
	Crude oil, 
	light API", 

	TR
	heavy APIo, 
	wet 
	gas, 
	dry qas; 

	TR
	Degreaser; Flexograph 
	ink oven; 

	TR
	Gasoline; 
	Landiill gas; 
	Lit.'10­

	TR
	graph afterburners; 
	?aving 

	TR
	asphalt; Refinery blend steck. 

	TR
	process gas, 
	process heater; 

	TR
	Rotoqravure ink. 
	Roofing· tar; 

	TR
	Rubber adhesive; 
	Rubber solvent; 

	TR
	Stripper solvent for printed 

	TR
	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 corroded 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 incinerator itself was 94% efficient but since half of the gas was recirculated the actual emissions to atmosphere were further reduced to a factor of 96%. 
	D. Oil 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, KVB 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 (APr 14) crude using IC engine-powered rod pumps. Periodic steam injection was used to improve production. The field in Saticoy produced a light (APr34) crude using both elec
	Leaks in fittings and seals, evaporative loses from open vessels, and exhaust gases from IC engines and process heaters were the sources of emissions. A technique of spraying fittings with soap solution was used successfully to locate and roughly quantify leaks. Over 3500 fittings were ~~is manner. Every accessible fitting in a given location was 
	tested in 
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	systematically sprayed and logged indicating the fitting type (valve, 
	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 "smalJ.," "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 technique described in Section 3.2 and shown in Figure 3-13. Most of the "large" leakers were tested for leak rate. Some of the "medium" leakers and a few of the small leakers were 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 collecting samples of the material in the vessel and performing evaporation tests in the la~oratory. 
	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 tested 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 pressure of those products. The dry gas lines were found to have the greatest 
	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 t~~ farm area were found primarily in the gas lines. A few small or medium leaks were found in the crude lines at Huntington Beach but none were found at Saticoy despite a concentrated effort in which nearly 1000 fittings were sprayed with soap solution. 
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	.... -..:..: ~,~-~:.; ~........' 
	Figure
	a. Well head leaks b. Valve leaks 
	It; W I ...... o o. 
	c. Com~ressor seal leaks d. Com~ressor fitting leaks 
	E'igure 3-13. Measuring fugitive emissions from petroleum production operations. 
	KVB 5804-714 Reproduced from best available copy. 
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	TABLE 3-34. HUNTINGTON BEACH OIL FIELD, LEAK TEST RESULTS 
	TABLE 3-34. HUNTINGTON BEACH OIL FIELD, LEAK TEST RESULTS 
	TABLE 3-34. HUNTINGTON BEACH OIL FIELD, LEAK TEST RESULTS 

	Total 
	Total 
	Leakers 
	Identified 

	Device Type 
	Device Type 
	Tested 
	Small 
	Medium 
	Large 

	Flanges 
	Flanges 
	61 
	0 
	0 
	0 

	Valves -gate 
	Valves -gate 
	98 
	11 
	2 
	2 

	butterfly 
	butterfly 
	7 
	0 
	0 
	0 

	plug/ball 
	plug/ball 
	85 
	1 
	0 
	0 

	relief 
	relief 
	7 
	a 
	0 
	a 

	Threaded Connections 
	Threaded Connections 

	TR
	-ells 
	159 
	5 
	0 
	0 

	TR
	tees 
	94 
	1 
	0 
	0 

	TR
	unions 
	78 
	1 
	2 
	1 

	TR
	couplings 
	24 
	0 
	0 
	0 

	TR
	swages 
	53 
	0 
	0 
	0 

	TR
	bushings 
	13 
	0 
	0 
	a 

	TR
	others 
	68 
	0 
	1 
	0 

	Total 
	Total 
	747 
	19 
	5 
	3 
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	TABLE 3-35. SATICOY OIL FIELD, LEAK TEST RESULTS 7 GAS LIFT WELLS 
	TABLE 3-35. SATICOY OIL FIELD, LEAK TEST RESULTS 7 GAS LIFT WELLS 
	TABLE 3-35. SATICOY OIL FIELD, LEAK TEST RESULTS 7 GAS LIFT WELLS 

	Total 
	Total 
	Leakers 
	Identified 

	Device Type 
	Device Type 
	Tested 
	Small 
	:1edium 
	Large 

	Valves -gate 
	Valves -gate 
	35 
	10 
	5 
	0 

	Threaded Connections 
	Threaded Connections 

	-ells 
	-ells 
	36 
	1 
	0 
	0 

	tees 
	tees 
	15 
	0 
	0 
	0 

	couplings 
	couplings 
	42 
	10 
	1 
	1 

	others 
	others 
	29 

	Control valves 
	Control valves 
	7 
	0 
	0 
	1 

	Total 
	Total 
	164 
	21 
	6 
	2 
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	TABLE 3-36. OIL WELL LEAKS, SUMMARY BY PIPELINE CONDITIONS 
	TABLE 3-36. OIL WELL LEAKS, SUMMARY BY PIPELINE CONDITIONS 
	TABLE 3-36. OIL WELL LEAKS, SUMMARY BY PIPELINE CONDITIONS 

	Conditions 
	Conditions 

	Temperature 
	Temperature 
	Pressure 
	Total 
	Leakers 
	Identified 

	Product 
	Product 
	( OF) 
	(psig) 
	Tested 
	Small 
	Medium 
	Large 

	Wet Gas 
	Wet Gas 
	90 
	80 
	-
	110 
	255 
	2 
	0 
	1 

	Dry Gas 
	Dry Gas 
	70 
	30 
	-40 
	130 
	16 
	5 
	2 

	TR
	70 
	900 (gas lift) 
	164 
	21 
	6 
	2 

	Crude 
	Crude 
	90 
	80 
	-
	110 
	362 
	1 
	0 
	0 

	Total 
	Total 
	911 
	40 
	11 
	5 
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	TABLE 3-37. HUNTL.~GTON BEACH OIL FIELD, LEAK l'EST RESULTS TANK FARM 
	Total Leakers Identified Device Type Tested Small Medium Large 
	Flanges 181 0 0 0 
	Valves -gate 243 16 11 5 butterfly 113 0 0 0 plug/ball 44 1 0 1 relief 8 0 00 
	Threaded Connections -ells 103 0 00 tees 49 010 unions 19 1 01 couplings 27 1 0 0 bushings 12 1 0 0 others 29 2 00 
	Total 828 22 12 7 
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	TANK FARM 
	TABLE 3-38. SATICOY OIL FIELD, LEAK TEST RESULTS 
	TABLE 3-38. SATICOY OIL FIELD, LEAK TEST RESULTS 
	TABLE 3-38. SATICOY OIL FIELD, LEAK TEST RESULTS 

	Total 
	Total 
	Leakers 
	Identified 

	Device Type 
	Device Type 
	Tested 
	Small 
	Medium 
	Large 

	Wet Gas Lines 
	Wet Gas Lines 

	Flanges 
	Flanges 
	95 
	0 
	0 
	0 

	Valves -gate 
	Valves -gate 
	122 
	7 
	4 
	2 

	plug/ball 
	plug/ball 
	49 
	0 
	0 
	1 

	relief 
	relief 
	10 
	0 
	0 
	0 

	Threaded Connection 
	Threaded Connection 

	-ells 
	-ells 
	48 
	0 
	0 
	0 

	tees 
	tees 
	18 
	0 
	1 
	0 

	others 
	others 
	12 
	0 
	0 
	4 

	Control Valves 
	Control Valves 
	8 
	0 
	0 
	4 

	Total 
	Total 
	362 
	7 
	5 
	11 

	Crude Line Fittings 
	Crude Line Fittings 
	932 
	0 
	0 
	0 
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	Tfu~K FARM LEAKS, SUMMARIZED BY PIPELINE CONDITIONS 
	Tfu~K FARM LEAKS, SUMMARIZED BY PIPELINE CONDITIONS 
	Tfu~K FARM LEAKS, SUMMARIZED BY PIPELINE CONDITIONS 
	TABLE 3-39. OIL FIELD 


	Conditions 
	Conditions 

	Temperature 
	Temperature 
	Pressure 
	'Total 
	Leakers 
	Identified 

	Product 
	Product 
	( OF) 
	(psig) 
	Tested 
	Small 
	Medium 
	Large, 

	Wet Gas 
	Wet Gas 
	Amb. 
	10 -45 
	436 
	8 
	5 
	8 

	Dry Gas 
	Dry Gas 
	Amb. 
	55 
	312 
	15 
	10 
	10 

	Crude 
	Crude 
	Amb. 
	-
	180 
	20 
	-65 
	1169 
	6 
	2 
	0 

	Waste 
	Waste 
	Water 
	Amb. 
	-
	180 
	20 
	-40 
	32 
	0 
	0 
	0 

	Dump 
	Dump 
	Line 
	Amb. 
	Amb. 
	173 
	0 
	0 
	0 

	Total 
	Total 
	2122 
	29 
	17 
	18 
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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 ~ctual leakage was measured on 21 fittings as shown in Table 3-42. Large leaks were found to be greater than 0.08 ft/min which for methane corresponds to a leak rate of 0.9 tons/year. The largest leak in the group was 0.29 ft/min corresponding to 3.1 ton/year of methane. Medium leaks ran between 
	3
	3

	3
	0.006 and 0.08 ft /min with a minimum leak rate of 128 Ib/year of methane. Small leaks ranged down to as small as 0.0002 ft/min or 4 lb/year of methane. This established the overwhelming importance of the large leakers on the total emissions and validated the visual technique for estimating small and medium leak rates. 
	3

	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 Saticoy field a special study of the effects of routine maintenance was made. Forty-three leaking fittings, primarily valves, were tightened by oil 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 leakers 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) 
	TABLE 3-40. HUNTINGTON BEACH OIL FIELD, LEAK TEST RESULTS GAS PLANT (4 OF 6 COMPRESSORS IN SERVICE) 
	TABLE 3-40. HUNTINGTON BEACH OIL FIELD, LEAK TEST RESULTS GAS PLANT (4 OF 6 COMPRESSORS IN SERVICE) 

	Total 
	Total 
	Leakers 
	Identified 

	Device Type 
	Device Type 
	Tested 
	Small 
	Medium 
	Large 

	Compressor Valves 
	Compressor Valves 
	40 
	1· 
	4 
	1 

	Covers 
	Covers 
	160 
	1 
	1 
	4 

	ftlet Gas Valves 
	ftlet Gas Valves 
	29 
	0 
	3 
	3 

	Wet Gas Flanges 
	Wet Gas Flanges 
	70 
	1 
	0 
	0 

	Total 
	Total 
	299 
	3 
	8 
	8 


	TABLE 3-41. SATICOY OIL FIELD, LEAK TEST RESULTS COMPRESSOR PLANT (1 OF 2 COMPRESSORS IN SERVICE) 
	Total Leakers Identifi-ad ~iJedium Large Compressor Valves 12 0 0 3 Covers 6 00 0 Wet Gas Valves and Flanges 60 5 1 0 Dry Gas Valves and Flanges 93 3 2 a Dry Gas Control Valves 3 0 0 3 
	Device Type Tested Small 

	Total 174 836 
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	TABLE 3-42. OIL FIELD LEAK RATE DATA, MEASURED 
	Leak Rate Designation Fluid (ft/min) (soap spray) 
	3

	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 0.06 Medium Dry gas 0.009 Medium Crude 0.007 Medium Crude 0.009 Medium Wet gas 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 Smal.1. Wet gas 0.004 Small Crude 0.0005 Small 
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	TABLE 3-43. ·SATICOY FIELDS, EFFECT OF VALVE TIGHTENING 
	TABLE 3-43. ·SATICOY FIELDS, EFFECT OF VALVE TIGHTENING 
	TABLE 3-43. ·SATICOY FIELDS, EFFECT OF VALVE TIGHTENING 

	Number 
	Number 
	No 

	Identified 
	Identified 
	Stopped 
	Reduced 
	Effect 

	Gate 
	Gate 
	valves 

	Small 
	Small 
	leakers 
	16 
	14 
	0 
	2 

	Medium 1eakers 
	Medium 1eakers 
	5 
	2 
	1 
	2 

	Large leakers 
	Large leakers 
	5 
	1 
	0 
	4 

	Other valves & connections 
	Other valves & connections 

	Small leakers 
	Small leakers 
	5 
	5 
	0 
	0 

	Medium 1eakers 
	Medium 1eakers 
	3 
	2 
	0 
	1 

	Large leakers 
	Large leakers 
	1 
	0 
	0 
	1 

	Control valves 
	Control valves 
	8 
	0 
	0 
	8 

	Total 
	Total 
	43 
	24 
	1 
	18 
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	E. Refinery Emissions (Codes 7, 11, and 24)-
	-

	The objectives of the refinery tests on this program were to (1) obtain emission profile data (% composition), (2) check emission factors in AP-42 and (3) evaluate ambient testing as a means of characterizing refinery emissions. The ambient tests were discussed in Section 3.2.4. The fugitive emission 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 
	One major refinery (Code 7) was tested primarily for device type emission factors. The small Douglas Oil refinery (Code 11) was tested for ambient test evaluation as discussed in Section 3.2.4. Another small independent refinery (Code 24) was used for some preliminary testing to checkout test procedures. 
	The effort included stack tests on process heaters and FCC units plus fugitive emission tests on valves, fittings, pumps, compressors, cooling towers and oil/water separation pools. As discussed in Section 3.2.1, fugitive emissions from process hardware were determined by spraying the components with soap solution and characterizing the leak rates by the rate of bubble formation. By measuring a number of small, medium and large ~~ese leak sizes. Emissions from cooling towers and pools were estimated by dete
	leaks a characteristic leak rate was determined for each of 

	The samples taken from refineries for laboratory analysis are summarized in Table 3-31. A breakdown of organic compounds for each emis­sion sample listing in Table 3-31 is presented in the Appendix. 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 Section 2.3.1. 
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	TABLE 3-44. OIL REFINERY FUGITIVE EMISSION SUMMARY 
	Total Leakers Identified Type Tested Small Medium Large Valves 5765 157 62 33 Flanges 11821 38 20 7 Pumps 115 30 4 7 Compressors 5 I 00 
	Device 

	Separators 3 Cooling Towers 3 
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	1. Refinery Valves and Flanges-
	-

	A breakdown of valve and flange test results is presented in Table 3-45. The number of flanges tested was approximately twice the number of ~wo flanges. In spraying fittings with soap solution all of the accessible valves and flanges in a process area were inventoried and tested. The valve type breakdown shown was based on the testing at the Code 7 refinery while those listed as unclassified were measured at the Code 11 refinery. In testing at the Code 11 refinery the objective was to correlate the emission
	valves since most installations of valves in pipelines involve 

	A surprising result in Table 3-45 was the proportionately larger number of leaks of all types found in the plug valves. Plug valves were believed to represent "improved technology" over gate valves. However, plug valves require periodic lubrication to prevent leaks. In nearly every case of a leaking plug valve, the leak could be stopped by application of sealing grease. The fact that these leaks were found was an indication that the refineries were in a normal maintenance condition when the tests were condu
	A breakdown of valve and flange emissions by pipeline size and fluid content is presented in Table 3-46. Ethane and propane lines contained gaseous product while all of the other products were liquids. 
	Table 3-47 presents a breakdown of the emissions from the Code 11 refinery by processing units. For each component at each unit the number of components tested is indicated along with the percentage of those com­~2 80% of the valves were tested. The 20% of the valves not tested were not readily accessible without special apparatus. 
	ponents that were tested in that unit. For example, on Crude Unit 
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	TABLE 3-45. REFINERY EMISSION SUMMARY, LEAKING VALVES BY VALVE TYPE 
	TABLE 3-45. REFINERY EMISSION SUMMARY, LEAKING VALVES BY VALVE TYPE 
	TABLE 3-45. REFINERY EMISSION SUMMARY, LEAKING VALVES BY VALVE TYPE 

	Number 
	Number 
	Leaks 
	Leakers 
	Identified 

	Valve Type 
	Valve Type 
	Tested 
	Measured 
	Small 
	Medium 
	Large 

	Plug 
	Plug 
	1320 
	15 
	76 
	21 
	24 

	Gate 
	Gate 
	3077 
	5 
	47 
	6 
	4 

	Control 
	Control 
	75 
	2 
	9 
	0 
	3 

	Unclassified 
	Unclassified 
	1293 
	3 
	25 
	35 
	2 

	Total 
	Total 
	5765 
	25 
	157 
	62 
	33 

	Flanges 
	Flanges 
	11821 
	0 
	38 
	20 
	7 
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	TABLE 3-46. REFINERY EMISS ION SUMMARY (CODE 7) VALVE AND FLANGE LEAKS BY SIZE AND FLUID SERVICE 
	TABLE 3-46. REFINERY EMISS ION SUMMARY (CODE 7) VALVE AND FLANGE LEAKS BY SIZE AND FLUID SERVICE 
	TABLE 3-46. REFINERY EMISS ION SUMMARY (CODE 7) VALVE AND FLANGE LEAKS BY SIZE AND FLUID SERVICE 

	Valves 
	Valves 
	less 
	Valves 
	2 
	in. 
	Fittings " Flanges Less than 
	Fittings " Flanqes 2 in. and 

	than. 2 in. 
	than. 2 in. 
	and Greater 
	2 in. 
	Greater 

	Propane Small Medium Large 
	Propane Small Medium Large 
	928 56 10 8 
	596 39 12 16 
	1180 13 0 0 
	1583 3 0 0 

	Light Gasoline Small Medium Large 
	Light Gasoline Small Medium Large 
	137 0 0 0 
	88 0 0 1 
	146 0 0 0 
	249 0 0 0 

	Gasoline Small Medium Large 
	Gasoline Small Medium Large 
	538 5 1 1 
	358 13 0 0 
	551 1 0 1 
	1007 0 0 0 

	Naphtha Small Medium Large 
	Naphtha Small Medium Large 
	56 3 0 0 
	60 1 0 a 
	230 0 0 a 
	176 0 0 0 

	Gas Oil Small Medium Large 
	Gas Oil Small Medium Large 
	227 0 0 0 
	352 1 0 a 
	4 0 0 0 
	1004 1 0 a 

	Fuel Oil Small Medium Large 
	Fuel Oil Small Medium Large 
	327 4 2 0 
	220 1 0 0 
	765 0 0 0 
	655 0 0 0 

	Crude Small Medium Large 
	Crude Small Medium Large 
	96 0 0 0 
	126 4 1 a 
	367 0 0 0 
	357 0 0 0 

	Residual Oil Small Medium Large 
	Residual Oil Small Medium Large 
	62 a 0 0 
	29 0 0 0 
	70 0 0 0 
	80 a 0 0 

	Ethane Small Medium Large 
	Ethane Small Medium Large 
	52 1 1 0 
	56 4 0 5 
	73 1 1 0 
	152 0 0 0 

	Freon Small Medium Large 
	Freon Small Medium Large 
	37 0 0 0 
	30 0 0 0 
	37 0 0 0 
	75 0 0 0 

	Sour Water Small Medium Large 
	Sour Water Small Medium Large 
	47 0 0 0 
	SO 0 0 0 
	0 0 0 
	0 0 0 
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	TABLE 3-47. CODE 11 REFINERY EMISSIONS, VALVE, FLANGE AND PUMP INVENTORY 
	No. Tested (% of Total) 
	No. Tested (% of Total) 
	No. Tested (% of Total) 
	Reformer Unit 
	Naphtha Unit 
	Crude Unit 
	#2 

	Valves Large leaks Medium leaks 
	Valves Large leaks Medium leaks 
	500 (100%) 0 26 
	318 (100% ) 0 0 
	475 (80%) 2 9 

	Small leaks 
	Small leaks 
	13 
	5 
	7 


	Flanges 852 (70%) 889 (70% ) 1,319 (80%) Large leaks 0 0 0 Medium leaks 13 0 7 Small leaks 7 0 11 
	Pumps 12 (100%) 7 (100% ) 30 (100%) Large leaks 0 0 1 Mediurn leaks 1 0 0 Small leaks 1 0 2 
	Table 3-48 summarizes the leak rate measurements and calibration of visual leak rating. The leak rates were measured by tenting techniques. The "large," "medium", "small" designations were assigned in the field prior to measuring leak rate. Thus a "large" gas line leak ranged from 7 to 38 lb/day with an average of 18 lb/day. 
	The computation of emission factors for refinery valves is presented in Table 2-7. For valves in gas service the leak rate per valve is 0.4 lb/day and for liquid service is 0.003 lb/day. To compare this to AP-42 which makes no distinction between gas and liquid service refer to Table 2-7. The total emissions for gas and liquid service is 620 + 49 = 669 Ib/day divided by the total valves (1698 + 2774) 4472 (669/4472) equals 
	0.15 lb/day/valve which is identical to the value given in AP-42. There­fore, it was concluded that no correction factor needed to be applied to the data in the SCAQMD EIS file for the purposes of the emission inventory. 
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	TABLE 3-48. REFINERY EMISSION SUHMARY, VALVE LEAK RATE MEASUREMENTS 
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	2. Refinery Pumps-
	-

	Refinery pump test results are shown in Tables 3-49 and 3-50. While Table 3-49 indicates that mechanical seals and packed seals have the same proportionate number of leakers (approximately 50%). Table 3-50 shows that mechanical seals have generally lower leak rates and especially for gas service. Referring back to Table 2-7 where the emission factors were calculated the mechanical and packed seals showed nearly the same emission factor for liquid service « 26 RVP) while for gas service the mechanical seal e
	ov~rall pump emission factor was calculated 
	Based on the above data an 

	(refer to Table 2-7). Total emissions = + 140 + 5 + 170 = Ib/day divided by seal tested (93 + 19 + 12 + 4 = 128) 340/128 = Ib/day/ seal. or 0.5 tons/year/seal. 
	25 
	340 
	3 

	3. Refinery Compressors-
	-

	Only five refinery compressors were located and tested. One tiny leak of 0.0003 lb/day was located. For emission factor data on compressors refer to the petroleum production data, e.g., Table 2-8. 
	4. Refinery Separators-
	-

	Open separators were found at all three refineries visited. The largest separator found is shown in Figure 3-14. Samples were taken from pools in each refinery~ The sampled oil was taken to the KVB laboratory where the oil was separated from ~~e water and the oil was placed in a dish for evaporation tests at the recorded pool temperatures. The measured evaporation rates were: 
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	TABLE 3-49. REFINERY EMISSIONS, PUMP SEALS 
	Reid Vapor Pressure Leakers Identified Seal Type psi No. Tested Small Hediumo Large 
	Mechanical > 26 19 802 (Code 7) < 26 44143 2 
	Total 63 223 4 
	Packed > 26 4 00 1 (Code 7) < 26 12 501 
	-
	Total 16 50 2 
	Unclassified 49 3 1 1 (Code 11) 
	w 
	I-'
	I 

	IV 
	\Jl 
	•.. --._._-~ .. ----_.. _----_.~ 
	-t-
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	SU~~Y, PUMP SEAL LEAK RATE MEASUREMENTS 
	SU~~Y, PUMP SEAL LEAK RATE MEASUREMENTS 
	SU~~Y, PUMP SEAL LEAK RATE MEASUREMENTS 
	TABLE 3-50. REFINERY EMISSION 


	Average Leak 
	Average Leak 

	Rate, 
	Rate, 
	Ib/day 

	Reid Vapor 
	Reid Vapor 
	Measured 
	(Calibrations 

	Pressure 
	Pressure 
	Leak Rate 
	of Visual Leak 

	TR
	psi 
	Seal Type 
	Ib/day 
	Rating) 

	LOCATION CODE 
	LOCATION CODE 
	7 

	Large Leakers 
	Large Leakers 

	< 26 < 26 
	< 26 < 26 
	Mechanical Mechanical 
	10 4 
	, 1 
	7 


	< 26 Packed 4 4 
	> 26 Mechanical 5 } >.26 Mechanical 130 
	70

	> 26 Packed 170 170 
	< 26 Mechanical 2 < 26 Mechanical 1 1 < 26 Mechanical 0.002 
	Medium Leakers 

	\ 
	Small Leakers 
	Small Leakers 
	Small Leakers 
	< 26 < 26 < 26 < 26 < 26 
	Mechanical Mechanical Mechanical Mechanical Mechanical 
	0.05 0.01 0.002 0.002 0.005 
	0.01 

	TR
	< 26 < 26 < 26 < 26 
	Packed Packed Packed Packed 
	0.2 0.05 0.0005 0.0005 
	\ 
	0.06 

	TR
	> 26 > 26 
	Mechanical Mechanical 
	0.07 0.007 
	,1 
	0.04 

	LOCATION CODE 11 
	LOCATION CODE 11 

	Large Leakers 
	Large Leakers 
	< 26 < 26 < 26 < 26 
	Mechanical Mechanical Mechanical Mechanical 
	24 5 2 2 
	7 

	~'ledium 
	~'ledium 
	Leakers 
	< 26 
	Mechanical 
	1 
	1 
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	Reproduced from best availa ble copy• 
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	-
	Figure
	Figure 3-14. Oil/water separator tested. 
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	2
	Location Code Evaporation Rate (lb/hr·ft ) 
	7 0.01 
	11 0.0002 
	24 0.004 
	2
	The Code 7 separator in Figure 3-14 had a surface area of 14,000 ft At 
	the rate of 0.01 Ib/hr·ftthe emissions from that separator would be 
	2 

	140 lb/hr. The operators of the refinery estimated that the water flow 
	through the separator was 3000 gal/min. or 180,000 gal/hr. At these rates 
	the emission factor for the separator would be 140/180 or I Ib/1000 gal. 
	The AP-42 emission factor for process drains, uncontrolled is 5 Ib/1000 gal 
	waste water. If the KVB measurement were correct the emission from that 
	separator would be 600 tons/year. SCAQMD rates this separator at 1.5 
	ton/yr in their permit file. More work is needed in this area. 
	5. Refinery Cooling Towers-
	-

	Of the three cooling towers tested valid data were obtained on only one. The unit tested is illustrated in Figure 3-15. It was a large tower serving an FCC unit, the gas plant for that FCC and a reformer unit. The water circulation was 42,500 gal/min. Cooling water circulated through the various processes and returned to the tower where the water was evaporatively 
	cooled by forced air circulation. Leaking fittings in the pipelines of the process unit, being cooled by the circulated water, caused hydrocarbon to be picked up by the water. On passing through the cooling tower the hydrocarbons vaporize and escape to the atmosphere. 
	Water samples were taken at the inlet and outlet of the tower as shown and analyzed (xylene extraction and GC analysis) on organic content. The organic content was identified as ~OO% isopentane with concentrations indicated on the schematic. The emissions were determined to be the difference in organic concentration times the flow rate as follows: 
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	w 
	I I-' N 
	~ 
	Water Water
	120 of' 
	Cascades Cascades 
	Figure
	Figure
	Reservoir 95 oJ:' 
	Sampling Points 
	Figure
	42,600 gal/min (per refinery data) 
	1460 \..l gm/liter (lab analyses) 
	r'onCED DRAf"l' 'rOWER 42 \..l gm/liter PROCESS COOLING (lab analyses) 
	Figure 3-15. E'orced-uraft cooling tower schematic. KVB 5UD4-714 
	Change in concentration = -42 = ~ gm/liter 
	1460 
	1418 

	3.785 liter gm 1b 42,600 gal
	Emission Rate = 1418 i.~ x x6x x = 
	l er gal 10 ~ gm 454 gm min 
	~t~on~_ 
	lb 60min 24hr Ib 365day __

	= 30:-b x
	= 0.5minx hr 700 d-a-y x yr x 2000 Ib
	nr day 
	= 130 ton 
	yr 6
	To relate this to AP-42 the emissions must be put into lb/10 gal. Other emission factors are in lb/day/1000 GPM 
	66
	0.5 Ib/rnin x min/42,600 gal x 10 = lb/10 gal 3
	12 

	700 lb/day 42,600 GPM/1000 = 16 lb/daY/10 GPM 
	A comparison of these results with results calculated from published emission 
	factors is shown in Table 3-51. EPA publication AP-42 lists an emission factor of 6 lb/10gal of cooling water. The API document, referenced on the table, discusses the emissions and indicates that a 1957 study (probably the Los Angeles joint project) specified an emission factor of 3 to 5.3 1b/day/1000 GPM while a "more realistic average figure used by some refineries is 8 to 10 lb/day/1000 GPM." From these emissions factors an emission rate was calculated based on the 43,000 GPM water circulation rate. The
	6 

	The higher emission factor determined by the KVB test can be explained by the fact ~~at the hydrocarbon emitted by this particular cooling tower was isopentane, a fairly volatile material. Since the AP-42 and the API "best estimate" agree, l0JB. feels that the AP-42 emission factor is still a reason­able value for an average cooling tower. 
	F. Magnetic Tape Manufacturing (Code 8)-
	-

	The outstanding feature of the tape manufacturing plant was the charcoal adsorption unit (also discussed in Section 4) which had an efficiency in excess of 99%. Measurements showed that only 0.2% of the photochemically­reactive MIBK used in the process escaped to atmosphere. MIBK is recovered 
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	TABLE 3-51. COOLING TOWER EMISSIONS AND EMISSION FACTORS 43,000 GPM Water Flow 
	Data Emission Rates Emission Factors
	6
	Source Ib/day ton/yr Ib/10 gal Ib/day/1000 GPM AP-42 400 70 6 API 931* 1957 Study 200 40 3 -5 Best Estimate 400 70 8 -10 KVB Tests 700 130 12 17 
	W 
	I-'Note: Underlined figures were given and other figures were calculated. 
	I 

	w 
	I-' 
	*API Publication 931, Manual on Disposal of Refinery Wastes, Volume on Atmospheric 
	Emissions, Chap. 7, Pages 7 -12, Hydrocarbon Emissions, API Refining Dept., 
	Washington, D.C., February 1976. 
	"f' 
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	from the charcoal adsorber. The reclaimed solvent is reused at great savings to the company, who reportedly payoff the adsorber in just a few months of operation. 
	G. Applicance Manufacturing -Air Conditioners (Code 9)-
	-

	This plant had five stacks emitting organics from the following processes: 
	a. 
	a. 
	a. 
	degrease tanks (2) 

	b. 
	b. 
	paint spray booths (2) 

	c. 
	c. 
	adhesive spray booth. 


	This plant employed solvent substitution as their primary control technique. No incinerators or adsorbers were used. The two degrease tanks emitted 25 tons/year of low reactivity perchloroethylene. One painting operation employing electrostatic spraying emitted 15 tons/year of organics­vapor composed of 71% perchloroethylene, 22% saturated aliphatics and 7% reactive aromatics. The other paint spray boo~~ emitted 27 tons/year composed of 33% perchloroethylene, 56% saturated aliphatic compounds, 9% reactive a
	H. Combustion of Fuel (Codes 10 and 18)-
	-

	A utility boiler burning residual oil and a utility gas turbent burning gas were tested. As was expected the organic concentrations in the exhaust gases were low,S ppm forthe boiler and 7 ppm for the turbine. ~~ey were priw4rily oxygenates. The boiler emissions were 36% aldehydes and 31% acetone. The remaining third was saturated aliphatics, mostly methane and butane. The turbine emitted 93% aldehydes and 7% methane. The low concentration of organics in these large combustion devices is attributed to the re
	Analyses of these emissions confirmed that 

	combust. The asphaltines in the residual oil which fail to react form particulate matter which will be measured as part of a later ARB study. 
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	I. Rubber Tire Manufacturing (Code 12)-
	-

	The ducted emissions from one tire manufacturing plant were sampled for organic content. Little information on the manufacturing processes were released by the plant except for the operating schedule and that the process at the time of'measurement was typical. No control devices (incinerators, adsorbers, etc.) were employed. 
	Emissions from all four stacks were similar as follows: 
	Emissions, ton/year 
	Emissions, ton/year 
	Emissions, ton/year 
	160 
	60 
	30 
	30 

	Composition, 
	Composition, 
	% 

	Straight and Isoparaf£i
	Straight and Isoparaf£i
	ns 
	31 
	14 
	58 
	3 

	Cycloparaf,fins 
	Cycloparaf,fins 
	65 
	83 
	34 
	96 

	Aromatics 
	Aromatics 
	4 
	3 
	8 
	1 

	TR
	Total 
	100 
	100 
	100 
	100 


	The data obtained were considered excellent for the purpose of obtaining an emission profile. Emission rate data from the'SCAQMD files were used for the inventory. 
	J. Automobile Assembly (Codes 13 and 14)-
	-

	Two automobile assembly plants were tested, one using solvent based paint (Code 13) and one using' water based paint (Code 14). 
	The solvent based process consisted' of a phosphate treatment, a primer coat, and two top coats. The water based process consisted of an electrostatic dip coat, a light primer coat and two top coats. The primer and top coats were sprayed in large booths with water curtains to capture overspray. The plant using solvent based paint use electrostatic applications to minimize overspray. The water based process had no incinerators while the solvent based process used incinerators on the ovens but not on the boot
	Table 3-52 is a comparison of emissions from similar operations in each process. (Additional data are contained in Table 3-31 and the Appendix however ~~e data in Table 3-52 are representative of the measured emissions.) Both processes ran at nearly the same rate, approximately 55 cars per hour although the water based plant operated approximately 25% more total hours in the year as indicated. 
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	TABLE 3-5L. AU~'OMOBILE ASSEMBLY PLANT EMISSION SUMMARY 
	WATER BASE COMPARED TO SOLVENT BASE PAINT 
	-,.,_.
	-------_.'---------'r .-_.---
	-

	-
	Emissions 
	._--
	-

	Device Primer Spray Booth 
	Primer Oven 
	Primer "Smoker" Oven 
	(.oJ 
	I 
	t-" Top Coat Booth 
	(.oJ 
	"" 
	Top Coat Oven 
	Vinyl Top Adhes. 
	~--~ 
	...----_ .. --_..-------
	_
	-

	.~
	-

	-
	Rate·· ton/yr 
	12(NC)* 2 (NC) 
	37 (NC) 4(NC) 
	7(Ne) 
	. ~ '. --
	-

	Water Based (Code 14) KVB Composition 
	Code 70/30 
	14/1-6 acetone/benzene 
	40/30/25 
	14/7 methane/acetone/aromatics Not Required 75/5/20 
	14/8-11 methane/ethane/heptane 
	55/5/40 
	14/12 methane/butane/benzene 
	40/25/15/17/3 
	14/20 perchloroethylene/acetonE?/ ethyl acetate/Cl to 4 paraffins/toluene 
	. -----_.."
	-

	-
	Rate··· ton/yr 28(NC) 
	1(31)* 
	1(6) 21(NC) 1.5(4.5) 
	--------_. . -_.-.. _--.
	-

	Solvent Based (Code 13) KVB Composition 
	Code 
	C8 & 9 aliphatics 
	13/5-8 
	70/25 
	13/1-2 aldehydes/methane (inlet 9~% natural gas) 
	65/35 
	13/3-4 aldehydes/C3-4 paraffins 
	C6 to 9 paraffins 
	13/9-14 
	55/15/25/5 
	13/15-16 methane/aldehyde/C2 to 6 panaffins/ethylene 
	Not available but probably similar 
	_.'-------_.. --.-------_ ... _-._------------
	-

	*(NC) '" no control device. Number in parenthesis, e.g. 1(31), means rate of organics to inlet of control device in tons/year. ..... 3840 hr/yr *·*3000 hr/yr 
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	The total measured emissions were similar varying more or less at each process. The emissions from the solvent based paint are mostly mineral spirits, i.e., C2 to 9 paraffins including some cycloparaffinsi aldehydes from the combustion products of the incinerators and methane from the oven heaters and incinerator burners. A small amount of ethylene was detected from the top coat catalytic afterburner which also had a relatively low efficiency of 65% because of the large amount of methane that was emitted. E
	The water based paint contained low-reactivity methane and acetone, some aromatics and some light paraffins. The vinyl top cement produced perchloroethylene, ethyl acetate, light paraffin; and some toluene vapors. It was understood that these emissions were similar in each plant so they were only measured at one. 
	The methane at the water based plant was probably due to the heating/ air conditioning system in the booths and ovens which recirculates some of the heated air in the air conditioning (dehumidification) system. The methane comes from the oven heaters and was measured as a principal emission in the ovens and booths. 
	The absence of more oxygenated compounds causes some speculations. Both water and solvent based paints usually have compounds such as acetates, alcohols, ketones, glycols, ethers, etc. Possible explanations are that 
	(1) these compounds, which are water soluble, may be absorbed by ~~e water curtain or (2) the GC/FID system"used in this program was incapable of detecting them. 
	Company engineers at the automobile plants had similar suspicions regarding water absorption. They felt, however, that the water, which is recirculated, would reach equilibrium in time. 
	As discussed in Sections 3.2.2 and 3.3 the detection of oxygenated compounds was marginal in the system selected for the program. The system was designed for its universal detection ability. The FlO sensor on the GC was relatively insensitive to certain oxygenates. When detected a 
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	response factor could be determined. However it is possible that some compounds were not detected. Only a limited amount of program funds could be devoted to this response definition. Therefore it is possible that ~ote, however, that acetone and ethyl acetate were detected so that the system was not totally insensitive. 
	some of the compounds may not have been detected. 

	uncertain~y of solvent retention in the cured paint, it was difficult to conduct material balances which would account for solvent emissions. However, it did seem incorrect to assume that 100% of the solvent in the paint consummed escaped in the form of atmospheric emissions. 
	Because of the proprietary paint formulae and the 

	K. Automobile Repainting (Code 15)-
	-

	A commercial automobile paint spray booth was tested. Complete disclosure was made of manufacturer's specification for paints and solvents including those compounds used for thinning and catalyzing. The emissions covered a broad spectrum including: 
	ethyl acetate 18 n-butyl acetate 17 n-amyl acetate 11 C7-13 aliphatics 25 aromatics 28 isopropyl alcohol 1 100 
	No water curtain or o~~er controls were used except for a coarse metal mesh filter for particulate control. On this test a material balance was run by experiment. Coupons were coated with paint and weighed periodically up to 24 hours after painting. The weight loss corresponded to 4.3 lb in 20 minutes and 5.4 lb in 24 hours. The spray booth sampling time was 30 minutes during the painting operation. During that time the measured emissions were 4.7 lb. 
	KVB 5804-714 
	The paint sprayed was determined by weighing the paint in the gun before and after spraying. The paint sprayed was 13.5 lb. Manufacturers data indicated that 60% of the paint would remain as a coating and 40% would 
	evaporate. 0.4 x 13.5 = 5.4 lb. 
	Laboratory Paint Experiment Field Measurement 20 min. Equiv. Solvent Loss -4.3 Ib 4.7 Ib Measured Emissions 24 min. Equiv. Solvent Loss -5.4 Ib 5.4 Ib -Manufacturers specified 
	solvent weight loss 
	Since the particular being painted during the test was a small foreign sedan, the emission factor for automobile repainting is estimated at from five to ten lb., of total hydrocarbon per car depending on the car size. 
	L. Steel Manufacturing (Code 16)-
	-

	Emissions were measured in 
	an open hearth 
	two coke oven batteries 
	a blast furnace 
	a steel sintering plant 
	a basic oxygen furnace. 
	The results are presented in Table 3-31 and the Appendix. The emis­sions were high. The coke oven appeared to be a significant source of ethylene, propylene and benzene. An unusual compound, trimethylfluorosilane, was found in the emissions of the open hearth, blast and basic oxygen furnaces where its presence was attributed to fluorine compounds in the scrap metal. 
	While organic emission controls were not used, it was observed that the open hearth precipitator reduced hydrocarbon emissions by 25%. 
	M. Roofing Kettle-
	-

	A sample of, emissions from a roofing kettle at 390 OF was taken and found to contain a mixture of 20 compounds each comprising more than 1%. The detailed composition is in the Appendix and Table 3-31 summarized the emissions by reactivity class. 
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	SECTION 4.0 
	HYDROCARBON EMISSION CONTROL TECHNOLOGY 
	The objective of this section is to report on the state-of-the-art 
	. 
	of hydrocarbon emission control technology, and specifically to identify those control methods applicable to the sources in the Basin and the cost­effectiveness of these methods in each application. The information pre­sented was intended to be used for organic emission control strategy along with the basic inventory presented in Section 2.0. In this regard, those source categories with the largest and most reactive emissions and the lowest control system cost effectiveness should be the primary candidates 
	control equipment varies with 
	-

	The installed costs used in this report, unless specified to the contrary, are 'the costs that an owner would pay to a contractor to install that piece of equipment including the equipment purchase price and the contractor's fees for designing, supervising, and installing the equipment. But these are not the total costs to the owner. In addition to these direct costs are such indirect costs as the engineering and management time necessary to recognize the problem; find alternative solutions; select equipmen
	expenditures. 
	expenditures. 
	expenditures. 
	These indirect items 
	can 
	add 
	50% to 
	100% 
	additional cost 

	to the 
	to the 
	owner. 

	TR
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	In the past year, the EPA has published a number of reports and guideline documents which contain extremely thorough treatments of the various aspects of organic emission control technology and its applica­tion to various industries and source types. Those documents, referenced in this section, were the basis for much of this discussion, and should be consulted for more detailed information. 
	A summary of the various control techniques and the sources to which they apply is shown in Table 4-1. This report section is based on this table. Control methods are discussed in Section 4.1, their applica­tion on the various sources listed in Table 4-1 are covered in Section 4.2, and cost effectiveness data are presented in Section 4.3. 
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	4.1 CONTROL METHODS 
	Emissions of organic air pollutants can be reduced by (1) add-on control devices that either destroy the vapor or collect it for reuse or disposal, (2) covers or seals which prevent vapors from escaping, and 
	(3) process or material changes that reduce or eliminate the use of organics. 
	The principal add-on control devices for the control of volatile organics are: 
	Thermal and catalytic incinerators 
	Activated carbon and other types of adsorbers 
	Absorbers or liquid scrubbers 
	Condensers that use refrigeration or compression. 
	Incineration is the technique most universally applied by industry, but it usually requires measurable supplemental fuel. Incineration, therefore, is most acceptable where the developed heat can offset other fuel or energy needs. Adsorption, absorption, and condensation techniques -although effective -are limited to exhaust streams with a much narrower range of process characteristics than is incineration. 
	t~s for petroleum and petrochemical storage and covers for waste water separators to prevent evaporative losses from open pools. 
	Covers and seals include floating roof 

	Process and material changes are the most diverse options and are ~~e available process and material changes are: 
	used primarily by the surface cleaning and coating industries. Among 

	New cleaning and degreasing techniques. 
	New coating technologies--e.g. water-borne, high-solids, 
	and powder coatings. 
	Reduced ingestion of air into the gas stream requiring 
	treatment. Inert gas curing techniques for coating. More efficient coating application methods. 
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	Although these changes offer great promise, almost each one is unique. Consequently the number necessary to meet all product and process require­ments is large. Development and conversion costs are sometimes very high. Process and material changes, therefore, can often be implemented only over much longer time periods than those required for installing add-on devices. 
	Several factors influence the effectiveness, cost and applicability of available control devices or techniques to a given source category. Quite often the characteristics of a particular process or exhaust gas stream dictate the use of certain control techniques. Many control methods are equivalent in reducing pollution but vary in cost. In the latter instances, it is assumed that the company will select the option that provides the most reduction for the fewest dollars over the expected lifetime of the dev
	Other less obvious factors that are unique to the control of organic emissions influence the selection of a control option. For example, virtually all organics are derived from petroleum, and the increasing cost of crude oil provides considerable economic incentive to both reduce solvent consumption and maximize recovery for use. Other regulatory requirements also can pre­clude -or dictate -the use of certain options. Insurance and occupational safety requirements that specify maximum allowable organic conc
	4.1.1 Carbon AdSOrption Carbon adsorption uses a physical phenomenon to separate organic 
	vapors from a gas stream and to concentrate these vapors to a more manageable form. 
	It is applicable to most organic-emitting industries (with a few solvents excepted) but the costs and difficulties will vary with the specific industry (Ref. 4-1). 
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	The term "sorption" applies to two types of phenomena: (1) where vapor molecules are concentrated by adsorption on the surface, and (2) where vapors are concentrated by absorption of the vapor molecules into the mass of the sorbent. Adsorption is accomplished using four different types of materials: (1) chemically reactive adsorbents (2) polar adsorbents (3) molec­ular sieves, and (4) nonpolar adsorbents. 
	When adsorption is accompanied by chemical reaction, the process is termed "chemisorption," an exothermic process w1}.ere molecules can only be one layer thick. It has been used for odorous sulfur compounds and some olefins but has little application at this time for organic solvent control. 
	When adsorption is not accompanied by chemical reaction, the process is termed physical adsorption. In general, polar adsorbents adsorb polar molecules (e.g., water) preferentially, while nonpolar adsorbents adsorb nonpola~ molecules (e.g., hydrocarbon) preferentially. Physical adsorption is less selective then chemisorption, the process is reversible and vapor molecules can be adsorbed in more than one layer on the surface. Activated carbon is the only physical adsorbent presently in widespread use for org
	Activated carbon can be produced from a variety of carbonaceous materials, its characteristics depend on the raw material and the activation process. Carbon is activated by oxidation of portions of the carbon with steam or chemicals. The end-product of activation is a material with a fine, partially interconnected pore structure that has a very large surface area. 
	A. Adsorption-
	-

	The surface area of the activated carbon is the primary variable associated with carbon adsorption. The larger the available area, the larger the adsorption capacity of the carbon, other things being equal. A typical activated carbon may have a surface area of 1100 square meters per gram. 
	KVB 3804-714 
	4-8 
	The capacity of carbon is often represented by "adsorption isotherms" such as Figure 4-1 showing the effect of increasing molecular weight of organics on carbon capacity. The isotherms level out as the micropores are filled. For pollution control situations, the range of interest is below a partial pressure of 10 rom of Hg. The effect of temperature on adsorption is shown by Figure 4-2. 
	For a fixed-bed carbon adsorber, the concentration profile in the bed changes with time as the capacity of the bed is approached. "Breakthrough" time is usually defined as the time when the outlet of the adsorber reaches a defined level (usually 1 percent of the inlet concentration). The bed should be regenerated after the breakthrough has occurred. 
	For exhaust streams containing multiple solvents, vapors of higher molecular weight (M.W.)* will displace vapors of lower M.W. As shown in Figure 4-3, adsorption will be as if each solvent was adsorbed independently in a bed when the vapors have very different M.W. As shown in Figure 4-4, there will be a co-adsorption when th~ vapors are close in M.W. In either case, the compound with the lowest M.W. will exit the adsorber bed first. 
	For more in-depth information 'on the theory of adsorption the reader should consult References 4-1 and 4-2. 
	B. Regeneration-
	-

	For concentrations greater than a few parts per million, carbon must be used many times for economic reasons. To desorb vapors and reuse the carbon, regeneration is necessary. Regeneration is accomplished by raising the temperature of the carbon, evacuating the bed, or both. Typical thermal regenerants are steam, hot air, and hot inert gas. The hotter the regenerant and the longer the regeneration, the more solvent will be desorbed from the bed. There is an economic optimum where adequate desorption occurs 
	energy cost. The residual solvent in 
	"heel" and "working capacity" the difference between full capaci

	*Although molecular weight is used in this discussion, a more precise term is the liquid molar volume at normal boiling point usually denoted as V. M.W. is approximately proportional to V and is an easier property to per~eive for the purposes of this discussio~. 
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	Figure
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	Figure 4-1. Adsorption isothe~s of hydrocarbon vapors (amount adsorbed at pressure, p, on type Columbia L carbon at 100 of, Ref. 4-1),. 
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	E'igure 4-2. Adsorption isotherms of butane at three temperatures on Pittsburgh BPL type carbon (Ref. 4-1). 
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	E'igure 4-3. Adsorbed vapor profile in activated carbon bed after steady state is established but with no coadsorption (Ref. 4-1). 
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	Figure 4-4. Adsorbed vapor profile in activated carbon bed after steady state is established with coadsorption (Ref. 4-1). 
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	Regeneration is typically about 50% complete for each cycle under proper (or economic) operation. To optimize the frequency of regeneration, an automatic device that signals breakthrough may be useful if the size of the adsorber warrants. 
	1. Thermal Description--Steam is the most widely used regenerant. The bed is closed off from pollutant flow, and stearn is introduced into the bed. The steam and the pOllutant vapors are routed to a condenser after which they can usually be separated by gravity or distillation. Steam regeneration has the advantage of leaving the bed wet. By control of the degree of wetness in the bed, various degrees of gas cooling can be accomplished. In a variation of this scheme, steam and pollutant can be incinerated wi
	As inlet concentration decreases, the bed capacity is reduced. In order to achieve adequate working capacity for low concentrations, the heel must be minimized with consequent increased steam usage. Figures 4-5 and 4-6 show the amount of steam and heated air necessary to desorb two solvents at various initial concentrations. The two compounds (propanone and 4-methyl-2 pentanone) span the range of M.W. for which carbon adsorption is applicable. For concentrations less than 700 ppm, air or inert gas should be
	If a noncondensible gas is used for regeneration, the organics can be removed by condensation, adsorption, and/or incineration. Condensation of virtually all organics in a stream is possible if the stream is cooled to a low enough temperature. A more practical approach is to condense a portion of the vapor and to recycle the remainder back through the operating bed. 
	Secondary adsorption of the vapors in a smaller adsorber offers a possible method of recovering vapors from a dilute source. The primarJ adsorber is regenerated by heated inert gas, yielding a gas stream in which the vapor concentration is about 40 times as high as in the original stream. After cooling, this stream can then be passed through a secondary adsorber which is regenerated by steam and the organic material recovered. Reference 4-1 gives further details for this scheme. 
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	Figure 4-5. 
	Figure
	Initial Points A through D indicate maximum adsorption concentration for process strt:!ams as follows: 
	A = 3000 ppm pr.-opanone B = 1000 ppm propanone C = 100 ppm propanone D= 10 P0fi propanone 
	212 of Steam 
	. 
	0.10 1.0 10 Lb. Regent:!rating Agt:!lIt/Lb. Carbon 
	. . . . 
	Amount of reyenerating agent required to desorb BPL V type carbon 
	equilibrated with propanone at varied initial concentrations (Ref. 4-1). 
	KVB 
	5804-714 
	Steam 212 of Steam A = 3000 ppm 4-methyl-2-pentanone B = 10 ppm 4-methyl-2-pentanone Initial Points A and B indicate maximum adsorption concentration for process streams as follows: /" 0.5 / 0.6 0.4 0.3 0.2 0.1 +j § o li! 0.0 4-1 o ~ 0 .Q H rd 0 .Q H "-+J ~ QJ 'f' :> rl 0 (j) .Q rl ~ 0 .Q H rd U ~ 0 d QJ .QH 0 ,p.. Ul I '0 l-' ~ (J) .tJ I:: QJ :> r-i 0 (j) 
	0.01 0.1 1.0 
	10 100 1000 I~. Regenerating Agent/Lb. Carbon 
	Figure 4-6. Amount of regenerating agent required to desorb GI type carbon with 4-llIethyl-2-pentanone by 10 and 3000 ppm process streams (Ref. 4-1). 
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	2. Vacuum Desorption--By evacuating the carbon bed to absolute pressures of approximately 1 mm Hg, the boiling point of the adsorbed organic compound is reduced substantially. For example, C to CIS hydrocarbon oils have a
	l4 boiling point of approximately 500 of at One atmosphere which is reduced to 200 OF at I mm Hg. This lowered boiling point facilitates the breaking of the adsorption bond allowing it to take place at lower temperatures which saves energy. Another benefit is that carbon adsorption can be used to re­cover thermolabile materials which are unstable .when heated. These materials would pyrolyze or rearrange chemically at higher temperatures. 
	Regeneration systems employing vacuum are heated with radiation/con­duction heaters. A schematic of a typical process is shown below. 
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	The tank to be regenerated is removed from the adsorbate stream by automatically closing the process vacuum valves at the top and bottom of the tank. Then, a smaller vacuum valve is automatically opened connecting ~~e 
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	tank to a mechanical vacuum pump capable of producing a vacuum of 1 rom Hg in the tank. When the desired vacuum pressure is reached, heat is applied 

	Auto. VacuUJl, V.lve Unit V'acuWl PulllP 
	t.lqht Hydro­
	t.lqht Hydro­
	carbon F'rac1:ion 
	.. Water' Recovery 
	TanJc. 


	to the carbon bed through a series of cartridge heaters or, if economically practical, a recirculating heat transfer system. The simultaneous appli­cation of heat and vacuum strips the solvent from the carbon. The solvent is condensed in a water cooled chamber and then automatically flows into the condensate recovery tank to be returned to the process, or removed for dis­posal. The low-boiling hydrocarbons are trapped in a refrigerated condenser maintained at a temperature of about -40 OF. When the regenera
	C. Problem Areas with Carbon Adsorption-
	-

	Several problems are encountered in systems controlling the bake ovens which follow most surface coating operations. Thermal breakdown of the solvents and/or resins can generate a range of low M.W. compounds that cannot be adequately adsorbed. Examples are formaldehyde, methanol, and acetic acid. Polymerization reactions may produce tar-like products ~~at will condense at the operating temperatures of carbon adsorbers and not be desorbed, causing fouling. These complications, if present, do not make carbon 
	Compounds such as acetone, methyl-ethyl ketone, and phenol, may cause problems because of high heat of adsorption. With proper design, however, problems can be avoided. The main requirement is the use of a wet bed and a controlled relative humidity in the inlet gases to provide a heat sink for the adsorbed vapors. Dimethyl formamide and nitropropanes are a more serious problem; carbon adsorption is probably not applicable where these solvents are used (Ref. 4-2). 
	1. 
	1. 
	1. 
	Reuse of solvent--Unless a single solvent is used and breakdown is avoided, reuse of the solvent may not be feasible. Distillation is possible, but the complexity and cost are so variable that it is difficult to generalize. Reuse of mixed recovered solvents is unlikely if the source is one where many solvents are run on the same machine. In later cost studies it was assumed that if this type of mixed solvent is recovered, it had fuel value only. 

	2. 
	2. 
	Particulates--Particulate matter, if allowed to enter the carbon bed, can coat the carbon or plug the voids between carbon particles. Adsorbtivity is decreased and pressure drop increases. The net result is that the carbon must be replaced or cleaned more often. Siliconized coatings cause especially difficult problems. 
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	A solution to a particulate problem is precleaning of the gas. Fabric collectors, mist eliminators, electrostatic precipitators, or scrubbers may be used. The particulate may be very small in particle size, viscous or tacky par~iculate is a liquid. If the condensed vapors harden at the operating temperature of the particulate collector, frequent cleaning may be necessary. 
	and hence difficult to remove. Mist eliminators may be used if the 

	3. 
	3. 
	3. 
	Temperature--Carbon capacity is greater at lower temperatures. Usually 100 OF is considered the maximum entry temperature. Cooling may be accomplished by direct water sprays or by cooling coils. If condensible gases are present, a spray cooler and mist eliminator should be placed ahead of the adsorber if possible. 

	4. 
	4. 
	Humidity--Although carbon preferentially adsorbs organic materials, water will compete with the organics for adsorption sites. To minimize this, relative humidity must be kept below about 50 percent. A minimum of 20 to 40 percent relative humidity should be maintained, however, especially if ketones are to be adsorbed. If gases are hot and wet, cooling followed by some reheat may be necessary. Water formed by fuel combustion must be considered. 


	s. Concentration--The range of concentrations for which carbon adsorption is applicable is limited. The increased operating cost of low concentrations has been discussed. There is also a potential problem wi~~ high concentra­tions. Adsorption is always an exothermic phenomenon; typically 200 to 300 Btu is generated per lb of solvent adsorbed. If sufficient air is not present to carry this off, the bed can overheat. This can result in poor adsorption and, in extreme cases, bed fires. For concentrations over 
	*The lower explosive limit of a substance is the lowest volume percent concen­tration of the vapor in air which can be ignited at 70 OF and normal atmospheric pressure. . 
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	D. Equipment Design and Operation-
	-

	Although there are a great variety of possible schemes for carbon adsorption, most applications are similar in design. 
	The face velocity is defined as the flow rate divided by cross sectional area of ~~e bed. At high face velocities, the pressure drop increases and is the controlling factor in practical cases. Flow velocities for regenerable systems vary from 30 to 110 feet per minute. The sizes of necessary vessels are shown in Table 4-2 assuming a face velocity of 90 feet per minute. In evaluating the applicability of carbon adsorption to a source, floor or roof space must be considered. 
	TABLE '4-2. TYPICAL BED SIZES FOR CYLINDRICAL CARBON ADSORBERS 
	Flow rate, 
	Flow rate, 
	Flow rate, 
	cfm 
	Bed Diameter, 
	ft 

	1,000 
	1,000 
	4 

	3,000 
	3,000 
	7 

	10,000 
	10,000 
	12 

	30,000 
	30,000 
	21 

	60,000 
	60,000 
	30 


	The usual practice is to install at least two adsorbers and operate ~~e other is regenerating. The largest vessel that can be factory assembled handles about 30,000 cfm. Thus for larger sources the designer has to choose between multiple packaged units and field assembled adsorbers. The largest adsorbers in the South Coast Air Basin are located at California Rotogravure Division of Alco Gravure Corp. They have four 30 ft diameter carbon canisters capable of 60,000 cfm each. At maximum capacity the system op
	so that one is adsorbing while 

	The materials of construction depend on the source to be controlled. If carbon dioxide is present, carbonic acid may be formed. If halogenated compounds are formed, halogen acids may form. Formaldehydes can yield formic acid. Often a stainless or high nickel steel is required. 
	4-20 KVB 5804-714 
	Bed depths vary with the organic vapor type, with the concentration of organic vapors and with the desired time between regenerations. The lower the M.W., the lower the capacity of the carbon. Higher concentrations increase the capacity of the carbon, but also increase the amount of organic vapor to be adsorbed per unit volume of gas. The net effect is that at higher concentrations, the bed must be deeper for a given vapor, face velocity, and time between regeneration. Bed depths typically range from 1-1/2 
	For a system in which there are no compounds with high molecular weight (> C )' and no polymer formers, or excessive particulates reaching
	s 
	the carbon, a carbon life of 5 to 10 years can be expected. 
	E.. Control Efficiency-
	-

	Where carbon adsorption is applicable, 90 to 95 percent removal in the carbon adsorber is commonly attainable. 
	F. Adverse Environmental Effects of Carbon Adsorption-
	-

	If the organic solvents to be recovered are miscible with water, a potential water pollution problem exists. Ways to avoid this are to treat the water or to incinerate the desorbed vapor, together with the steam or air purge. 
	If incineration is used with solvents containing halogens, sulfur, or nitrogen compounds, acid gases, SOx and NOx will result. 
	4.1. 2 Incineration 
	Incineration destroys organic emissions by oxidizing them to carbon dioxide and water vapor. Incineration is the most universally applicable control method for organics; given the proper conditions, any organic com­pound will oxidize. Oxidation proceeds more rapidly at higher temperatures and higher organic pollutant content. Catalysts are used on some systems to lower energy requirements. In the presence of a catalyst the oxidation 
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	reaction rate is increased permitting a reduction in the reaction tempera­ture for a given degree of oxidation. Incinerators (also called afterburners) have been used for many years on a variety of sources ranging in size from less than 1000 scfm to greater than 40,000 scfm. 
	A. Design Considerations-
	-

	1. Use of existing process heaters for incineration--The use of existing boilers and process heaters for destruction of organic emissions provides for the possibility of pollution control at small capital cost and little or no fuel cost. The option is, however, severely limited in its application. Some of the requirements are: 
	The heater must be operated whenever the pollution source is 
	operated; it will be uncontrolled during p~ocess heater down time. 
	The fuel rate to the burner cannot be allowed to fall below that required for effective combustion. On-off burner con­trols are not acceptable. 
	Temperature and residence time in the heater firebox must be sufficient. 
	For proper control, the volume of polluted exhaust gas must be much smaller than the burner air requirement and be located close to the process heater. For most plants doing surface coating, especially if surface coating is their main business, the combustion air requirement is smaller than the coater­related exhaust. In many diversified plants, the coating operation may be distant from heaters and boilers. 
	Constituents of the coating-related exhaust must not damage the internals of the process heater. 
	Few boilers or heaters meet ~hese conditions. 
	2. Use of add-on incinerators--In noncatalytic incinerators (sometimes called thermal or direct flame incinerators), a portion of the polluted gas may be passed through the burner(s) in which auxiliary fuel is fired. Gases exiting the burner(s) in excess of 2000 OF are blended with the bypassed gases and held at temperature until reaction is complete. The equilibrium tempera­ture of mixed gases is critical for effective combustion of organic pollutants. A diagram of a typical arrangement is shown in Figure 
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	Figure 1]-7. 'l'ypical burner and chamber arrangement used in direct-flame incinerator_ 
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	The coupled effect of temperature and residence time is shown in Figure 4-8. Hydrocarbons will first oxidize to water, carbon monoxide and possibly carbon and partially oxidized organics. Complete oxidation converts CO and residuals to carbon dioxide and water. Figure 4-9 shows the effect of temperature on organic vapor oxidation and carbon monoxide oxidation. 
	A temperature of 1100 to 1250 of at a residence time of 0.3 to 0.5 second (Ref. 4-3) is sufficient to achieve 90 percent oxidation of most organic vapors, but about 1400 to 1500 OF may be necessary to oxidize methane, cellosolve, and substituted aromatics such as toluene and xylene (Ref. 4-3). 
	3. 
	3. 
	3. 
	Design--Incineration fuel requirements are determined by the concen­tration of the pollutants, the waste stream temperature and oxygen level, and the incineration temperature required. For most organic solvents, the heat of combustion level, and the incineration temperature required. For most organic solvents, the heat of combustion is about 0.5 Btu/scf for each percent of the LEL. This is enough to raise the waste stream temperature about 27.5 OF for each percent of the LEL (at 100 percent combustion). Thu

	4. 
	4. 
	Fuel--Natural gas, LPG and distillate and residual oil are used to fuel incinerators. The use of natural gas or LPG results in lower maintenance costs; at present, natural gas also is the least expensive fuel. However, the dwindling natural gas supplies make it almost a necessity to provide newly installed incinerators with oil-burning capabilities. 


	In most cases where natural gas or LPG is not available, incinerators are fixed wi~~ distillate fuel oili residual oil is seldom employed. Oil flames are more luminous and longer than gas flames, thus require longer fireboxes. Almost all fuel oils, even distillate, contain measurable sul=ur compounds. Residual oils generally have greater sulfur and particulate con­tents and many have appreciable nitrogen fractions. Sulfur oxides, particu­lates and NOx in combustion products from fuel oil increase pollution 
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	Figure 4-9. Typical effect of operating temperature on effectiveness of thermal afterburner for destruction of hydrocarbons and carbon monoxide (Ref. 4-1). 
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	5. Heat recovery--Heat recovery offers a way to reduce the energy con­sumption of incinerators. The simplest method is to use the hot cleaned gases exiting the incinerator to preheat the cooler incoming gases. Design is usually for 35 to 90 percent heat recovery efficiency. 
	The maximum usable effic~ency is determined by the concentration of the organics in the gases, the temperature of the inlet gases, and the maximum temperature that the incinerator and heat exchangers can withstand. 
	In a noncatalytic system with a primary heat exchanger, the preheat temperature should not exceed 680 of, at 25 percent LEL, in order to limit incinerator exit temperatures to about 1450 of for the protection of the heat exchanger. The auxiliary fuel would heat the stream about 150 of and oxidation of the solvent would heat it about 620 OF for an exit temperature of680 +150+620 = 1450 of. At 12 percent LEL the preheat temperature should not exceed 930 of. Most burners have not been designed to tolerate temp
	There are several types of heat recovery equipment using different materials at various costs. The most common is the tube and shell heat exchanger. The higher temperature exhaust passes over tubes, which have lower temperature gas or liquid flowing through the tubes; thus increasing the temperature of that gas or liquid. Another method uses a rotating ceramic or metal wheel whose axis is along the wall between two tunnels. Hot exhaust flows through one tunnel and heats half of the wheel. Lower temperature 
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	The use of incinerator exhaust to preheat incinerator inlet air is often referred to as "primary" heat recovery as illustrated in Case 2 of Figure 4-10. Since some systems have a maximum allowable inlet temperature for the incinerator, it may not be possible to recover all of the heat avail­able in the incinerator exhaust. In such case, the inlet to the incinerator is controlled to minimize fuel requirements. Note that a noncatalytic incinerator always requires some fuel to initiate combustion. 
	"Secondary" heat recovery uses incinerator exhaust from the primary heat recovery stage (or from the incinerator directly if there is no primary heat recovery) to replace energy usage elsewhere in the plant. This energy can be used for process heat requirements or for plant heating. The amount of energy that a plant can recover and use depends on the individual circum­stances at the plant. Usually recovery efficiency of 70 to 80 percent is achievable, making the net energy consumption of an incinerator mini
	If the gases in an oven are inert, that is, contain little oxygen, explosions are not possible and high concentrations of organic solvent vapor can be handled safely. The oven exhaust can be blended with air and burned with minimal auxiliary fuel. The incinerator may be the source of inert gas for the oven. Cooling of the incinerator gas is necessary, removing energy that can be used elsewhere. Case 4 of Figure 4-10 illustrates this scheme. A modification of the scheme shown is the use of an external inert 
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	Figure 4-10. Configurations for catalytic and noncatalytic incineration. 
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	Incinerator 
	To tmosphere Heat Recovery Fluid Process Heat Recovety 
	specialized nature of Case 4, it may not be applicable to retrofits on existing ovens and costs for this case are not included in this study. Note that in this case the incinerator exhaust is in contact with the product. This limits the available fuel for this option to natural gas or propane. The use of this option would probably be impossible if any compounds containing appreciable sulfur or halogens are used. 
	To illustrate a specific case, Figure 4-11 outlines a source con­trolled by a noncatalytic incinerator. The source is assumed to operate 25 percent of the LEL and the incinerator has primary and secondary heat recovery. The primary heat exchanger raises the temperature to 700 of, at 35 percent heat recovery efficiency. The heat of combustion of the organic vapors pro­vides a 620 of additional temperature rise at 90 percent combustion and the burner must supply only enough heat to raise the gases 80 of to re
	The energy implications of this scheme can be seen by comparing the energy input of this controlled source with an uncontrolled source. In an uncontrolled source, fuel would be necessary to raise the temperature of the makeup air from 70 OF to 425 OF or 355 OF. For a controlled source, fuel would only need to raise the temperature 80 OF. Thus, the energy input would be reduced by over 80 percent by use of incineration simply because the organic vapors contribute heat when they burn. 
	In the above analysis, the assumptions made are important. If the organic vapors are more dilute, the temperature rise due to combustion will be less. Heat recovery can be more efficient than 35 percent, making up for all or some of this difference. Finally, the analysis assumes that the heat recovered in the secondary heat exchanger can be used in the plant. The heat can be used to produce steam, heat water, supply process heat or heat buildings. Obviously, a case-by-case analysis is necessary to ascertain
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	l~igure 4-11. Example of incinerator on oven with primary and secondary heat recovery. KVI3 5804-714 
	6. 
	6. 
	6. 
	Particulates--The level of particulate concentration found in surface coating operations should not pose any problems for noncatalytic volatile organic combustion. However, an incinerator designed for hydrocarbon removal usually will not have sufficient residence time to efficiently combust organic particulates. 

	7. 
	7. 
	Safety of preheat--(At 25 p~rcent of the LEL), oxidation rates at temperatures below 1100°F are slow. Complete oxidation can take several seconds. Because the gases are in the heat exchanger for less than a second, pre~gnition should not be a problem using heat recovery if temperatures are below approximately 1000 OF. 


	Some problems have occurred in the past with accumulations of condensed materials or particulates igniting in the heat recovery devices. If this occurs, the accumulations must be periodically removed from the heat transfer surfaces. The user should give careful consideration for his particular set of circumstances to potential safety problems. This is especially true if gases at a high percent of the LEL are preheated. 
	8. Adverse environmental effects--Sulfur-containing compounds will be converted to their oxides; halogen-containing compounds will be converted to acids. A portion of nitrogen-containing compounds will be converted to NOx and additional NOx will result from thermal fixation. If use of these com­pounds cannot be avoided, the benefit from incineration should be evaluated against the adverse effects and alternate methods of control should be thoroughly explored. 
	The concentration of oxides of nitrogen (NOx) is about 18 to 22 ppm for natural gas-fired noncatalytic incinerators and 40 to 50 ppm for oil-fired non­catalytic incinerators at a temperature of 1500 OF, assuming no nitrogen con­taining compounds are incinerated. 
	B. Special Design Considerations for Catalytic Incinerators-
	-

	A catalyst is a substance that speeds up the rate of chemical reaction at a given temperature without being permanently altered. The use of a catalyst in an incinerator reportedly enables satisfactory oxidation rates at temperatures in the range of 500 to 600 OF inlet and 750 to 1000 OF outlet. If heat recovery is not practiced, significant energy savings are possible 
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	by use of a catalyst. The fuel savings become less as primary and secondary 
	heat recovery are added. Because of lower temperatures, materials of con­
	struction savings are possible for heat recovery and for the incinerator itself. 
	A schematic of one possible configuration is shown in Figure 4-12. 
	Catalysts are specific in the types of reactions they promote. There are, however, oxidation catalysts available that will work on a wide range of organic solvents. The effect of temperature on conversion for solvent hydro­carbons is shown in Figure 4-13. Common catalysts are platinum or other metals on alumina pellet support or on a honeycomb support. All-metal catalysts can also be used. 
	The initial cost of the catalyst and its periodic replacement represents, respectively, increased capital and operating costs. The lifetime of the catalyst depends on the rate of catalyst deactivation. 
	1. Catalyst Deactivation--The effectiveness of a catalyst requires the acceSSability of "active sites" to reacting molecules. Every catalyst will begin to lose its effectiveness as soon as it is put into service. Compensa­tion for this must be made by either overdesigning the amount of catalyst in the original charge or raising the temperature into the catalyst to maintain the required efficiency. At some time, however, activity decays to a point where the catalyst must be cleaned or replaced. Catalysts can
	Catalyst material can be lost from the support by erosion, attrition, or vaporization. These processes increase with temperature. For metals on alumina, if the temperature is less than 1100 OF, life will be 3 to 5 years if no deactivation mechanisms are present. At 1250 to 1300 OF, this drops to 1 year. Even short-term exposure to 1400 to 1500 OF can result in near total loss of catalytic activity (Ref. 4-1). 
	The limited temperature range allowable for catalysts sets constraints on the system. As mentioned earlier, at 25 percent of the LEL and 90 percent combustion there will be about a 620 OF temperature rise as a result of organic combustion. Because an inlet temperature of 500 to 600 OF is necessary to initiate combustion, the catalyst bed exit temperature will be 1120 to 1220 OF at 25 percent of the LEL. This is the upper limit for good 
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	Figure 4-12. Schematic diagram of catalytic afterburner using torch-type preheat burner with flow of preheater waste stream through fan to promote mixing (Ref. 4-1). 
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	Figure 4-13. Effect of temperature on conversion for catalytic incineration (Ref. 4-1). KVB 5804-714 
	catalyst life and thus concentrations of greater than 25 percent of the LEL 
	cannot be incinerated in a catalytic incinerator without damage to the 
	catalyst. Restrictions on heat recovery options are also mandated. These 
	will be discussed later. 
	2. 
	2. 
	2. 
	Coating with particulates--The buildup of condensed polymerized material or solid particulate can inhibit contact between the active sites of the catalyst and the gases to be controlled. Cleaning is the usual method for reactivation. Cleaning methods vary with the catalyst and instructions are usually given by the manufacturer. 

	3. 
	3. 
	Poisoning--Certain contaminants will chemically react or alloy with common catalysts and cause deactivation. A common list includes phosphorus, bismuth, arsenic, antimony, mercury, lead, zinc, and tin. The first five are 


	·considered fast acting; the last three are slow acting, especially below 1100 0p. Areas of care include avoiding the use of phosphate metal cleaning compounds and galvanized ductwork. Sulfur and halogens are also considered catalyst poisons, but their effect is reversible. 
	4. Fuel--Natural gas is the preferred fuel for catalytic incinerators because of its cleanliness. If properly designed and operated, a catalytic incinerator could possibly use distillate oil. However, much of the sulfur· in the oil would probably be oxidized to S03 which would subsequently form sulfuric acid mist. This would necessitate corrosive resistant materials and would cause the emission of that very undesirable pollutant. Therefore, the use of fuel oil (even low sulfur) in a catalytic incinerator is
	The oxidation of methane in natural gas, as discussed previously, requires higher flame temperatures than some of the heavier fumes. A problem found in the South Coast Air Basin is that the to~al hydrocarbon level some­times increaseo in passing througn the catalytic incinerator. The heavier fumes were oxidizeo but tne meL~ane in the fuel gas was released at a concen­tration level greater than tnat of the original process input stream. 
	5. Heat Recovery--The amount of heat that can be transferred to the cooler gases is limited. The usual design is to have the exit temperature from the catalyst bed at about 1000 0p. If the gas is at 15 percent of the LEL, for example, the temperature rise across the bed would be about 375 OF, and the gas could only be preheated to about 625 0p. Secondary heat recovery 
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	is limited by the ability to use the recovered energy. If a gas stream is 
	already at combustion temperature, it is not useful to use "primary" heat 
	recovery but "secondary" heat recovery may still be possible. Note that for 
	catalytic incineration, no flame initiation is necessary and thus it is 
	possible to have no fuel input. 
	As in noncatalytic systems, heat recovery equipment may need periodic cleaning if certain streams are to be processed. 
	4.1. 3 Condensation 
	A. Application-
	-

	Any component of any vapor mixture can be condensed if brought to equilibrium at a low enough temperature. The temperature necessary to achieve a given solvent vapor concentration is dependent on the vapor pressures of the compounds. 
	When cooling a two-component vapor where one component can be considered noncondensible, for example, a solvent-air mixture, condensation will begin when a temperature is reached such that the vapor pressure of the volatile component is equal to its partial pressure. The point where condensation first occurs is called the dew point. As the vapor is cooled further, conden­sation continues such that the partial pressure stays equal to the vapor pressure. The less volatile a compound, that is, the higher the n
	In cases where the solvent vapor concentration is high, for example, from the desorption cycle of a carbon adsorber, condensation is relatively easy. However, for sources where concentrations are typically below 25 per­~he concentration of the organic compound can be increased by compressing the process gas stream. Then condensation can take place at a higher temperature. Figure 4-14 shows the vapor pressure dependence on temperature for several compounds. Table 4-3 shows the temperature necessary to conden
	cent of the LEL, condensation is very difficult. In some applications 
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	TABLE 4-3. 
	PHYSICAL CONSTANTS AND CONDENSATION PROPERTIES OF SOME ORGANIC SOLVENTS 
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	Except for dadecane , which is not volatile enough to be a major component in an industrial solvent, all of the solvents require a low process temperature to condense 90% of the pollutant from a 25% LEL stream. This would be very uneconomical. However, as indicated by the last column in Table 4-3, if the concentration of the solvent is 50%, ~~en the temperature to condense 95% of the material is in a practical range. Thus in applications like dry cleaning, degreasing and storage tank vapor recovery the cond
	The above calculations are for single condensable compound systems. The calculation methods for multiple condensable component systems are complex, particularly if there are significant departures from ideal behavior of the gases and liquids. As a simplification, the temperatures necessary for con­trol by condensation can be roughly approximated by the weighted average of the temperatures necessary for condensation of a single condensable component system at concentrations equal to the total organic concent
	Totally chlorinated and fluorinated compounds, for example, carbon tetrachloride and perchlorethylene, are nonflammable and may be handled safely in all concentrations for nonoccupied areas. Condensation may be practical if high concentrations of these solvents are present. In fact, condensation is widely used in drycleaning and vapor degreasing for perchloroethylene recovery, because the relatively high cost of chlorinated solvents makes recove~I attractive. Totally chlorinated compounds, however, are not 
	B. Equipment Design and Operation-
	-

	Many petroleum vapor recovery systems use refrigeration to condense and collect hydrocarbons. A typical installation in a gasoline bulk loading terminal is pictured in Figure 4-15 and shown schematically in Figure 4-16. 
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	Figure 4-15. COI~ensation vapor recovery system in a gasoline bulk loading terminal.
	KVB 5804-714 
	Figure
	Air Vapor Refrigeration Mixture Inlet Discharge Cooling Air 
	2-way Valve 
	Brine Warming 

	Chilled Brine 
	Brine Chiller 
	Figure
	Storage 
	Reservoir Defrost erine (Wdrm) Storage 
	'rank 
	,j::. 
	I 
	,j::. 
	N 
	Rcfrigerotion Compressors Condensed 
	Figure
	Water 2-way Valve 
	Figure 4-16. Schematic of condensation vapor recovery system. 
	KVB 5804-714 
	This cascade refrigeration system follows conventional design producing 
	temperature in the brine chiller of on the order of -90 OF to -100 OF. A 
	cold brine pump circulates methylene chloride brine from the brine storage 
	reservoir through the brine chiller to obtain the appropriate low temperature 
	fluid (approximately -90 OF) for use in the vapor condenser. 
	In turn, the low temperature brL,e coolant is circulated through the finned tube sections of the vapor condenser. Hydrocarbon vapor and air mixture from the various bulk station filling points is passed over the finned tube sections of the vapor condenser. Entrained moisture in the entering vapor-air mixture condenses and collects as frost on the cold plate fins. Condensed liquid hydrocarbon is collected at the bottom of the vapor condenser. 
	At periodic intervals, defrosting of the finned surfaces is accomplished by circulation of warm brine stored in a separate reservoir. The temperature of the warm defrost brine is maintained by heat reclamation from the refrigeration equipment. Defrosting is completed in 10 to 30 minutes, depending upon the amount of frost collected on the finned coil. 
	A similar system is used in dry cleaning equipment. Heat vaporizes the solvent in the fabric and this vapor laden mixture is carried through refrigerant coils or through water. Solvent vapor is condensed, decanted from water and returned to the machine tank. The air is recirculated through the heater to the tumbling fabric. iihen the concentration of solvent vapor in the air stream from the drum drops below its dew point, and the solvent no longer can be condensed, a small amount of solvent will remain in t
	l refrigerated freeboard chillers can be added to control emissions. The freeboard is the distance from the surface of the solvent to the cover flange at the top of the unit (see Figure 4-17). The vapors created within a vapor degreaser are prevented from overflowing out of 
	In solvent degreasers 
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	?igure 4-17. Refrigerated freeboard chiller. 
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	the equipment by means of condenser coils and a freeboard water jacket. Refri­gerated freeboard chillers are, an addition to this basic system. In appear­ance, they seem to be a second set of condenser coils located slightly above the primary condenser coils of the degreaser. Functionally, however, they achieve a different purpose. The primary condenser coils control the upper limit of the vapor zone, while the refrigerated freeboard chilling coils impede the diffusion of solvent vapors from the vapor zone 
	vapor zone and 

	4.1.4 Absorption (Scrubbing) 
	Absorption, as an air pollution control process, involves dissolving a soluble gas component in a relatively nonvolatile liquid. The absorption step is only the collection step. After the gas is dissolved, it must be recovered or reacted to an innocuous form. 
	Common absorbents for organic vapors are water, nonvolatile organics, and aqueous solutions (Ref. 4-4). Absorption is increased by lower tempera­tures, higher solubility of the gas, higher concentrations of the gas, higher liquid to gas ratios, lower concentrations of gas in the liquid, and greater contacting surface. Absorption has been widely used as a product recovery step in the petroleum and petrochemical industry where concentrations are typically very high. These products are generally recovered by h
	If a chemical oxidizer is present in the liquid stream, organics can be oxidized in the stream. This technique has been used to convert low con­centrations of odorous compounds to less odorous forms. The expense of the oxidizing chemical, however, prevents its use where concentrations greater than a few parts per million are present. 
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	The absorption-regeneration approach for organic solvents is severely limited by the low concentrations and consequent low solubilities of most organic gases in the absorbent. Exceptions are alcohols, ketones, amines, glycols, aldehydes, phenol, and organic acids. Gases may be regenerated by heating and reclaimed by condensation or destroyed by incineration. 
	Direct contact with water may be used as a cooling method for removal of organic particulates or high boiling compounds to avoid opacity problems in the exhaust. It may also be used to preclean the air before a carbon absorber, but in most cases the materials do not go into solution to any appreciable extent. Figure 4-18 illustrates various types of scrubbers designed to provide thorough contact between the polluted gas stream and the water. If water is used for condensation in this way, water treatment may
	In summary, except for a few specialized cases involving water soluble compounds, absorption is not applicable to control of organic solvent emissions from surface coating except as a preliminary step for parti9ulate and high-boiling compound removal. 
	4.1.5 Vapor Space Elimination 
	In storing or enclosing volatile organic liquid provisions must be made to control the escape of vapor due to temperature cycling or the change in liquid level. In a tank of fixed dimensions the organic vapors expand and contract with diurnal temperature changes and changes in the liquid con­tents. The pressure in the vapor space must be held constant within a few inches of water. Thus a fixed dimension tank must allow for vapor pressure compensation by venting organic vapor or intaking air as pressure or l
	The concept of a floating roof tank has developed over the years to eliminate the vapor space in storage tanks. The roof floats directly on the liquid in the tank moving up and down with changes in liquid level. At the periphery of the roof is a moving seal which rides against the tank wall. Compared to a fixed dimension or fixed roof tank, the emissions from a properly sealed floating roof tank is approximately 95% less (Refs. 4-5, 4-6). 
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	While the floating roof concept is universally accepted'as the proper method to store petroleum products, there has been an extensive amount of effort in the past year 1976-1977 to investigate the effects of the integrity of the roof-to-wall seal on the emissions from the floating roof tanks. In spite of work by the Western Oil and Gas Association (Ref. 4-7) and a joint effort by SOHIO and the Chicago Bridge and Iron Corp. (a tank manufacturer) (Ref. 4-8) , the quantitative effects of the joint seal has not
	ously measureu. The API is currently unaertaking a program to again attempt to measure actual tank emissions and to determine the effects of design and environmental parameters on the emission rate. 
	In the meantime the only "official" method of determining floating roof tank emissions is to use the calculation method of API Bulletin 2517 
	(Ref. 4-9). Although it is generally believed that this approach will not provide a accurate prediction of a given tank, it is felt to be as good a prediction as currently exists for the tanks in the field today. (Refer to further discussion in' Section 2.0.) 
	~~e South Coast Air Quality Management District (SCAQMD) which requires floating roof tanks to have two seals with allowable gap requirements for the two seals specifically defined. Under these conditions some unofficial estimates of emissions are that ~~ey will be approximately 1/3 of those predicted by the equations in API 2517. SCAQMD's Rule 463 in its form at time of publishing this report is presented in the Appendix. 
	The ARB has amended Rule 463, Storage of Organic Liquias, for 

	The concept of floating covers for waste water separators and other hydrocarbon pools can be used to reduce organic emissions. The problem is one of proper design to prevent the roof from sinking during adverse wind or precipitation conditions. 
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	4.1.6 Liquid/Vapor Exchange (Balance System) 
	AS organic liquid is transferred, the associated vapors are displaced by liquid. Instead of allowing these vapors to escape, they are ducted back to the transmitting vessel to complete a balanced system -hence the name, Balance System. As a tank truck is filled from a bulk loading tank the vapor from the truck is returned to the bulk tank. This is repeated as the tank truck fills the service station tank and again when an automobile's tank is filled. This is assuming that the equipment for balancing is avai
	In the Basin most of the bulk terminals use the balance system. Very few service stations have installed systems yet. Bulk terminal systems have efficiencies ranging from 98-100%. Service station equipment has been demonstrated to have at least 90% efficiency*. However, the auto filling nozzles (specifically the nozzle to spout seal) are still in the development stage. The problem is to provide a reliable seal design that will stand up to the rugged handling of a self-service station. 
	Most automobile filling development activities are occurring in San Diego under the surveillance of the APeD. Several systems are being inves­tigated: the balance system (Fig. 4-19); an augmented system in which a slight vacuum is created at the tank seal (Fig. 4-20); and the system in which the fumes are vacuum gathered for thermal incineration (Fig. 4-21), called the Hasselmann system. At the time of this writing, only the Hasselmann system has California ARB certification. It routes the vapors to a proce
	made to route 

	vapors first through an underground storage tank, there via a vacuum pump to the process unit for incineration. The balance system is simple but it can be fouled by liquid gasoline blocking the return lines. If the nozzle seal is good and the tank overfills, the excess flows into the vent line. The second system uses an aspirator on the liquid fill line to create a slight vacuum on the vapor return line to assist in gathering the vapor at the vehicle tank interface. This should overcome any liquid blockage.
	system (Fig. 4-19) is rated at 90% efficiency. The vacuum assisted systems (Figs. 4-20 and 4-41) have demonstrated 95% efficiency but they are not widely accepted. 
	"'"The balance 
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	Figure 4-20. An augmented vapor recovery system for automobile refueling. 
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	undergro~d tanks to contain the hydrocarbon gases (> C ) in a strati­
	the 

	3 fied layer while air moves in and out slowly due to temperature cooling effects. The third system can be installed above ground. A vacuum pump pulls ~~e vapors into a processing unit where condensation allows ~~e return of the liquid to the storage tanks. The excess gases are then passed to the oxidation unit. The processing unit adds air to the hydro­carbon stream in a controlled amount to support combustion. 
	For a detailed treatment of the balance system and other systems of vapor recovery associated with petroleum marketing the reader should consult Reference 4-10. 
	4.1. 7 Enclosure 
	In petroleum operations open pits, sewers and separators are still in use. As discussed in Section 2.0 these are significant sources of emis­sions depending on the temperature and vapor pressure of the soufce. Enclos­ing these open sources would reduce these fugitive emissions. Since an explosive mixture could be produced in this manner, care should be taken to adequately shield these enclosures from ignition sources. Vapor recovery devices or floating seals can reduce the explosion hazard. 
	Another version of enclosure is the variable vapor space tanks. These systems are primarily designed to limit breathing loss from fixed roof tanks. They are generally used for gasoline storage where tank throughput is low 
	(less than 6 to 12 turnovers per year). 
	Usua~~y a series of fixed roof tanks are connected to a variable vapor space tank by a series of manifolds. Vapors evolving from the products stored in the fixed roof tanks during periods of thermal expansion or reduced barometric pressure are temporarily stored in the variable vapor space tank. During periods when t~e vapors are contracting, such as at night, they are transferred back to the storage tanks. In this manner, normal breathing losses are effectively controlled. Filling losses are also controlle
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	Figure 4-22. separate variable vapor space tank (Ref. 4-11). 
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	4.1. 8 Process and Material Changes 
	A. Water-borne Coatings-
	-

	There is much confusion over the terminology of coatings containing water as part of their solvent content. Water-borne, water-reducible, water­based, water-thinnable, and latex are all used to describe these coatings. Strictly speaking,'water-borne is the correct generic term for coatings containing water (Ref. 4-12). The base of a coating is the polymer or resin, but many use the term water-based interchangeably with water-borne. 
	There are three types of water-borne coatings: water-solutions, water­emulsions, and water-dispersions. Water-solution coatings feature very small particles dissolved in a mixture of water and a coupling solvent (Ref. 4-13). The water-soluble resins normally contain ionizable amine or carboxylic acid groups that solubilize the molecules (Ref. 4-12). These systems are more easily mixed and applied than other water-borne systems. However, resin 
	I 
	properties that make the resin soluble can also cause water sensitivity after curing unless additions are made to eliminate this sensitivity. 
	Water-emulsions are high molecular weight particles suspended in water by some stabilizing, dispersing agent (Ref. 4-13). The resins, of which vinyls and acrylics are the most prominent, have very few functional groups and require emulsifying agents to maintain their form (Ref. 4-12). Emulsion coatings generally have the highest water resistance of the water-borne systems. 
	Water dispersion coatings are intermediate in particle size, in use of functional groups, and in water sensitivity. 
	1. Application techniques--Water-borne coatings may be applied using any of the methods used for organic solvent-borne coatings, that is, knife, blade, roller, dip, flow coat, and spray. The conductivity of water also enables use of electrophoresis to deposit a coating on conductive materials. By using a direct current potential in a bath and grounding the item to be coated, the item can act as an anode or cathode and be coated. Conversely, the conductivity makes electrostatic spray more difficult, although
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	Water-borne spray coating solvent is typically 70 to 80 percent water and 20 to 30 percent organic solvent. The organic solvent is a necessary part of the coating that gives proper leveling and performance properties. Unlike organic solvent mixtures, water is only one compound with one evaporation rate and boiling point. The heat of vaporization is much higher than organic solvents and the rate of evaporation from a coating is very dependent on the relative humidity of the air surrounding the coating as wel
	immediately by curing has little humidity problem. 

	2. 
	2. 
	2. 
	Performance and appearance--Appearance of water-borne enamels can be as good as organic solvent-borne enamels if proper curing procedures are used. "Orange peel," that is, bumpiness of the surface, is greater for any enamel than for lacquer. The organic solvent portion of water-borne coatings minimizes this "orange peel" effect. Only a limited number of resins are available that allow the generation of high-gloss water-borne coatings. Water-borne coatings for aluminum are farthest advanced with tin-plate st

	3. 
	3. 
	Energy consumption--The energy required to remove the solvent is greater for a given amount of water than for the same amount of organic solvent. The heat of vaporiza~ion of water is about 1000 Btu/lb, about five times that of most organic solvents. The curing tempera~ures and time for water-borne coatings is greater than for organic solvent-borne coatings. It should be noted that the energy for heating the part itself often exceeds the energy to remove the solvent and cure the coating, particularly with la
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	the necessity to maintain levels below 25 percent LEL (or somewhat greater with proper safety controls). Because of the lower solvent content per unit weight of solids, the volume of exhaust air can be safely reduced somewhat. 
	In some cases, however, the coating quality can be adversely affected by too 
	large a reduction, because of the drying properties of the coating. The 
	net result is that the energy required to cure water-borne coatings is 
	approximately equal to that for organic solvent-borne coatings for some 
	applications but will be somewhat higher for most applications. 
	4. Safety--One of the major advantages of water-borne coatings is their non-flammability and low toxicity. Considerable savings in insurance costs can be realized in some cases. 
	B. High-solids Coatings-
	-

	The basic ingredient in an organic coating is the binder or resin. A resin is a film-forming organic polymer having glassy, plastic, or rubbery properties in the dried state. As applied the resins are liquids of controlled viscosity. On drying and curing (baking) the materials undergo polymerization and cross-linkage to form a solid film of the desired properties. 
	The materials for resins to be used in conventional solvent-borne coatings are "cooked" in resin kettles to yield liquids which have a high viscosity at ambient temperatures. To facilitate compounding with pigments the resins are dissolved in organic solvents which reduce the viscosity. To facilitate application more solvent may be added. After application, the solvent evaporates and the resins further polymerize to yield the solid film. 
	The viscosity of the coating as applied can be reduced by using low molecular weight monomers or "prepolymers," which are applied and then polymerized (cured) to the high molecular weight solid film. The amount of solvent required decreases with decreasing reactant molecular weight. However, as the molecular weight of the resin formers are reduced, the difficulty of controlling the polymerization reactions increases. The application and curing conditions must be precisely fitted to the reactant characterist
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	Another method of reducing viscosity of high-solids coatings is by heating the coating material. As a rule of thumb an increase in temperature from 70 of to 125 of is equivalent to a 10 percent solvent reduction. However, heating can cause loss of solvent crucial to the application performance of high-solids coatings. Heating can also cause premature gelation of coatings, particularly on standing. 
	~~e volume or weight of the final cured coating per volume or weight of the coating as applied. The term "high solids coatings" is usually reserved for low solvent coatings which are applied arid cured by conventional means. Low molecular weight materials which are cured by radiation (ultraviolet, infrared, and electron beam) are classified separately. Radiation-cured coatings are discussed below. 
	The solids content of a coating is expressed as 

	High solids coatings were first defined by the Les Angeles, County Air Pollution Control District in its Rule 66; coatings of 80 percent or more solids (by volume) were exempt from emission limitations. 
	1. Materials and processes--Most high solids resins fall into two categor.ies, two component ambient temperature cured and single component heat converted. The most important types are as follows: 
	Two Component Single Component Ambient Cure Heat Converted Urethane Epoxy Acrylic-Urethane Acrylic Epoxy/amine Polyester Alkyd 
	Many two component systems use a catalyst to increase the curing reactions. Although these chemical reactions can take place at room tempera­ture, many plants use low-temperature ovens to cure two-component systems rapidly so that the coated product can be handled sooner. The oven tempera­tures required are much lower than for conventional ovens and the amount of solvent is lower. This will result in large energy savings. Most thermo­setting high-solids coatings are based on epoxy or urethane resins. The 
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	most popular two-component coatings are based on polyurethane resins. Coatings properties compare favorably with those obtained from conventional based enamels. Toxicity of the isocyanates used for urethanes is a potential problem. 
	two-~omponent systems are usually applied with special spray guns that mix the two components at the spray nozzle. This equipment, complic~ted than conventional spray equipment, is also more expensive. Some slower-reacting two-component coatings can be applied with conventional spray equipment. 
	Fast-reacting 
	more 

	High-solids coatings can be used in a variety of industrial coating processes. Two-component catalytically cured coatings are presently being air sprayed to coat small metal products. It might be possible to coat larger products such as automobiles with such systems. The coil coating industry is currently investigating the possibility of using high-solids coatings, especially two-component coatings (Ref. 4-16). The can industry is testing a roll-coat-applied high solids coating for can exteriors. Interiors 
	2. Advantages of high-solids coatings--In addition to reduction of solvent emissions high-solids coatings have other advantages: 
	In most cases conventional application methods can be used. Therefore, conversion costs are low. 
	In many cases, the energy required for curing is less than either conventional solvent coatings or water-borne coatings. However, in some cases higher curing temperatures are required and energy usage is greater than for conventional coatings. 
	In some cases thick coatings can be applied, that mask surface defects (if desired), so that less surface prepara­tion for a product is needed. 
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	3. Disadvantages of high-solids coatings--The limitations of high­solids relate to the properties and availability of these coatings: 
	Achieving the desired properties in the finished coating is difficult. In conventional coatings the necessary functional properties are created by polymer building in the resin appl~cation and appearance. Most of the polymerization in high-solids coatings occurs after application and controlling the conditions so as to produce the desired properties is much more difficult. 
	kettle. Solvents are then added to optimize 

	The availability of high-solids coatings is very limited. These coatings are just beginning to be converted from laboratory coatings to proven industrial finishing systems. Coating manufacturers report that efforts to produce coatings of 80 percent solids by volume have been unsuccessful. Coatings of 70 percent solids are still in the developmental stage. Only coatings in the 50 to 60 percent solids range appear to offer immediate prospects for expansion to wide­spread usage. 
	Pot-life of two component systems is very short, leading to application difficulties. 
	There is a health hazard associated with the isocyanates used in some two-component systems (urethanes). 
	4. Organic solvent emission reduction potential--In order to compare emissions for coatings of various formulations a common basis is necessary, such as a given volume or weight of cured solids. Table 4-4 makes such a comparison for organic solvent-borne coatings and water-borne coatings. The water-borne coating is assumed to have a volatile portion containing 80 percent water and 20 percent organic solvent. Such coatings are exempt from emission limitations by Rule 66 type regulations (Ref. 4-2). The last 
	C. Powder Coatings-
	-

	Powder coating involves ~~e application of finely divided coating solids to a surface, followed by a melting of the coating solids into a continuous film. Very little solvent is used (less than one percent), and the process is thus almost pollution free. Several types of resins may be applied as a powder, but there are limitations on the type of objects that can be powder coated. 
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	TABLE 4-4. 
	Organic Solvent-borne Coating 
	Percent Solids by Vol by Wt. 12 20.5 20 29.7 30 41.7 
	J>. (J\ 40 52.7 
	I 

	~ 
	50 62.5 60 72 .0 70 79.7 80 86.8 
	";:'=-'-~--::;-'-'~=-~ 
	*No control device. 
	COMPARISON OF EMISSIONS I:~ROM ORGANIC AND WATER-BORNE COATINGS 
	Basis: 1 gal. of solids weighing 11 
	_._--. .------. -
	-

	--. --, . --.---.-._,' ., .. -.. __.
	~ 
	Organic 
	Water-borne 
	Emissions* 
	Coatings** 
	gal. 7.3 4.0 2.3 1.5 1.0 0.67 0.43 0.25 
	... -. 
	-_._-_ 

	lbs. 42 26 15 9.9 6.6 4.3 2.8 1.6 
	~ 
	Percent Solids 
	by Vol by Wt. 10 13.3 15 19.6 20 26.2 25 31.4 30 36.9 35 42.7 
	-... -
	-
	-


	SOLVENT-BORNE lbs. 

	. --.
	. --.
	_.--. -. --.--. 
	Organic 
	Percent 
	Emissions 
	Emissions 
	Reduction 

	gal. lbs. 1.8 11. 9 
	72 
	1.1 7.4 
	72 
	0.8 5.3 
	65 
	0.6 4.0 
	60 
	0.5 3.1 
	53 0.37 2.4 
	44 
	. ---. 
	**Volatile portion is assumed solvent. 
	to be 80 percent water and 
	to be 80 percent water and 
	20 percent organic 
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	1. Advantages of powder coating--In addition to the almost total 
	elimination of organic solvent emissions, powder coating has several 
	advantages over solvent-borne coating: 
	Single coat application is possible with the fluidized bed 
	technique for thickness up to 0.040 in. with one application 
	versus several applications necessary for solvent-borne coatings. 
	Material utilization can approach 100 percent if the powder can be collected and reused. This factor allows powder coating to be potentially the most economical coating material. The difficulty with the reuse of powder occurs if multiple colors are used. This will be discussed later. 
	Safety aspects of powder coatings offer some advantages. 
	Powders are low in toxicity and nonflammable in storage; 
	however, virtually any organic powder suspended in air can 
	be explosive. 
	Maintenance is generally less because .the powder can be 
	vacuumed from any unbaked areas. Likewise the paint from 
	any mistakes can simply be vacuumed off from unbaked items. 
	Exhaust air volume is greatly reduced from that used for 
	solvent-borne spray because application is generally either 
	automatic or else done in a much smaller area. Spray booth 
	air theoretically could be filtered and returned to the 
	plant interior. Fan power is reduced as are space cooling 
	or heating requirements. 
	Water pollution problems are absent because dry particulate collection is possible. 
	Natural gas usage can be theoretically decreased because little dilution air is required in ovens. However, higher bake temperatures are usually required, which may result in increased gas usage. 
	2. Disadvantages of powder coating--Some of the specific problems with 
	different meL~ods of application are discussed later. General problem areas 
	include the following: 
	Color change is a difficult problem for powder. The automobile 
	and truck assembly industry has this problem in its extreme. 
	Hence, color changes can occur as often as once a minute and 
	with as little as 15 seconds to change colors between vehicles. 
	Furthermore, more than a dozen colors are usually applied. 
	For fluidized bed methods, considerable time would be necessary 
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	to switch colors because cleanout of the equipment would be necessary. A separate dip for each color would be necessary if color were changed more than once a day. For spray operations, the problem of changing colors can be solved by switching coating supply lines and purging the small amount of powder in the nozzle. This can, however, be a difficult mechanical problem. A remaining difficulty with color change is the problem of reusing overspray. If colors become mixed in the collection device, reuse of pow
	Color masking is more difficult for electrostatically applied powder coatings than for solvent-borne coatings. Fine detail, such as printing, is not possible and even two-tone automobiles present a problem, albeit a solvable one. 
	Powder coating materials are discrete particles each of which must be the same color. Thus, there can be no user tinting or blending and all colors must be available from the manufacturer. For a coater that must match a given color, such as in a trademark, the necessary color may not be available. Color matching problems can occur when using recycled powder. 
	The high curing temperature required for powder coatings mades them applicable only for metals and some plastics. 
	A typical particle size for sprayed powder coating materials is generally greater than 15 micrometers (Ref. 4-18). Because 1 mil is about 25 micrometers, it is obvious that thin, uniform spray coatings are difficult to achieve at coating thickness of less than 2 to 3 mils. Fluidized bed coating materials are usually about 200 micrometers in diameter and thus are not applicable for thin coatings. 
	3. Application methods--The three general application methods for 
	powder coatings are electrostatic spray, conventional fluidized bed, and 
	electrostatic fluidized bed. For further details consult References 4-2 
	and 4-17. 
	D. Hot Melt Formulations-
	-

	Hot melt coatings are applied in a molten state. The molten resin 
	film cools soon after being applied to the substrate. Because there is no 
	solvent to evaporate, virtually 100 percent of the materials that are 
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	deposited remain as a solid part of the coating. Hot melt coatings are 
	most often applied to paper, paperboard, cloth, and plastic. 
	When the hot melt coating has been applied and cooled, the film 
	does not need further heat curing. Since the only heat required is that 'to melt the coating initially and to heat the coating applicator, a con­
	siderable energy savings can result compared to oven curing. Also, because 
	an oven is not needed, less floor space is needed for the coating line. The 
	line can be run faster with hot melts than with organic solvent-borne coatings. 
	A chilled roll can be used to speed cooling, if necessary. 
	Hot melt coatings are applied at a variety of temperatures. Low melting point coatings are applied at temperatures as low as 150 to 210 OF. These are materials such as waxes or paraffin coatings that are soft and easy to scratch. To improve scratch resistance, higher melting resins are added. These are usually synthetic organic compounds. Hot melt blends with melting points in the range of 300 to 450 OF usually contain no paraffin, waxes, or other low melting point ingredients but rather are composed of fil
	Hot melt coatings must, of course, be applied at temperatures ~~at are higher than the melting point of the coating. Because the substrate may be harmed by high temperatures, hot melt coatings with melting points above 400 OF cannot be used for some applications. However, some extrusion coatings are heated to 600 OF to achieve proper adhesion between the polymer and substrate (Ref. 4-19). 
	Hot melts may be applied in a variety of ways. Usually special heated coating equipment is required. Lower melting hot melts may be applied by heated rotogravure or roll coaters. Extrusion coaters are widely used also, especially with higher ~lting point materials. 
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	Extrusion coatings are a large subclass of hot melt coatings. In 
	this type of coating a screw extruder discharges a molten plastic sheet 
	onto the substrate. Food containers such as milk cartons are often coated with extrusion coatings because the plastic film provides a good moisture 
	barrier. 
	Ethylene/vinyl acetate copolymer, low and medium density poly­~~e resins most widely used for hot melt coatings. Poly­ethylene forms a strong film, mixes well with other resins and waxes, has good water resistance, has good flexibility at low temperatures, and is relatively low in cost. Other resins used include vinyls, cellulose esters, alkyl esters, maleic esters, and polystyrenes. All of these materials must have viscosities suitable for application and they must be chemically stable for long periods in 
	ethylenes are 

	Hot melts are applicable to the paper and fabric coating industry, although only for certain applications. Thus, hot melt coatings cannot be judged to be universally applicable in the paper and fabric coating industry at this time. 
	E. Electrostatic Spray coating-
	-

	Electrostatic spray coating utilizes the attractive force between materials of opposite electrical charge as an aid in applying a uniform coating to various surfaces. The method reduces overspray and waste and thereby increases the coatings application efficiency over conventional spray coating processes. In the case of solvent-and water-borne coatings, this will in effect reduce the amount of coating solids and corresponding solvent carrier needed for a specific coating job. Electrostatic spray coating can
	In typical electrostatic spray coating processes where relatively nonconductive solvent-based coatings are used, coating particles are charged up to 100,000 volts with an electrode (Ref. 4-20). The grounded object then attracts the negatively charged particles, which are captured to form 
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	a film. In instances where conductive coatings are used, water-borne 
	coatings, for example, it is possible to use reverse polarity, that is, 
	charging the object to be coated and grounding the spray equipment (Ref. 
	4-21) . 
	Electrostatic spray coating is primarily applicable to metal surface coating. It is of particular value for complex shapes. Glass, plastics, paper and fabric have been successfully coated with this technique. Corners or extreme concave shapes on objects may escape coating due to the "Faraday cage" effect (Ref. 4-21). This phenomenon results from the repulsive electrical forces in corners or concave areas. 
	Electrostatic spray coating has the potential of reducing organic emissions since it can improve the efficiency of application of solids over ordinary spray. This results in less organic solvent emissions. 
	·F. Electron Beam Curing-The electron beam curing process uses high energy electrons to promote curing of electron beam-curable coatings. Electrons bombard a coating to produce free radicals throughout the coating. This initiates a cross­linking reaction that continues until the coating is cured. The entire process takes only a few milliseconds to complete (Ref. 4-22). Since most free radicals are terminated by oxygen, an inert atmosphere is desirable so that the surface of the coating will not be less high
	-

	The energy requirements for electron beam curing are dependent on the size of the unit and the coating thickness but are typically lower than for thermal curing. There is an additional energy savings because of the instant startup and shutdown capability of the electron beam unit. 
	Electron beam curing units must be shielded properly to avoid radiation exposure. According to occupational Safety and Health Administra­tion regulations, exposure should not exceed 5 millirems of radiation in 1 hour and 100 millirems in any 5 consecutive days (Ref. 4-23). 
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	Some electron beam-curable coatings may contain monomers that are toxic. Caution should be taken when using such monomers. 
	There have been few, if any, tests performed to quantify organic vapors emitted during the curing process. It is generally assumed that some low molecular weight organic compounds are emitted during curing even though all the components are reactive. There also may be some ozone generated from the curing process itself (Ref. 4-24). 
	The use of electron beam curing is most effective on flat surfaces where the electron beam strikes the surface vertically. If the beam strikes the surface at an angle closer to the horizontal, the amount of absorbed energy can be too small and the coating will not cure properly. 
	Electron beam curing, unlike ultraviolet light curing, can cure thick and pigmented coatings because of the penetrating power of the electrons. 
	Because electron beam curing uses relatively new technology, the coatings necessary for the electron beam curing process are in the early stages of research and development. The use of electron beam curing is very limited at the present time. 
	G. Ultraviolet Curing-
	-

	In ultraviolet curing, ultraviolet light reacts with photosensitizers in the coating to initiate crosslinking to form a solid film. The basic components of an ultraviolet curable coating are: an ultraviolet-curable base polymer, diluent monomers, and ultraviolet photochemical initiators 
	(Ref. 4-25). 
	The ultraviolet-curable polymers provide most of the desired coating properties. The diluent monomers decrease the viscosity of the polymers, increase the crosslinking density, and improve other features of the coating such as gloss, hardness, and curing speed. The photochemical initiators are unstable chemicals that form free radicals when bombarded by ultraviolet light to initiate the crosslinking process (Ref. 4-26). 
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	The energy source used for ultraviolet curing is electrically produced ultraviolet light energy such as from mercury vapor lamps. The use of ultra­violet light for curing is most effective on flat surfaces where the light reaches the surface vertically. When the ultraviolet light strikes a sur­face at an angle closer to the horizontal, the amount of absorbed light can be too small for effective curing. Obviously, no curing will occur if an area is shielded from the light. 
	The actual performance and appearance of ultraviolet-curable coatings is not only dependent on the base polymers, diluent monomers, and photochemical initiators, but also on other agents such as pigments, fillers, and mar resistors added to the coating to provide the desired properties. 
	In certain industries, the use of ultraviolet light curing has been successful, although this success has been limited mostly to semitransparent coatings, such as inks. Ultraviolet cured polyester based coatings have made a significant penetration into the forest products industry as filler coatings for particle board. Most uses of ultraviolet coatings, however, are still in the research and development stage. Major problems are curing of thick coatings and coatings with pigmentation. The main difficulty wi
	Because little if any flammable solvent is emitted, the amount of dilution air flow ~~rough ovens can be greatly reduced. There is a substantial decrease in energy usage compared with thermal curing. An ultraviolet curing unit may use only one-third the energy of a standard thermal oven (Ref. 4-27). 
	The ultraviolet curing equipment must be shielded properly to avoid opera~or. Exposure at short distances can cause severe burns to the skin and the eyes (Ref. 4-28). 
	exposure of the equipment 
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	Certain ultraviolet coating materials may produce skin and eye irritation. Others, such as those containing "the more volatile crylic monomers, are considered toxic and hazardous chemicals" (Ref. 4-28). The handling of ultraviolet-curable coatings requires care and caution. 
	There have been few, if any, emission tests performed to determine whether volatile organics are emitted during ultraviolet curing. Some low molecular weight organic compounds are probably emitted during the ultra­violet curing process even though all the components of the coating are reactive. 
	4.1.9 Improved Maintenance 
	The release of fugitive organic emission from leaks in process equipment and pipeline fittings as well as from spills and other equipment failure can be reduced by improved maintenance. In the field testing per­formed on this program at oil production fields and refineries it was found that more than 50% of the leaks found by the test crew could be stopped by a simple tightening of a valve packing nut or applying grease to seal a plug valve. Similarly, immediate attention given to liquid leaks developed in 
	Based on field test data taken during this program (see Section 3.0) , an average leak rate of 0.15 lb HC/day was determined. Using the spray and sniff (soap bubbles and an explosimeter) technique developed by KVB for locating leaks, a single workman can locate and tighten ~~e leaks in several hundred valves and fittings a day. Using the leak rate and assuming hypo­thetica~ workman efficiency and emp~oyee costs, KVB arrived at a figure which reflected possible savings. Those computations were submitted to M
	analysi~ set forth by Mr. Caldwell, it would seem that the cost of additional maintenance programs would exceed the economic gains. ARCO's present maintenance program coupled with the enforcement efforts of the SCAQMD represents what they believe to be the most cost effective approach. 
	According to the 
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	,tlanticRichfieldCompany Products Division Watson Refinery 1801 East Sepulveda Boulevard Carson, California 90745 Telephone 213 834 7221 
	J. H. Caldwell, Jr. Manager Refinery Operations 
	August 4, 1977 
	Ha] Taback 
	KVB Incorporated 
	17332 Irvine Boulevard 
	Tustin, California 92680 
	Subject: Fugitive Hydrocarbon Emissions -Valves and Fittings 
	Dear Mr. Taback: 
	As we indicated at our meeting of July 20, we have attempted to quantify 
	the costs and benefits of a total monitoring and leak repair program 
	for valves and fittings along the lines suggested by your draft report 
	and the EPA draft document. At this time, our best guess is that a 
	monthly survey of all valves and fittings in the refinery, including 
	maintenance on leaks discovered, would cost approximately $1,500,000 
	per year in addition to our current maintenance budget. The value of 
	the hydrocarbon product recovered by this maintenance expense would be 
	only about $15,000 at a net cost of about $20,OOO/Ton of hydrocarbon 
	emissions. Although this number may seem high, please recognize that 
	there are over 1,000,000 valves and fittings in our refinery and a cost 
	of about SO.lO.each ($1.00 to $T.50/year) to survey and maintain these 
	fittings is very reasonable. 
	These figures were arrived at in the following manner. A crude distil­lation unit with a rated capacity of 38,000 B/D was chosen for the experiment. This unit contains 3 fractionating towers, 8 other hydro­carbon pressure vessels, 2 fired heaters, 23 shell and tube heat exchang­ers and 22 hydrocarbon pumps. It's purpose is to fractionate incoming crude oil into the following streams: propane/butane, light gasoline, heavy gasoline (naphtha), kerosine, diesel and residuum. Normal operat­ing and maintenance pe
	a unit shutdown. KVB 5804-714 
	Mr. Hal Taback August 4, 1977 Page 2 
	The basis for extrapolation of these results to the entire refinery is by the number of pumps. Many of the valves and fittings are directly associated with pumps and the number of manifolds, exchangers, etc. are related more nearly to pumps than other major equipment. Volumetric through-put is a very poor scaling factor as we have previously dis­cussed. The crude distillation unit contains 1% of the hydrocarbon pumps in the refinery and is therefore assumed to contain 1% of the valves and fittings. 
	The basis for calculating emission reductions is a little more specu­lative. Obviously the only way to make a precise calculation is to assume lI virgin territoryll for a base line and run longitudinal studies with several surveys over an extended time period to determine the reoccurrence rate. The first such survey and at least some of the sub­sequent surveys would have to include bagging observed leaks to.quantify emissions/leak. Even then, some arbitrary correction factor would have to be applied to rela
	1. 
	1. 
	1. 
	lILargell leaks are identified and corrected as quickly as possible under present conditions for safety and economic reasons. This may not be true for all re­fineries in all locations but is reasonably accurate for major refineries under current standards. Our excellent safety record attests to this fact. Obvi­ously there may be a difference of opinion as to what constitutes a lIlargell leak. 

	2. 
	2. 
	Most lImediumleaks and many lIsmallll leaks are repaired in a timely fashion either because of safety and economic reasons or due to current weekly enforcement inspections by the SCAQMO. Full blown, total facility inspections are not likely to speed up this process and in fact may divert resources currently expended from repairing a few "large" leaks to many inconsequential·ones. 
	ll 


	3. 
	3. 
	Pre-turnaround inspections are currently conducted to identify the remaining minor leaks for repair during unit maintenance shutdowns when resources can be effi­ciently utilized. These turnarounds take place semi­annually to bi-annually depending on the type of process involved. 


	With this in mind, assuming 80% of the minor leaks discovered (0.3% of the valves and fittings surveyed) are repaired and stay repaired with a 50% reoccurrence rate multiplied by your factor for emissions perleak (52 1b/day) gives about 100 tons/year emission reduction resulting from total monthly surveys in this plant. This result would 
	"sma ll 
	l1 
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	Mr. Hal Taback August 4, 1977 Page 3 
	only be valid for the first year of the program. Subsequent years would show diminishing returns since hopefully leaks would be repaired faster than they occur . 
	. Finally, I cannot close without making a rather personal observation. Under normal circumstances my professional standards would not allow me to extrapolate limited data to the extent done above. However, I feel that in this case it is in the public1s interest to give the fairest assessment possible in the limited time available. Both by corporate policy and personal commitment, I would not hesitate to recommend a program of the cost outlined if it meant a meaningful contribution to improvement in air qua
	Very truly yours, 
	j.9I:atJf 
	J. H. Caldwell, Jr. 
	JHC:pm 
	Attachment 
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	SURVEY RESULTS 
	Table
	TR
	Fittings 
	Valves 
	Total 

	Bolted 
	Bolted 
	Screwed 
	Stems, Bonnets 
	Leak Sources 

	3117 
	3117 
	5465 
	2832 
	11414 

	7 leaks repaired 
	7 leaks repaired 
	8 leaks repaired 
	16 valves repaired or replaced 
	31 
	1eaks stopped 

	*6 1eaks 
	*6 1eaks 
	not 
	repaired 
	valve yet to repaired 
	be 
	7 leaks 
	not stopped 


	* 2 exchanger heads leaking -unable to stop. 4 flanges leaking on vocss system -unable to take system out of service. 
	All leaks considered small -most barely detectable. 
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	While KVB's tests at AReO revealed leaks averaging 0.15 lb/valve/ day, the major amount of the leakage (80%) occurred in the large leakers which Mr. Caldwell contends would have been eventually discovered. 
	4.2 APPLICATION 
	In the previous subsection, 4.1, the various control methods were reviewed in some detail. In this section, various industry devices and processes are discussed with regard to the types of control methods that ~~e various devices and processes, technology~ 
	are applicable. Table 4-1 summarizes 
	and the applicable control 

	4.2.1 Petroleum Operations 
	A. Production-
	-

	1. Valves, flanges, etc.--Fittings in oil fields are used in either gas or liquid service. Most leakage is found in the gas service pipelines. The most effective control was found to be improved maintenance. In the field tests by KVB on this program, a number of leaks were detected which could be stopped by simple tightening of valve packing nuts. This indi­cated that an improved maintenance program might be an effective measure. However, when the same approach was suggested for a refinery operation, it was
	Although no data have been found to support this, it is the general consensus of the people in the petroleum business that plug valves are better than gate valves from a leakage standpoint. This would suggest that switching to plug valves would offer some advantage. Most plug valves rely ~JB actually :ound proportionally more plug valves leaking than gate valves. However, ~~e simple injection of grease into the valve always stopped the leak whereas on gate valves it was not always possible to stop a leak by
	on grease to seal them. 
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	If some data could be developed to establish which type of valves have the least leak rate, then the gradual switching to that type of valve should be initiated. Two programs are currently in progress in which petroleum valve leakage data will be obtained, an oil refinery emissions measurement program sponsored by EPA (Ref. 4-29) and a production field test program sponsored by API (Ref. 4-30). These results should be monitored in developing valve emission control techniques. 
	2.. Pumps and compressors--The use of mechanical seals and a preventive maintenance program of testing and repairing will result in reduced emissions. The EPA and API studies mentioned above should provide further information as to the compressor and pump leakage rate and the difference between packed and mechanical seals. 
	3. Tanks, storage and production--Crude oil processing involves heating and compression for water, oil and gas separation. Production and storage vessels are usually of the fixed or cone roof type. The most effective emission control system is the vapor recovery units used to retain as much of the gaseous product as possible. A typical installation is shown in Figure 4-23. 
	A battery of cone (fixed) roof storage tanks are connected by a series of gas manifolds to a gas holder (usually a low pressure diaphragm type design). 
	Provision is made for removing excess gas from the gas holder with a compressor. To make up for this lost gas a blanket gas is allowed to flow into the vapor space of the cone roof tanks during periods of vapor contraction (due to cooling or barometric pressure changes) or during periods of liquid withdrawal. The blanket gas usually consists of natural gas and its purpose is to maintain a non-explosive mixture in the vapor space of the cone roof tanks. The natural gas vapors recovered from the gas holder re
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	E'igure 4-23. Simplified schematic of a typical vapor recovery system (Ref. 4-6). 
	KVB 5804-714 
	Where no vapor recovery system is used, painting the tanks white will minimize breathing losses. H S gas sometimes present in crude oil
	2 was found to have corrosive effects on tank sample port covers. Leaks in these covers can result in significant loss since the gas blanket is at a slight positive pressure to prevent air intrusion. Therefore maintenance is required to insure tight cover fit. 
	4. Wast~ water seoarators--Most oil fields process waste water from their heater treaters and water knockout tanks in open pools, skimming off the oil in various stages. In the final stage a vacuum truck periodically removes the oil layer. This has been an acceptable practice under current rules because it was felt that the Reid vapor pressure was below 0.5 psi. 
	KVB tests conducted as part of this program suggest that a significant amount of Hie emissions may be evolved from the surface of the pool. Solid or floating covers will reduce these emissions by up to 95%. 
	5. 
	5. 
	5. 
	Well vents--In certain oil fields in the Basin, steam is injected into oil wells to stimulate the recovery of crude oil. This form of tertiary oil recovery along with another method, referred to as in-situ burning or fire flooding, causes gaseous hydrocarbons to be emitted from well vents. Fire flooding involves pumping air underground to burn some of the oil to heat the rerr4ining oil and lower its viscosity. The emissions contain hydro­carbons and some odorous compounds like HS and mercaptans. The hydroca
	2
	2


	6. 
	6. 
	Boiler and heater--Boilers are used to create the steam to be injected into the ground. Process heaters are used to separate crude oil from the associated water. Both of these devices emit low concentrations of hydro­carbons. The best way to,minimize these emissions is to keep the device well maintained and to use optimum burner designs which will have good atomization and mixing. 
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	7. IC engines--Natural gas fired piston engines are often used to drive oil well pumps. Two stroke engines emit a substantial amount of gaseous HIC's because part of the fuel never burns. On a two stroke engine intake and exhaust occur on the same stroke so that some of the fuel as scavanged with the exhaust products. The best control approach is to replace the two stroke engines with four stroke engines and to keep the engines well tuned. 
	B. Refining-
	-

	Valves and flanges-­
	Compressors and pumps-­
	Waste water separators-­
	Boilers and heaters-
	-

	The approach for these items in a refinery is identical for the respective devices in an oil field as presented above. 
	1. 
	1. 
	1. 
	Vacuum jets--These vacuum ejectors are used on vacuum distillation towers. With the exception of the stripping steam the ejected stream is all hydrocarbon which may be condensed by a water cooler and vented to the refinery fuel gas. Condensible products are collected and processed further. 

	2. 
	2. 
	Asphalt air blowing--Asphalt is normally obtained from select crude oils by means of vacuum distillation or solvent extraction. To make it suitable for paving, roofing, or pipe coating, asphalt is sometimes reacted with air. Air-blowing is mainly a dehydrogenation process. Oxygen in the air combines with hydrogen in the oil molecules to form water vapor. The progressive loss of hydrogen results in polymerization or condensation of the asphalt to the desired consistency. 


	Blowing is usually carried out in batches, starting with the asphalt at a temperature of 300 OF to 400 OF. Little additional heat is needed since the reaction becomes exothermic. 
	Effluents from the asphalt air-blowing stills include oxygen, nitrogen, water vapor, sulfur compounds, and hydrocarbons in the forms of gases, odors, and aerosols. Discharge of these odors and airborne oil particles can be disagreeable. 
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	Control of emissions from asphalt air-blowing stills has been accomplished by scrubbing and incineration, singly or in combination. Most installations use the combination. For scrubbing alone to be effective, a very high water-to-gas ratio of about 100 gallons per 1,000 standard cubic feet per minute is necessary. 
	Where removal of most of the potential air pollutants is not feasible by scrubbing alone, the noncondensibles must be incinerated. Essential to effective incineration is direct-flame contact with the effluents, a minimum retention time of 0.3 second in the combustion zone, and maintenance of a minimum combustion chamber temperature of 1,200 OF. Other desirable features include turbulent mixing of vapors in the combustion chamber, and adequate instrumentation. Primary condensation of steam and water vapor al
	3. 
	3. 
	3. 
	Catalyst regenerators--Petroleum fractions are cracked to produce compounds of lower molecular weight. Catalysts in the form of pOWders or beads are utilized. The catalyst particles become coated with carbon and high-molecular-weight compounds. These materials must be burned off the catalyst in order to maintain its activity. The catalyst continuously circulates from the reactor chamber to the regenerator chamber. In the regenerator, a controlled amount of air is admitted to burn off the coatings. This caus

	4. 
	4. 
	Storage tanks--In a refinery both fixed roof and floating roof t~~s are employed. In the Basin the storage of organic liquids is controlled by SCAQMD Rule 463 which, if the Reid vapor pressure is greater than 0.5 psi, requires the use of floating roof tank with double seals or fixed roof tanks with variable vapor space or vapor recovery. If the RVP is lower than 0.5 psi, then the liquid may be stored in a fixed roof tank without control. 

	5. 
	5. 
	Transferring--Movement of hydrocarbons throughout a refinery from vessel to vessel can produce working losses. To minimize these losses the vapors created and displaced must be minimized or handled to prevent their 
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	escape. Floating roof tanks, variable vapor spaces and vapor recovery 
	systems can be employed. In filling tankers and tank trucks, bottom 
	filling procedures minimize the escaping hydrocarbons. Liquid/vapor 
	exchange is also used to reduce emissions as well as for vehicle safety. 
	Reference 4-10 has a thorough treatment of these methods. 
	6. Blow downs--Refinery units are periodically shut down and emptied for internal inspection and maintenance. The process of unit shutdown, repair or inspection, and start-up is termed a unit turnaround. The purging of the contents of a vessel to provide a safe interior atmosphere for workmen is termed a vessel blQwdown. In a typical process unit turnaround the liquid contents are pumped from the vessel to some available storage facility. The vessel is then depressurized, flushed with water, steam, or nitro
	The emission factor for refinery blowdown is 856 kilograms per 1000 33
	cubic meters (kg/10 m ) of refinery throughput (Ref. 4-31). This factor is based on a one-year (1956) record of refinery turnarounds in Los Angeles County. In this one-year period, eight refineries reported 382 turnarounds with blowdowni 56 percent of these resulted in emission to the atmosphere, while 44 percent resulted in no emissions (Ref. 4-32). 
	C. Marketing -Transferring-
	-

	In gasoline marketing the product is transferred from the bulk station to the local service station and then to the automobile. Vapor control can be maintained by the balance system of vapor liquid exchange. The losses are further reduced by using the procedure of bottom filling the tank trucks and service station.tanks to minimize the amount of aerosol in the vapor being transferred. In terms of control strategies to reduce hydrocarbon emissions 
	in the Basin, 
	in the Basin, 
	in the Basin, 
	the implementation of auto 
	refueling vapor recovery systems 

	should'have the most significant benefit. 
	should'have the most significant benefit. 
	This is discussed further in 

	Section 5.0. 
	Section 5.0. 

	TR
	KVB 
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	4.2.2 Organic Solvent Operations 
	With few exceptions organic solvent operations have the choice of four candidate emission control systems; charcoal adsorption, thermal inciner­ation, catalytic incineration, or process and material changes. The choice must be made after a detailed study of the particular constraints on a given installation. However in this section a few pertinent observations regarding the peculiarities of certain operations will be presented. 
	A. Metal Coating-
	-

	Automotive--The automobile assembly industry is most adaptable to incineration and adsorption. Both thermal and catalytic incineration are in use in the two assembly plants in the Basin. Because of the color changes required on the assembly line certain of the low solvent coatings are not applicable. But water-borne paint has proved to be feasible and is now being used as a top coat by GM in their plants in Los Angeles. The switch­over has been expensive. An estimate of costs associated with switching an en
	1. 
	1. 
	1. 
	Special primer facilities--The electrophoretic primer requires better precleaning and a de-ionized water bath before priming. It requires a large tank with extensive controls on tempera~ure, pH, sol~ds, and voltage. A final rinse usually with de-ionized water is also required. 

	2. 
	2. 
	Lengthening of ovens--Water-borne coatings require a longer flash tunnel prior to drying. Temperatures must also be raised more slowly and brought to higher levels in order to evaporate the water slowly enough to avoid pitting the coating. This necessitates longer ovens, which in turn may force some existing equipment to be moved to other locations at con­siderable cost. 

	3. 
	3. 
	Cleanliness requirements--Water-borne coatings do not "touch dry" as quickly as solvent-borne coatings. Thus, they are much more susceptible to dirt pickUp. This necessitates filtration of incoming air. Overhead conveyors may also be inadequate because of potential for dropped dirt. 
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	4. Humidity and temperature reauirements--Because the major solvent being evaporated is water, proper temperature and humidity conditioning of the air is vital. If the humidity is too high or the temperature too low, the coating will sag on vertical surfaces. Conversely, if the humidity is too low or the temperature too high, the water will evaporate too rapidly and the coating will "orange peel" or pit. Each coating must be formulated for a narrow humidity range, but formulations for different humidities a
	Water can be removed from incoming air by chemical or mechanical means. The chemical means involves use of a hygroscopic solution; the mechanical means involves use of a refrigeration cycle. The proper choice depends on both the climate and the availability of energy at the plant. The chemical choice involves more complexity, but less energy consumption than the mechanical method. Steam availability favors the chemical choice. 
	5. 
	5. 
	5. 
	Shutdown problems--Because of the potential for rusting and dirt pickup, vehicles coated with water-borne coatings cannot be left wet over­night or during shift changes. The assembly line must have facilities for carrying painted vehicles through the following oven after shutdowns. Accommodations must also be made for storage of these vehicles until the process resumes. These requirements necessitate special ovens, surge storage areas, and independent conveyor chains for each of the dip tables and spray boo

	6. 
	6. 
	Clean-up problems--Unlike organic solvent-borne coating, water­borne coating overspray does not dry in the air before being drawn through the particulate collector. This results in an increased clean-up problem for water-borne coatings with attendant increased clean-up labor costs. The fans also become coated with over-spray and require frequent cleaning. 

	7. 
	7. 
	Sludge handling problems--Water-borne coatings do not harden in the water of the water-wash particulate collectors on the spray booth. Sludge handling is thus more difficult for water-borne systems. 

	8. 
	8. 
	Corrosion problems--The black iron pipes commonly used to pump solvent-borne coatings from central mixing areas to the spray booth are not suitable for water-borne coatings and must be replaced with a non­corrosive. The lifetime of steel spray booths may also be lessened where water-borne coatings are used. 
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	9. Maintenance requirements--Maintenance requirements are increased by the new air conditioning and humidity control systems required. 
	Can coating (Ref. 4-33)--Can coating includes: the roller coating of one or both sides of metal sheets to be used for can bodies or ends, the side seam spray coating of three-piece cans, the interior body spray coating and side seam spray coating of three-piece beer and beverage cans, the exterior roller coating and the interior body spray coating of two­piece cans, and the sealing compound coating of can ends. The fabricated cans are used as containers for products ranging from beverages to tennis balls. 
	Lacquers or other coatings for the interior base coat are used in ~~e three-piece cans to provide a protective lining between the can metal and product, especially for food products. It is important that the interior lacquer does not react with the product to alter the product taste, odor, or appearance. All interior coatings for cans that will contain edible products must be approved by the Food and Drug Administration (Refs. 4-34, 4-35 ). 
	Some common resins used in can coating lacquers are butadienes, phenolics, epoxies and vinyls that range from 30 to 40 percent solids con­tent by weight and organosols that range from 52 to 66 percent solids con­tent by weight (Refs. 4-34, 4-35). 
	~sually a white coating used to provide adhesion and background for the lithographs or printing operation. Some of the coating resins used are polyesters, alkyds, and acrylics at approxi­mately 55 to 65 percent solids content by weight. 
	The exterior base coat is 

	The solvents most often used in the interior and exterior base tol~ol, diacetone alcohol, methyl iso-butyl ketone, methyl ethyl ketone, isophorone Solvesso 150 (TM) , Cellosolve (TM) , ethanol, cyclohexanone, Butyl Cellosolve 
	coats, the over varnish, and the primer are mineral spirits, xylol, 

	(TM) , Cellosolve acetate (TM), n-butanol, isopropanol, butyl carbinol, propylene oxide, mesityl oxide, aliphatic petroleum hydrocarbons, di-iso­butyl ketone, di methyl formamide, and I-nitropropane. 
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	A new coating formulation for the cans not only has to satisfy the can manufacturers but also must be approved by the customer. Customer approval of a new coating formulation may take a minimum of 6 to 9 months. Federal Food and Drug Administration approval for a new coating to be used for edible products may take as long as 4 years. 
	Incineration is a proven retrofit control system that can control organic solvent emissions from can coating facilities. Although incineration without heat recovery is a considerable energy user, installation of primary and secondary heat recovery systems significantly reduce the incremental consumption of energy. Incineration is the most economical retrofit control option when combined with heat recovery. 
	Water-borne, high-solids, powder and ultraviolet curable coatings can reduce organic solvent emissions with the sarne efficiency as incinera­tion and may use less energy than solvent-borne coatings. Conversion to water-borne, high-solids, powder and ultraviolet curable coatings has been successful on some can coating formulations; however, many coatings are still in the development stages or are undergoing tests by both the Food and Drug Administration and the customers., The ability to convert to high-soli
	water-borne, 

	A carbon adsorption unit retrofitted on a sheet or can coating facility can reduce organic solvent emissions even though additional measures are needed in some cases to clean the process gas stream prior to adsorption. Because different mixtures of solvents are used, there is little market value for the solvent. The solvent can be recovered and used as fuel for the boiler to generate steam for the regeneration of the carbon bed; however, the recovered solvent may not be enough for the required boiler if con
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	The cost of controlling each ton of organic emissions from the can coating industry using water-borne, high solids, powder or ultraviolet curable coating is difficult to determine because of the variable factors of the manufacturing process. 
	It would be costly to retrofit add-on control devices to reduce organic emissions from the three-piece can side seam spray coaters, the beer and beverage can interior spray coaters and ovens, and the can end sealing compound coaters and ovens because 75-100 percent of the organic solvent vapors are emitted within the plant and not from the oven. Conver­sion to water-borne, high solids or powder coatings is the best control option for those systems. Moreover, conversion to water-borne, high solids, powder or
	Coil coating--Coil coating is defined as the coating of any flat metal sheet or strip that comes in rolls or coils (Ref. 4-36). The metal is typically roll coated on one or both sides on a continuous production line basis. The metal may also be printed or embossed. The coated metal is slit and fabricated by drawing, stamping, roll-forming, or other shaping operations into finished products to be used for cans, appliances, roof decks, shelving, industrial and residential siding, cameras, culvert stock, cars,
	Some plants may use as many as 900 different coatings each contain­ing four to ten different solvents, and some use as much as 40,000 gallons of coatings per month. Coatings and approximate percentage of volatiles in these coatings most often used in the coil coating industry are shown in Table 4-5. 
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	TABLE 4-5. COATINGS USED IN COIL COATING (Refs. 4-37, 4-38, 4-39) 
	Coatings 
	Coatings 
	Coatings 
	Volatiles, percent 

	Acrylics 
	Acrylics 
	40-45 

	Adhesives 
	Adhesives 
	75-80 

	Alkyds 
	Alkyds 
	35-40 

	Epoxies 
	Epoxies 
	45-50 

	Fluorocarbons 
	Fluorocarbons 
	55-60 

	Lumar 
	Lumar 
	(TM) 
	55-60 

	Organosols 
	Organosols 
	10-15 

	Phenolics 
	Phenolics 
	45-50 

	Plastisols 
	Plastisols 
	10-50 

	Polyesters 
	Polyesters 
	45-50 

	Silicones 
	Silicones 
	35-40 

	Vinyls 
	Vinyls 
	60-70 

	Zincromet 
	Zincromet 
	(TM) 

	Dacromet 
	Dacromet 
	(TM) 


	The solvents most often used in the coil coating industry include xylol, toluene, methyl ethyl ketone, Cellosolve acetate (TM) , butanol, diacetone alcohol, Cellosolve (TM) , butyl Cellosolve (TM) , Solvesso 150 (TM) , isophorone, butyl carbitol, mineral spirits, ethanol, 2-nitropropane, tetrahydrofuran, Panasolve (TM) , and methyl iso-butyl ketone. 
	Coil coating line configurations differ from one another. On some lines, the metal is uncoiled at one end of the line and recoiled at the opposite end. On other coil coating lines, called "wrap around" lines, the metal is uncoiled and recoiled at about the same point on the line. Some coil coating lines have a single coater and one curing or baking oven; other coil coating lines, called "tandem" lines, have several successive coaters each followed by an oven so that several different coatings may be applied
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	Figure 4-24. Diagr~n of coil coating line. 
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	The use of carbon adsorption is limited because tl.e high oven dis­charge temperatures necessitate a large amount of cooling upstream of the adsorber. Also polymerization and cracking of organics form condensable products that can foul or poison the adsorbent, necessitating pretreatment. 
	(Pretreatment by water scrubbing may produce a potential water pollution problem.) Moreover, some products will still foul the carbon bed, even with scrubbing or filtering, resulting in an inefficient collection of organic vapors. There would be little market value for recovered solvents because of the mixtures of solvents used. 
	Incineration and conversion to water-borne or high-solids coatings have been determined to be the most reasonable control options for reducing organic emissions from coil coating lines because of the typically high curing temperatures and the various mixtures of organic solvents found in the coatings used by the coil coating industry. Incineration and water-borne coatings have been successfully applied to existing coil coating lines . 
	. Over 90 percent reduction of organic emissions is achievable with incineration and 80-95 percent reduction is achievable with water-borne coatings, depend­ing on the processes solvent-borne coatings used. 
	There are limitations on these control options. Some coatings used in the industry can poison an incinerator catalyst. There is a lack of water-borne and high-solids coatings equivalent to solvent-borne coatings for some metal uses, especially where resistance to corrosion or wear is critical or to withstand certain forming operations. Incineration, especially noncatalytic, may increase the use of natural gas or other fuels if there are no nearby facilities where recovered energy can be used. Carbon adsorpt
	There does' not appear to be a single best control system for the entire coil coating industry; therefore, each plant must be considered separately in selecting the best system applicable to that plant's situation (Ref. 4-37). 
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	Appliances and other commercial products--These items are smaller and more uniform in size and color. Unlike automotive coating, long runs of the same color can be made. This makes the use of solventless coatings very attractive. As the size of some of the companies producing ~~ese pro­d~cts is small, developing a new coating could involve indetermir.ate risk, whereas the selection and installation of an adsorption or incineration system involves a more clearly assessible cost and performance. 
	Machinery--These products range from stationary machine shop equipment assemb~y devices to large earth moving equipment. The coating requirements are more for service and less for aesthetic quality. The relative cost of coating for this type of product is less than most commercial products because of the normally high basic cost. Powder coatings and other low solvent coating with high durability would be excellent candidates for this application. 
	to automatic processing and 

	B. Paper and Film Coatings-
	-

	1. Adhesive tapes and tables--Paper is coated for a variety of decora­tive and functional purposes, using water-borne, organic solvent-borne, and solventless extrusion materials. Because the organic solvent-borne coating pollut~on concern. Among products that are coated using organic solvents are: adhesive tapes; adhesive labels; fancy paper, coated, and glazed paper; book covers; office copier paper (zinc oxide coated); carbon paper; typewriter ribbons; and photographic films. 
	process is a source of hydrocarbon emissions, it is an air 

	In organic solvent paper coating, resins are dissolved in an organic solvent or solvent mixture and this solution is applied to a web (continuous roll) of paper. When the coated web is dried, the organic solvent evaporates and the coating cures. Use of an organic solvent has several advantages: ~de soluble, its components can be changed to affect drying rate, and it creates coatings that show superior water resistance and better mechanical properties than some other coatings. In addition, a 1arge variety of
	it allows organic resins to be 

	(Ref. 4-39). KVB 5804-714 
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	The ingredients usually used in organic solvent-borne paper coatings may be divided into the following classes: film-forming materials, plastic­izers, pigments, and solvents. Dozens of organic solvents are used for paper coating. The major ones are: toluene, methyl ethyl ketone, isopropyl me~~anol, acetone, and ethanol. 
	alcohol, 

	Although a single solvent is frequently used, often a solvent mixture ~~e drying rate to be controlled. Too rapid drying results in bubbles and an "orange peel" effect in the coating; whereas, too slow drying can require excessive oven lengths. Variations in the composi­tion of the solvent mixture affect the solvency power of the mix. 
	is necessary to allow 

	The main classes of film formers used in paper coating are cellulose derivatives and vinyl resins. The most commonly used cellulose derivative is nitrocellulose. The most commonly used vinyl resin is the copolymer of vinyl chloride and vinyl acetate. 
	Nitrocellulose has been used for paper coating since the 1920's for decorative paper and book covers and other items. It is relatively easy to formulate and handle and dries quickly, allowing lower oven temperatures to be used than for vinyl coatings. 
	The vinyl copolymers have superior toughness, flexibility, and' abrasion resistance compared with nitrocellulose. They also show good resistance to acids, alkyds, alcohols, and greases, and are nonflammable. Vinyl coatings tend to retain solvent, however, so that comparatively high temperatures are needed for drying. In general, nitrocellulose is most applicable to the decorative paper field, whereas vinyl copolymers are used for function papers (Ref. 4-39). 
	Plasticizers are often added to the coating to improve its flexi­bility. Some of the many common plasticizers are dioctyl phthalate, tri­cresyl phosphate, and castor oil. Each type resin has an optimum plasticizer concentra~ion. As plasticizer concentration increases, the coating becomes more flexible until it begins to be soft and tacky. 
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	In the production of pressure sensitive tapes and labels, adhesives and silicone release agents are applied with organic solvents. The adhesive layer on a tape or label is usually based on one of the following organic solvent-borne resins: natural rubber, synthetic rubber, acrylic, and silicone. 
	Because of their low cost, natural and synthetic rubber compounds are the main film formers used for adhesives in pressure sensitive tapes and labels, although acrylic and silicone adhesives offer performance advantages for certain applications. 
	The paper to which adhesive labels are attached must be treated with a release agent so that the adhesive tag may be removed. This release agent is usually a silicone coating that is applied with solvents. Silicone and other types of release agents are applied with organic solvents to the backside of pressure sensitive tapes so that tapes can be unwound. 
	Figure 4-25 shows a typical paper coating line. Components of a coating line include an unwind device, a coating applicator (knife, reverse roll, or gravure), an oven, various tension and chill rolls, and a rewind device. The unwind, rewind, and tension rolls display various degrees of complexity depending on the design of the line. The coating applicator and the oven are the main areas of organic emission in the paper coating facility. 
	Most solvent emissions from paper coating come from the dryer or oven. Ovens range from 20 to 200 feet in length and may be divided into two to five temperature zones. The first zone, where the coated paper (~ 110 OF) area. Solvent emissions are highest in this zone. Other zones have progressively higher temperature~ that cure the coating after most of the solvent has evaporated. The typical curing temperature is 250 OF, although in some ovens temperatures of 400 OF are reached. This is generally the maximu
	enters the oven, is usually a low temperature 

	sent to 
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	The average exhaust 
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	Figure 4-25. Diagram of typical paper coating line. 
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	Most paper coaters try to maintain air flow through their ovens so the solvent concentration will be 25 percent of the LEL, although many ovens are actually run at much lower solvent concentrations. As energy shortages intensify, coaters are becoming aware that such low solvent concentrations req~re the heating of unnecessarily large amounts of intake air for their ovens. 
	Insurance and safety requirements permit even higher solvent concen­trations than 25 percent LEL in some instances. The Handbook of Industrial Loss Prevention notes that flammable vapor concentrations up to 50 percent of the LEL may be tolerated if approyed continuous vapor concentration indicators controllers are used (Ref. 4-40). The controller must sound an alarm when concentrations reach 50 percent, and shut the oven doWn automatically when concentrations reach 60 percent of the LEL. 
	Part of the solvent remains in the finished product after it has cured in the oven. For example, certain types of pressure-sensitive tapes have 150 to 2,000 ppm by weight of solvent in the adhesive mass on the finished tape. One coater has claimed that 3 to 10 percent of his solvent remains in the product. 
	The manufacture of photographic film exhibits special solvent control problems. Four or more layers of coatings may be qpplied to a photographic film, using equipment and coating techniques similar to those used for other paper coatings. Because the coatings on the photographic film later undergo chemical reactions, the composition and quality of the coatings must be tightly controlled. Because of the nature of these coatings, certain control options may not be possible. For example, it may be impossible to
	The two well proven add-on control devices for controlling organic solvent emissions from paper coating lines are incinerators and carbon adsorbers. Both of these control devices have been retrofitted onto a number of paper coating lines and are being operated successfully. 
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	The only const=aint to the use of incinerators is the possible shortage-of natural gas. However, in many cases the combination of afterburner and oven will use no more fuel than the oven alone if proper heat recovery is used. Incinerators can be altered to operate on No. 2 fuel oil if new natural gas is not available. If recovered solvent has no value, incineration' with heat recovery is more economical than carbon adsorption. 
	The major drawback to the use of carbon adsorption is that in some cases solvent mixtures may not be economically recoverable in usable form. If the recovered solvent can be used as fuel, then carbon adsorption compares favorably in operating cost with an incinerator. If the solvent can be recovered as usable solvent, use of carbon adsorption represents an economic advantage to the paper coater. 
	It is more difficult to estimate costs for low solvent coatings, because the cost will vary depending on the type of coating used. For some applications, the use of low organic solvent coatings will cost less in dollars per pound of coatings solids applied than will conventional organic solvent coatings when some type of add-on control device is used. 
	Low solvent coatings have been well developed for some applications, but considerable development is needed in other areas. The main incentive paper coaters will have to develop new low solvent coatings will be strict requirements for add-on control devices if conventional organic solvent coatings are used. 
	An estimate of solvent emission reduction using low solvent coatings is presented in Table 4-6 . 
	. 
	C. Fabric Coating-
	-

	Fabric coating involves the coating of a textile substrate with a knife or roller spreader to impart properties that are not initially present, such as strength, stability, water or acid repellaney or appearance (Ref. 4-41). 
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	TABLE 4-6. ACHIEVABLE SOLVENT REDUCTIONS USING LOW SOLVENT COATINGS IN PAPER COATING INDUSTRY (REF. 4-33) 
	TABLE 4-6. ACHIEVABLE SOLVENT REDUCTIONS USING LOW SOLVENT COATINGS IN PAPER COATING INDUSTRY (REF. 4-33) 
	TABLE 4-6. ACHIEVABLE SOLVENT REDUCTIONS USING LOW SOLVENT COATINGS IN PAPER COATING INDUSTRY (REF. 4-33) 

	Type of Low Solvent Coating 
	Type of Low Solvent Coating 
	Reduction Achievable, 
	%* 

	Water-borne coatings 
	Water-borne coatings 
	80-99 

	Plastisols 
	Plastisols 
	95-99 

	Extrusion coatings 
	Extrusion coatings 
	99+ 

	Hot melts 
	Hot melts 
	99+ 

	Pressure sensitive adhesives 
	Pressure sensitive adhesives 

	Hot melt 
	Hot melt 
	99 

	Water-borne 
	Water-borne 
	80-99 

	Prepolymer 
	Prepolymer 
	99 

	Silicone release agents 
	Silicone release agents 

	Water-borne emulsions 
	Water-borne emulsions 
	80-99 

	100 percent nonvolatile coatings 
	100 percent nonvolatile coatings 
	99+ 


	*Based on comparison with a conventional coating containing 35 percent solids by volume and 65 percent organic solvent by volume. 
	The fabric ~oating industry is a diverse industry, concentrated in the East with a few plants in the South Coast Air Basin. The industry consists mainly of small to moderate sized plants each of which specialize in a limited product line. 
	Substrates (textile materials used for coating purposes) can be (P~lC) sheets are not technically fabrics, coating of these sheets is covered in this section. 
	either natural or man-made. Although polyvinyl chloride 

	Coatings used include latexes, acrylics, polyurethanes, and natural and synthetic rubbers. 
	It is estimated that between 85 and 96 percent of the solvent emis­sions from fabric coating are from the drying process (Refs. 4-42, 4-43). Estimated and reported solvent concentration levels from drying operations range between 0.05 and 0.4 percent by volume (Refs. 4-42, 4-43). Typically, drying ovens are designed to process fabric on a continuous basis operating with a web or conveyor feed system. Ovens can be enclosed or semienclosed and may exhaust from a few thousand cubic feet per minute to tens of t
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	Drying ovens in older plants are often only semienclosed and operate with low solvent concentrations. Calculated and reported solvent levels in the exhaust streams are between 5 percent and 12 percent of the LEL. Newer installations, however, are reported to be operating at exhaust solvent con­centrations up to 40 perce~t of the LEL (Refs. 4-42, 4-43). 
	Reductions of 90 percent of contained emissions are achievable using catalytic or noncatalytic incineration. Because of the so-called fugitive emissions, the overall reduction in plant emissions is less than 90 percent. 
	Carbon adsorption can remove over 90 percent of the organic vapors from the gases that pass through it. Overall plant reductions will be less percent due to losses during handling. Experience has shown that in facilities using activated carbon, the greatest losses of solvent occur in handling. 
	Organic emissions can be reduced by 80 to 100 percent by the use of low organic solvent coatings such as high-solids or water-borne. The actual reduction depends on the previous coating and the organic solvent to solids ratio of the new coating. 
	Carbon adsorption and incineration are most applicable to those sources that cannot use low polluting coatings. Carbon adsorption is most economical for sources that use a single solvent or solvent mixture for all uses. The large capital investment requirement, however, may impose major problems for some companies. 
	Incineration with primary and secondary heat recovery is most applicable at those sources that use a large variety of solvents and cannot reuse them. 
	The most desirable strategy is probably the conversion to low polluting coatings but this is limited by the lack of such coatings for some uses. 
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	D. Other Solvent Operations-
	-

	1. Printing--There are four main types of printing operations: letter­press, lithographic, flexographic and gravure. 
	Letterpress, the oldest printing process, is defined as printing from raised type. The process is based on the simple stamping principle and produces a high quality of print on almost any type of paper or board. There are essentially three types of letterpresses in commercial use; pl~ten, flat­bed, and web rotary. Platen presses can print a variety of jobs, from a simple one-color to multicolor. The flat-bed press is widely used in printing catalogs, books, and booklets. The web rotary press consists of two
	Lithographic printing is based on the principal of oil and water immiscibility. The level printing surface is prepared chemically resulting in the image area accepting oleophilic ink and the nonprinting'area accepting water. Lithography has many advantages. Plate making is simple, fewer mechanical operations ara required and it is economical for short runs. 
	Flexographic printing is a special form of relief printing. A flexible typographic rubber plate is mounted on a cylinder and is used to transfer the lacquer-type ink. This type of operation allows printing on hard surfaces, such as plastic films, calendered papers and metallic foils. Equipment for flexographic printing is divided into two classes; stack presses and common-impression equipment. In stack presses each color has its own unit consisting of fountain, roller, plate cylinder and impression cylinder
	Gravure printing utilizes a recessed surface for transferring the lacquer-type ink. It is the only process in which the ink film does not contact a flexible synthetic roller. Gravure ink is instant drying and the polymers must be preformed to be useful. The resins must be tack 
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	free and have excellent solvent release properties. Unlike other printing processes, the pressure is not transmitted through the ink film; instead it is only on the cylinder plate, impr~ssion roller, and substrate. 
	Certain types of inks are used with certain methods. Table 4-7 indicates the range of percent solvent content in inks for two drying methods versus the four printing processes. 
	TABLE 4-7. PERCENTAGE OF INK SOLVENT CONTENT FOR TWO DRYING METHODS VERSUS FOUR PRINTING PROCESSES 
	Drying Method Letterpress Flexographic Lithographic Gravure Evaporation (40-75%)* 40-75% Heat set -10% (0-30%)+ -16% 
	*Solvent-base ink tWater-base ink. The flexographic and gravure process account for approximately one­third of all inks used. They mainly use solvent-based inks containing 40 to 75 percent solvent, 'which is then evaporated on drying. Water-borne inks are also coming into use in the flexographic process. Some of these water­borne inks also contain solvent (0-30 percent) for faster drying. The screen process uses oil and lacquer-type inks which contain 0 to 60 percent solvents. However, this class accounts f
	Where available, the use of water-borne ink is the most economical emission control technique. However, because water-borne inks are not sufficiently versatile in color and substrate compatibility, most large presses in the Basin depend on carbon adsorption and incineration. The largest gravure printing plant in the Basin has installed a 180,000 CFM carbon adsorption system which has an efficiency of over 95% and the solvent is 100% recoverable. The condensed water :rom the steam desorption system is separa
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	2. Rubber Manufacturing (Ref. 4-4 )--The most important operations in the manufacture of rubber are as follows: (1) physical treatment of raw rubber to prepare it for addition of compounding ingredients; (2) incorpora­tion of various substances, especially fillers; (3) pretreatment of mix to make it satisfactory for preparing the final product; (4) forming the final product; and (5) vulcanization or curing the molded article. 
	The compounding ingredients added to rubber are as follows: (1) plasticizers or softeners, (2) vulcanizing agents, (3) accelerators, (4) activators and retarders, (5) antioxidants, (6) fillers, and (7) miscellaneous ingredients such as pigments, rubber substitutes, odorants, abrasives, stif­feners, and blowing agents. 
	The first step in this process is plasticization which can be done in several ways. Mechanical plasticization is accomplished on a mixing mill or internal mixer which rolls the rubber and makes it soft and plastic. Heat plasticization is accomplished by heating in ovens for about 24 hours at to 400 of. Chemical plasticization is accomplished by adding peptizing agents on the mills and is more rapid and economical than other means under certain conditions. Typical peptizing agents are naphthyl mercaptan, xyl
	300 
	0 

	Typical antioxidants that create hydrocarbon and organic pollutants are aromatic amines, aldehyde-amine condensation products, derivatives of secondary napthylamines, aromatic diamine derivatives, and ketone-amine condensation products. 
	To vulcanize or cure the molded article, the material is held at elevated temperatures of 200 ° to 300 of from a few seconds to several hours. This is the operation during which many of the plasticizers, accelerators, and other organics are volatilized and driven off as air pollutants. One of the major problems associated with rubber production is odor. 
	The principal methods used to control air pollutants from rubber manufacture are; reformulation, condensation, adsorption, absorption, and incineration. Many of the rubber manufacturers have been recovering solvents 
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	for economic reasons. In one case, a rubber company installed an activated­carbon adsorPtion system and found that with a 65 percent recovery figure for a base, the system could save them up to $39,000 in the first full 12 months of operation (Ref. 4-45). 
	In reformulation, use of nonreactive solvents in place of reactive ones would alleviate hydrocarbons and odor problems. 
	Direct-flame incineration has proved to be very successful in controlling both hydrocarbons and odors. In one rubber processing plant, tests of a direct-flame incineration system showed that for a total system flow of 31,000 pounds per hour, and an incineration temperature of 1,120 OF, total hydrocarbons were reduced from 1,305 to 207 ppm by weight with an efficiency of 84 percent (Ref. 4-46) (calculations based on reduction of total hydrocarbons in pounds per hour). With allowance for the contribution of f
	In a similar run at an incineration temperature of 1,190 OF, total hydrocarbons were reduced from 1,155 to 89 ppm by weight for an efficiency of 92 percent. Allowing for fuel oil contribution would increase this efficiency to 97 percent. 
	Catalytic-type combustion has been investigated thoroughly for removing pollutants from rubber plants. In some cases, however, it has been found that temperatures only 100 OF below those required for direct­flame incineration were required, and thus increased costs of catalyst­type operations would not be justified. In other tests (Ref. 4-46), this type of combustion was abandoned because of (1) the danger of poisoning ~~e catalyst and (2) the impairment of its effectiveness as the catalyst became coated wi
	of 
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	3. Degreasing--Metal parts must be thoroughly cleaned of all grease and oil before they can be plated, painted, or further processed. 
	If solvent is used for cleaning and it is maintained by heat input at its atmospheric boiling point in the process equipment, and if this equipment is designed to control and minimize solvent losses to the air, then the cleaning process is called "vapor degreasing." 
	If the solvent used for cleaning is at or near room temperature and if the equipment used is not designed to control solvent losses, then such a process is referred to as "solvent cleaning" or "cold solvent cleaning." The solvents used in these processes may be halogenated, non­haologenated or mixture of them. 
	In other words, vapor degreasing is a specific type of cleaning process designed to use only halogenated solvents, which are essentially nonflammable and have a relatively high vapor density. Complete descrip­tions of "solvent cleaning" and "vapor degreasing" are presented in the chapter on metal cleaning in the Metals Handbook (Ref. 4-47). 
	A typical degreaser is pictured in Figure 4-18. The methods that can reduce emissions are (1) improved covers, (2) high freeboard with water cooled walls, (3) refrigerated chillers, (4) carbon adsorption and process change. Incineration is generally impractical because chlorinated solvents are usually used which form highly toxic fumes when burned. 
	Efficient covers are the most effective means of containing the vapor. Automatic covers open when a work piece is to be inserted and withdrawn. Horizontally acting doors cause the least disturbances of the vapor. A high freeboard with cooled walls help retain the heavier than air vapors inside the cover. A refrigerated chiller around the upper part of the freeboard condenses fumes that would curl over the upper edge. A hood, fan and charcoal adsorption system will also capture vapors that escape. Finally, t
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	4. Pesticide manufacture (and use)--A pesticide is a compound or mixture of compounds intended for preventing, destroying, or repelling or mitigating any insects, rodents, nematodes, fungi, or weeds or any other forms of life declared to be pests; and any compound or mixture of compounds intended for use as a plant regulator, defoliant, or desiccant. 
	Pesticides are rarely used in their pure form, but usually are first c~lled a formulation. The common formulations are powders or dusts, wettable or soluble powders, emulsifiable concentrates, granules, and aerosols. In addition to the active ingredient, each pesticide formulation may contain one or more of the following: a carrier or diluent, a solvent, an emulsifier, a spreading and sticking agent, or others. Each of these additives are usually inert as far as the pesticide action is concerned but provide
	combined with other materials into what is 

	Any or all of the constituents of a pesticide formulation can be a volatile organic compound including the active ingredient itself. Some typical active ingredients are listed in Table 4-8. Typically 80-90% of the applied formulations are volatile. Depp.nding on the active ingredient and the application the carrier can be organic or water. 
	The control of organic air pollutants from pesticides can be performed by minimizing the use of solvent or petroleum borne formulation and substitut­ing, where possible, water-borne or drj formulations. The other method is to use more efficient application techniques to reduce the amount of over spray necessary to obtain the desired coverage. In the latter case electrostatic spraying has been shown to reduce the amount of pesticide required by as much as 80% (Ref. 4-49). Personnel contact with the pesticide
	5. o~~er textiles may be cleaned by treating them with organic solvents. This treatment process involves agitating the clothing in a solvent bath, rinsing with clean solvent, and drying with warm 
	Dry cleaning--Clothing and 

	air. 
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	TABLE 4-8. SOME VOLATILE ORGANIC PESTICIDES (Ref. 4-50) 
	Aromatic Petroleum Solvents (liquids) Butoxyl polypropylene glycol (liquid) 2,4-0 Butoxyethanol (liquid) Chlordane (C H Cl ) (liquid)
	lO6 8 Chlorobenzene (liquid) Chlorobenzilate (liquid) Chloropicrin (liquid) 2,4-D Isopropyl Ether (liquid) 2,4-0 Propylene Glycolbuty Ether (liquid) Oalapan (Sodium Salt) CH CC1 COOH
	32
	(liquid) 
	DBCP Dibromochloropropane (liquid) 
	D-D Mixture (a mixture of l,2-0ichloropropane (1) and l,3-0ichloropropene (1) and related C compounds)
	3 ODVP (Dichlorvos) 2,2-0ichlorovinyl-O, O-di-Methyl Phosphate (liquid) DEF S, S, S-Tributyl Phosophoro­trithioate (liquid) 
	Demeton (Systox) O,O-Diethyl 0-2-ethylthio ethyl phosphorothioates 
	Diazinon (colorless liquid) 2,2-0ichloropropionic Acid (liquid) DNBP 2,4-Dinitro-6-sec butylphenol 
	(brown liquid) 2,4-DP Butoxylthanol (liquid) E~~ylene Dibromide (liquid) Fenthion (Baytex) yellow tan liquid Malathion (liquid) Metaldehyde (sublimable) (white 
	crystals) 
	Mineral Oil (liquid) Omite-R (viscous liquid) Parathion (yellow liquid) Petroleum Distillates (liquid) Petroleum Distillates, Aromatic 
	(liquids) Petroleum Hydrocarbons (liquids) Petroleum Oil, unclassified 
	(Stoddard solvent and diesel oil) Phorate (Thimet) (clear liquid) Phosdim-R (yellow to orange liquid) Phosphamidon (oily liquid) Phosphamidon, other related (oily liquid) Pine Oil (liquid) Piperonyl Butoxide (liquid) Pyrethrins (I and II) (viscous liquid) Telone-R (Dichloropropene) (liquid) Xylene (liquid) Xylene Range Aromatic Solvent (liquid) 
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	There are basically two types of dry-cleaning installations: those using petroleum solvents (Stoddard), and those using chlorinated synthetic solvents (perchloroethylene). The Stoddard solvent in use in the South Coast Basin is about 48% paraffin, 44% naphthenes and 8% aromatics. Compared to perchloroethylene the Stoddard solvent is less expensive by a factor of ten, less corrosive to the cleaning equipment, less toxic, but more hazardous from a fire safety standpoint and more reactive from a photochemical 
	cleaning plants. 
	In a petroleum-solvent dry-cleaning plant, the equipment generally consists of a washer, centrifuge (extractor), tumbler, filter, and often a batch still. The centrifuge is used to recover solvent by spinning it from the clothes. The clothes then enter a tumbler where they are dried with warm air. The tumbler is usually vented through a lint trap to the atmosphere in this type of plant. 
	In synthetic solvent plants, the washer and extractor are a single unit. The tumbler operates as a closed system, having a condenser for vapor a~~osphere or to a carbon adsorber only during a short deodorizing period. 
	recovery. The tumbler is vented to the 

	Both adsorption and condensation systems may be used to control solvent emissions from dry-cleaning plants using synthetic solvents. Solvent recovery systems are not only commercially available as part of a synthetic solvent cleaning plant, but they are also economically attractive. The primary con­trol element is a water-cooled condenser, which is an integral part of the closed cycle in the tumbler or drying system. Up to 95 percent of the solvent that is evaporated from the clothing can be recovered here.
	There are no commercially available control units for solvent recovery in petroleum-solvent plants because it is not economical to recover the vapors. The vaporized solvent is not condensible at the temperatures employed, and 
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	thus the whole solvent recovery burden would fallon an adsorption system, 
	necessitating equipment up to 20 times larger than that used in a comparable 
	synthetic solvent plant. 
	Another way of controlling solvent emissions from petroleum plants is through direct-fired afterburners. Es~imates show that a saving in capital cost could be achieved, but an increase in operating costs would also be incurred compared to carbon adsorbers. Afterburners are not suitable for synthetic chlorinated hydrocarbons because of the danger of producing hydrogen chloride, phosgene, or other toxic gases. 
	A complete treatment of emission reduction from the dry cleaning industry is contained in Ref. 4-64. 
	6. Architectural coatings--Architectural coating consist of those paints, varnishes, stains, sealers, etc. used on the exterior or interior surfaces of buildings, homes, civil engineering structurals, etc. These are the coating to which add on controls do not normally apply. 
	This is currently the area of greatest application of water-borne paints. Besides lower emissions water-borne paints offer easier application and cleanup and equivalent or superior durability. Except for aerosols, clear coatings and metal paints the water-borne paints are growing in popularity. A survey by the ARB indicated that 60% of the architectural paint sold in the state was water-borne. 
	The control methods for architectural coatings are to continue to persuade the professionals and non-professionals to substitute water-borne paint for solvent based paint; and to use, when possible, other solventless coatings as colored stucco, epoxy, and other low solvent coatings, prefinished panels, etc. 
	7. Wood finishing--Wood finishes involve varnishes, shellac, stain, wax, and plastic coatings. Water-borne and low solvent coatings are the primary method of solvent emission control in this area. However, certain pigments and high gloss finishes can only be accommodated with the solvent based formulations. In this case add-on devices like charcoal adsorbers as well as thermal and catalytic incinerators can be used to control air pollution emissions. 
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	4.2.3 Chemical Manufacturing 
	Manufacturers of synthetic organic chemicals such as elastomers, dyes, flavors, perfumes, plastics, resins, plasticizers, pigments, paints, varnishes, rubber processing chemicals, pharmaceuticals, and miscellaneous solvents have the problems of controlling emissions of hydrocarbons from raw materials and from products made from these materials. 
	Of the thousands of chemical manufacturing processes, each has unique control problems. The types of chemical conversions utilized in these processes are classified below. 
	Alkylation is the union of an olefin with an aromatic or paraffinic hydrocarbon. Ethyl benzene is produced by alkylating benzene with ethylene, and naphthalene, by dealkylation of a petroleum fraction. 
	In amination, an amino compound is formed by using ammonia (or a substituted ammonia) as the agent. Other amines are made by reducing a nitro compound. Ethanolamines, for example, are obtained when ethylene oxide is bubbled through an ammonia solution. 
	Hydrogenation, the addition of hydrogen, is used to manufacture a broad range of products. For example, methanol is made by reacting CO with hydrogen. 
	Dehydrogenation, the removal of hydrogen, produces unsaturated compounds. Benzene is made by dehydrogenation of substituted cyclohexanes. 
	Dehydration, the removal of water, produces ethers from alcohols. Hydration, the addition of water, produces ethyl alcohol from ethylene. 
	In esterification, an alcohol reacts with an organic acid to form an ester. Ethyl alcohol reacts with acetic acid to form ethyl acetate, an important solvent. 
	Halogenation and dehalogenation are the addition or removal of a halogen. Methyl chloride is made by chlorination of methane. Chlorine, bromine, iodine, and fluorine are the halogenation agents. 
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	Oxidation, the addition of oxygen, is one of the most valuable conversion processes. Ethylene oxide is made by oxidation of ethylene. The cheapest oxidizing agent is air, but pure oxygen has advantages in many applications. 
	Nitration introduces nitrogen into hydrocarbons. Nitrobenzene is an important product of nitration. 
	Polymerization is the reaction of simple molecules to form more complex polymers. For "example, ethylene is polymerized to polyethylene. 
	The raw materials and the products are potential sources of emissions in any chemical conversion operation. Chemical reactions for production of a desired product usually result in several by-products. Although the formation of by-products is minimized by adjusting the conversion condi~ions, the quantities formed must be either recovered for use or be properly disposed of as wastes. Waste disposal is a primary problem, complicated by the fact that wastes may be highly toxic. Thus air-cleaning methods that m
	The major sources of emissions to the air are streams of waste gases, vapors from distillation columns, and leakage from feed and product transport lines. Many chemical plants generate their own steam for use in refining and for supplying power; therefore, emissions characteristic of power plants are an inherent part of the total. The manufacture or regeneration of catalysts usually result in nonhydrocarbon emissions. 
	Often, control of emissions by the chemical industry is based on economic incentives. In other words, condensers are used to recover vapors containing usable reactants, and wastes are burned to recover heat value. This is not possible for all processes, however. For example, catalytic oxidations are seldom, if ever, free of odor. Large quantites of air are pumped through the reaction system to provide the oxygen necessary for the conversion. Low concentrations of the main reactants are carried into the air.
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	Recently, however, new developments in recovery methods using automated jet compressors (Ref. 4-51) have begun to reduce the economic burden of recovery or disposal. 
	A. Halogenates-
	-

	Organic emissions containing a halogen (primarily chlorine) are a special problem, because the halogen atoms are not combustible. Accordingly, incineration of chlorine-containing organic compounds can produce HCl, elemental chlorine, or other chlorinated compounds. 
	The problem is to design an incineration system that will first produce the hydrogen halide gas and then absorb it. Experimentation has shown that if the hydrogen-to-halogen ratio is high enough, approximately 5 to 1, essentially all of the halogen in the products of cOmbustion will be in the form of the hydrogen halide (Ref. 4-4). 
	To maintain this ratio for substances like ethylene or propylene dichloride, some hydrocarbon fuel must be added to the combustion system to supply hydrogen. A technique developed to do this for organic chlorides 
	, 
	Baurne acid from gas streams containing as little as 3 percent hydrogen chloride (Ref. 4-52). 
	recovers up to 99 percent of the hydrogen chloride as 18
	0 

	In this recovery system, the waste is incinerated in a vortex-type burner and immediately quenched in a graphite-or carbon-lined tower; the resulting vapors are processed through a series of impervious, graphite, 
	,
	Baurne acid, 
	tubular cascade absorbers, which are designed to produce 18
	0 

	with up to 100 ppm of hydrogen chloride in the vent gas. If additional 
	-treatment is required, another scrubbing station is provided to produce verj weak hydrochloric acid to be used as make-up liquor in the main absorption equipment. The remaining vapors usually contain fewer than 50 ppm hydrogen chloride. This recovery system, depending on the disposal rate, can produce a positive return on investment. 
	B. Coal Gases-
	-

	Catalytic vapor incinerators can eliminate essentially all hydrocarbons contained in a relatively cool waste gas stream. The heart of the system is a catalyst that makes it possible to burn ethylene that is present in concentrations too low to support normal incineration. The treated stream does not 
	-
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	C. Varnishes (Paints, etc.)-
	-

	The vapors emitted from varnish cookers possess penetrating and disagreeable odors and other irritating characteristics. These vapors consist of (1) low-melting-temperature constituents of natural gums, synthetic a~ids, and resins, some of which are purposely driven off for process reasons; 
	(2) thermal decomposition and oxidation products volatilized during bodying of oils; and (3) volatile thinners, which distill off during thinning of hot varnish. 
	Total emissions to the atmosphere depend on the composition of the batch, rate of temperature application, maximum temperature of the process, method of adding solvents and driers, amount of stirring employed, extent of.air-blowing, length of cooking time, and amount of pollution of other process control equipment employed. Typical losses from various cooking processes are as follows: 
	1. 
	1. 
	1. 
	Total loss from oleoresinous varnish cooks average 3 to 6 percent, with some losses as high as 10 to 12 percent. 

	2. 
	2. 
	Losses from alkyd resin cooks range from 4 to 6 percent. 

	3. 
	3. 
	Cooking and blowing of oils produce losses of 1 to 3 percent. 

	4. 
	4. 
	Heat polymerization of acrylic resins produces losses of less than 1 percent unless the reaction gets out of control. 


	The most effective means of controlling emissions from varnish-making operations has been combustion (Ref. 4-4). Vapor disposal by combustion has several advantages over other control methods because it requires a minimum of equipment, assures complete vapor elimination from the atmosphere, and consumes very little fuel in correctly designed furnaces. Incineration, of these hot combustible vapors calls, however, for special devices to protect against flame propagation in the opposite direction of the flow o
	and the furnace. In 
	-
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	In designing condensers to control emissions from varnish-making operations, the standard design factors such as the type(s) of compounds and their physical properties, such as temperature, volume, concentration, vapor pressure, and specific heat must be considered. In addition, in many of these processes noncondensible substances must be removed by other means. Many of the lower-boiling-point noncondensible hydrocarbons are very inflammable, and provision must be made to remove the risk of flashes. For exa
	1. 
	1. 
	1. 
	A condenser to remove most of the vapors, followed by scrubbing and combustion, charcoal adsorption, or a ventilating stack to remove the traces. 

	2. 
	2. 
	Means for vapor withdrawal. 

	3. 
	3. 
	Provision for cooling and collecting a large volume of distillate. 

	4. 
	4. 
	Corrosion-resistant materials of construction. 

	5. 
	5. 
	Precaution against flashes. 

	6. 
	6. 
	Provision for overflOW between cooking kettle and first condenser. 

	7. 
	7. 
	Recirculation of cooling water to reduce quantities required. 

	8. 
	8. 
	Separate unit for each kettle if possible. 


	Both surface-type and direct-contact-type condensers have been employed in this industry. 
	Several different types of scrubbers have been used by the varnish industry. These include (1) a countercurrent device in which the vapors enter at the bottom against a descending water stream and leave through the top, (2) a parallel-current water scrubber succeeded by smaller counter­current scrubbers, (3) water jet scrubbers, and a (4) scrubber with spinning discs located on a revolving vertical spindle. 
	D. Pharmaceuticals-
	-

	Pharmaceuticals encompass a broad spectrum of materials, ranging from purified anesthetic-grade ethers and other anesthetics to the extraction and purification of cod-liver oil. "Biological" odors are conventionally controlled 
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	by incineration. Solvents may be recovered by adsorption. Usually there 
	is no provision for recovery of the adsorbed materials. Frequently, the 
	use of packaged replaceable adsorption units is feasible. 
	4.2.4 Other Industrial Processes 
	A. Metallurgical-
	-

	Metallurgical processes are some of the largest sources of pollution in the Basin. However, compared to carbon monoxide, particulate and sulfur emissions these sources emit small amounts of hydrocarbons. These sources include coke ovens, blast furnaces, steel making furnaces, remelting processes as in a foundry or reheating processes as in forming or heat treating. Hydrocarbons are emitted from stacks as exhaust gas from fuel combustion and as fugitive emissions from openings or leaks in material processing
	~ISER STEEL AT FONTANA, CALIFORNIA (REF. 4-54) 
	TABLE 4-9. AMOUNT OF POLLUTANTS GENERATED BY 

	Organic Gases, Tons/Year Total NOx 502 CO Particulate 
	Kaiser emissions 
	Kaiser emissions 
	Kaiser emissions 
	865 
	8,107 
	13,636 
	78,267 
	2,475 

	Percent of Kaiser's contribution to all pollutants emitted into atmosphere from all stationary sources in the SCAQMD 
	Percent of Kaiser's contribution to all pollutants emitted into atmosphere from all stationary sources in the SCAQMD 
	0.37\ 
	5.6% 
	69.3% 
	8.2% 
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	KVB's measurements of stack emissions (refer to the Appendix) account for 75% of the organic gases shown in the table. The remainder could well be fugitive emissions from leaks that escape directly into the air. Actually, the hydrocarbons emitted from the stacks are most likely caused by internal ~~e coke ovens into the combustion gas st~eam near the end of the gas pass. The combustion gases apparently are no longer hot enough to react all of the leaking coke oven gases. In KVB's tests of two different coke
	leakage from 

	Me·thods for controlling hydrocarbon emissions from coke ovens and metal manufacturing processes are essentially the same as those for controlling particulate and sulfur emissions, i.e., seal up the leaks or enclose the processes in a vapor collector and remove the pollutants. After ~~e vapor collected has been scrubbed for sulfur and particulate removal, the remaining gases can be adsorbed on charcoal to increase the concentration and recycled into the fuel gas supply. Other hydrocarbon emissions from comb
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	B. Mineral-
	-

	Most of the mineral processes are primarily particulate emitters and have little hydrocarbon emissions. Asphalt is often used for paving or roofing applications. Freshly applied asphalt concrete does emit some 
	-6
	hydrocarbon emissions. KVB measured an emission factor of 10 Ib hydrocarbon per Ib of asphalt hot mix paving material (including aggregate). Midwest Research (Ref. 4-56) recently measured a weight loss rate for the list melt asphalt (without aggregate) of 4x10-Ib hydrocarbon loss/lb asphalt. Assuming the asphalt is 5% of the paving mixture (5-10% is the normal range) 
	3 

	4
	this emission factor would become 2xlO-Ib hydrocarbon/lb of paving material 
	or 200 times greater than KVB's measurement. Since both emissions are small, 
	this variation could be well within the experimental error. Reference 4-57 
	contains emission data from the preparation of hot mix which indicates that 
	9
	these emissions are of the order of 10-Ib hydrocarbon/lb asphalt paving 
	material, negligible compared to the emission from the paving operations. Based on a g~ometric average of the MRl and KVB data (i.e., 10-lb/lb) a mile of asphalt paving, 60 ft wide and 3 inches thick would emit 300 Ib plus or minus a factor of ten. 
	5 

	~~ese emissions are low in rate they were found to be high olefinic species which are most reactive in smog formation. 
	Although 

	The best control option is to substitute Portland cement type concrete for the asphalt type. This doubles the installed cost but saves some of this extra cost in maintenance and repair. When cutback asphalt is used (i.e. asphalt mixed with a petroleum thinner) the emissions can be 10 to 100 times higher according to MRI (Ref. 4-56). Where cutback asphalt has been used the emission can be reduced by as much as 95% by substituting water emulsified asphalt. The water emulsified asphalt has good fluidity but em
	Roofing operations also use asphalt, the type that has been oxidized by air blowing as discussed above under oil refining. This type of asphalt is uncut and the practice is to use heat to melt and apply the material to the roof. In this operation the principal emissions come from the roofing 
	KVB 5804-714 
	4-113 
	kettles. The control methods involve the use of enclosed kettles in which 
	the solid asphalt "keg" is inserted into the kettle through quick opening/ closing doors. Liquid asphalt is tapped off into buckets that are quickly applied to the roof where the material cools rapidly minimizing the emissions. Some emissions escape through door seals and other leaks in the kettles. Any system for evacuatL,g the vapors from inside the kettle have been rejected because of the possible of drawing air into the kettle causing an explosive mixture. 
	C. Food Processing-
	-

	Food sources of hydrocarbons include operations such as the cooking, frying, broiling, baking, and roasting of vegetables, fruits, nuts, meat, fish, and fowl. These operations may involve food processing for commercial or domestic consumption, restaurant food preparation, or fermentation processes. Emissions range from light hydrocarbons from fermentation to medium from baking and roasting of vegetable products to heavy hydrocarbons from meat cooking. The disposition or concentration of inedible parts of me
	The universal method for controlling these emissions is incineration which is usually an effective measure for odor control. Often, however, the medium to heavy emissions tend to condense and form organic particulates that can be filtered out of the gas stream mechanically. Condensation can be promoted by use of cold surface contact and direct water scrubbing. For low concentration streams where malodorous pollutants are concerned, charcoal adsorption can be employed with the desorbed products concentration
	D. Combustion of Fuel-
	-

	The combustion of fuels may result in the emission of hydrocarbons and other organic material if combustion is not complete. ~fuen properly operated and designed, however, stationary fuel combustion equipment is not a large source of organic emissions, and control equipment is not required. 
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	Fuels are burned in a wide variety of equipment ranging from small hand-fired coal furnaces to large oil, gas, and coal-fired steam-electric generating plants. Due to variations in combustion efficiency and type of fuel, hydrocarbon emissions will depend on the particular type of combustion device. Table 4-10 presents some typical hydrocarbon emissions for various types of fuels and furnace sizes. Considerable variation in these emissions can occur, however, depending on the operation of an individual unit.
	TABLE 4-10. TYPICAL HYDROCARBON EMISSIONS FROM STATIONARY FUEL COMBUSTION SOURCES (lb/10Etu) 
	9 

	Size Range 
	Size Range 
	Size Range 

	Domestic and 
	Domestic and 

	Fuel 
	Fuel 
	Steam-Electric 
	Industrial 
	Commercial 

	Oil 
	Oil 
	5 
	10 
	20 

	Gas 
	Gas 
	0.01 
	0.1 
	0.5 


	Hydrocarbon emissions from fuel combustion can be reduced or eliminated by essentially three techniques: improved operating practices, improved equipment design, and fuel substitution. 
	Good operating practice is the most practical technique for reducing hydrocarbon emissions from existing stationary combustion sources. Even the best equipment will perform poorly if improperly applied, installed, operated, or maintained and emit hydrocarbons, smoke, and other pollutants. Hydrocarbon emissions are directly related to the three common combustion parameters of time, temperature, and turbulence. A high degree of fuel and air turbulence will greatly reduce hydrocarbon emissions, increase combus
	In the Basin very little waste disposal is performed by burning because the best control for this process is to substitute sanitary landfills as discussed in the next section. 
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	E. Waste-
	-

	The primary waste disposal technique in the Basin is sanitary land­fills. COllected waste is dumped into natural or excavated cavities and mixed and covered with earth. The decay process which ta~es place causes copious quantities of light hydrocarbons (primarily methane) to be emitted. 
	Until the recent awareness of an energy shortage these emissions were ignored except where a specific problem (odors, etc.) was generated by encroachment of residential areas on landfill sites. In this event a control method of collecting the generated gases was instituted. To collect the gas a network of perforated PVC pipe was buried in the landfill. The pipes were connected to a vacuum pump through which the gas was discharged to atmosphere or incinerator. Recently, with energy conservation incentives th
	4.3 EFFECTIVE~~SS 
	COST 

	Cost effectiveness has been defined as the total cost associated with the reduction of one ton of pollution. There are many factors effecting the investment and annual cost of gaseous organic control systems such as the: 
	a. 
	a. 
	a. 
	Gas stream volumetric flow rate 

	b. 
	b. 
	Gas stream temperature 

	c. 
	c. 
	Organic specie concentration in the gas stream 

	d. 
	d. 
	Specific organic compounds contained in the stream 

	e. 
	e. 
	Present degree of control 

	f. 
	f. 
	Facility modifications required 

	g. 
	g. 
	Energy consumption 

	h. 
	h. 
	Operating and maintenance labor 

	i. 
	i. 
	Waste heat applications 

	j. 
	j. 
	Usefulness of recovered materials. 

	k. 
	k. 
	Available space and structural requirements Wi~~ so many factors involVed, it is only possible to present costs ~~at 


	represent some typical situations and which might apply to an industry average but not necessarily for a specific plant. For any real applications, 
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	a more specific look at these cost elements should be made in determining the optimum system. KVB has attempted to assemble cost data from the literature and from equifment manufacturers to provide the ARB with an indication of the cost impact of any control strategy that they may consider. As discussed in Section 4.1, the total cost for any control scheme includes the installed costs plus operating costs, as well as the indirect costs which can add SO% to 100% to the direct costs. 
	4.3.1 Carbon Adsorption 
	The cost effectiveness study presented was based on an extensive effort by the EPA Emission Standards and Engineering Division in Durham, NC as presented in Reference 4-2. The study considered both investment and operating cost and included all of the typical facility modification costs associated with an add-on system. Operating costs were adjusted for solvent recovery. 
	The basic assumptions used in developing this cost were as follows: 
	a. 
	a. 
	a. 
	Exhaust gases contain benzene and hexane (50/50 weight percent) mixture in air 

	b. 
	b. 
	Exhaust gas temperatures of 70, 170, and 375 OF 

	c. 
	c. 
	Hydrocarbon concentrations of 100 ppm, 15 percent of the lower explosion limit (LEL) and 25 percent of the LEL 

	d. 
	d. 
	Exhaust gas flow rates of 1,000, 10,000, 50,000 scfm 

	e. 
	e. 
	Fuel costs of $1.50/millionBtu* 

	f. 
	f. 
	Electricity at $0.03/kW-hr 

	g. 
	g. 
	Activated carbon at $0.68/1b 

	h. 
	h. 
	Water at $O.04/thousand gallons 

	i. 
	i. 
	Steam at $2/thousand lb 

	j. 
	j. 
	5-year life of activated carbon 

	k. 
	k. 
	Adsorber operating at 100 OF 


	1. Market value (December 1975) of benzene = $O.8S/gallon; market value (December 1975) of hexane = $O.46S/gallon. 
	m. 
	m. 
	m. 
	Normal retrofit situation 

	n. 
	n. 
	Direct labor assessed at O.S hr/shift x 730 shifts/yr x $8/hour = $2920/yr 


	*September 1977 
	*September 1977 
	*September 1977 
	fuel 
	costs in the Basin were 
	$l.SS/million BTU per SouL~ern 

	California Gas Company. 
	California Gas Company. 

	TR
	KVB 
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	o. 
	o. 
	o. 
	Annual maintenance, taxes, insurance, building overhead, depreciation, and interest on borrowed money taken at 25 percent of capital investment 

	p. 
	p. 
	Operating time; 5840 hr/yr. 


	In addition the recovered solvent was valued at three levels: 
	a. 
	a. 
	a. 
	no value b. fuel value -$1.50/MMBtu ($0.20/gal) 

	c. 
	c. 
	market value -see above list 


	The assumed solvent concentration levels of 15 and 25% of LEL is based on typical fire safety standards which specify 25% of LEL as a maximum safe concentration level for normal operations. In some areas plants can operate up to 50%. Some typical solvents and their LEL are as follows: 
	Solvent LEL, ppm 
	Acetone 25,000 Benzene 14,000 Carbon Disulfide 12,000 Dichloroethylene 62,000 Ethyl Alcohol 35,000 Ethylene Glycol 32,000 Gasoline 13,000 Hexane 12,000 Methyl Alcohol 67,000 Methyl Butyl Ketone 14,000 Methyl Ethyl Ketone 18,000 Tolulene 13,000 Turpentine 8,000 
	No provisions were made for any distillation or water treatment equipment. If a plant emits water soluble organics in the exhaust, the cost would be considerably higher. , The estimates did not include any particulate removal equipment. Finally, it was assumed that the solvents to be collected were of the middle range with regard to adscrptivity. Compounds which are difficult to adsorb (light compounds) or desorb (heavy compounds) can add considerably to both installation and operating costs. 
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	Capital costs for adsorption systems designed to recover the solvent are presented in Figure 4-26. 
	Annual control costs for adsorbers are presented in Figures 4-27 through 4-29. For figures that give total annual cost, cost effectiveness information is also presented, that is, the cost per ton of hydrocarbon removed. Cost effectiveness information is a useful criterion when trying to devise air pollution control strategies to reduce the total amount of a pollutant emitted at a minimum cost. In this study annual depreciation was viewed as a cost, not as a credit, against taxable income. Thus the analysis 
	KVB obtained some case history data to check these curves as follows: 
	Case 1 -A Magnetic Tape Manufacturer 
	A 10,000 scfm, three-canister, activated carbon system with steam regeneration and distillation for solvent recovery was installed to collect methyl isobutyl ketone (MIBK) vapors which were originally emitted at a rate of 500 Ib/hr or 3000 ppm 
	(22% LEL) at that flow rate. The system recovered 450 lb/hr of MIBK at a cost of $lO/hr excluding equipment depreciation, taxes, insurance, building overhead, etc. and the price of the recovered solvent. 
	A comparison of the reported cost parameters with the parameters 
	predicted by the cost curves presented is as follows: 
	Reported Actual Predicted Parameter by Study 
	(Ref. 4-58) 

	Installed Cost, $ 250,000 270,000 Annual Cost, $ 110,000* 100,000 (no credit for recovered solvent) 
	Annual Wt. of Solvent Recovered, tons 1,300 Cost Effectiveness, $/ton 85 
	125 
	*Include 25% of Installed Cost for depreciation, taxes, insurance, overhead, etc. the same as used in the study. 
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	Figure 4-26. Estimated installed adsorption system cost (Ref. 4-2) (1976 prices) . 
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	The MIBK was valued at $2.50/gal. which means that the 1300 tons of solvent recovered was worth approximately $800,000, over three times the original investment. 
	Case 2 -A Pharmaceutical Company 
	A 10,000 scfm, three-canister, activated carbon system with distillation for solvent recovery was installed to collect o~ 500 lb/hr or 5000 ppm (20% LEL) at that flow rate. The system recovered 450 lb/hr of acetone at cost of $lO/hr excluding equipment depreciation, taxes, etc. and the price of the recovered solvent. The comparison of reported cost and those predicted 
	acetone vapors which were emitted at a rate 

	by the 
	by the 
	by the 
	study are: 

	Parameter 
	Parameter 
	Reported Actual (Ref. 4-58) 
	Predicted by Study 

	Installed Cost, $ Annual Cost, $ (no credit for recovered solvAnnual Weight of Solvent Recovered, tons Cost Effectiveness, $/ton 
	Installed Cost, $ Annual Cost, $ (no credit for recovered solvAnnual Weight of Solvent Recovered, tons Cost Effectiveness, $/ton 
	ent) 
	250,000 120,000* 1,300 90 
	270,000 100,000 125 


	*Includes 25% of Installed Cost 
	The acetone was valued at $1.25/gal which means that the 1300 tons recovered was worth approximately $500,000 or twice the original investment. 
	Case 3 -A Gravure Printing Plant 
	This plant has an 180,000 scfm, four-canister, activated carbon system with a solvent recovery system. The solvent concentration is 1000 to 3000 (10-25% LEL) ppm of a blend of aliphatic and aromatic « 20%) hydrocarbons. The installed cost of this system was reported as $5 million compared to a predicted $3.5 million 
	KVB 5804-714 
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	extrapolated from Figure 4-26. The operating costs were not disclosed, however, a payback period of 12 to IS years was estimated. This would reflect an approximate operation cost of from $100 to $200/ton of pollutant compared to $10 to $50/ ton from Figure 4-29. 
	Case4 -An Automotive Spray Paint Booth 
	100 ppm hexane -90% removal 
	Parameter 
	Solvent Concentration Flow Rate, SCFM Wt Recovered, tons Installed Cost, % Annual Cost, $ 
	(no credit for solvent) Cost Effectiveness, $/ton 
	-5840 hrs of operation/year 
	Reported Actual (Ref. 4-33) 
	100 ppm 248-,000 
	870 2,700,000 1,000,000 
	1150 
	Case 5 -An Automotive Spray Booth 
	Parameter 
	Solvent Concentration Flow Rate, SCFM Installed Cost, $ Annual Cost, $ Cost Effectiveness, $/ton 
	Reported Actual 
	(Ref. 4-64) 

	100 ppm 
	1,815,000 
	19,600,000 
	7,300,000 
	1150 
	Predicted by Study 
	100 ppm 248,000 
	2;200,000 900,000 
	Beyond Extrapolation 
	Predicted by Study 
	100 ppm 1,815,000 
	15,000,000 2,700,000 Beyond Extrapolation 
	4.3.2 
	4.3.2 
	4.3.2 
	Incineration 
	(Thermal and Catalytic) 

	TR
	The 
	cost effectiveness data presented in this section 
	are 
	taken 

	from 
	from 
	a 
	1976 EPA study, 
	Reference 
	4-2. 
	For 
	additional 
	cost data, 
	espe­


	cially on automobile painting incinerators, consult Reference 4-33. Incineration can be an economical control alternative if heat recovery techniques can be utilized. To illustrate the importance of heat recovery, three cases were investigated: 
	KVB 5804-714 
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	No heat recovery 
	25 percent primary heat recovery 
	35 percent primary heat recovery and 55 percent secondary heat recovery of the remaining 65 percent. 
	For each case, cost estimates were made for three inlet flow rates (5,000, 15,000, and 30,000 scfm), two inlet stream temperatures (70 and 300 OF), and three stream concentrations (0, 15, and 25 percent of the LEL*). 
	Other assumptions used in developing the estimates are as follows: 
	a. 
	a. 
	a. 
	Noncatalytic incinerators designed for both oil and natural gas operation 

	b. 
	b. 
	Catalytic incinerator~ designed for natural gas and propane operation 

	c. 
	c. 
	Catalytic incinerators capable of 800 of ~peration below 6 percent LEL; 1200 of design cagability for operation from 6 percent to 25 percent LEL 

	d. 
	d. 
	3-year catalyst life 

	e. 
	e. 
	Costs based on 
	outdoor location 

	f. 
	f. 
	Rooftop installation requiring structural steel 

	g. 
	g. 
	Fuel cost of $1.50/million Btu**(gross). Correction factors were provided to determine operating costs at higher fuel prices 

	h. 
	h. 
	Electricity at $0.03 kH-hr 

	i. 
	i. 
	Depreciation and interest was taken as 16 percent of capital investment. ~Jmual maintenance was assumed to be 5 percent of capital cost, taxes and insurance, 2 percent, and building overhead, 2 percent 

	j. 
	j. 
	Direct labor assessed at 0.5 hr/shift x 730 shifts/yr $8.00/hr = $2920/yr direct labor expense 
	x 

	k. 
	k. 
	Operating time: 2 shifts/day x 8 hr/shift x 5840 hr/yr. Correction factors are provided annual cost at different operating times 
	365 days/yr = to determine 


	*See Section 4.3.1 for Lower Explosion Limit (LEL) values. 
	**Actual fuel cost (gas) in the Basin in September 1977 was $l.SS/million Btu. 
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	1. The noncatalytic incinerator utilized was based on: 
	1500 of capability O.S-second residence time Nozzle mix burner capable of No. 2 through No. 6 oil firing Forced mixing of the burner products of combustion using a slotted cylinder mixing arrangement. This cylinder allows the burner flame to establish itself before radial entry of the effluent through slots in the far end of the cylinder A portion of the effluent to be incinerated is ducted to the burner to serve as combustion air. This allows the burner to act as a raw gas burner, thus saving fuel over con
	m. The catalytic afterburner was casted for two design points, 800 and 1200 OF; the higher temperature design required for LEL levels exceeding 6 percent. (At 600 OF into the catalyst and a 6 percent LEL, the outlet temperature of the catalyst is approximately 800 OF; at a 25 percent LEL condi­tion and a minimum initiation temperature of 500 OF, the catalyst reaches an outlet temperature of around 1200 OF.) 
	Based upon the results of the cost estimates, cost curves were 
	developed (Figures 4-30 through 4-44). Because of the unique plant facility 
	characteristics, actual control costs for some plants can be substantially 
	higher than estimates given here. To adjust for the differences between the 
	$1.50/MMBtu used in the study and the current fuel price of $1.85/MMBtu or 
	to adjust for different operating times, refer to Figures 4-45 and 4-48. 
	A. Installed Cost of Incinerators-
	-

	Figures 4-30, 4-35, and 4-40 give the installed cost for incinerators 
	designed for (1) no heat recovery, (2) primary heat recovery, and (3) primary 
	and secondary heat recovery. The costs were intended to represent typical 
	retrofit situations. However, further investigation has revealed that the 
	costs are more representative of the minimum retrofit situation, essentially 
	the same as installation during the construction of a new plant. The 
	installed cost in more typical retrofit situations will be 1.5 to 2 times 
	the values shown in Figures 4-30, 4-35, and 4-40. In very difficult cases, 
	the cost can be 3 to S times that shown in the figures. 
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	Figure 4-30. Capital cost for direct flame and catalytic afterburners without heat recovery (70 -300 of process gas inlet) Case 1 (1976 prices) (Ref. 4-2). 
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	Figure 4-31. Annual cost and cost-effectiveness of direct flame incinerators (1976 pricE;s) (no neat recovery, procetis temperature = °F) Case 1 (Ref. 4-2). KVB 5804-714 
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	Figure 4-33. Annual cost and cost-effectiveness of catalytic incinerators (1976 prices) (no heat recovery -process temperature ~ 70 OF) Case 1 (Ref. 4-2). 
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	Figure 4-34. Annual cost and cost-effectiveness of catalytic incinerators (1976 pL'icos) . (no heat recovery -process trnuperature = °F) Case 1 (Nef. 4-2). 
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	Figure 4-35. Capital cost for direct flame and catalytic afterburners with primary heat recovery (70 -300 of process gas inlet) (1976 prices) Case 2 (Ref. 4-2). 
	Figure 4-35. Capital cost for direct flame and catalytic afterburners with primary heat recovery (70 -300 of process gas inlet) (1976 prices) Case 2 (Ref. 4-2). 
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	Figure 4-36. Annudl cost dnd cost-effectiveness of direct flame incinerators (primary heat recovery ­process temperature == 70 OF) Case 2 (1976 prices) (Ref. 4-2). 
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	Figure 4-37. Annual cost and cost-effectiveness of direct flame incinerators (primary heat recovery ­process temperature = OF) Case 2 (1976 prices) (Ref. 4-2). 
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	Figure 4-38. Annual cost and cost-effectiveness of catalytic incinerators (primary heat recovery ­process temperature = 300 OF) Case 2 (1976 prices) (Ref. 4-2). 
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	Figure 4-39. Annual cost and cost effectiveness of catalytic incinerators (primary heat recovery ­process temperature = 70 OF) Case 2 (1976 prices) (Ref. 4-2). 
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	Figure 4-41. Annual cost and cost-effectiveness of direct flame incinerators (primary and secondary heat recovery -process temperature = 70 °l~) Case 3 (1976 prices) (Ref. 4-2). 
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	Figure 4-42. Annual cost and cost-effectiveness of direct flame incinerators (primary and secorulary heat recovery .-process temperature = 300 OF) Case 3 (1976 prices) (Ref. 4-2). 
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	Figure 4-43. Anllual cost and cost-effectiveness of catalytic incinerators (primary and secondary heat recovery -process temperature = OF) Case 3 (1976 prices) (Ref. 4-2). 
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	Figure 4-44. Annual cost and cost-effectiveness of catalytic incinerators (primary and secondary heat recovery -process temperature = OF) Case 3 (1976 prices) (Ref. 4-2). 
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	The average installed cost of incinerators with primary heat recovery is roughly 25 to 30 percent greater than incinerators without heat recovery. Incinerators with primary and secondary heat recovery have roughly 50 to 60 percent higher installed costs than incinerators without heat recovery. 
	B. Annual Control Cost of Incinerators-
	-

	Annual control cost curves are given in Figures 4-31 through 4-34, Figures 4-36 through 4-39, and Figures 4-41 through 4-44 for the three heat recovery cases investigated. The costs obtained from these figures include a fuel cost of $1.50/million Btu and operating time of 5840 hr/yr. If fuel cost and/or operating time for a specific installation differ from these values, the annual costs obtained from these figures can be adjusted by correction factors obtained from Figures 4-45 through 4-48. The annual cos
	5840
	CE 
	c = CEi x Ff x Fh x 
	actual hours operated 

	where: 
	where: 
	where: 

	TR
	CE 
	= 
	corrected cost effectiveness 

	TR
	c 

	TR
	CEo 
	cost effectiveness read from the appropriate figure 

	TR
	~ 

	TR
	Ff 
	= 
	correction factor for fuel 
	cost 

	TR
	Fh 
	= 
	correction factor for hours operated 


	The costs given in annual cost figures include depreciation and interest for the capital investment at a minimum retrofit cost situation. In cases where retrofit difficulties cause the installed cost to be increased substantially, an appropriate multiplying factor (retrofit difficulty factor) can be used to obtain the increased capital cost. The increase in annual cost, for a given retrofit difficulty factor, will be a varying amount for the different cases of vapor concentration, initial temperature, and h
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	Figure 4-45. Factors to correct annual cost of thermal incineration for varying fuel cost (Ref. 4-2). Ha::3cline cost $1. 50/MMHtu. KVH 5804-714 
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	Figure 4-46. Factors to correct annual cost of catalytic incineration for varying fuel cost (Ref. 4-2). Baseline cost $1.50/MMBtu. 
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	Figure 4-47. f'actors to correct annual cost of thermal incineration for varying operating time (Ref. 4-2). Baseline operating time -5840 hrs/yr. 
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	Figure 4-48. Factors to correct annual cost of catalytic incineration for varying operating time (Ref. 4-2). Baseline operating time -5840 hrs/yr. 
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	TABLE 4-11. INCREASE IN ANNUAL COST OF DIRECT FLAl·1E INCHlERATORS DUE TO RETROFIT DIFFICULTY FACTORS (Ref. 4-2) 
	Percent Increase in Annual Cost Vapor Process Heat At Retrofit Difficulty Factor: Concentration Temperature Recovery 1.5 2 3 None 2 5 9 None 4 7 14 None 5 10 20 
	100ppm 70
	0 
	15 percent LEL 70 
	0 
	25 percent LEL 70 
	0 

	None 3 6 11 15 percent LEL 300 None 4 8 16 None 7 15 30 
	100ppm 300 
	0 
	0 
	25 percent LEL 300 
	0 

	Primary 4 9 18 
	100 ppm 70 
	0 

	0
	15 percent LEL 70 Primary 8 16 32 
	<)
	25 percent LEL 70 Primary 17 33 66 
	0
	100 ppm 300 Primary 5 10 20 
	0
	15 percent LEL 300 Primary 10 20 40 Primary 20 40 80 
	25 percent LEL 300 
	0 

	0
	100 ppm 70 Pri. & Sec.8 16 32 
	Pri. & Sec. 16 32 64 
	15 percent LEL 70 
	0 

	0
	25 percent LEL 70 Pri. & Sec. 80 160 320 
	0
	100 ppm 300 Pri. & Sec. 10 20 40 
	-~.. 0
	.!..L,lj 300 Fri. & Sec. 25 50 100 
	15 percent 
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	TABLE 4-12. INCREASE IN ANNUAL COST OF CATALYTIC INCINERATORS ~O RETROFIT DIFFICULTY FACTORS (Ref. 4-2) 
	DUE 

	Percent Increase in Annual Cost 
	Vapor Process Heat At Retrofit Difficulty Factor: Concentration Temperature Recovery 1.5 2 3 None 6 13 25 15 percent LEL 70 None 6 13 26
	100ppm 70 
	0 

	0 0
	25 percent LEL 70 None 8 15 30 100 ppm 300 None 8 16 33
	0 0 0 
	15 percent LEL 300 None 9 17 34 
	25 percent LEL 300 None 11 22 43 
	Primary 6 13 25 15 percent LEL 70 Primary 11 22 45
	100 ppm 70 
	0 

	0 
	PrimarY 22 44 88 100 ppm 300 Primary 10 20 40
	25 percent LEL 70 
	0 

	0 
	0
	15 percent LEL 300 Primary 15 30 60 
	0
	25 percent LEL 300 Primary 16 33 65 100 ppm 70 Pri. & Sec. 12 24 48
	0 
	0
	lS percent LEL 70 Pri. & Sec. 18 36 72 
	25 percent LEL 70 Pri. & Sec. 36 72 144 
	0 

	0
	100 ppm 300 Pri. & Sec. 14 28 56 Pri. & Sec. 2S 50 100 
	15 percent LEL 300 
	0 
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	C. Case Histories-To check the data developed by EPA, KVB investigated several 
	-

	incinerator installations as follows: Case 1 -A Metal Lithographic Sheet Coating Actual Case 
	Parameter 
	Parameter 
	Parameter 
	(Ref. 
	4-59) 

	Pollutant Flow Capacity, sefm Type Equipment Concentration, ppm HIC Flow, 1b/hr Heat Recovery, 2 stagProcess Temperature, 
	Pollutant Flow Capacity, sefm Type Equipment Concentration, ppm HIC Flow, 1b/hr Heat Recovery, 2 stagProcess Temperature, 
	e of 
	Toluol 19 6,000 Direct Flame 2,500 (20% LEL) 215 31%/80% 300 


	Installed Cost, $ 152,000 Annual Cost, $ 65,000 
	Case 2 -An Antibiotic Spray Drying System 
	Actual Case Parameter (Ref. 4-59) 
	Equipment Type Direct Flame Pollutant Soy & Corn Oil Flow Capacity, scfm 23,000 Heat Recovery, 2 stage 65%/43% Installed Costs, $ 240,000 Annual Cost, $ 150,000 
	Case 3 -A Carbon Bake Oven 
	Actual Case Para.-neter (Ref. 4-59) 
	Equipment Type Direct Flame Pollutant Hlc & Particulate Flow Capacity, scfm 22,000 Heat Recovery, 2 stage 65%/62% Installed Cost, $ 235,000 Annual Cost, $ 150,000 
	Predicted by Study 
	6,000 Direct Flame 20% LEL 
	35%/65% 
	300 150,000 40,000 
	Predicted by Study 
	Direct Flame 
	23,000 
	35%/65% 210,000 180,000 
	Predicted by Study 
	Direct Flame 
	22,000 
	35%/65% 
	200,000 N/A 
	KVB 5804-714 
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	Case 4 -A Meat Rendering Plant 
	Predicted Parameter Actual Case by Study 
	Equipment Type Direct Flame Direct Flame Pollutant Odor Flow Capacity, scfm 6,800 6,800 Heat Recovery 2 stage 2 stage Installed Cost, $ 47,000 140,000 Annual Cost, $ 14,000 50,000 
	Case 5 -A Rubber Processing Device 
	Predicted Parameter Actual Case by Study 
	Equipment Type Direct Flame Direct Flame Pollutant Mineral Oil Flow Capacity, scfm 4,000 4,000 Heat Recovery 2 stage 2 stage Installed Cost, $ 30,000 11 ,000 Annual Cost, $ 11,000 40,000 
	4.3.3 Condensation 
	Condensation is used for recovery of organic vapor in various 
	industries. The most frequent application is in the gasoline marketing 
	field especially at bulk terminals where nearly saturated gasoline vapors 
	are collected, condensed, and returned to liquid stage. Radian (Ref. 4-60) 
	reviewed the various vapor recovery systems including costs using a 250,000 
	gal/day bulk terminal as a basis for comparison. Three systems were compared 
	as follows: 
	1. 
	1. 
	1. 
	Compression/Refrigeration/Adsorption (CPA) (The vapor is condensed by raising the pressure, cooling and spraying with liquid product) 

	2. 
	2. 
	Compression/Refrigeration/Condensation (CRC) (The vapor is condensed by pressure and cooling alone) 

	3. 
	3. 
	Refrigeration (R) (The vapor is condensed by a chiller alone) 
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	A comparison of the three systems is presented in Table 4-13. The costs presented in this table have been escalated for inflationary trends from 1974 to 1976 over the costs presented in Reference 4-60. Escalation was according to the labor and equipment rates present in Chemical Engineering, May 9, 1977 (16% for equipment and labor). 
	In a vapor degreaser, chillers are used to reduce vapor emissions. EPA (Ref. 4-61) reports ~~e following costs for refrigerated chillers: 
	Ne'... 
	Ne'... 
	Ne'... 
	Units 
	Retrofit 

	Installed Cost, 
	Installed Cost, 
	310
	$ 2.7 
	-
	5.0 
	4.0 
	-
	7.5 

	Net Annual Cost, 
	Net Annual Cost, 
	$ 
	(1066) 
	to 
	(24 ) 
	(646) 
	to 
	204 

	Ton/year Saved 
	Ton/year Saved 
	1 
	to 
	5 
	1 to 
	5 

	Cost Effectiveness, 
	Cost Effectiveness, 
	$/ton 
	(200) 
	(100) 


	This shows that both for !lew and retrofit applications the refrigerated chillers will pay for themselves in two to three years. 
	4.3.4 Absorption (Scrubbing) 
	Scrubbers are used primarily to remove 502 and particulates of all types -sulfates, nitrates and organics. In a few cases they may be used to control gaseous organic emissions particularly where the pollutant is water soluble. "Lean oil" has also been used as an absorbent in a scrubber to collect organic vapor such as gasoline. The "lean oil" absorption vapor recovery system is based on the absorption of gasoline vapors into lean gaso­line stripped of light ends. Gasoline vapors are displaced through a pack
	the lean gasoline is stored separately for use in the absorption 
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	TABLE 4-13. COST COMPAR1s0N FOR VARIOUS CONDENSATION VAPOR RECOVERY SYSTEM FOR A 250,000 GAL/DAY BULK GASOLINE TERMINAL (Ref. 4-60) 
	Installed Annual"'-Recovery Tons Recovered/yr Cost Cost Cost Efficiency from 65/35(V) Effectiveness system SCFM 103$ 10$ % Gasoline/Air Ratio§ $/ton 
	3

	CRA* 150 120-200 36-60 90-97 4,000 9-15 CRC* 150 100-145 30-45 90-96 4,000 8-11 R* 370 85-95 20-25 93-99 9,700 2-3 
	=~~~"~~~.~~ ~=--~ .=-=.~=~~.~.=.
	-

	~ 
	I 
	~ 
	~ *CRA -Compression/Refrigeration/Adsorption CRC -Compression/Refrigeration/Condensation R -Refrigeration 
	'tAnnual Cost includes 25% of Installed Cost for depreciation, taxes, insurance, facilities overhead, etc. 
	3
	§0.23 lb/ft (gasoline vapor) x scfm x 0.65 x 60 min/hr x 5840 hr/yr x ton/2000/lb tons/yr 
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	The reader is directed to the McIlvane Scrubber Manual (Ref. 4-62) for comprehensive cost data. The cost of a scrubber as with most add on systems depends on the volumetric flow rate and the properties of the exhaust stream. For an example, according to McIlvane (Ch. XI, Figure 8.2) scrubbers on an asphalt batching plant and animal rendering plant require the least amount of auxiliary equipment. The installed price for this type of scrubber at a flow of 50,000 ACFM would be approximately $70,000. A basic ox
	4.3.5 Vapor Space Elimination 
	A. Floating Roof Tanks-The most common application of vapor space elimination is the use of floating roof tanks to replace fixed roof tanks. The EPA published some comparative costs for floating vs. fixed roof tanks and some cost effective­ness data for retrofitting fixed roof tanks to floating roofs (Ref. 4-63). These data are presented in Tables 4-14 and 4-15. The costs have been escalated by 20% to allow for the difference between prices in 1974 when Reference 4-63 was published to the present. Note that
	-

	slight savings, while the storage of the less volatile jet naphtha in floating-roof tanks ra~~er than fixed roof tanks, results in a slight cost. 
	TABLE 4-14. INVESTMENTS -FLOATING ROOF VS. FIXED ROOF TANKS (Ref. 4-63) 
	TABLE 4-15. CONTROL COSTS FOR RETROFITTING FIXED ROOF TANKS (Ref. 4-63) TO COVERED FLOATING ROOFS 
	Gasoline Jet Naphtha 3
	Product 

	Tank Size (10 bbls) 1.1 22 80 1.1 50 80 Investment Floating vs. 
	Fixed (10$) 3.4 31 64 3.4 31 64 Annualized Cost* (10S) (0.2) (2.3) (18) 0.4 2.9 3.4 Cost per gallon 
	3 
	3 

	thruput ¢/gal (0.04) (0.04) (0.04) 0.06 0.02 0.01 
	*Savings represented by parentheses 
	Recently, the ARB passed a new regulation for the South Cpast Air Quality Management District (Rule 463) requiring double seals on floating roof tanks storing organic liquid with a true vapor pressure of 1.5 psi or greater. The installed cost of retrofitting existing tanks with a double seal which would comply with this rule has been estimated at $30 to $55 per linear foot of tank seal (Ref. 4-8) . Since most storage tanks are field erected the additional cost for a double seal on a new tank would only be s
	B. Floating Covers on Oil/Water Separators-
	-

	The EPA (Ref. 4-65) based on their contacts with oil companies, pro­2
	vided an estimate of $8/ft for covering a new API separator with a floating 2
	roof and $13/ft for 
	roof and $13/ft for 
	roof and $13/ft for 
	a 
	retrofit. 
	For a 
	5000 
	ft
	forebay and waste 
	water 

	separator, the estimated costs were as Floati.I'1g Cover Capital Cost 
	separator, the estimated costs were as Floati.I'1g Cover Capital Cost 
	follows: Annual Cost* 
	Cost Effectivenesst 

	New Existing 
	New Existing 
	$40,000 $65,000 
	$12,000 $20,000 
	$140/ton $230/ton 


	of capital used for operation and maintenance plus 10% interest for 10-year life. 3
	*Includes 10% 

	TBased on an emission factor of 0.1 Ib/day/ft and a 95% control efficiency. 
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	4.3.6 Liquid/Vapor Exchange 
	The primary use of liquid/vapor exchange emission control is for the transfer of petroleum and solvent products especially in gasoline marketing which is a major source of hydrocarbon emissions. In 1974 the EPA issued a study of control methods for gasoline marketing operations (Refs. 4-60 and 4-63). The following liquid/vapor exchange systems were proposed: 
	Tank Truck Delivery -Balance System 
	Per Service Station Delivering 25,000 gal/month of gasoline 
	Recycled Vapor Vapor Recovery to Tank Truck at Bulk Terminal Total Installed Cost, $ 1,200 800** 2,000 Annual Cost,* $/yr 220 150 370 Emission Red., #/yr 1,900 1,700 3,600 Cost Effectiveness, $/ton 230 170 400 Cost per Gallon, $ 0.001 0.0005 0.0015 
	*Includes 10% of Installed cost for amortization, etc. **Bulk terminal cost indicated reflects proportioned amount per service station. All costs escalated 15% from 1974 values in Ref. 4-63. 
	Automobile Filling -Balance System 
	25,000 gal/month Stations (Ref. 4-65) 
	Installed Cost -Retrofit, $ 9,000 Installed Cost -New, $ 3,000 Annual Cost (Retro)*, $ 1,500 Emission Reduction, lb/yr 1,600 Cost Effectiveness, $/ton 1,875 Cost per Gallon, $ 0.005 
	*Includes 10% of Installed cost for depreciation, etc. 
	From these data it can be seen that while the cost effectiveness $/ton is relatively high the actual price per gallon is minor. 
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	4.3.7 Enclosure 
	The installed cost for 90-it dia., 50,000 bbls, variable-vapor­space tanks are as follows: 
	Lifter Roof 5' dia. $140,000 Lifter Roof la' dia. $170,000 Flexible $180,000 
	These costs are based on values in Reference 4-60 escalated from 1961 to 1977 prices. Based on recent costs of $160,000 for a 50,000 bbl fixed roof tank in the same publication the escalation of the tabulated numbers seems reasonable. Based on AP-42 a 50,000 bbl, fixed roof tank would have breathing losses of 90 ton/yr of gasoline vapor. If 95% were recovered by addition of a variable vapor space tank at an annual cost of $17,000 (10% of the total tank price) the cost effectiveness would be $200/ton. The re
	The cost of covering drains as separators is difficult to estimate and no values could be found in the literature. Recently KVB investigated a technique for reducing emissions from refinery sewer systems. It was noted that vapors were emitted from the sewer opening where drainage pipes from various items of equipment discharged their leakage into the sewer. The emissions from the sewer opening were measured as a function of the wind blowing over the opening. It was noted that the emissions increased signifi
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	4.3.8 Process and Material Charges 
	A. Automotive-
	-

	1. 
	1. 
	1. 
	Electrophoretic dip premixing (Ref. 4-33) --The installed cost of an electrophoretic system for a typical vehicle assembly plant would be about $8 million. Costs will vary considerably depending on what building altera­tion and relocation of existing equipment is necessary. Table 4-16 gives increased operating costs for electrophoretic primer, based on electricity of $0.03/kWhr, interest and depreciation at 12 percent of capital costs, and operation for 4000 hours per year. 

	2. 
	2. 
	Low solvent primer and top coat (Ref. 4-33) --The achievable reduction depends on both the old coating and its replacement. For example, the 50 volume percent coating achieves an 86 percent reduction if it replaces a lacquer with 12 volume percent solids, but only a 53 percent reduction if it replaces an enamel with 32 volume percent solids. Obviously, even further reductions .can be achieved if an add-on control device is also installed. 


	Typical capital costs for this option are difficult to assess because they depend completely on the specific plant situation. It is estimated that a change from lacquer to enamel would require a capital cost (including engineering) of $1,000,000. (General Motors claimed that it would be higher.) Based on a rule of thumb 12 percent of capital investment, annualized operating costs could be as high as $120,000 per year although this would be affected by the lower manpower required to apply enamels and the inc
	3. Water-borne top caats--The cost of converting to water-borne top coa~s for an existing plant will vary. A major variable will be the age of the existing coating equipment. If near retirement, it may be better to build entirely new spray booths and ovens. This was done at one of two automobile plants in the Basin which converted to water-borne coatings. If the coating equipment is still relatively modern, however, retrofitting will entail lengthening of ovens and modification of spray booths and con­veyor
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	TABLE 4-16. INCREASED ANNUAL OPERATING COST FOR ELECTROPHORETIC DIP PRIMERS COHPARED TO SOLVENT-BORNE PRIMER (REF. 4-33) 
	utilities: 
	utilities: 
	utilities: 

	Electricity 
	Electricity 
	$0.03/kWhr 
	x 
	4000 
	hrs/yr 
	x 
	1400 kW 
	168,000 

	Direct labor: 
	Direct labor: 

	Savings of Interest and depreciation 
	Savings of Interest and depreciation 
	8 hrs/shift x 500 shift/yr 3 workers/shift $15/hr t§12 percent x (1,000,000 to 8,000,000) 
	-180,000* 120,000 to 960,000 


	Total increased operating cost ---108,000 to 948,000 $/yr 
	*There is a net credit for labor cost for electrophoretic dip coating. The calculation is for the difference between one operator versus four in a conventional spray booth applying organic solvent-borne primer. 
	T 
	'Assuming 20 year life, 10 percent interest. 
	§The range of values is for different ages of the existing prime line. The lower value represents the increased total installed cost of an electrophoretic dip line over an organic solvent-borne prime line for a plant with an old prime line ready for replacement. The higher value represents the total installed cost for a plant with a new solvent-borne prime line. 
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	Capital costs for a switch to water-borne top coats employing all new spray booths and ovens was estimated at $10 million while for a plant where the booths and ovens were retrofitted, the capital costs would be about half that amount. 
	Incremental operating costs include increased electrical requirements and increased maintenance labor. Coating material costs are approximately the same. Higher oven temperature causes an increase in natural gas usage. Annualized operating costs for the model are given in Table 4-17. 
	TABLE 4-17. INCREASED k~fOAL OPERATING COST ESTL~TE FOR WATER-BO~~ TOP COATS OVER ORGk~IC SOLVENT-BORNE TOP COATS (Ref. 4-33) 
	Utilities: Electricity $0.03/kWhr x 4000 hrs/yr x 5000 kW $600,000 
	Direct labor: 20 additional hrs/shift x 500 shifts/yr $15/hr $150,000 
	~1aintenance 
	Building overhead 
	21 percent x capital costs = 0.21 x $20,000,000 $4,200,000 
	Taxes and insurance Interest and depreciation* 
	Total increased operating cost $4,950,000/yr 
	*Assuming a 20 year life and 10 percent interest charge 
	B. Paper Coating -Low Solvent Coatings-
	-

	t~e type of low solvent coating and the particular end use. The low solvent coatings will be economical once the technology .has been established, but there can be large costs involved in initially developing the coatings, purchasing new application equipment and learning to use the new systems. 
	Costs will vary for low solvent systems depending on 
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	Cost comparisons between various low solvent coatings are not as easy to make as are cost comparisons between various types of add-on control systems. However, a detailed cost comparison has been made between various types of silicone application systems. This comparison is shown in Table 4-18. The cost of learning to apply water-borne systems to paper could be very large. 
	TABLE 4-18. CAPITAL COST OF SILICONE COATING SYSTEMS IN PAPER COATING INDUSTRY 
	Coating systems 
	Solvent (with solvent recovery) Solvent (with solvent incineration) Solventless (heat cure) Solvent (with no recovery) Water emulsion system 
	Net Cost $/lb of Silicone Solids on Paper 
	8.20 7.38 7.11 6.69 5.28 
	The emulsion system is the lowest in cost, but the 100 percent 
	'solventless (pre-polymer) process may prove to be the most practical system in the long run. It may be difficult for paper coaters that are familiar with organic solvent-borne systems to switch to a water-borne system because of wrinkling of the paper and other application problems. 
	Additional costs will be associated with switching to 100 percent nonvolatile (pre-polymer) coatings. Most organic solvent-borne silicone release coatings are currently applied by gravure or reverse roller. None of these are suitable for solventless coatings. Solventless coatings must be applied with 3-roll or 4-roll offset gravure presses. These cost from $25,000 to $200,000 per coating line. A cost of $100,000 would be about average. Because of these costs, availability of capital can be an impediment to 
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	4.3.9 Maintenance 
	The cost effectiveness is impossible to generalize. As discussed in section 4.1.9, it is deoatable as to whether a special leak control program in a refinery would be cost effective. (The leak control program no~ maintenanc~.) A study more compre­hensive than afforded by this program would be required to completely assess this prospect. 
	would be beyond the scope of 

	The EPA (Ref. 4-65) provided some interesting cost data which could contribute to a study of overall costs of reducing fugitive emis­sions from refineries. Their information came from equipment manufac­turers and oil companies, and are based on 1976 prices: 
	A. Pump Seals-
	-

	1. Mechanical seals (cost per pump) 
	Extra cost for mechanical seals on new pumps (shaft size I" to 3") $200 to $1200 
	Retrofit cost for mechanical seals on used pumps (shaft size I" to 3") $2000 to $3000 
	Annual cost to replace seals every t .....o years (shaft size I" to 3") $500 to $1200 
	2. Dual mechanical seals (cost per pump) 
	Extra cost for new pumps (shaft size I" to 3") $800 to $3000 
	Retrofit cost (shaft size I" to 3") $3000 to $3500 
	Annual cost to replace seals every t .....o years (shaft size 1" to 3") $1300 to $2700 
	The costs vary wit.~ the shaft size over the range indicated. 
	B. Compressor Seals-
	-

	1. Centrifugal--eentrifugal compressors may be equipped with oil seals which collect hydrocarbon emissions. The oil is processed by a system which reclaims the product collected in the oil. The 1976 costs for an oil seal system on a compres'sor between 1500 and 10,000 HP, based on the EPA data from industry, is as follows: 
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	New compressor cost including oil system $700,000 Retrofit cost $150,000 Annual cost $ 45,000 
	2. Reciprocating compressors--Reciprocating compressors may be equipped with labyrinth type mechanical seals. An estimate of costs for a double labyrinth seal compressors in the size range of 50.to 1500 HP is as follows: 
	New compressor $50,000 to $500,000 Extra cost for double labyrinth seal $1,000 to $8,000 Retrofit cost $25,000 to $250,000 
	(up to cost of new unit) Annual cost $7,000 to $80,000 
	These and other miscellaneous refinery costs should be published by the EPA in a report entitled "Control of Hydrocarbon Emissions from Miscellaneous Refinery Sources." 
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	SECTION 5.0 
	ANTHROPOGENIC EMISSION FORECAST 
	With the inventory results presented in Section 2.4 as a baseline, a ten-year forecast was made of the stationary source anthropogenic emissions. The forecast was based on the industry growth projections prepared by the ARB (Ref. 5-1) and some unpublished projections provided by SCAG (Ref. 5-2). Table 5-1 summarizes the projection calculations. The 1975-76 emissions come ~rarn Table 2-40. The industrial growth factor was based on the projections in the above references. A weighted average of the various cou
	will be few. Also since the population in the Basin is 
	domestic fuel 

	The projections of emission reductions due to controls was based on the impetus provided by the Clean Air Act as amended in 1977. This requires each state and air quality control region to implement a plan to achieve the national ambient air quality standards for oxidant by 1987. 
	An estimated 80 to 85% reduction for petroleum sources is based on recent ARB/AQMC/APCD efforts to control pipeline and storage tank leakage. Improved valve maintenance and retrofit double seals on floating roof tanks is predicted. 
	Combustion of fuels offers little potential for organic emission re­ductions. In most instances, the organic emission concentration is of the order of 1 to 10 ppm. There are no practical methods to reduce emissions at this level. Only in the case of poorly maintained combustion devices, SOme 
	5-1 KVB 5804-714 
	significant improv~~ent may be made. Some of these maintenance improvements, which will be made, account for the 5% reduction estimate. The surface coating reduction of 75% is attributed to improved controls on industrial operations, the changing to water-borne paints, etc. However, recognition is given to the continued use of solvent based paints for repainting operations as well as for numerous specialized commercial and domestic painting applications. 
	The dry cleaning reduction of 40% may seem low; although exhaust emis­sion can be controlled to better than 99%, many of the emissions are fugitive. Solvent,which adheres to the cleaned clothes, eventually evaporates. 
	The reduction of methane emission can be accomplished by preventing leaks (of all types.) Other control techniques like adsorption or incineration are not very effective for abating methane emissions. Therefore, the 50% reduction of methane emissions was assumed for petroleum sources due to im­proved maintenance practices reducing leaks. 
	The projected emissions are a simple calculation of baseline emissions X (1 + projected growth) X (1 -control efficiencyj. The results are tabulated in Table 5-1. Figure 5-1 shows a plot ~~d summary of the emissions projected for the next ten years. The percent reductions at the end of the ten years are summarized on the figure. 
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	TABLE 5-1. STATIONARY SOURCES IN THE SOUTH COAST AIR BASIN ANTHROPOGENIC EMISSIONS PROJECTION 1976-1986 
	Projected In­Aver. Control Ef­1975-76 dustry Growth ficiency by 1986 Projected Emissions Emissions, Ton/Day By 1986 % Reduction Ton/Day Application categories Norunethane Methane % Nonmethane Methane Nonmethane Methane 
	Petroleum Production 56 38 6 85 50 11 20 Petroleum Refining 107 8 20 85 50 19 5 Petroleum Marketing 110 80 0 80 50 22 40 Surface Coating 115 8 30 75 25 38 8 Dry Cleaning 38 0 0 40 --0 Degreasing 33 0 30 80 --0 Other 18 130 90--1 lJ1 Chemical 4 0 50 85 --I 0 
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	I 
	W Metallurgical 1 1 15 50 --I 1 Mipera1 1 0 10 90 --00 WasteBurning 0 1 0 40 --1 Combustion of Fuel 12 4 6 5 --4 Food & Agriculture 1 0.4 15 80 --0 Pesticide 15 0.4 10 50 --0 Misc. Industrial 1 11 30 90 --1 
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	Figure 5-1. Allthropogenic stationary source organic emissiolls projectiOll, 1976-1986. 
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	ABBREVIATION LIST 
	Actual Cubic Feet per Minute Emission Factor Publication (see Reference 2.3) 
	Air Pollution Control District 
	American Petroleum Institute 
	Air Quality Control Region California Air Resources Board 
	Atlantic Richfield Corporation 
	Analytical Research Laboratories, Inc. of Monrovia, CA AeroVironment, Inc. of Pasadena, CA (consultants) Designation given to a plume dispersion model General hydrocarbon formula (aliphatic) indicating number of carbon atoms in the molecule 
	California Air Resources Board (usually just ARB) 
	Consolidat~d Electrodynamics Corp. 
	Emission Inventory Subsystem/Permit and Registration 
	Environmental Protection Agency 
	Eco Science System, Riverside, CA (consultants) 
	Fluidized-bed Catalytic Cracker, refining equipment 
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	Fire Marshall (as in FM approved) 
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	Gas Chromatograph with a Flame Ionization Detector 
	Gas Chromatography/Mass Spectrometry General Motors 
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	Identification 
	Los Angeles 
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	Methyl Ethyl Ketone 
	Methyl Isobutyl Ketone 
	Million British Thermal Units 
	Molecular Weight 
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	No (emission) Control 
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	ABBREVIATION 
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	ppm 
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	SCAQMD SCC SDAPCD SIC SKC SOHIO TLV 
	TOC UCR UTM TJV/VIS VAPCD VW 
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	LIST (continued) 
	California Governor's Office of Planning and Research Positive Displacement Parts per Million Pressure/Volume Polyvinyl Chloride Quality Control Ryckman, Edgerley, Tomlinson & Associates, Consultants in St. Louis, MO Reid Vapor Pressure Storage and Retrieval of Aerometric Data (A Coding System for Aerometric Data) Santa Barbara Air Pollution Control District South Coast Air Basin (often just Basin) Southern California Association of Governments Southern California Air Pollution Control Dist~ict (predecessor
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