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1.0 INTRODUCTION

The purpose of this report is to provide the Environ-
mental Protection Agency with an identification and quantifica-
tion of the important multi-media organic emissions, effluents,

and wastes from stationary sources on a nationwide basis.

This report divides the major pollutant sources into
thirteen categories. The organic emissions and effluents from
these categories are quantified and the major sources are iden-
tified within the categories. The sources with the largest po-
tential for reduction of organic emissions and effluents are
identified and the controls required to achieve the reductions
are discussed. Because all but a few of the numbers in this re-
port are estimates of indeterminate accuracy, errors of 10% and,

in some cases, 15% are to be expected.

1.1 Objectives

The objective of this program is to describe the rela-
tive importance of existing multi-media organic emissions and
effluents from domestic statiomary sources. The quantity and
control potential of the discharges are addressed. The station-
ary sources considered are grouped in thirteen major categories.

These categories are as follows:

Category Description

I Fossil fuel extraction (gas wells, oil wells, oil/

gas wells, coal mines, etc.)

II Fossil fuel processing (natural gasoline plants,

sulfur recovery, coal preparation, etc.

III Fossil fuel transportation, storage, and distri-

bution (pipelines, gasoline transfer, etc.)



Category
Y

VI

VII

VIII

IX

X1

XII

XIII

1.2

Description

Fossil fuel refining (petroleum refineries, coke

ovens, etc.)

Fossil fuel combustion (commercial, industrial,

utility, etc.)

Fossil fuel feedstock chemical processing (all
processes which start with feedstock derived from
fossil fuels and produce intermediate or end

products)

Non-combustion organic chemical utilization (in-

dustrial/commercial, printing, dry cleaning, etc.)

Agricultural and forest products (cornm oil, turpen-

tine, food processing, etc.)
Open sources (agricultural burning, etc.)
Natural sources (pine forests, etc.)

Solid waste disposal (solid waste incineration,
landfilling, etc.)

Municipal wastewater treatment

Other sources (forest fires, etc.)

Approach

In the initial phase of the program, readily available

information on stationary sources of organic emissions and efflu-

ents was assembled. Information concerning process descriptions,

-2-



operating parameters, current organic chemical controls, and
control problems were also obtained. The information sources
include previous and current EPA studies, new source performance
standard studies, known emission factors, Radian files, and

other published or unpublished information.

As the data base was assembled, the data was divided
into the major categories for subsequent evaluation. Pollutants
resulting from process streams were evaluated along with "fugi-
tive'" type emissions associated with equipment leaks such as
those from pumps, valves, and flanges. Emissions resulting from
"open'' sources such as forest fires and from natural sources

such as pine forests are also included.

The information collected for each category was di-
vided into logical classes and grouped for further assessment
of emissions and effluents from processes and operations. A
complete list of the emission and effluent rates from the pro-
cesses and operations studied is presented in Section 2. An
attempt was made to identify the major sources of emissions and

effluents from each category.

The controllability of the source was assessed. Then,
specific processes and operations that represented the greatest
potential for the reduction of organic emissions and effluents
by the application of control technology were selected for
further study.

The selected processes and operations are described
in detail in Section 3. The descriptions give considerable at-
tention to the specific nature and source of the organic emis-
sions and effluents. Also discussed in detail are the control
technologies required for reduction of the emission and effluent
rate, and the potential reduction in organic pollutants result-

ing from the application of that control technology.

-3-



1.3 Methodology

Procedures were established for assessing the emission
and effluent rates for the various sources and for determining
the control of these sources. The procedures apply to all the

categories studied.

The quantification of the organic pollutants was ac-
complished by assembling readily available information. Occa-
sionally, sources gave conflicting information on pollutant
quantities. In these instances, several approaches were used to
select the source which provided the most accurate information.
These approaches are discussed below.

1) Frequently, information sources provide an evalua-
tion of the quality of the data used to estimate
the pollutant rates. This evaluation was particu-
larly valuable in the fossil fuel feed stock chemi-
cal processing (FFFCP) category. The definitions
of the data quality and an example of the distribu-
tion of the quality in the FFFCP category is sum-
marized as follows:

Percent of

Quality Meaning Total Data
A Adequate data of reasonable
accuracy. 1%
B Partially estimated data of 55%

indeterminate accuracy.

C Totally estimated data of 36%
indeterminate accuracy.

D No data; estimates based on 8%
generalized loss factor.



When conflicting data were encountered and the
data quality was rated, the best quality data

were used.

2) Occasionally, data of the same estimated quality
gave conflicting pollutant rates or conflicting
data had no estimated quality. In these instances,
the reports were assessed and references were
checked when necessary to evaluate the data and
procedures used. Then, the best data were selected

on that basis.

3) Finally, if none of the above information was pro-
vided, engineering judgement was used to select
the best data. The engineering judgement was
based on a knowledge of the process operation and

pollutant rates from similar processes.

Specific examples of poor quality data or a lack of

data are discussed in Section 3.

1.4 Definitions

Three terms are used throughout this report. The term
emissions 1s used to describe pollutants emitted to the atmo-
sphere. Effluents refers to pollutants emitted to bodies of
water. Wastes refers to solid waste emissions. These terms
and some other terms are defined further in the following para-

graphs.

Atmospheric Pollutants

The atmospheric pollutants are separated into volatile

organics and organic particulates. Each emission type is analyzed



and discussed separately since the two types have different ef-
fects on the ambient air quality. Also, the control technologies
for the two types are significantly different and the potentials

for emission reduction must be assessed separately.

Special emphasis was given to the quantification and
control of the volatile organics. The organic particulate emis-
sions were determined by estimating the fraction of organics
present in the total particulate emissions. Where possible, the
emissions were quantified by assuming the current degree of con-
trol practiced today. Reduction potentials were determined by
estimating emissions to be fully controlled by currently avail-
able technology.

Water Effluents

In general, current estimates of organic water ef-
fluents are lacking. However, EPA publications of development
documents for effluent limitations guidelines are available for
a large segment of industry. The guidelines provide information
sources relating to effluent limitations for 1977 (Best Practica-
ble Control Technology Currently Available, BPCTCA) and 1983
(Best Available Technology Economically Achievable, BATEA).
Consequently, this report assumes 1977 effluent limits as "cur-
rent' control levels and the 1983 effluent limits as the control
technology providing potential effluent reductions. This assump-
tion may provide higher rates and reductions than actually antic-
ipated since the 30-day limitations were used and these are
usually higher than the average yearly effluent. However, the
assumption is generally consistent within the report and con-
sequently, the effluent and reduction comparisons should be

realistic.



The organic content of water effluents was selected
as the parameter to assess the organic effluent quantity from
the processes and operations studied. Organic content refers to
the actual quantity of organics present in effluent water streams.
This parameter was selected in the study as the best measure of
organics actually introduced into the environment. Biochemical
oxygen demand (BOD), chemical oxygen demand (COD), and total
organic carbon (TOC) are more commonly used parameters associated
with water quality studies; however, these parameters do not esti-
mate the actual mass rate of organic effluents. For example, BOD
is the most commonly reported parameter in the literature, but
many organic compounds are not biologically degradable and their

presence is not indicated by BOD measurements.

The organic content of water effluents is estimated
from information on biochemical oxygen demand (BOD), chemical
oxygen demand (COD), and total organic carbon (TOC). The organic
content of effluents was estimated by several methods which are

listed in decreasing order of preference:

1) from the literature, determine correlations

between BOD, COD, or TOC and organic content,

2) from TOC information, calculate the organic
content by assuming the composition and

average molecular weight of the organic,

3) from BOD:TOC correlations in literature for
similar processes, calculate the organic

content as in 2), or

4) from COD information, estimate the carbon
present assuming complete oxidation of the
organic and calculate the organic content

as in 2).



There are inaccuracies associated with the above
methods for estimating organic content of water effluents. The
first method should be reasonably accurate. The basic assump-
tion associated with the other methods is that, since TOC is
directly related to the organic content, the organic composi-
tion of the effluent can be represented by one typical compound.
The typical compound is selected as the major product from a
process or operation. For special cases, such as polymeriza-
tion, the monomer is selected, or for refineries, a typical or
averagze hydrocarbon is selected. This selection is based on the
assumption that feed material to processes and by-products from
processes which can contribute to effluent rates are similar to
the products of the process. The accuracy of this assumption
decreases for processes having organic effluents that are not
similar to the product, such as diluent streams, lubricants,

solvent refining, and inhibitors.

Other organic water effluent parameters examined are
0il and grease (0/G) effluents and suspended solids (SS). Sus-
pended solids from the processes studied here usually contain
some organic matter. However, information on the organic con-
tent of SS is very limited. Consequently, the total SS rate is
reported with no breakdown of organic content. For this report,
greatest emphasis in assessing importance of waste water ef-
fluents is placed on organic content of the water calculated
from BOD, COD, and TOC.

Solid Wastes

The solid wastes produced are not listed by category
since adequate information was not available. Most operations
and processes dispose of solid waste on site by incineration,
landfill, or other means, or they retain contractors to properly

dispose of solid wastes off site. The solid waste that is



properly disposed of is not considered a pollutant. However,
the solid waste category does examine the environmental impact
of disposal techniques for municipal facilities handling solid
wastes. In this manner, the environmental impacts of solid
wastes are assessed and compared with atmospheric emissions and
water effluents from other categories, since solid wastes ulti-
mately result in atmospheric emissions by decomposition or in-

cineration and water effluents by leaching.

Stationary Sources

Most organic pollutant sources involve fossil fuels.
These fossil fuel operations involve extraction, various process-
ing and handling steps, and utilization. Other sources not re-
lated to fossil fuels include agricultural and forest products,
open and natural sources, solid waste disposal and municipal

sewage.

Some sources not related to fossil fuels are also not
point sources. An example of this is the natural source category.
This category examines organic emissions from such natural sources
as living plants, decomposition of organic material and enteric
fermentation in animals. Evaluation of emissions from natural
sources allows comparisons between them and the fossil fuels
categories. These comparisons are made so that the results of
pollution controls can be determined realistically on a mass

basis.

Hydrocarbons

In general, organic compounds are composed primarily
of carbon and other elements such as hydrogen, oxygen, nitrogen
and halogens. Hydrocarbons refer to a specific class of organicé
composed solely of carbon and hydrogen. For the purposes of this
report, the term "hydrocarbons' sometimes refers to other organic

materials also.
-9-



Organic Chemical Control Technology

The reduction in organic emissions and effluents from
the major categories and individual processes and operations is
determined from current control technology. Where possible,
the controls for pollutants from specific sources are those
commonly used. In some cases, commonly used specific control
information was not available. Engineering judgement was then
used to determine a specific control or typical control efficiency
for the class or type of emission to determine a reduction po-
tential. As an example: it is beyond the scope of this report
to determine the most desirable control for a process vent stream
if controls are not used in the industry. However, most process
vents can be controlled by adsorption, absorption, condensation
or incineration. These controls have typical operating effi-
ciencies and control potentials can be estimated. The selection
of a specific control as the most desirable in actual applica-
tions will require an indepth study and may differ for the same

process from one location to the next.

1.5 Summary of Results

1. Total volatile organic emissions are about an
order of magnitude higher than the organic particu-
late emissions and the organic water effluents.
Total non-methane volatile organic emissions are
two-to-three times as high as either the or-
ganic particulate emissions or the organic water
effluents.

2. Forty-eight percent of the non-methane vola-
tile organic emissions and 75% of the organic
particulate emissions are controllable. About

half of these controllable volatile emissions

-10-



and one-third of the controllable particulate
emissions are from open burning sources which
usually occur in remote areas and contribute
little to photochemical smog. These open sources
account for over 20% of the total non-methane

organic emissions.

Thirty-five percent of the particulate emis-
sions are from the plywood and veneer indus-

try and grain and feed processors, all of which
are controllable.

Effluents from natural sources were not considered
because a natural BOD is inherent in the aquatic
ecosystem. Thirty-five percent of the remaining
effluents are considered controllable. Twenty-
nine percent could be controlled with tertiary
control of municipal waste water treatment facili-

ties.

Process emissions should be considered foremost
because they tend to be in populated areas and
are amenable to control technology. Also, most

toxic emissions are from these sources.

Fifty percent of the process volatile non-methane

emissions are from non-combustion organic chemical
utilization and chemical processing. Another 457

are from fossil fuel refining and transportation.

There is no single large controllable emission

source.

Agricultural and forest products account for 90%

of the process organic particulate emissions.
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Seventy-five percent of these emissions are from
the plywood and veneer industry and from grain

and feed processors.

8) Fifty percent of the process organic effluents
are from agricultural and forest products; 477%
.are from chemical processing. These is no single

large controllable effluent source.

1.6 Conclusions and Recommendations

This report incorporates several unique features that
distinguish it from previous studies concerning organic chemical
pollutants from stationary sources. These features are as fol-
low:

. It is the first report to assess multi-

media impacts together for comparison.

. While it does not generate new data, it
pulls previous studies together into one
package to compare the impacts of impor-
tant processes and operations on a mass

emission basis.

. It is the first report to break atmo-
spheric emissions of organics down into

volatiles and particulates for comparison.

. It is the first in depth look at major
emission and effluent sources from or-

ganic chemical processing.



It is the first attempt to address the
quantities of controllable emissions

and effluents from a broad cross section
of sources and to assess and compare the
data.

Conclusions

These unique features and the methodology of the re-

port allow the data to be processed to make the following con-

clusions:

L

2)

3)

The organic emissions and effluents are a
reasonably complete assessment of the major
organic pollutants from the respective in-

dustries.

As a result of the time allocated to assess
the major categories, the data for process
type categories are reasonably firm while
the data for the other categories (espe-
cially natural sources, open sources and

"other'" sources) are not as firm.

Other factors, such as geographical location
of sites, reactivity, toxicity of pollutants,
cost of controls, and meteorological char-
acteristics, must be considered in addition
to mass pollutant rates to develop a control
strategy in the U.S. Pollutant sources
should be considered on an area-wide basis.
These factors and the contribution of all
significant point sources within these areas

should also be considered.
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4) The quantities of organic atmospheric emis-
sions are greater than organics in water
effluents; however, the air emissions are
dispersed in a largér medium.

5) Open sources, which usually occur in remote
areas, are the largest source of non-methane
organic emissions. Other sources of volatile
organic emissions are varied; none is sig-

nificantly large.

6) About half of the non-methane volatile
emissions, most from fossil fuel-related

industries, are controllable.

7) Control of grain and feed processors and
the plywood and veneer industry could re-
duce particulate organic emissions by one
third.

8) Natural sources of organic effluents were not
considered. Tertiary control of municipal
waste water treatment facilities would greatly
reduce organic effluents. The pulp and paper
industry is the only other contributor of aﬁy

consequence.

Recommendations

The evaluation of organic pollutants from stationary
sources and their control potential leads to the identification

of several areas for further consideration. There are:
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L

2)

3)

4)

5)

6)

7)

8)

Specific problem areas relating to organic
pollutants should be identified and assessed

on a source-by-source basis.

Additional field work and sampling should
be conducted to verify emission and effluent
rates and identify components.

The processes in particular problem areas
with the greatest degree of control should

receive special attention.

The chemical processing industry is so com-
plex and diverse that it requires special
attention. The mass emission and effluent
rates should be verified and expanded to
improve the quality of available data. The
pollutants should be characterized by moni-
toring. Specific geographical sites and

complexes should be considered.

Additional work is needed to identify BOD/
COD/TOC/Total Organic relationships.

Information should be generated on the quantity,

composition and ultimate fate of solid wastes.

Additional data is needed regarding the fate
of pollutants in the environment and their

long-term effects.

More work is needed to assess the toxicity

and health effects of the pollutants with

~15-



9)

proper consideration for composition changes
and their ultimate fate.

The cost effectiveness of wvarious control
strategies should be considered so that relation-
ships between control potentials and control
costs can be optimized to reduce pollutants to

required levels.

-16-



2.0 RESULTS

The organic emissions and effluents from the major
categories are examined in this section so that the impact of
emission controls may be assessed. A listing of the emissions.
and effluents from the selected processes is presented in Table
2.0-1. Reduction potentials are presented in Table 2.0-2. A
summary of these two is presented in Table 2.0-3. A more com-
plete listing of all the emissions and effluents considered in
the fossil fuel feedstock chemical processing category is pre-
sented in the Appendix.

The areas representing the greatest potential for reduc-
tion are discussed in the following sections.

2.1 Overall Organic Emissions and Effluents

The emissions and effluents and their control potentials
from all the categories are discussed in this section. The effect

of controls for the various categories and processes are assessed.

The total volatile organic emissions are about an order
of magnitude higher than the organic particulate emissions and
the water effluents. Non-methane volatile organics alone are only
three times the organic particulates and twice the organic water
effluents. The controllable volatile emissions are also only 2-3
times the controllable organic particulates and controllable or-

ganic water effluents.

2.1.1 Atmospheric Emissions

The atmospheric emissions are divided into volatiles

and particulates. Both types of emissions are discussed.
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TABLE 2.0-1
ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emissions

Category Volatile Organics Organic Particulates Water Effluents
(MT/yr) (MT/yr) (MT/yr)
1. Fossil Fuel Extraction *2,510,000 -
Major Sources: Major Sources:
Coal Production *1,610,000 — Crude 01l and Asso- 29,000

Crude 0il and Asso- cliated Gas Production

ciated Gas Production * 630,000 -

Natural Gas Extraction * 270,000 - -=

II. Fossil Fuel Processing *1,716,400 7,300 -
Major Sources:

Natural Gasoline Plants #*1,714,000 - --

Coal Preparation Plants 2,400 7,300 -

ITI. Fossil Fuel Transportation,
Storage, and Distribution 2,071,000 77,300 -

Major Sources:
Crude 0il Storage 526,000 -— -

Gasoline Service Station
Automobile Filling 467,000 - —

Gasoline Service Station
Underground Tank Filling 399,000 -- --

Gasoline Bulk Station
Storage 109,000 —_ _
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TABLE 2.0-1 (Continued)
ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emissions

Category Volatile Organics Organic Particulates Water Effluents
(MT/yr) (MT/yx) (MT/yr)
1v. Fossil Fuel Refining 2,173,500 269,000 34,700
Major Sources: Major Sources:

Storage, Petroleum Petroleum Refineries 23,600
Refineries 965,000 - Coke Manufacturing 11,100
Blowdown, Petroleum

Refining 328,000

Process Drains and Waste
Water Separators,
Petroleum Refineries 216,000

Fluid Catalytic Cracker
Unit, Petroleum

Refineries 147,000
Vacuum Jets, Petroleum
Refineries 117,000
V. Fossil Fuel Combustion 724,000 -- -

Major Sources:

Industrial Internal
Combustion Gas . %237,000 - -

Utilities - coal fired 105,000 - -
Industrial - natural gas * 76,400 - -

Industrial Internal
Combustion-0il 68,200 - -

Industrial/Commercial
Fuel 0il 56,400 - —
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TABLE 2.0-1 (Continued)
ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emissions

Category Volatile Organics Organic Particulates Water Effluents
(MT/yx) (MT/yrx) (MT/yr)
VI. Fossil Fuel Feedstock
Chemical Processing 1,460,000 45,800 460,000
Major Sources: Major Sources:

Ammonia * 323,000 - Dyes and Pigments 60,800
Carbon Black 96,700 3,674 Polyvinyl Chloride 32,300
Acrylonitrile 83,000 - Methyl Methacrylate 30,900
Ethylene Dichloride 56,300 -
Toluene 51,000
Carbon Tetrachloride 43,400 -=

VII. ©Noncombustion Organic
Chemical Utilization 3,529,000 - 100

Major Sources: Major Sources:

Rubber and Plastics

Processing 1,280,000 -— 100
Paper and Paperboard
Coating : 475,000 -
Sheet, Strip and Coil
Coating 469,000 -
Miscellaneous Surface
Coating 385,000 -
Dry Cleaning 367,000 -=
Fabric Treatment 210,000 -

Graphic Arts-Gravure 107,000 -



TABLE 2.0-1 (Continued)

ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emissions

Category Volatile Organics Organic Particulates Water Effluents
MT/yx) (MT/yr) (MT/yx)
VII. Noncombustion Organic
Chemical Utilization
Major Sources: cont.
Cast Iron Foundry
Core Ovens 102,000 - -—
Auto and Truck Coating 100,000 - -=
VIII. Agricultural and Forest
;J Products 508,000 3,324,000 488,000
TJ Major Sources: Major Sources:
Pulp and Paper 143,000 - Pulp & Paper 208,000
Wood Waste Combustion 137,000 —= Processed Fruits
2,200
Beer Brewing 67,800 108,000 & vegetables 92,
3,8
Fruit and Vegetables Beer Brewing 73,800
Processing 47,700 -
Tobacco 39,710 -
IX. Open Sources 3,010,000 973,000 -
Major Sources: Major Sources:
Agricultural Field
Burning of Land
Clearance 2,540,000 821,000 —-=
Prescribed Forest
Burning 472,000 152,000 —-=
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TABLE 2.0-1 (Continued)

ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emissions

Category Volatile Organics Organic Particulates Water Effluents
(MT/vyr) (MT/yr) (MT/yr)
X. Natural Sources *85,300,000 1,500,000 N/A
Major Sources: Major Sources:
Decomposition of
Organic Material *x71,700,000 - N/A
Living Plants 9,100,000 1,500,000
Enteric Fermenation
in Animals * 4,500,000 - N/A
XI. Solid Waste Disposal 2,690,000 640,000 736,000
Major Sources: Major Sources:
Open Burning of Refuse 1,660,000 378,000 Leachate From
Open Burning of Uncol- Open Dumps 293,000
lected Urban Refuse 345,000 80,000 Leachate From
D 4
Open Burning of Rural Burning Dumps 245,000
Refuse 322,000 74,000 Leachate From
- Landfills 171,000
Methane from Decomposition
in Dumps and Landfills *247,000 0 Leachate From
itz 11
Municipal Incineration 51,500 65,400 Sanitary Landfills 25,330

XITI. Municipal Sewage Disposal -

Major Sources:

N/A - Not applicable natural sources of organics
in surface waters are not considered.

Major Sources:

Septic Tanks

9,980,000

5,700,000

Primary Treatment 1,370,000

None or Minor
Treatment

1,020,000
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Category

XIII. Other Sources

Major Sources:
Forest Wildfires
Structural Fires

Coal Refuse Fires

TABLE 2.0-1 (Continued)
ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emissions

Volatile Organics Organic Particulates

(MT/yr) (MT/yr)
917,000 234,000
Major Sources:
791,000 213,000
64,800 20,900
61,200

*Indicates emissions consisting mostly of methane.

N/A - not available.

Water Effluents
(MT/yr)
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TABLE 2.0-2
POTENTIAL REDUCTIONS OF ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emission Reductions

Category Volatile Organics Organic Particulates Water Effluents
(MT/yr) (MT/yr) (MT/yr)
I. Fossil Fuel Extraction *1,830,000 - 29,000
Major Sources: Major Sources:
Coal Extraction *1,290,000 - Crude 0il & Associated
Crude 0il & Associated Gas Production 29,000
Gas Production * 380,000 —
Natural Gas Extraction * 162,000 - -
II1. Fossil Fuel Processing 1,030,000 3,650 -
Major Sources: Major Sources:
Natural Gasoline Plants 1,030,000 —— -
Coal Preparation Plants - 3,650 -
IIT. Fossil Fuel Transportation,
Storage, and Distribution 1,363,000 69,600 -
Major Sources: Major Sources:

Service Station Auto
Filling 420,000 - -

Service Station Under-
ground Tank Filling 383,000 - --

Crude Transportation -
Storage 246,000 -- -

Gasoline Bulk Station -
Storage 104,000 - _

Gasoline Bulk Station -
Loading 91,600 - -
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TABLE 2.0-2 (Continued)

POTENTTAL REDUCTIONS OF ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emission Reductions

Category Volatile Organics Organic Particulates Water Effluents
(MT/yr) (MT/yr) (MT/yr)
IV. Fossil Fuel Refining 1,400,000 243,600 26,360
Major Sources: Major Sources:
Petroleum Refining -
Storage 452,000 - Petroleum Refining 16,700
Petroleum Refining -
Blowdown 318,000 ~- Coke Manufacturing 9,680
Petroleum -
Process Drains and Waste
Water Separators 195,000 -- -
Petroleum Refineries-FCCU 147,000 - -
Petroleum Vacuum Jets 117,000 - -=
V. Fossil Fuel Combustion *314,000 - -
Major Sources: Major Sources:
Industrial Internal
Combustion - Gas 234,600 --
Utility Internal
Combustion - 0il 67,500 - -
VI. Fossil Feedstock Chemical
Processing 1,270,000 40,900 400,000
Major Sources: Major Sources:
Ammonia 319,500 - Dyes and Pigments 52,900
Carbon Black 96,700 - Polyvinyl Chloride
and Copolymers 28,100
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TABLE 2.0-2 (Continued)
POTENTIAL REDUCTIONS OF ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emission Reductions

Category Volatile Organics Organic Particulates Water Effluents
(MT/yr) (MT/yr) (MT/yr)

VI. Fossil Feedstock Chemical
Processing, (Cont'd)

Major Sources: (Cont'd) Major Sources:
Acrylonitrile 82,000 -— Methyl Methacrylate 26,900
Ethylene Dichloride 55,000 ° _—
Toluene 43,800 -
Carbon Tetrachloride 41,700 --

Soap and Detergent
Manufacture - 17,900

VII. Noncombustion Organic
Chemical Utilization 2,868,000 - -

Major Sources: Major Sources:

Rubber and Plastic

Processing 1,150,000 -- -
Surface Coating 989,100 - -
Graphic Arts 337,500 - —

Dry Cleaning 202,000 -— _
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TABLE 2.0-2 (Continued)

POTENTIAL REDUCTIONS OF ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emission Reductions

Category Volatile Organics Organic Particulates Water Effluents
(MT/yr) (MT/yr) (MT/yr)
VIII. Agricultural and Forest
Products 504,000 3,300,000 317,000
Major Sources: Major Sources:
Pulp and Paper 142,000 - Pulp and Paper 104,000
Wood Waste Combustion 137,000 47,400 Processed Fruits and
Beer Brewing 67,100 103,000 Vegetables 69,900
Processed Fruits and Beer Brewing »3,330
Vegetables 47,200 -
Tobacco 39,300 -
Grain and Feed Milling
and Storage - 1,300,000
IX. Open Sources 3,010,000 973,000 -
Major Sources: Major Sources:

Agriculture Field
Burning 2,540,000 820,000 -

Prescribed Forest
Burning 472,000 ‘ 152,000 -

X. Natural Sources - —_ _—

XI. Solid Waste Disposal 2,210,000 607,000 70,900
Major Sources: Major Sources:

Open Burning Dumps and Open Burning Dumps and
Open Dumps Replaced Open Dumps Replaced
by Landfills 1,656,000 378,000 by Landfills 48,900
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TABLE 2.0-2 (Continued)

POTENTIAL REDUCTIONS OF ORGANIC EMISSIONS AND EFFLUENTS FROM MAJOR CATEGORIES

Atmospheric Emission Reductions

Category Volatile Organics Organic Particulates Water Effluents
(MT/yr) (MT/yr) (MT/yr)
XI. Solid Waste Dispoéal,
(Cont'd)
Major Sources: (Cont'd) Major Sources:
Replace Open Burning of
Uncollected Refuse with
Landfills 604,000 154,000 -
XII. Municipal Wastewater —= -
Major Sources: Major Sources:
Upgrade all Municipal
Water Treatment to
Secondary Biological
—_ - Facilities 2,080,000

Upgrade all Municipal
Water Treatment Facil-
ities to Tertiary
Control (Include

Secondary Control) 1,050,000

XIII. Other Sources

*Indicates emissions consisting mostly of methane.
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I1.

1.

v.

VIL.

vIIl.

IX.

Xxi.

XIl.

IIIL.

CATECORY

Foesil Fuel Extraction

Foasll Fucl Processing

Fosail Fuel Transportation,
Storage & Distribution

Foesil Fuel Rofining

Foasil Fucl Combuatlon

Fossil Fuel Feedstock
Chemlcal Processing

Noncombustion Organic
Cheaical Utilization

Agriculcural and Forest
Products

Open Sources

Natural Sources
Solid Waste Dispoaal
Municipal Sewage Disposal

Other Sourcos

Total
Emissiong

2,510,000

1,716,400

2,071,000

2,173,500

724,000

1,400,000

3,529,000

508,000

3,010,000

85,300,000

2,690,000

917,000

TABLE 2.0-3
SUMMARY OF EMISSIONS AND EFFLUENTS FROM CATEGORIES, MT/yr

Total

Coatrollable

Eminslong
1,830,000

1,030,000

1,363,000
1,400,000

314,000
1,276,000
2,868,000

504,000
3,010,000
9,100,000

2,210,000

917,000

VOLATILE ORGANICS

Total

Noanmathane

Balssion

2,071,000

2,123,500

383,900

1,077,000

3,529,000

508,000

3,010,000

2,443,000

Controllable
Noanmethane
Emissions

1,363,000

1,400,000

67,500

953,000

2,868,000

504,000

3,010,000

2,219,000

Total
Nonmethane
Eaisaions
from
Controllable
Sources

2,071,000

2,173,500

1,077,000

3,529,000

508,000

Controllable
Nonmethane
Enissjons
froa
Controlluble
Sourcesa

1,363,000

1,400,090

953,000

2,868,000

504,000

Total

_Emfesiong

7,300

17,300

269,000

45,800

3,324,000

973,000

1,500,000

640,000

234,000

PARTICULATE ORGANICS

Total
Enissions
Total fron
Controllable  Controllable
Emissiona Sources
3,650
69,600 77,300
243,600 269,000
40,900 45,800
3,300,000 3,324,000
973,000
607,000

Countrollable
Eafsoions
froa
Controllable

_ .Sources

69,600

243,600

40,900

3,300,000

WATER EFFLUENTS

Total
Total Controllable
 Effluents Effluents
29,000 29,000
34,700 26,400
460,000 400,000
488,000 317,000
736,000 70,900
9,980,000 3,420,000

Total
Ef€flucats
from
Controllable

Sources

34,700

460,000

488,000

Controllable
Efflucnta
from
Controlluble
Sources

26,400

400,000

317,000




2.1.1.1 Volatile Qrganic Emissions

The volatile organic emissions are presented in Table
2.1-1. Non-methane emissions are also identified and the con-
trollable non-methane emissions are presented by category. The
processes and operations representing the greatest potential for
emission reduction are presented. Processes which can poten-
tially reduce the total non-methane emissions by less than 1
percent are considered too small for the purpose of reduction of
emissions on a mass basis. These relationships are shown

graphically in Figures 2.1-1 and 2.1-2.

Approximately 497% of the total non-methane volatile
organic emissions are controllable. This total may be subdivided
as follows: agricultural and prescribed forest burning, 12%;
open burning of refuse, 9%; petroleum refining and plastics
processing industries, 10%; gasoline marketing and surface
coating, 8%; graphic arts and dry cleaning, 2%; all other pollu-

tant sources, 8%.

2.1.1.2 Organic Particulate Emissions

The organic particulate emissions are presented in
Table 2.1-2. The controllable particulate emissions are also
presented along with operations and processes representing the
largest emission reduction potential. These relationships are

presented graphically in Figures 2.1-3 and 2.1-4.

Approximately 747 of the total organic particulate
emissions are controllable. This total is distributed as follows:
grain and feed milling and storage, 18%; plywood and veneer, 17%;
agricultural and forest prescribed burning, 147%; open refuse
burning, 9%; coal rail transportation and beehive coke ovens, 3%;

all other sources, 13%.
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II
IIX

Iv

VII

XI1
XIIT

Category

Fossil Fuel Extraction
Fossil Fuel Processing

Fossil Fuel Transportation

Fossil Fuel Refining

Fossil Fuel Combustion

Fossil Fuel Feedstock
Chemical Procescing

Fossil Fuel Product
Utilization

Agriculture and Forest
Products
Open Sources

Natural Sources
Solid Waste :Disposal

Municipal Waste Water
Other Sources

TOTAL

*Percent of Total Non—-Methane

AIR - VOLATILE ORGANIC EMISSIONS

TABLE 2.1-1

Total Organic

Non-Methane ’

Controllable Non-Methane

Largest Non-Methane
Reductions From Operations

Emissions, which are 25,212,400 Mr/yr.)

MT/yr MI/yr; Percent* Emissions (MT/yr); Percent* MT/yr; Percent*; Operation
2,510,000
1,716,400
2,071,000 2,071,000 8% 1,363,000 5% 1,013,000 4% Gasoline
Marketing
67,900 <17 Diesel &
Distillate
2,173,500 2,173,500 9% 1,400,000 6% 1,229,000 5% Petroleum
. Refining
724,000 383,900 1% 67,500 <1%
1,400,000 1,077,000 4% 953,000 47 96,700 <17% Carbon Black
3,529,000 3,529,000 14% 2,868,000 11% 1,150,000 5% Rubberé&Plastic
. Processing
989,100 4% Surface
Coating
338,000 1% Graphic Arts
202,000 1% Dry Cleaning
189,000 <1% Fabric Treatment
508,000 508,000 2% 504,000 27 142,000 <1% Pulp and Paper
3,010,000 3,010,000 12% 3,010,000 12% 3,010,000 12% Agricultural
and Prescribed
Forest Burning
85,300,000 9,100,000 36% - - - -
2,690,000 2,443,000 10% 2,219,000 9% 2,210,000 9% Open Burning
of Refuse
917,000 917,000 4% -— - -- -
106,548,900 25,212,400 100% 12,384,500 497 10,636,700 41%



NATURAL

FOSSIL
FUEL
PRODUCT
UTILIZATION
14%

SOURCES

36%
FOSSIL FUEL

COMBUSTION
1%

OPEN

AGRICULTURAL & SOURCES

FOREST PRODUCTS
2%

FIGURE 2.1-1 DISTRIBUTION OF TOTAL VOLATILE NON-METHANE EMISSIONS

DRY CLEANING &
GRAPHICS ARTS
2%

GASOUNE
MARKETING

REFUSE

7

COATING
ALL OTHER
CONTROLLABLE
SOURCES

8%

AGRICULTURAL
& PRESCRIBED
FOREST BURNING

12%

FIGURE 2.1-2 DISTRIBUTION OF CONTROLLABLE VOLATILE NON-METHANE EMISSIONS
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11
ITI

v

VIl

VILI

IX

XIL
X111

Category

TABLE 2.1-2

ATR - PARTICULATE ORGANICS

Fossil Fuel Extractioun

Fossil Fuel Processing

Fossll Fuel Transporta- 17,300

tion
Fossil Fuel Refining

Fossil Fuel Combustion

Fossil Fuel Feedstock
Chemical Processing

Fossil Fuel Product
Utilization

Agricultural & Forest
Products

Open Sources

Natural Sources
Solid Waste Disposal

Municipal Wastewater
Other Sources

Total

Total Largest Reductions
Particulates Percent Controllable Percent From Operations Percent
MI/yr Total MT/yc Total MT/yc Total  Operation
7,300 <17 3,650 <1z 3,650 <1% Coal Processing
1% 69,600 1% 69,600 1X Coal Rail
Transportation
269,000 4% 243,600 34 126,000 2% Beehive Coke
Ovens
45,800 L% 40,900 <1z 17,900 <1Z Soap and
Detergent
3,324,000 47% 3,300,000 477 1,300,000 18% Grain & Feed
Milling and
Storage
1,196,000 17% Plywood and
Veneer
973,000 L4% 973,000 147 973,000 14% Agriculture and
Forest Pres-
cribed Burning
1,500,000 21% -- - -- - --
640,000 9% 606,500 9% 606,500 9% Open Burning
of Refuse
234,000 _a - - - - --
7,040,400 100% 5,237,250 74% 4,292,650 61%
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2.1.2 Water Effluents

The organic water effluents from the major categories
are presented in Table 2.1-3 along with the controllable organic
effluents and the processes and operations representing the
greatest potential for organic effluent reduction. Processes
which reduce the total organic effluents by less than 1 percent
were not included as potential methods for pollutant reduction.
Effluents from natural sources were not quantified. A natural
BOD is inherent in the aquatic ecosystem. Figure 2.1-5 repre-

sents the distribution of the total organic water effluent.

Upgrading of municipal wastewater systems to tertiary
control accounts for a reduction of 29 percent out of the total
35 percent potentially controllable effluents. The pulp and
paper industry is the only other process or operation that rep-
resents a reduction potential of 1 percent or more. This dis-

tribution is presented graphically in Figure 2.1-6.

2.2 Process Organic Emissions and Effluents

The data from the thirteen major categories presented
in Section 2.1 indicate that a few large emission and effluent
sources dominate the organic emission and effluent picture in
the U.S. This is especially true for the volatile atmospheric
emissions and water effluents. Therefore, other considerations
are important when assessing reduction potentials for organic
emissions and effluents. These other considerations include
site-specific problems relating to geographical areas, pollutant
toxicities, meteorological and dispersion characteristics, cost
effectiveness of controls, photochemical reactivity, health

effects, and other effects such as odor and plant ecology.
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Total Organic

TABLE 2.1-3

WATER EFFLUENTS

Controllable Organic

Largest Reductlon from Operations
ME/Yr; Percent Total; Operation

Category MI/Yr; Percent Total MT/Yr; Percent Total
I Fossil Fuel Extraction 29,000 <1%Z 29,030 <1%
£1 Fossil Fuel Processing -- - - -
1T1 Fossil Fuel Transportation -- - - -
IV Fossil Fuel Refining 34,700 <Lz 26,400 <1Z
V  Fossil Fuel Cowbustion - - -- -
VI fossil Fuel Feedstock 460,000 47 384,000 3%
Chemical Processing
VII Fossil Fuel Product 100 <1% - -
Ucilization
VILL Agricultural and
Forest Products 488,000 5% 317,000 3%
IX Open Sources - - - -
X Natural Sources* -- - - -
X1 Solid Waste Disposal 736,000 6% 70,900 <17
X1I Munlcipal Wastewater 9,980,000 85% 3,420,000 29%
X111 Other Sources -= - - -
TOTAL 11,727,800 100% 4,263,330 35%
*The contribution of total organics to waterways from Natural

29,000 <1 On Shore Crude

Production

16,700 <1z

Petroleum Refining
52,900 <1% Organic Dyes and
Pigments
104,000 1% Pulp and Paper
69,900 <1% Processed Fruits
and Vegetables
48,900 <1z Leachate From Open
Duinps
3,420,000 29% Upgrade Existing
Factilicles to
Tertlary Control
3,741,400 30%

Sources 1Is not estimated.
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A detailed assessment of these considerations 1is
beyond the scope of this report. However, certain general
assumptions can be made to provide insight into the impact of

some of these considerations:

1) Methane emissions are of secondary importance
because of their negligible health effects
and photochemical reactivity. Therefore,
the methane emitters are not considered as

important as the others in this report.

2) Natural emissions are of secondary importance
since they occur over a large geographical
area and are, therefore, relatively dilute.
Natural emissions also occur in remote
locations with minimal effect on large
population centers. Since NOy emissions
are concentrated in heavily populated
areas, the photochemical smog effects from
natural organic emissions are not as impor-
tant. Finally, natural sources are

essentially uncontrollable.

3) Other categories excluded from consideration
for similar reasons are "open' sources and
"other" sources. ''Other'" sources are usually
uncontrollable and occur most often in remote
areas. ''Open'" sources, though mostly con-

trollable, also tend to occur in remote areas.

Therefore, consideration of the process emission cate-
gories is logical when benefits from organic emission reductions
are assessed. These categories include fossil fuel transporta-

tion, refining, combustion, feedstock chemical processing,
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organic chemical utilization and agricultural and forest
products. In general, these process operations are located
mostly in populated areas where health effects are very impor-
tant and where high NOx concentrations combine with the emissions
to create photochemical smog problems. Also, process emissions
usually are amenable to existing control technology (although

the economics still remain a question for many specific pro-
cesses). Finally, most of the toxic emissions result from

these categories.

Consequently, these assumptions allow the process
emission categories to be assessed separately by the impact of

their reduction potentials as a class.

Similarly, process water effluents are completely
dominated by the municipal wastewater category. Overall, the
effluents from septic tanks are the most serious problem but
septic tanks are considered uncontrollable effluents from rural
or remote sources. Municipal sewage is considered to be a
minor problem after controls are implemented. Therefore, the

impact of the process effluents can be considered.

The non-methane volatile organic emissions from the
process categories are over twice as large as the organic par-
ticulate emissions and an order of magnitude higher than the
organic water effluents. Similarly, controllable non-methane
volatile organic emissions from the process categories are more
than twice as large as controllable organic particulate emis-
sions and an order of magnitude higher than the controllable
water effluents.
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2.2.1 Process Atmospheric Emissions

Atmospheric emissions from fossil fuel transportation,
refining, feedstock chemical processing, non-combustion organic
chemical utilization, and agricultural and forest products cate-

gories are considered in this section.

2.2.1.1 Volatile Organic Emissions

The volatile organic emissions from the process cate-
gories are presented in Table 2.2-1. The processes selected for
study in this project are also presented. These processes are
generally the largest emitters in their category and have the

largest reduction potential. -

The non-combustion organic chemical utilization cate-
gory accounts for 38% of the total volatile organics from pro-
cess categories. Next are fossil fuel refining and transpor-
tation with 23.27% and 22.1% of the total, respectively. Fossil
fuel chemical feedstock processing is next with 11.5% of the
total followed by agricultural and forest products which account

for 5.4% of the total process type emissions.

Table 2.2-1 also presents the estimated total controll-
able emissions for each category. The organic chemical utili-
zation category has the highest reduction potential with 30.6%
of the total emissions estimated to be controllable from this
category. Next are the refining, transportation and chemical
processing categories with reduction potentials of 15%, 14.6%
and 10.2%, respectively. The smallest reduction potential is
from the agricultural and forest products category with 5.4%.
Therefore, a reduction potential of approximately 75.8% exists

for all the process type categories.
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VOLATILE NON-METHANE ORGANIC EMISSIONS FROM

TABLE 2.2-1

CONTROLLABLE PROCESSES

ur

v

vi

VILIT

Cacegory

Fossil Fuel Transportation

Subtotal

Fossil Fual Refining

Subtotal

Fossil Fuel Feedstock
Cheaical Processing

Subtotal

Noncombustion Organic
Chemical Ucilizacion

Subecocal

Agricultural and Forest
Produccs

Subcocal

‘Total

vestimaced

Total Non-Mechane Eaissionss
MT/yr; Percent Total

2,071,000

2,173.500

1,077,000

3,529,000

508,000

9.158,500

Controllaole Non-Mechane Emissfons

22.12 1,363,000 14.62
3.2z 1,400,000 15.0%
11.5% 953,000 10.21
37.87 2,868,000 30.5%

5.42 504,000 5.4%
100.0% 7.088,000 75.82

4] -

MT/vr; Percent Total
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96,700
30,900
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41,700

317,100

1,150,000
428,000
422,000

138,000
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189,000
139,000
2,368,000
142,000
137,000
67,100
47,200

35,300
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6,091,300

4.5%
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The processes studied in this report account for 65.0%
of the total estimated reduction potential of 74.2%. The pro-
cesses studied account for all but 1% of the estimated reduction
potential in each category except chemical processing and fossil
fuel transportation. The chemical processing and hydrocarbon
utilization categories in particular have many more emission
sources than do the other categories. The chemical processing
category emissions result from many smaller operations grouped
into chemical complexes which can have a significant emission
rate at processing sites.

The above relationships are presented graphically in
Figure 2.2-1 and Figure 2.2-2.

2.2.1.2 Particulate Organic Emissions

Emphasis is placed.on the quantification and control
of volatile organic air emissions rather than particulate organic
emission. Consequently, the processes selected for further study
are usually chosen on the basis of the control potential for the
volatile organics. The control potential for the organic par-
ticulates is usually assessed only when a large volatile organic
reduction is also achievable. However, large particulate organic
emitters are occasionally selected when they have a large impact
on a category such as soap and detergent production in the fossil
fuel feedstock chemical processing category and grain and feed
mills and elevators in the agricultural and forest products

category.

The particulate organic emissions from the process
categories are presented in Table 2.2-2. The processes selected
for further study in this project are also presented. These

processes are generally the largest emitters in their category
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TABLE 2.2-2

ATIR - PARTICULATE ORGANIC EMISSIONS FROM CONTROLLABLE PROCESSES

Total Emisslons

MF/yr ; Percent Total

T11. Fossil Fuel Transportation 77,300 ;

Storage and Distribution

1V. Fossil Fuel Reflning 269,000 ;
VI. TFossi] Fuel Feedstock 45,800
Chemical Processing
VIII. Agricultural and lorest 3,324,000 ;
Products
Subtotal
Total 3,716,100

* Estimated

100%

*Controllable Emissions

MI'/yr ; Percent Total

69,600 ;

243,600 ;

40,900 ;

3,300,000 ;

3,654,100

27

Largest Reductions From Opecratlons
MT/yr ; Percent Total ; Operation
69,600 ; 2% Coal Rall
Transportation
126,000 ; 3z Beehive Ovens,
Coke Production
17,900 ; < 1% Soap and
Detergent
1,580,000 ; 43% Grain and Feed
Mills & Elevators
*1,200,000 ; 32% Plywood & Veneer
2,780,000 75%
2,993,500 80%



and have the largest reduction potential. Some organic
particulate emitters are not listed in this table but were
assessed for reduction potentials that are too small for

further consideration.

The agricultural and forest products category is by
far the largest emitter of organic particulates from the pro-
cess type categories with 907% of the total emissions. Next is
fossil fuel refining with 7% of the total followed by fossil
fuel transportation, storage, and distribution and by feedstock

chemical processing with 2% and 1%, respectively.

Table 2.2-2 also presents the estimated total con-
trollable emissions for each category. The agricultural and
forest products category has the highest potential for reduc-
tion with 89% of the total estimated controllable emissions.
Next are the refining, transportation, and chemical processing
categories with 7%, 2%, and 1%, respectively. Therefore,
approximately 987 of the total emissions from the process type

categories are controllable.

The fossil fuel, grain and feed mills, and elevators
categories account for a reduction potential of 487%. When an
estimated reduction potential of 32% for plywood and veneer is
added (this process was not selected for study) the reduction
potential for 5 processes is 807% of the emission total. There-
fore, the difference between the reduction potentials for the
listed processes and the total reduction potentials of the pro-
cess categories is 18%. Most of this difference is in the agri-
cultural and forest categories. Several other large sources of
particulates (see the Appendix) have reduction potentials.

These relationships are shown graphically in Figures 2.2-3 and
2.2-4.
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Although this analysis does not account for secondary
particulate generation, it does illustrate the impact that geo-
graphical considerations can have on emission reduction poten-

tials of organic particulates in the U.S.

2.2.2 Process Water Effluents

Water effluents from fossil fuel refining, feedstock
chemical processing, and agricultural and forest products cate-
gories are considered in this section. Water effluents from
organic chemical utilization and fossil fuel transportation are

considered to be too small for this discussion.

The organics‘present in water effluents from the pro-
cess categories are presented in Table 2.2-3. The processes
selected for study in this project are generally the largest
sources of organic effluents in their category and have the

largest reduction potential.

The fossil fuel chemical processing and agricultural
and forest products categories are the largest sources of organic
water effluents with 46.8% and 49.77% of the total, respectively.
The fossil fuel refining category accounts for 3.5% of the total

organic water effluents.

Table 2.2-3 also presents the estimated total controll-
able organic water effluents for the categories. The chemical
processing category has the largest potential for reduction with
40.7% of the total effluents estimated to be controllable from
this category. The agricultural and forest products category
follows with 32.3% and last is the refining category with 2.7%.
Therefore, a reduction potential of about 75.7% exists for all

the process type categories.
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The processes studied in this report have a combined
reduction potential of only 37.0% of the total 75.7% controll-
able organic water effluents. In the refining category, the
two operations studied account for all the emissions from this
category. However, for the agricultural and forest products
category a 97 difference exists between the reduction potential
of the processes studied and that of the category total. For
the chemical processing category the difference between the re-
duction potential of selected processes and that of the category
total is 29.7%. Many processes in the agricultural and forest
products category are water effluent sources; the chemical pro-
cessing category has even more water effluent sources, none of
which are extremely large. However, chemical processes tend to
be grouped together in chemical complexes, causing a significant
organic water effluent rate at processing sites. These relation-

ships are shown graphically in Figures 2.2-5 and 2.2-6.

The analysis of the organic water effluents again
illustrates the impact that geographical considerations can
have on organic water effluent reduction potentials overall in
the U.S.
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3.0 REDUCTION POTENTIALS OF ORGANIC EMISSIONS AND
EFFLUENTS FROM THIRTEEN MAJOR CATEGORIES

This section of the report describes the industrial
processes employed in each category and discusses in detail the
emissions and effluents from the processes selected for further
study, the control methods available for effluent and emission
reduction from each process, and an estimate of the potential

reduction of organics in metric tons (MT) per year.

3.1 Fossil Fuel Extraction

The fossil fuel extraction category encompasses the
crude oil, natural gas, and coal production industries. Almost
all of the organic emissions associated with extraction of

fossil fuels result from fugitive sources.

A summary of the atmospheric emissions from the in-

dustries in this cateogry is presented in Table 3.1-1.

Organic water effluents from fossil fuel extraction
are also considered in ths section. Enough data was available
that the organic effluents could be estimated from crude oil
production. Table 3.1-2 contains these estimates. However,
organic emissions due to oil spills from crude production into
surface waters are not quantified in this report. The impact
on the environment is difficult to assess, since limited informa-
tion is available on the parameters involved. Data such as
amount of organic recovered after the spill, amount of organic
reaching the atmosphere by evaporation, amount of organic reaching
surface waters, and amount of organic soluble in surface waters
are generally unavailable. Waterborne effluents are produced
only from crude production. The generation of solid wastes from

fossil fuel extraction is assumed to be negligible.
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TABLE 3.1-1. FOSSIL FUEL EXTRACTION - VOLATILE EMISSIONS

Fossil Fuel Extraction
Crude 0il
Natural Gas

Coal

Total:

Source: 1. MO0-201
2. IR-011

Year

1975
1975
1973

-52-
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Volatile Organics Ref.
630,000 1
270,000 1

1,610,000 2
2,510,000



TABLE 3.1-2. FOSSIL FUEL EXTRACTION - ORGANIC EFFLUENTS

Effluents (MT/year)
Total Organics BOD COD SS 0/G

Fossil Fuel Extraction

Crude 0il
Onshore 29,000 41,000 56,000 8,000 12,000
Offshore 30 N/A N/A N/A 12
Total: 29,030

Sources: EN-154
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3.1.1 Crude 0il Production

Process Description

In an onshore producing oil well, three methods are
used for bringing the oil to the surface: natural flow, gas
lifting (injection of gas into the flowing column), and pumping.
Most producing wells are operated by mechanical lifting methods

using either plunger or centrifugal type subsurface pumps.

The production from each well is then sent to a complex
gathering system which consists of pipes, valves, and fittings
necessary for combining all of the production or for separating
the individual well productions in the case of varying qualities.
There are, in addition, test separators and tanks for testing
the oil quality.

Because the crude oil is produced in association with
gases and water (usually brine), the crude must be separated.
The water can be removed by one of several means: .(1) heat,

(2) chemical destabilization, (3) electrical coalescence, and
(4) gravitational settling. The associated hydrocarbon gases
are separated by one of two methods. The two-phase method is
used for separating oil and gas while the three-phase method is

used when gas, oil, and water are being separated.

Following water and gas separation, the crude oil 1is
usually sorted in tanks prior to shipment to the refinery. The
recovered liquids produced with the crude are handled in hori-
zontal cylinders or spheres. The associated gas separated from
the crude is usually sent to processing plants for upgrading.
Occasionally, the recovered gases are vented or flared if their
quantity does not warrant the expense of shipment for processing

and sales and/or the well is located in a remote area.
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Offshore production operations are very similar to
onshore operations with the added complications of space limita-
tions and the generally hostile environment. As with onshore
wells, offshore o0il is brought to the surface by natural flow,

gas life, or pumping with subsurface pumps.

The crude is commonly sent to a central production
platform via pipeline for processing. Delivery to shore for
processing is also a possibility, but the usual practice is the

separation of gas and water from the oil on offshore platforms.

Offshore production is generally transported to land
via pipelines to minimize the storage of crude on the offshore
structures. However, as development proceeds farther from shore,
more offshore storage will be utilized. The oily water that has
been separated from the crude may be delivered onshore for treat-
ment at a conventional cleaning and dehydrating plant before
release to the ocean. Alternatively, it may be reinjected to
the reservoir to help maintain pressure. Reinjection is wide-
spread in offshore California operations. The separated gases
are either collected and processed for market or they are vented
and flared.

Atmospheric Emissions and Control

The atmospheric emissions from domestic offshore and
onshore crude production result primarily from fugitive sources:
wastewater separators, pump seals, compressor seals, relief
valves, pipeline valves, and flanges. Other sources include the
storage tanks which emit light hydrocarbons not removed in the
gas separation units and the gases which are vented from remote
production facilities. Monsanto Research Corporation estimates
that 630,000 metric tons per year of volatile organics are
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emitted to the atmosphere from petroleum extraction (MO-201).
These losses are almost entirely low molecular weight saturated
gases such as methane and ethane. These types of hydrocarbons

are among the least photochemically reactive volatile organics.

In brief, the existing control technology for petroleum

production of hydrocarbon emissions consists of the following:

Storage Facilities:

+ Floating roof tanks or internal

floating covers

« Vapor recovery units

Wastewater Separators:

- Seal from atmosphere
Vent to vapor recovery

+ Floating covers

Pump and Compressor Seals:

-+ Convert packed seals to mechanical

seals

« Install double seals

Relief Valves:

Upstream rupture discs

+ Vent to vapor recovery or flare



Pipeline Valves:

* Regular maintenance of stuffing

boxes

Heaters and Compressor Engines:

« Carburetion adjustments

Remote Location Vents:

+ Incineration

Miscellaneous Losses:

« Regular maintenance -

+  Good housekeeping

The potential for reduction of the organic emissions
from petroleum production is difficult to assess due to the
scarcity of data on the degree of organic emission control cur-
rently practiced by the industry. Assuming the use of the above
controls on petroleum production facilities, the organic emissions
could be reduced 60 percent. This results in a reduction of
378,000 MT/year.

Water Effluents and Control

Waterborne organic effluents from the crude oil
production industry result from one of two sources: the disposed
oily brine produced along with the crude, and the accidental

spills resulting from the production activities and equipment.
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On the average, two to three cubic meters of water are
produced per cubic meter of oil produced onshore. Thus, approxi-
mately 4,0 million cubic meters (1.05 x 10° gallons) of oily salt-
water are produced daily in the United States. Approximately
four percent of this total is discharged to rivers. The bulk of
the remaining water is injected in underground formations, used
for secondary recovery, or disposed of in such a way that the
oily water does not reach United States waterways.

Based on average pollutant concentration figures

reported for produced formation water in the EPA's Effluent Guide-

lines Document for the Offshore Segment of the 0il and Gas Extra-

ction Point Source Category, estimates for the amount of BOD,

COD, TOC, suspended solids, and o0il and grease emitted can be
calculated (EN-376). These calculations reveal that roughly
41,000 MT/year of BOD; 24,000 MT/year of TOC; 56,000 MT/year of
COD; 8,000 MT/year of suspended solids; and 12,000 MT/year of
oil and grease are discharged to water from onshore petroleum
production. Assuming an organic compound to carbon molecular
weight ratio of 1.2 for the discharged organic compounds, the
total organic emission level is calculated to be 29,000 MI/year

for onshore production.

Crude o0il spills from production activities represent
another potential for water pollution. Estimates for the yearly
quantity of o0il spilled from production systems have been cal-
culated from data presented by EPA in its Petroleum Systems
Reliability Analysis document (RI-107). Calculations show that

approximately 260,000 MT/year of oil is lost from onshore pro-
duction systems primarily from leaking pipes and valves. All
of this oil does not reach the waterways; much is recovered,
some volatilizes, and some biodegrades on the land. However,

data on the disposition of spilled oil is not available, so for
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the purpose of this report, spilled oil is not quantified for
air and water pollution. An estimate of 40,000 MT/year for off-
shore petroleum spills was obtained from data on offshore pro-
duction systems. Again, much of this o0il is recovered, but some
volatilizes so that the disposition of the spilled oil is unknown.
The major sources are leaking pipes, valves, pumps, malfunction-
ing level sensors causing system overloads, relief valves, and
rupture discs.

The offshore production of petroleum produces roughly
one barrel of brine water per barrel of oil (EN-376). 1In 1973,
0.253 hm?®/day (1.59 x 10° barrels/day) of oil was produced from
offshore wells. Therefore, approximately the same amount of
brine water was also produced. Assuming the offshore segment of
the o0il and gas extraction industry will meet the EPA regulations
established for its water effluents for 1977, the discharge of
organics from offshore production of oil can be estimated. That
regulation states that 48 mg of oil and grease per liter of water
discharged is the maximum allowable rate. This amounts to a
total organic discharge of 30 metric tons per year from offshore
crude production, based on the same assumptions made concerning

onshore production effluent wastes.

A wide range of control and treatment technologies
have been developed to deal with petroleum production wastes.
Local factors, discharge criteria, availability of space, waste
characteristics, and other factors influence the method of treat-
ment. Techniques used to separate oil from the produced forma-
tion water include: (1) gas flotation, (2) parallel plate
coalescers, (3) filters, (4) gravity separation, and (5) chemical
treatment. Two ''zero discharge' techniques commonly used to
dispose of oily wastewater are: (1) discharge of the water to
pits, ponds, or reservoirs for evaporation, and (2) reinjection

to acceptable underground formations.
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The control techniques involved in reducing crude oil
production spills include the application of regular inspection
and maintenance practices especially for spill-prone equipment
such as level sensors, relief valves, pump gaskets, seals, pack-
ing, saltwater dump valves, and rupture discs. Another control
measure includes the piping of relief valve and rupture disc
overflow to a sump or secondary containment. The use of cor-
rosion preventing techniques such as chemical inhibitors,
sacrificial cathodes, galvanizing, or increased use of plastic,
glass reinforced or similar pipe materials in limited low pressure
areas of the gathering subsystem are several other methods which
help prevent the spillage of crude oil or oily water from pro-
duction systems.

The reduction potential for the oil spillage from
crude production systems appears rather high since many field
operations have eliminated spill problems with preventive pro-
grams. Data is lacking for the calculation of an organic emission
reduction percentage, but proven spill control measures are avail-
able. The reduction potential is difficult to determine for oil

spills to waterways.

The best available control technology achievable for

- treating produced formation water has been identified by the EPA
as evaporation ponds or holding pits and reinjection (EN-376).
Thus, the potential for reduction of this source of organic ef-
fluent is assumed to be 100 percent. This amounts to a reduction
of 29,030 MT/year of organic effluents from offshore and onshore

0oil production.
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3.1.2 Natural Gas Extraction

Process Description

Natural gas produced in facilities separate from crude
0il production comprises 80 percent of the total amount of gas
marketed in the United States. Gas produced from underground
reservoirs not containing crude oil varies considerably in
composition. The basic production equipment for onshore and
offshore wells is practically the same. However, the gas-
conditioning equipment located at the well site or at some nearby

central location usually varies depending upon the gas composition.

The basic equipment at the wellhead includes various
valves and fittings commonly referred to as a christmas tree.
The wellhead equipment regulates the high pressure natural flow
of the gas from the reservoir. After the wellhead, the gas is
treated according to its composition. The conditioning equip-
ment may include separators which remove liquid hydrocarbons and
condensed water from the gas stream, heaters, dehydrators, and
compressors. Should the natural gas contain corrosive elements
such as H;S, the gas may be treated by chemical injection for
inhibition of corrosive attach on the flow system equipment. In
some cases removal of the corrosive compound or compounds is

economical.

Offshore gas wells are similar in many respects to
their onshore counterparts. However, space limitations usually
prohibit processing of the produced gas. Therefore, this gas
is usually sent to shore for conditioning. Safety precautions
and regulations ordinarilyv necessitate better maintenance .

practices offshore than for onshore operations.
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Atmospheric Emissions and Control

Volatile organic emissions from natural gas extraction
result primarily from fugitive sources. The valves, pipe flanges,
corroded pipelines, compressor seals, separators, and dehydrators
are all potential sources of fugitive emissions. Monsanto
Research Corporation (MO-201) estimates that 270,000 metric tons
of volatile organics are emitted from natural gas extraction to
the atmosphere yearly. These volatile organics are composed
primarily of the light saturated hydrocarbons commonly found in
natural gas with methane being the primary component of the

emissions.

The control of organic emissions from natural gas
production relies heavily upon regular maintenance of equipment
and good housekeeping at the well site. Equipment changes can
offer some help in reducing the organic emissions. For example,
the substitution of mechanical seals for packed seals on centrif-
ugal compressors and the installation of dual packed seals on
reciprocating compressors are control methods used to reduce

emissions from compressors.

Pressure relief valves are occasional sources of
organic emissions, especially during system upsets. Their
emissions may be controlled by manifolding to a vapor control
device or a blowdown system. For relief valves where dis-
charge into a ‘closed system is not desirable because of con-
venience or safety, fragile blanks called rupture discs can
be installed before the valve. Rupture discs prevent the
pressure relief valve from leaking and protect the valve seat
from corrosive environments (WA-086). The organic emissions
from relief valves controlled by rupture discs or blowdown

systems are negligible.
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Organic emissions originating from product leaks at
valves and flanges can only be controlled by regular inspection
and prompt maintenance of valve packing boxes and flange gaskets.
The emissions reduction from control of valves and flanges is
undefinable because of its dependence on the corrosiveness of
the gas handled, the degree of maintenance, and the characteristics
of the equipment.

As with crude oil production, insufficient data exists
for a reliable estimate of the reduction potential for the mass
emissions of atmospheric hydrocarbons from natural gas extraction.
Because the primary source of atmospheric emissions of organics
from gas production is fugitive emission sources, as is that for
0il production, the reduction potential is assumed to be the
same--60 percent. This amounts to a mass emission reduction
potential of 162,000 MT/year of volatile organics from natural

gas production.

3.1.3 Coal Production

Process Description

Coal mines are classified by the methods used to
extract the coal. The actual method selected, whether sur-
face mining or underground mining, is based upon a number of
physical and economic factors. However, only underground coal
mines have reported organic chemical emissions to the atmosphere
(IR-011). For this reason only underground mining will be

discussed.
Underground mines are developed by driving entryways

into a coal seam and are classified according to the manner in

which the seam is entered. The three common methods of entry
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to the coal seam are: (1) drift mines, (2) slope mines, and
(3) shaft mines.

The mining techniques used in the mines are not depen-
dent on the type of entryway in use. The majority of the coal
mines in the United States use the room and pillar extraction
technique. Room and pillar extraction begins with the driving
of main tunnels, or headings, from the points of entry to the
seam. From these main headings, perpendicular secondary headings
are driven. Blocks of coal are then extracted in a systematic
pattern, forming rooms along both sides of the headings. Pillars
of intact coal are left between the mined areas to support the
roof and prevent surface subsidence above the mine. Initial
development in an underground mine may leave as much as 60 per-
cent of the coal in pillars. Following development, some of
those pillars may be safely mined and removed as the machinery
retreats from an area of the mine. This may significantly in-

crease the coal recovery.

Atmospheric Emissions and Control

All coal beds contain hydrocarbon gases. These gases
(98 percent methane) are contained in the fine pore structure
in the beds and migrate into active mine workings when the bed's
equilibrium conditions are upset. However, the deeper coal beds,
accessible only by underground mining techniques, are the only

ones which contain significant amounts of methane.

The Bureau of Mines estimated for 1973 that over
6.5 hm® of methane are emitted daily (229.7 x 10° ft*/day) from
underground coal mines (IR-011). This amounts to approximately
1,608,000 metric tons of methane emitted yearly from coal extrac-

tion. This estimation is a conservative one. The Bureau of
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Mines included in their study only those mines which produced
methane in excess of 2,830 m’/day (100,000 ft?/day),

A promising control method for reducing the emissions
of methane from underground coal mines is the drilling of verti-
cal boreholes from the surface into the coal seam at selected
spots and recovering the methane as natural gas. This control
technique offers the advantage of recovering a marketable product
which could be sold if produced in enough quantity, The Bureau
of Mines reports several mines which emit around 280,000 m?/day
(10 x 10®% ft?/day) of methane. Other promising control methods
available include (ZA-044): the use of horizontal holes in a
coal seam to infuse an active face area with water, thus divert-
ing the flow of methane away from tﬁe mining area; the use of
long horizontal holes to degasify a section prior to mining; and
hydraulic fracturing of the bed to increase its permeability,
thus aiding methane flows through the coal to a vertical or
horizontal degasification hole.

The procedures mentioned above have been found effective
for removing 20 to 50 percent of the methane that would ordinarily
be ventilated to the atmosphere (ZA-044). Based on these effi-
ciencies, a reasonable estimate is that the reduction potential
for hydrocarbon emissions from coal extraction is rather high
and the percent reduction could be up to 80 percent. This results
in a reduction potential of 1,290,000 MI/year.
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3.2 Fossil Fuel Processing

Organic emissions from the natural gas processing and
coal processing industries, and their control, are examined here.
The primary source of atmospheric emissions from gas processing
is fugitive leaks in equipment. Most volatile organic emissions
from coal processing are from process vents and stacks such as

thermal driers.

A summary of the atmospheric emissions from the indus-

tries in this category is presented in Table 3.2-1.

TABLE 3.2-1
FOSSIL FUEL PROCESSING - ATMOSPHERIC EMISSIONS

Emissions (MT/yr)

Volatile Particulate
Year Organics Organics
Fossil Fuel Processing
Natural Gas 1975 1,714,000 --
Coal 1975 2,400 7,300
Total 1,716,400 7,300

Reference: MO0-201

No information was found concerning the water or solid
wastes from natural gas and coal processing. For the purposes of
this study, solid wastes processed on site by landfill, spoil
pile, or other means were not assumed to be an environmental
problem. Organic solid waste emissions and organic water efflu-

ents are assumed to be negligible for this category.



3.2.1 Natural Gas Processing

Process Description

The gas treatment facilities normally encountered in
the field are designed to condition the natural gas to make it
marketable. The operations may include the removal of impurities
such as H,S and CO,, dehydration, product recovery, and the con-
trol of delivery pressure through the use of pressure reducing

regulators Or Ccompressors.

Gas-processing plants, on the other hand, are usually
operated to recover valuable products which may be left in the
gas following field processing. These products may include nat-
ural gasoline, butane, propane, ethane, and even pure methane at
some plants. To accomplish this, the processing plant includes
many of the functions performed by gas;conditioning equipment
such as dehydration and acid gas removal. For this reason a gas
plant may be considered as another gas-conditioning facility.
These facilities, often referred to as natural gasoline plants,
usually provide fractionating equipment for separating the re-
covered liquid hydrocarbons into pure products or predetermined
mixtures. Where H;S is removed from the gas, a plant may include

facilities to recover elemental sulfur.

The units found in gas-plant operations are similar to
those found in thé field; the primary difference is the size and
perhaps the mechanical design of the units. The typical types
of equipment found in natural gasoline plants are absorbers,
strippers, fractionators, heat exchangers, and air coolers or

cooling towers.
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Atmospheric Emissions and Control

The primary sources of atmospheric organic emissions
from natural gas processing operations are fugitive losses and
natural gas venting. The fugitive losses occur from sources such
as pipeline valves, flanges, gaskets, and compressor seals.
Venting losses occur primarily during processing system upsets
or from the faulty operation of pressure relief valves. An esti-
mated 1.714 x 10°® metric tons per year of hydrocarbons are emitted
from natural gas processing (M0-201). These emissions are com-
posed primarily of methane with lesser quantities of ethane, pro-
pane, butane, and other low-molecular weight saturated hydro-

carbons.

The control of these emissions from natural gas process-
ing relies heavily upon regular maintenance of equipment and good
housekeeping at the processing site. Equipment changes can offer
some help in reducing the emissions of hydrocarbons. For example,
substituting mechanical seals for packed seals on centrifugal com-
pressors and installing dual packed seals on reciprocating com-
pressors are control measures which reduce the quantity of hydro-

carbons emitted.

The controls used to reduce the loss of hydrocarbons
from relief valves include the installation of manifolding to a
vapor control device or a blowdown system. For relief valves
where discharge into a closed system is not desirable, fragile
rupture discs prevent the relief valve from leaking and protect
the valve seat from corrosive environments (WA-086). These con-
trols effectively reduce the emissions from relief valves to

negligible quantities.
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The emissions from product leaks at valves and flanges
can only be controlled by regular inspection and prompt mainten-
ance of valve packing boxes and flange gaskets. The emissions
reduction from proper maintenance of valves and flanges is diffi-
cult to determine because it is dependent on the corrosiveness of
the gas handled, the degree of maintenance, and the character-
istics of the environment. However, because the primary source
of atmospheric hydrocarbon emissions from gas processing is fugi-
tive leaks, the reduction potential is assumed to be the same as
that for crude oil and natural gas processing, 60 percent. This
means a mass emission reduction potential of 1,030,000 MT/yr of

hydrocarbons to the atmosphere.

3.2.2 Coal Processing

Process Description

Coal processing consists of the operations used by the
industry to upgrade the quality of raw coal prior to its sale.
The physical character and chemical composition of the raw coal
and the customer specifications on the product determine the

extent and type of processing.

Three types of processing plants are used to prepare
the various types of product coal demanded by the market: 1)
""complete processing'', 2) '"partial processing', in which only
coarse coal is cleaned; and 3) '"coal crushing'', in which the
coal is merely crushed to a specified maximum size. Because the
complete preparation plant includes all processing operations,

it is the only one described.

At the preparation plant, coal from the mine is broken

and screened to remove oversized material, then stored until the
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batch processing in the plant begins. From storage the coal is
classified according to size by screening and then routed to
various cleaning process equipment. In general, this cleaning

process may be wet, dry, or a combination of both.

Wet cleaning systems utilize centrifugal or gravity
separation of heavier impurities from the coal. The wet cleaning
itself does not emit organics; however, the auxiliary processes
of handling and drying can be major sources. After the cleaning,
the coal is mechanically dried by dewatering screens and centrif-
ugal driers. Should the customer desire low surface moisture
coal, secondary drying is required. Low moisture levels are best
accomplished by thermal drying. A survey of the industry indi-
cates that new coal preparation plants installing thermal driers
will use a fluidized-bed type. In this drying technique, hot
flue gases from a coal-fired furnace pass up through a moving
bed of fine wet coal. The coal is dried as the coal particles
come into intimate contact with the hot gases during fluidization.
Particulate organic emissions occur in the form of ultrafine coal
particles entrained and carried from the drier by the combustion

gases. The dried coal is stored prior to shipment.

All coal cleaning systems installed since 1966 have
used pulsating air columns to separate coal from its impurities
(EN-220). The particulate organic chemical emissions from these

operations are negligible.

Atmospheric Emissions and Control

Potential particulate organic emissions for fluidized-
bed driers upstream of control equipment are in the range of 115
to 460 grams per normal cubic meter. The emissions measured

downstream of cyclones, which are an integral part of the coal
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cleaning process, range from 1.6 to 32 grams per normal cubic
meter (EN-220).

The products of combustion from the coal burned in the
drier to generate the hot gases contain measurable quantities of
gaseous organics. Particulate emissions from thermal driers
amount to about 7.3 x 10° metric tons per year while the gaseous

organic emissions are 2.4 x 10° metric tons per year (MO-201).

Single cyclone collectors and multiple cyclones for
product recovery have efficiencies of 70 and 85%, respectively.
Water sprays following cyclones have an efficiency of 95% (EN-071),
and wet scrubbers following cyclones have efficiencies of from

99 to 99.9%.

The reduction potential for particulate organic emis-
sions from coal processing is fairly high because of the limited
number of processing plants and the extent of the development of
applicable control technology. However, the reduction potential
for gaseous hydrocarbon emissions from thermal drying is very
low. Only combustion modifications could reduce the gaseous
emissions, and only limited control is available from this method.
The percent reduction estimated for particulate emissions from
thermal driers is a little less than 50 percent (EN-071, EN-220).
This results in a reduction potential of 3650 MI/yr of organic

particulates.
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3.3 Fossil Fuel Transportation, Storage, and Distribution

This category includes emissions from the distribution
network for the transportation of fossil fuels and their products.
The emissions associated with the distribution network result
from storage at distribution facilities and loading and unloading

at distribution points.

The category is divided into subgroups by the type of
material transported. The major subgroups are gasoline market-
ing, jet fuel marketing, distillate and diesel fuel marketing,
residual fuels marketing and crude transport. These major sub-
groups are characterized by emissions from storage facilities,
pipelines, and loading operations. Loading operations include

both marine loading and rail and truck loading.

A summary of the atmospheric emissions from the pro-

cesses in this category is presented in Table 3.3-1.

The total emissions from the transportation category
are over 2.0 x 10%® MT/yr. The potential reduction in emissions
from storage operations is nearly 0.5 x 10° MIT/yr and from load-
ing operations is almost 0.9 x 10° MI/yr. These potential re-
ductions are estimated by assuming that current use of controls
is extended to comblete application of controls. These controls
are generally assumed to be floating-roof tanks for the storage
facilities and bottom loading or submerged fill along with vapor

recovery and vapor balance for loading operations.

Water effluents and solid wastes are negligible in this
category. Contamination of surface waters from spills during
distribution is a source of water pollution. However, the impact

on the environment depends on a knowledge of the amount of organic
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TABLE 3.3-1
FOSSIL TFUEL TRANSPORTATION, STORAGE, AND DISTRIBUTION ATMOSPHERIC EMISSTIONS

Emissions (MT/yr)

Volatile Particulate
Year Organics Ref. Organic Ref.
Crude O{1l Storage 1973 526,000 1 - -
Casollne Service Station Automobile Fllling 1973 467,000 1 ~ -
GCasoline Service Station Underground Tank Filling 1973 399,000 1 - -
Casoline Bulk Terminal Loading 1973 189,000 1 - -
Gasoline Bulk Station Storage 1973 109,000 1 - -
Gasoline Bulk Station Loading 1973 94,700 1 - -
Diesel & Discillate Storage 1973 79,100 1 - ~
Refincry Loading, Products 1973 65,600 1 - -
Petroleum Catherling and Distribution, Pipeline 1970/71 63,200 2 - -
Gasoline Bulk Station Pump Seals 1973 52,300 1 - -
Casoline Scrvice Station Storage 1973 42,400 1 - -
Casoline Bulk Terminal Storage 1973 33,400 1 - -
Crude Oil Tranuportation, Marlne Loading 1973 17,600 1. - -
Gasoline Bulle Terminal Pump Seals 1973 10,700 1 - -
Casoline Marketing, Marine Loading 1973 9,030 1 - -
Jet Kevosine darketing, Storage 1973 8,940 1 - -
Jec Naplhitha Marketing, Storage 1973 6,950 1 - -
Crude 01l Transportation, Rail & Truck Loading 1973 6,620 1 - -
Diesel & Discillate Markerling, Ratl & Truck Loading 1973 4,970 1 - -
Aviation Casolinc Marketing, Storage 1973 4,640 1 - -
Aviacion Casoline Marketing, Loading 1973 3,870 1 - -
Jet Naphtha Markecing, Rall & Truck Loading 1973 1,990 1 - -
Casoline Bulk Stotion Valves 1973 1,960 1 - -
Jet Kerosine Marketing, Rail & Truck Loading 1973 662 1 - -
Diesel & Distillace Marketing, Marine Loadlng 1973 662 1 - -
Casoline Bulk Station Valves 1973 410 1 - -
Jet Kerosine Marketing, Marine Loading 1973 331 1 ~ -
Coal Rail Transportation, Unloading 1973 - - 77,300 3
SUBTOTAL, LOADING 1,195,435 77,300
STORACL 810,430
FUGITIVE 65,370
ToTAL 2,071,235
REFERENCES: 1. BU-185
2. RL-107

3. CA-246



recovered after the spill, the amount of organic reaching the
atmosphere by evaporation, the amount of organic reaching sur-
face waters, and the amount of organic soluble in surface waters.
Little information is available on these factors. In addition,
the overall quantity of organics spilled is small when compared
to total emissions from the transportation category. The poten-
tial for reduction of these spills is not as large as for many
other emission sources. For these reasons, spills during trans-

portation operations will not be quantified in this report.

The important processes which emit organic chemicals
in the fossil fuel transportation, storage, and distribution
category are identified in this section. These processes are
examined to determine the point of organic emissions from the
processes. Emissions from process effluent streams and from
fugitive sources are considered. The current level of control
of organic emissions from the processes or operations is assessed

when possible.

3.3.1 Gasoline Marketing

The gasoline marketing industry includes all transfer
and storage operations that occur when gasoline products are
transported from petroleum refineries to the consumer. Figure
3.3-1 shows flow patterns for motor gasoline from refinery stor-
age to the vehicle refueling stations in the U.S. marketing net-
work. Gasoline is transported from refinery storage to terminals

by pipelines, tankers and barges, or rail tank cars.

3.3.1.1 Bulk Terminals

The primary distribution facility in the gasoline mar-

keting network is the bulk terminal. Gasoline products arrive
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at the bulk terminal by pipeline and are stored in large above-
ground tanks. From these storage tanks the gasoline is loaded
into tank trucks and transported to smaller bulk loading sta-

tions and to service stations.

Statistics from the 1967 Census of Business show 2701
terminals in that year. Total national liquid storage capacity
of motor gasoline at terminals was 23 hm® (6.2 billion gallons)
with an average capacity of 8700 m?® (2.3 million gallons) per
terminal (US-03l). Table 3.3-2 contains a compilation of the
nation's bulk storage capacities as a function of tank size.

By 1973, gasoline consumption had increased to 401 hm?® (106
billion gallons). Sales volume at bulk terminals had presumably
increased at a rate commensurate with the increase in gasoline

consumption while the number of bulk terminals remained unchanged.

Generally, the gasoline storage tanks are subject to
regulations requiring that they be equipped with floating roofs.
Organic chemical emissions from tanks of this design are limited
to vapors escaping past the wall seals and to gasoline evapora-
ting from the wetted walls as the liquid level is lowered. These
minor organic chemical emissions are generally less than 0.3
gallons/1000 gallons handled (DU-001).

Organic chemical emissions from the tank truck loading
racks are potentially much greater than those from the storage
tanks at bulk terminals. As the empty tank trucks are filled,
the organic chemicals in the vapor space are displaced to the
atmosphere unless vapor collection facilities have been provided.
The quantity of organic chemicals contained in the displaced
vapors is dependent on the Reid Vapor Pressure, temperature,
method of tank filling, and the conditions under which the truck

was previously loaded.
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TABLE 3.3-2
BULK STORAGE CAPACITY BY TANK SIZE

U. S.

Tank Size Storage Capacity

hm? (10} gal)

Source:

Less than 42,000 gallons 0.36 (95,975)
42,000 - 62,000 gallons 0.92  (242,837)
63,000 - 83,000 gallons 0.94  (249,542)
84,000 - 104,000 gallons 0.52 (137,078)

105,000 - 209,000 gallons 0.81 (214,148)
210,000 - 1,049,000 gallons 0.71 (186,960)

1,050,000 .- 2,099,000 gallons 0.84  (221,792)

2,100,000 - 6,299,000 gallons 5.25 (1,386,821)

6,300,000 - 20,999,000 zallons 8.92 (2,357,165)

Greater than 21,000,000 gallons 8.03 (2,120,770)

US-031
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3.3.1.2 Bulk Stations

Bulk loading stations are secondary distribution
facilities which receive gasoline from bulk terminals by large
tank trucks, store the gasoline in somewhat smaller aboveground
storage tanks, and subsequently dispense the gasoline via smaller
tank trucks to local farms, businesses, and service stations.

In 1967 there were 26,338 bulk stations. Liquid storage capacity
of gasoline at bulk stations was & hm?® (1.0 billion gallons) with
an average capacity of 151 m® (40,000 gallons) per bulk station
(Us-031).

There were fewer bulk stations and terminals in 1972
than in 1967. O0il company officials and industry representatives
confirm this assessment. They indicate that this reduction, pri-
marily in the number of bulk stations, is for economic reasons.
More gasoline deliveries will be made directly from terminals
with large tank trucks. Storage volumes at terminals will be
increased. The decrease in number of bulk stations will not

necessarily have a major impact on overall marketing operations.
The combined sales volume at bulk stations and terminals
is presumed to have increased at a rate commensurate with the

steady increase in gasoline consumption.

Atmospheric Emissions and Control

Significant organic emissions from storage tanks are
generated at bulk stations. Because the storage tanks are often
horizontal and cannot be fitted with floating roofs, or because
roof regulations do not apply to such small tanks, the storage
tanks at bulk loading stations are generally uncontrolled and

are thus a significant source of organic emissions.
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Organic emissions from bulk stations can be controlled
with the installation of a vapor recovery system, since control
with floating roof tanks may not be feasible. A vapor recovery
system designed for a bulk station may be designed to recover
emissions from both storage and tank truck loading operations.
Figure 3.3-2 is a schematic drawing of the vapor and liquid flow

at a typical bulk station with controls.

The organic emission reduction potential for bulk
station storage operations is 95%. This will amount to a re-
duction in emissions of 104,000 MT/yr of hydrocarbons from the

present emission rate of 109,000 MT/yr.

The other significant emission source from gasoline
bulk stations results from tank truck loading operations. During
the loading operation, vapor in the transport truck is displaced
to the atmosphere as it is being filled from bulk station storage.
The amount of emissions generated is dependent primarily on the

type of loading operation.

Top loading and bottom loading are the two basic methods
of filling transport tanks. The top loading procedure can be
done with splash £ill or submerged fill. With splash loading,
gasoline is discharged into the upper part of the tank compart-
ment through a short spout which never dips below the surface
of the space liquid. The free fall of the gasoline droplets
promotes evaporation and may even result in liquid entrainment

of some gasoline droplets in the expelled vapors.

With subsurface or submerged loading, gasoliﬁe is dis-
charged into the tank compartment below the surface of liquid in
the tank. This is accomplished for top loading operations by

the use of a long spout or fixed pipe extending internally from
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the top tank entry to the bottom of the compartment. With direct
bottom loading, transfer piping is connected directly to the tank
bottom. This method achieves the same effect as submerged top
loading while providing other advantages such as ease of loading
operations and safety. Consequently, many bulk stations have

already been converted to bottom loading.

Organic emission levels from loading operations are
partly influenced by the transport's previous operation. If
low volatility products were transported previously or the
transport was purged of organic vapor prior to loading, the
organic emissions from gasoline loading may be significantly
lower. The potential reduction in emissions from loading oper-
ations using vapor recovery systems is estimated to be 95%.
This would result in a reduction of organic emissions of 21,500

MT/yr from a present level of 94,700 MT/yr.

3.3.1.3 Service Stations

In 1973 there were 218,000 service stations (NA-168).
A gasoline service station is defined by the U.S. Department of
Commerce as a retail outlet with more than 50% of its dollar
volume coming from the sale and service of petroleum products.
The total number of gasoline service stations is undergoing
rapid change. A survey conducted in May and June 1974 by Audits
and Surveys, Inc., a New York firm, reveals that in 1974 there
were 196,000 U.S. service stations, 9.1% less than their 1973
survey figure of 216,000 (AU-020).

Detailed breakdowns of service station sizes as func-
tions of sales volumes are difficult to obtain due to the reluc-
tance of oil companies to make this information public. In

1973, average monthly service station throughput was 117 m’
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(30,800 gallons) per month according to an estimate by Lundberg
Survey, Inc. (LU-044). ‘

An EPA analysis of service station sales statistics
from the 1967 Census of Business reveals the totals shown in
Table 3.3-3 for the number of stations in various size categor-
ies (MA-314).

Service stations are the final facility in the gasoline
marketing network. At the stations, gasoline is received by tank
truck, stored in underground tanks, and dispensed to automobile

fuel tanks.

Figure 3.3-3 is a schematic drawing of vapor and liquid

flow through a typical service station.

Atmospheric Emissions and Control

Volatile organics in the storage tank vapor space are
displaced as the tank is filled with gasoline from the tank truck.
The quantity of these emissions is dependent on filling rate,
filling method, Reid Vapor Pressure, and the system temperature.
An analogous situation occurs when a partially empty vehicle tank
is filled.

Breathing losses from the underground gasoline storage
tanks are another source of organic emissions. Because the
tanks are underground, breathing losses due to diurnal temper-

ature effects are minimized.
Emissions resulting from underground tank filling

vary with the method of tank loading, <.e., splash or submerged

loading. Use of splash loads results in large emissions of
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TABLE 3.3-3
U.S. GASOLINE SERVICE STATION
SALES VOLUME DISTRIBUTION

Service Station Sales Volume Number of Stations

(Gallons/Year) in 1967

Less than 150,000 54,100
150,000-200,000 17,100
200,000-250,000 21,200
250,000-300,000 25,500
Larger than 300,000 98,100
216,000
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organics. Submerged loading reduces the vapors generated. In
addition, test data indicate that 957% of the displaced vapor
can be recovered by returning the displaced vapors to the tank
truck. This data indicates that a well-designed vapor balance
or displacement system will provide efficient control of under-
ground tank refilling vapors with the use of emission control

technology and equipment commercially available today.

The estimated potential reduction of volatile organics
emitted from service station underground tank filling is 957%.
This provides a reduction in volatile organic emissions of
383,000 MI'/yr from 399,000 MI/yr.

There are two basic types of emission control systems
for vehicle refueling: vapor displacement and vacuum assist.
There is some disagreement on the relative effectiveness of these
two systems. The vapor displacement, or vapor balance, system
operates by simply transferring vapors from the vehicle fuel tank
to the underground tank where they are stored until final trans-
fer to a tank truck. Vacuum assist systems employ a blower or a
vacuum pump and a secondary recovery device. The vacuum pump
creates a negative pressure in the vehicle fillneck which ''pulls"

hydrocarbon vapor to a secondary recovery unit.

The estimated potential reduction in organic emissions
from refueling operations by using vapor balance or vacuum assist
systems is 90%. This reduces the current emission rate of
457,000 MT/yr by 420,000 MT/yr.

3.3.2 Jet Fuel Marketing

Jet fuel is essentially kerosene-boiling-range material
with critical freeze point, flash point, and smoke point specifi-

cations. The flash point is controlled by the amount of naphtha
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blended into the jet fuel. MNaphtha tends to lower the pour
point and in most instances maximum naphtha (up to flash point
restrictions) is used. Hydrocrackers can be used to produce
high-quality kerosene blend stocks by isomerizing the paraffins.
This isomerization lowers the freeze point and raises the smoke
point by saturating the aromatics (DO-070).

Data for 1973 shows that approximately 95% of all jet
fuel consumed in the U.S. was for airline or military use. The
demand for kerosene-type jet fuel for 1973 was 48 hm® (3903 mil-
lion barrels), while the demand for naphtha-type jet fuel was
13 hm® (80 million barrels). These figures show an increase in
the demand for kerosene-type fuel and a decrease in the demand
for naphtha-type fuel when compared to 1972 figures, 46.6 hm?
(293 million barrels) and 14 hm® (88 million barrels), respec-
tively.

Of the 60.5 hm?® (381 million barrels) of jet fuel con-
sumed in the U.S. in 1972, 7.6 hm?® (48 million barrels) were
transported by barge and tanker (AM-099), while 36.4 hm® (229
million barrels) were transported by pipeline (US-144). Accord-
ing to this data, 15 hm® (95 million barrels) of jet fuel were
transported by some other means, such as railroad tank car or
tank truck, with some 1.4 hm?® (9 million barrels) left un-
accounted (AM-099).

Nonrefinery storage capacities for jet fuels in 1968
with a refinery throughput of 55.5 hm?® (349 million barrels)
was 2.76 hm® (17.4 million barrels) (MS-001). Since the 1973
throughput exceeds the 1968 figure by 107, storage capacities
are assumed to have also increased, although 1973 capacities
are unavailable. Within the marketing system, jet fuels are

stored at bulk stations and bulk terminals. Petroleum bulk
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stations are defined generally as those having capacities less
than 8 dam® (2 million gallons) and receiving their supply by
truck or rail transport. Bulk terminals generally handle large
throughputs and are supplied primarily by pipeline, tanker, or

barge.

Storage capacities for naphtha-type jet fuels amounted
to 1 hm?® (6.1 million barrels) in 1968, while those for kerosene-
type jet fuels amounted to 1.79 hm® (11.3 million barrels)
(MS-001).

Organic emission sources in the jet fuels marketing
industry are very similar to the emission sources in the gasoline
marketing industry. In brief, storage losses can be controlled
by converting to floating-roof tanks or by venting excess vapor
from fixed-roof tanks to a vapor recovery system. Loading and
unloading emissions can be controlled by venting the displaced

vapors to a vapor recovery unit.

3.3.3 Distillate and Diesel Fuel Marketing

Distillate fuel oil refers to petroleum products which
boil in the 176 to 343°C (350 to 650°F) range. This includes
Numbers 1, 2, and 4 fuel oils. Diesel fuels are also included
in this fraction. Grade No. 2 fuel o0il is the designation given
to the heating or furnace oil most commonly used for domestic
and small commercial space heating and is the fuel oil generally
referred to as distillate fuel. Domestic heating oil is gener-
ally a clean product with a low sulfur and ash content and no
asphaltic matter. As a result, distillate fuels form no sediment
in storage and have less tendency to form ash or carbon deposits
when burned. These properties, combined with viscosities much
lower than residual fuels, make clean and trouble-free combustion

easier to achieve.
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Diesel fuel is similar to distillate fuel. Diesel
fuel is often referred to by ASTM grade numbers 1-D and 2-D,
since it is marketed as burner fuel and grades 1 and 2. Some
typical specifications for fuel o0il and diesel fuels are listed
in Table 3.3-4 (D0O-070).

Diesel fuel is burned in the compression ignition
engine rather than in a fuel burner. As a result, ignition
quality becomes an important characteristic. This ignition
quality is expressed as a cetane number which may be improved
(raised) by the removal of aromatics or by the inclusion of
additives to initiate the combustion processes. Paraffinic
fuels are better suited for diesel use because of lower self-

ignition temperatures.

Forty-eight percent of the 174 hm’ (1.1 billion barrels)
of distillate fuel oil consumed in the U.S. in 1973 was used as
heating o0il. Twenty-four percent of the total was used as diesel
fuel. Table 3.3-5 shows a breakdown of distillate fuel oil de-

mand by uses in 1973.

Transportation data for 1972 show that of the 168 hm’
(1.06 billion barrels) of distillate fuel o0il used in the U.S.,
21.9 hm® (138 million barrels) were moved by tanker and barge
(AM-099) and 104 hm?® (657 million barrels) were moved by pipeline
(US-144). The remaining 42.5 hm?® (268 million barrels) were
transported by means of railroad tank car and tank truck. Pipe-
line movement figures are not available for 1973, but of the
174 hm?® (1.1 billion barrels) consumed, 17.2 hm?® (108 million
barrels) were moved by tanker and barge (AM-099).

Storage capacities for distillate fuel oil in the

marketing system in 1968 (with a throughput of 138 hm® (872 mil-
lion barrels) amounted to 26.8 hm® (169 million barrels) (MS-001).
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TABLE 3.3-4
PROPERTIES OF DISTILLATE FUELS

Property No. 2. Fuel 0il Diesel Fuel
Flash, min., °C(°F) 60(140) 62.7t068.3(145t0155)
Pour Point, max., °C(°F) -20(- 5) -23 to-12 (-10to+10)
Sulfur, max. wt? 0.5 0.5
Cetane Number, min. 40.0 52.0
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TABLE 3.3-5
U.S. DISTILLATE FUEL OIL DOMESTIC DEMAND BY USES

(Daily averages in dam® (10% 42 gallon barrels)
7 23

1973
Heating Oils:
No. 1
Automatic Burners. . . . . . . . . 14 ( 91)
Other Heating. . . . . . . . . . . 6 ( 40)
No. 2 . . . . .. 194 (1,222)
No. &4 . . . . . . .. 0L 18 ( 115)
Total . . . . . . . . . ... 233 (1,468)
Industrial . . . . . . . . . . . ... 29 ( 184)
0il Company Fuel . . . . . . . . . . . . . . 7 ( 41)
Electric Utility Company . . . . . . . . . . 34 (0 214)!
Railroads. . . . . . . . . . . . . . . ... 45 ( 282)
Vessel Bunkering . . . . . . . . . . . . . . 12 ( 73)
Military Use ¢ 54)
Diesel Type
On Highway . . . . . . . . . . . . . . 94 ( 594)
Off Highway . . . . . . . . . . . . .. 25 ( _155)
Total . . . . . . . . . . . . . .. 119 (  749)
All Other . . . . . . . . . . Lo 2 ( 15)
TOTAL . . . . . . « o « « « o . . . .. . . 489 (3,080

'Includes 11 dam?/day (68,000 barrels per day) of distillate
fuel used by steam electric plants. Also included are 3
dam?/day (17,000 barrels per day) of kerosene-type jet fuel
used by electric-utility companies.
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In 1973 throughput exceeded the 1968 figure by 29 percent.

Storage capacities have also been increased accordingly.

Organic emissions from the marketing of distillate
and diesel fuels primarily originate from storage tank evapora-

tion and from tank truck and railcar loading.
Emission controls have not been applied to diesel and
distillate fuels marketing because of their relatively low

volatility and organic emission rate.

3.3.4 Residual Fuels Marketing

Residual fuel oils are generally defined as crude oil
distillation residues having a boiling point of 343°C(650°F) or
greater. In addition to these 'straight-run' oils, fuels of
the residual type are produced from the various refinery
cracking processes. Residual o0il is not considered a choice
energy source among the fossil fuels. It is composed of the
heaviest parts of the crude and contains asphaltic matter,
asphaltenes, sulfur, and small amounts of metals. Typically,
residual fuels are used to provide steam and heat for industry

and large buildings, generate electricity, and power ships.

Residual fuel oils can be defined as Number 5 and
Number 6 heating (burner) oils, heavy diesel, heavy industrial,
and heavy marine (Bunker '"'C') fuel oils. Fuel o0il terminology
is not sharply defined. For example, Bunker C fuel is a heavy
fuel o0il that generally corresponds to Grade 6 fuel oil. The
terms heating oils and burner fuel oils are often used

synonymously.

The steady increase in the use of catalytic cracking

refineries following World War II had the effect of decreasing
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the percentage yield of residual fuels as well as changing their
makeup. As more high-boiling materials were charged to catalytic
cracking, the remaining oil sold as residual fuel became heavier
and heavier. Previous common industry practice was to blend these
heavy stocks with lighter distillates to reduce their viscosities
to a salable fuel level. After the war, refining processes in
the United States began to produce the more profitable products
more efficiently. Residual fuel oils account for 7.6 percent

of average national petroleum production and refining yields
(EN-043). In 1973, 0.15 hm’/day (971 thousand barrels per day)
of residual oils were produced in domestic refineries while
another 0.29 hm®/day (1827 thousand barrels per day) were
imported (AM-099). U.S. refineries have continued to reduce

" the yield of residual fuels; however, if the current residual
shortages and higher prices prevail, this trend could be slowed

or even reversed.

Fixed-roof tanks operated at atmospheric pressure are
predominantly used in the storage of residual fuel oils. These
fuels have low volatilities; and evaporation, breathing, and
working losses are minimal. Residual fuels are heated throughout
storage and transportation operations to maintain manageable

viscosities.

Residual fuel oil cah be transported by tanker, barge,
pipeline, tank truck, or railroad tank car. Of the 0.4 hm’/day
(2.8 million barrels per day) of residual oil consumed in the
U.S. in 1973, 0.25 hm®/day (1.8 million) were imported; thus, the
majority of residual fuels are handled by tanker and barge.
Furthermore, in 1973, 7 dam®/day (44,000 barrels per day) of
residual oils were transported by tanker and barge from the
Gulf Coast to the East Coast and 4 dam® (24,000 barrels per day)
were transported from the Gulf Coast to the Midwest via the

Mississippi River (AM-099).
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The possibility of substantial atmospheric hydrocarbon
emissions from residual fuel oils during storage or transportation
is minimal. Number 6 residual fuel o0il has a negligible vapor
pressure, i.e., less than 690 Pa(0.1 psia), and as a result, hydro-

carbon emissions from marketing this fuel are negligible.

3.3.5 Crude 0il Transport

The most important mode of transporting petroleum over-
land is the pipeline. The basic function of trunk pipelines in
domestic oil fields is that of transporting crude oil from field
storage to refinery storage. In 1973 a daily average of 1.3 hm’
(8.0 million barrels) of domestic crude was moved to refineries
through pipelines. This figure represented 87 percent of domestic
production for that year (AM-099).

Before the pipelines are buried, they are wrapped with
a protective coating to prevent corrosion of the pipe exterior.
The pipe may also be equipped with cathode protection. Internal
corrosion is a problem only in those lines carrying crudes

containing sulfides.

Nearly all of the existing pipelines are laid below
grade. Subsurface installation protects them from weather and
from accidental damage by earth-moving equipment. Offshore pipe-
lines are laid in trenches on the floor of the sea to guard

against damage by wave action, storms, and shipping accidents.

Although the U.S. pipeline system is extensive, it is
sometimes necessary and economical to transport crude by barge
or tanker to refineries in certain parts of the country. Many
refineries are located on navigable waters and operate docks for

receiving or shipping oil by tanker or barge. Tankers of many
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sizes transport crude o0il and products in coastal traffic and
over inland waterways. The United States has 20,000 km(12,000
miles) (EN-045) of coastline and 40,000 km(25,000 miles) (AM-155)
of navigable inland waterways and therefore offers a large
potential for domestic traffic by water.

Tanker and barge movements of crude oil for several
recent years are shown in Table 3.3-6 in daily averages of dam®
(thousands of barrels). Crude transported by water is usually
moved by pipeline from the point of production to the point of
water shipment. The barges used for transport of crude oil are
called tank barges. They are designed to carry liquid products
in bulk and are powered by towboats or tugboats. Other forms of
crude transport are railway tank cars and tank trucks. These are
less commonly used methods, but they are necessities in some
areas. The daily average of crude transported to the refineries
by tank car and tank truck in 1973 was 2.42 dam’ (159,000 barrels),

or about 2 percent of the domestic production.

Imports of crude oil for 1973 averaged 0.5 hm’(3.2
million barrels per day). This figure constituted a 46 percent
increase of crude imports over 1972 figures. Table 3.3-7
provides an illustration of the rate of growth of crude imports
over the past years.

) TABLE 3.3-6
TANKER AND BARGE MOVEMENTS OF CRUDE OIL
dam®/day (10°® barrels/day)

1971 1972 1973

Gulf Coast to East Coast 89.7 (565) 46.4 (292) 24.6 (155)
Gulf Coast to Mid-West 7.9 ( 50) 7.9 ( 50) 4.4 ( 28)
Gulf Coast to West Coast -- 0.3 ¢ 2) --

Source: AM-099
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in dam® (10® barrels/day)

TABLE 3.3-7

CRUDE OIL IMPORTS

1968 1969 1970 1971 1972 1973 1974%* 1975%%
205 224 210 267 352 515 556 609
(1290) (1409) (1324) (1680) (2216) (3244) (3500) (3830)

* Preliminary
**% January

Source: AM-099

A large percentage of the imports must be transported
over the ocean in marine tankers. Since more and more oil has
been transported from the lesser developed countries to the
highly industrialized nations, the world tanker fleet has gfown
in numbers and in capacity. In 1950 tankers totaled 25.7 Gg
(25.3 million deadweight tons (DWT)).
was 186.1 Gg(183.2 million DWT).
increased in the same time period from 12 Mg(l2,000 DWT) to
60 Mg(58,000 DWT).
25 Mg (25,000 DWT), but in 1972 the largest tanker in use was in
excess of 305 Mg(300,000 DWT), and vessels of 548 Mg(540,000 DWT)

The increasing emphasis on

By 1972 tanker tonnage

The average size tanker

The largest tanker in use in 1950 was under

were under construction (PR-074).
large carriers results from the favorable economics of carrying

large loads on long trips.

The existing United States ports are unable to accomo-
date the large ''supertankers'. This fact has necessitated loading
and unloading at offshore anchorages. The o0il may be loaded and
unloaded via submarine pipeline to the shore. It may also be
handled in an offshore storage facility and later transported to

shore by smaller tankers and barges.
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Crude o0il is handled in a system closed except for
points of transfer. Crude is supplied to refineries through a
transportation system which includes tank farms, bulk terminals,
and other storage points connected by overland and water trans-
portation systems. Figure 3.3-4 illustrates the relative sizes

of systems involved in transporting crude oil to refineries.

Atmospheric Emissions and Control

The organic chemicals emitted in transferring crude to
the refinery are mostly low molecular weight saturated hydro-
carbons. If the oil transportation system is open to the
atmosphere at any point, dissolved light gases will be lost. As
in every other phase of production, storage tanks are potential

sources of emission.

Pipelines are subject to losses caused by corrosion
damage or accidents. Spills account for only a small percentage
of the quantity of products carried, but the volume of products
carried is very large. Other emissions sources in pipeline
systems are valves, pumps, flanges, and other fittings. Even
small leaks in the many fittings and pumping equipment may result
in sizable emissions because of the large volumes transported
through the pipeline network.

Most emissions from tank cars, tank trucks and marine
facilities occur during loading operations. Most tank cars and
trucks are filled from the top by subsurface loading and marine
tankers are filled from the bottom through fill pipes which are
integral parts of the carriers. These methods of loading create
the least amount of turbulence and result in the least amount of

vaporization when compared to splash loading methods.

-96-



_1-6_

DOMESTIC PRODUCTION J

1.5 (9.2)

v

} FIELD

Pipeline 1.26 (7.95)

'STORAGE

Rail and Tank Car 0.03 (0.16)

Barge and Tanker 0.17 (1.09)

Y vYYy

———— ——

IMPORTS
0.51 (3.2)

Pipeline 0.17 (1.1)

Marine Tanker

0.33 (2.1)

FIGURE 3.3-4

ONSHORE
STORAGE

Pipeline

Tanker or

vy

Barge

Transportation of Crude 0il, 1973

Rates in hm?/day (10°barrels/day

REFINERY

STORAGE




Storage tanks are another significant source of organic
emissions. Light hydrocarbon gases which have remained with the
crude may be discharged to the atmosphere from a storage tank or
during filling operations as a result of ambient temperature
changes. In 1968, approximately 75% of the storage tanks at re-
fineries were equipped with floating-roof tanks. It is assumed
that storage facilities in the crude transportation system are
similarly equipped. The reduction in organic emissions result-
ing from the application of floating-roof tanks to the remaining
storage tanks is 246,000 MT/yr from the total emission rate of
526,000 MT/yr. The actual emission rate and, thus, the reduction
potential for organic emissions from storage tanks in the crude
transportation system may be considerably less, since it is
likely that floating roofs have been employed in many of the
tanks that were uncontrolled in 1968.
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3.4 Fossil Fuel Refining

Organics produced by the fossil fuel refining category
include air emissions and water effluents resulting from the
refining of petroleum and coal. Emissions resulting from natural
gas processing and natural gasoline plant operation are discussed

in Section 3.2, Fossil Fuel Processing.

The emissions and effluents associated with petroleum
refining result from the processing steps that make up today's
complex petroleum refinery. Coal coking operations are the major
source of organic emission and effluents from coal refining in
the U.S. Other coal processing and refining operations such as
coal gasification and liquefaction are not yet conducted on a large

enough scale to impact overall U.S. organic emission rates.

The petroleum refining and coal coking operations are
further divided into subgroups relating to processing steps or
operations contributing to atmospheric emissions. A summary of
the atmospheric emissions from the processes and operations in
this category is presented in Table 3.4-1. Water effluents
resulting from petroleum refining and coal coking are also
examined. For this study organics from solid waste processed by
industry on site by incineration, landfill, or other means were
not quantified. However, the environmental impact of any
industrial solid waste disposed of by municipalities is considered
in Section 3.12. Section 3.12 also contains an evaluation of the

impact of organic emissions resulting from solid waste disposal.

The important organic emission sources in the fossil
fuel refining category are identified in this section and are
examined to determine the point of organic emission. Emission

from process effluent streams and from fugitive sources are

-99-
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Fossil Fuel Refining

Storage, Petroleum Refining
Blowdown, Petroleum Refining

Process Drains & Waste Water
Separators, Petroleum Refining

FCC Unit, Petroleum Refining
Vacuum Jets, Petroleum Refining
Charging, By-Product Coke Oven

Coking Cycle, By-Product Coke
Oven

Pipeline Valves and Flanges,
Petroleum Refining

Pump Seals, Pectroleum Refining

Compressor Engines, Petroleum
Refining

Pressure Relief Valves,
Petroleum Refining

Boilers & leaters, Petroleum
Refining

Cooling Tower, Petroleum Refining
Compressor Seals, Petroleum
Refining

Discharging, By-Product Coke
Oven

FOSSIL FUEL REFINING EMISSIONS

TABLE 3.4-1

Year

1973
1973

1973
1973
1973
1974

1974

1973
1973

1973

1973

1973
1973

1973

1974

Volatile

Organics (MFP/yr.)

965,000
328,000

216,000
147,000
117,000
102,000

61,200

57,600
34,800

32,800
22,500

20,500
20,500

10, 300

8,170

ot

I R Y

Particulate

.Organics (MT/yr.)

61,200

4,080

24,500



TABLE 3.4-1 (Continued)
FOSSIL FUEL RETFINING EMISSIONS

Volatile Particulate
Year Organics (MT/yr.) Ref Organics (MI'/yr.) Ref
TCC Unit, Petroleum Refining 1973 5,470 1
Beehive Ovens, Coke Products 1974 5,040 2 126,000 2
Sampling, Petroleum Refining 1973 4,830 1
Blind Changing, Petroleum .
Refining 1973 610 1
Misc. Fugitive, Petroleum Refining 1973 14,260 1
Quenching, By-Product Coke Oven 1973 - - 36,700 2
\ Unloading, By-Product Coke Oven 1974 - - 16,300 2
'——l
(]
'._l
! Subtotal, Petroleum Refineries, 1,997,110
Coke Manufacture 176;410
TOTAL 2,173,520 268,780

Sources: 1 BU-185
2 EN-071



considered. The process vent and storage losses are the largest
volatile emissions and also have the greatest potential for

reduction.

The specific operations which represent the largest
potential for reduction of volatile organic emissions result
mainly from the petroleum refining industry. The coke manu-
facturing industry has potential for organic emission reduction
but these reductions are smaller and less defined than those in
the petroleum industry (BA-283).

The total volatile organic emission rate from the
refining category is nearly 2.2 x 10® MT/yr. The potential
reduction in emissions is about 0.9 x 10° MT/yr from process vents
and is nearly 0.5 x 10® MT/yr from storage operations. The
potential reduction for fugitive emissions in only 0.02 x 10°®
MT/yr. Where possible, the potential reductions are estimated
by assuming the degree of application of current controls and

extending the use of the controls across the industry.

Development documents for proposed effluent limitations
guidelines and new source performance standards in fossil fuel
refining industries provided the most recent and comprehensive
assessment of organic effluents and their control. For this
reason, the anticipated petroleum refining and coking effluent
rates reflect the BPCTCA for industries to achieve by July 1, 1977.
Many facilities have already converted to meet BPCTCA effluent

rates and many more are in the process_ of converting.
The potential for reduction of organic water effluents

is assumed from effluent guideline documents to be the July 1,

1983 effluent limitation or Best Available Technology Economically
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Achievable (BATEA). The reduction of organic effluents from the
BPCTCA level to the BATEA level is the potential organic water

effluent reduction.

A significant reduction is achievable in both the
petroleum refining and by-product coking industries. DNo poten-
tial reduction for beehive ovens is achievable from BPCTCA to

BATEA since BPCTCA results in no effluents from this operation.

3.4.1 Petroleum Refining

3.4.1.1 Process Description

Petroleum refining is the third largest industry in the
United States and represents a potential organic emission problem
because of the large quantities of petroleum liquids refined and

the intricacy aof the refining process.

Generally, each petroleum refinery is a unique hybrid
whose design is determined by the local market demands and the
characteristics of the crude being processed. However, refineries
normally can be classified into one of the following five basic

refinery types.

The diverse range of products and manufacturing pro-
cesses in petroleuﬁ refineries suggests that subcategories for
different segments of the industry be developed. A process
oriented subcategorization of the industry has been developed.
Subcategories are based on raw waste load characterisitcs and

are related to the complexity of refinery operations.
The American Petroleum Institute (APIL) has developed

a classification system which uses this technology breakdown.

The U.S. refineries have been divided into five classirfications
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with varying degrees of processing complexity and a characteris-
tic distribution of products. The API classification system is
presented below (EN-407):

Topping - Primary operation is separation of
crude into its major fractions but may

include some hydrotreating.

Topping and Cracking - Operations include

separation, conversion, and cracking processes

for maximization of gasoline product.

Topping, Cracking and Petrochemical - Some

petrochemical processing is performed in
addition to cracking, conversion, and

topping operations.

Integrated - Lube o0il, wax, and asphalt

processing are integrated into topping,

cracking and conversion processing.

Integrated and Petrochemical - Petrochemical

manufacturing is combined with the refining

operations of an integrated refinery.

Approximately 28 percent of the refineries in the U.S.
are topping and cracking refineries; 20 percent are topping,
cracking, and petrochemical refineries; and 20 percent are

integrated refineries.
As of January 1, 1974, were 247 petroleum refineries

were operating in the U.S. with a total crude capacity of 2.26 hr’
(14,200,000 barrels per day) (AN-089). Individual refinery
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capacities range from 159 m* (1,000 barrels per day) to 70 dam’
(445,000 barrels per day). The ten largest refineries comprise
over 25 percent of the nation's capacity (EN-043). Table 3.4-2
presents a distribution of the refinery sizes for 1971 (EN-043)

There is a trend toward larger and fewer refineries.

Characterization of the refining processes applied to
a so-called '"typical" refinery is difficult because of the wide
variety of refining schemes and processes available to the refiner.
Because of the emphasis today on gasoline, a fully integrated
gasoline refinery will be used in the example of a typical
refinery.

The commonly used refinery process units are:

atmospheric and vacuum distillation;

gas treating and light ends recovery;

conversion processes - alkylation, reforming,

isomerization;

hydrodesulfurization;

cracking;

alternative vacuum residual processing, such as
solvent deasphalting, coking, and asphalt

distillation; and

lube processing.
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TABLE 3.4-2
REFINERY SIZE DISTRIBUTION - 1971

% of Total % of Total

Refinery Capacity Refineries Refining Capacity

1 dam’ (<70,000 b/cd) 759 28.4
1-3.2 dam (70,000-200,000 b/cd) 19.0 41.6
>3,2 dam’ (>200,000 b/cd) 5.1 30.0



In addition, there are several important auxiliary

processes, such as:

- crude desalting,

- sulfur recovery and tail gas treatment,

-+ hydrogen production,

- blending and storage,

*  sour water stripping,

- wastewater stripping,

- wastewater treatment, and

-+ utility steam boilers.

Organic emissions vary greatly from one petroleum
refinery to another depending on such factors as capacity, age,
crude type, processing complexity, application of control measures,
and degree of maintenance (EN-043).

Because refineries are a complex collection of integrated
processing units, the pinpointing of individual organic emission
sources would be an extensive task. This section attempts to

characterize and, where possible, to quantify the organic

emissions from major sources within a typical refinery.
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3.4.1.2 Atmospheric Emissions and Control

These emission sources are grouped into combustion
sources, tankage and loading sources, process sources, and

fugitive sources.

3.4.1.2.1 Combustion Sources

A typical petroleum refinery has several major com-
bustion sources which include process heaters, boilers and
compressor engines. Organics are emitted from these sources

because of incomplete fuel combustion.

3.4.1.2.2 Storage and Loading Sources

The high volatility of feedstocks, intermediates, and
products stored and loaded in refinery tank farms makes storage
and loading losses one of the largest potential volatile organic
emission sources in the refining industry. Because most products
and feedstocks are transported by pipeline, storage losses are

greater than loading losses.

Fixed-roof, floating-roof, and internal floating cover
tanks are the most common tanks in refinery service. These tanks
range in size from 3 to 25 dam® (20,000 to 160,000 barrels) and
average 11 dam’ (70,000 barrels) (MS-001). The major sources of
organic emissions from fixed-roof tanks are breathing and filling
losses, while the major source of emissions from floating roofs

and internal floating covers is standing storage losses.

In 1968 approximately 75 percent of the storage tanks
at refineries were equipped with floating roofs. The reduction
in organic emissions resulting from the application of floating
roofs to the remaining storage tanks is 452,000 MI/yr. The

actual emission rate and, thus, the reduction potential for
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organic emissions from storage tanks in refineries may be con-
siderably less today since floating roofs have probably been

employed in many of the tanks that were uncontrolled in 1968.

The greatest determinant in the total emissions gen-
erated in product loading is the method of dispensing. In
splash loading the liquid is discharged by a short spout into
the upper part of the tank. The resultant free fall not only
increases evaporation but may result in a fine mist of liquid
droplets. In submerged surface and bottom loading, the product
is discharged within a few inches of the tank bottom. Turbulence
decreases markedly, therefore, losses by evaporation and en-

trained droplets are correspondingly reduced.

3.4.1.2.3 Process Sources

A substantial portion of the volatile organic emissions
from petroleum refineries can be attributed to individual refining
processes or to individual auxiliary processes. These sources
include catalyst regenerators, barometric condensers, blowdown
systems, wastewater separators, air blowing, and cooling towers.
Because process emission sources are identifiable, their emissions

are more accurately quantified and more easily controlled.

Catalytic Cracker Catalyst Regenerators

An integral part of a catalytic cracking unit is the
catalyst regenerator (Figures 3.4-1 and 3.4-2) where coke that
is formed on the catalyst surface during cracking is burned off.
Catalytic cracker regenerators operate continuously. Because
the combustion rate is controlled by limiting the air to the
regenerator, there is only partial oxidation, leaving many

unburned hydrocarbons in the regenerator flue gas.
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The main control method for the reduction of volatile
organic emissions in this flue gas is incineration in a carbon
monoxide waste heat boiler. The emissions can be almost completely
eliminated and valuable thermal energy can be recovered from the
flue gas.

Although CO boilers are not extensively used today,
they are becoming standard equipment in new refineries and expan-
sions of existing units. This is a result of both energy con-

servation and increased concern for air quality.

The reduction potential for volatile organic emissions
from catalytic cracking units, assuming fuel addition for complete
combustion of hydrocarbons, is 147,000 MT/yr (BU-185). This is
the result of controlling essentially 100 percent of the volatile

organics from catalytic cracking units.

Vacuum Jet-Barometric Condensers

Most refineries operate some processing equipment
below atmospheric pressure. The vacuum distillation column is
the most common of the processes operating at a vacuum. Steam
driven vacuum jets or ejectors coupled with a barometric con-
denser are frequently used in refineries to produce and maintain
vacuums (Figure 3.4-3). Light hydrocarbons which do not condense

in the barometric condenser are discharged to the atmosphere.

Volatile organic hydrocarbon emissions from barometric
condensers on vacuum jets are attributable to both the venting of
non-condensable hydrocarbons as well as to the evaporation of

hydrocarbons from the oily barometric condensates.

Three measures for minimizing oily condensate generation

are mechanical vacuum pumps, lean o0il absorption, and surface
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condensers. While mechanical vacuum pumps have little effect on
the quantity of non-condensable hydrocarbons generated, they do
eliminate the generation of oily steam condensate. The insertion
of a lean oil absorption unit between the vacuum tower and the
first stage vacuum jet helps to minimize the quantities of both
non-condensables and oily condensate (AM-055). The rich oil
effluent is reused as charge stock and not regenerated. Surface
condensers in place of barometric condensers minimize oily con-

densates but have little effect on the quantity of non-condensables
(AT-040) .

Because generation of non-condensable vapors cannot
be completely eliminated from vacuum pumps Or steam ejectors,
these emissions must be controlled by either vapor incinerators
or vapor recovery units. Vapor incinerators combust the vapors
by catalytic or direct flame methods. Vapor recovery units on
the other hand recover the hydrocarbon vapors and return them to

processing streams.
The reduction potential for organic chemical emissions
from vacuum jets in the petroleum refining industry is 117,000

MT/yr.

Blowdown Systems

Periodic maintenance and repair of equipment are

essential to refinery operation.

Blowdown emissions resulting from the purging of
organics from equipment can be effectively controlled by venting
into an integrated vapor-liquid recovery system. All units and
equipment subject to shutdowns, upsets, emergency venting, and

purging are manifolded into a multi-pressure collection system.
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Discharges into the collection system are segregated according
to their operating pressures. A series of flash drums and con-
densers arranged in descending pressures séparates the blowdown
into vapor pressure cuts. These recovered gaseous and liquid

cuts can be flared and/or re-refined.

Fully integrated recovery systems can reduce refinery
blowdown emissions and have a reduction potential of 318,000
MI/yr of organics (BU-185). This reduction potential assumes
that most refineries are currently applying some degree of blow-

down system control.

Air Blowing

Air blowing of petroleum products is today confined
largely to the manufacture of asphalt, although air is occasion-
ally blown through heavier petroleum products to remove moisture.
Figure 3.4-4 depicts a typical asphalt air-blowing process. The
use of air blowing for agitation, formerly quite common, is today

practically non-existent.

Prosess Drains and Waste Water Separators

Some equipment and a number of operations in oil re-
fineries including blind changing, sampling, turnarounds, leaks,
and spills, allow organic chemicals to reach drains and eventually
the wastewater separators. In addition, much of the water routed
to the drains, including water from processing, pump seal cooling,
and flushing, is already contaminated with hydrocarbons. Drains
generally flow to an API separator for gravity separation of the
0il and water prior to treatment in the wastewater treatment
plant. If the drains and wastewater separator are uncovered,

organics can evaporate to the atmosphere.
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Control measures for reducing the evaporative emissions
from process drains and wastewater separators center around (1)
reducing the quantity of organics evaporated and (2) enclosing

the wastewater systems.

The quantity of organic chemicals evaporated can first
be reduced by minimizing through good housekeeping the volume of
0oil leaked to the wastewater systems. Lowering the temperature
of the wastewater will also reduce organic chemical evaporation
(AM-055).

Measures for enclosing the wastewater systems include
manhole covers, catch basin liquid seals, and fixed or floating
roofs for API separators. The potential also exists for some
form of vapor disposal or vapor recovery device in conjunction
with fixed roofs on API separators (EL-033).

The potential for reduction of volatile organic emis-
sions, accounting for the existing degree of control, is 195,000

MT/yr (BU-185).

Cooling Tower

Petroleum refineries use large quantities of water for
cooling. Before the water can be reused, the heat absorbed in
passing through process heat exchangers must be removed. This
cooling is usually accomplished by allowing the water to cascade
through a cooling tower where evaporation removes the sensible
heat from the water. Organic chemicals are leaked into the cool-
ing water system by heat exchangers. Organic emissions are gen-
erated at the cooling towers when these organics evaporate to

the surface.
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3.4.1.2.4 Fugitive Sources

One of the largest, yet hardest to control, categories
of volatile organic emissions from petroleum refineries is fugi-
tive sources. Fugitive emissions are not solely attributed to a
particular type of refining processes or auxiliary processes but
occur throughout the refinery. Fugitive losses from individual
sources are generally small, but they become significant because
of their prevalence. Fugitive sources include pump seals, relief

valves, pipeline valves, sampling, and blind changing.

Pump and Compressor Seals

Pumps and compressors can leak at the point of contact
between the moving shaft and the stationary casing. If volatile,
the leaked product will evaporate to the atmosphere. The two
types of seals commonly used in the petroleum industry are packed

seals and mechanical seals.

Pressure Relief Valves

For safety and equipment protection, high pressure
vessels are commonly equipped with relief valves to vent excessive
pressures. Corrosion may cause pressure relief valves to reseat
improperly after blowoff, creating a potential source for volatile

organic leaks and emissions.

Pipeline Blind Changing

Refinery operations frequently require that a pipeline
be used for more than one product. To prevent leakage and con-
tamination of a particular product, other product-connecting or
product-feeding lines are customarily "blinded off'. 'Blinding"

a line involves inserting a flat solid plate between two flanges
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of a pipe connection. In inserting or withdrawing a blind,
spillage of the product in the pipeline can occﬁr. The magnitude
of volatile organic emissions from the spillage is a function of
the spilled liquid's vapor pressure, type of ground surface,

distance to nearest drain, and amount of liquid spilled.

Purging Sampling Lines

The operation of process units is constantly checked
throughout the refinery by routine analysis of feedstocks and
products. To obtain representative samples for these analysis,
sampling lines must be purged, resulting in possible organic

vapor emissions.
Others

Every refinery has several unaccountable volatile
organic emission sources plus sources not common to all refineries,
such as asphalt blowing, coke processing, and lube processing.

This category of emissions amounts to about 20 kg of organics/
dam’ (7. 1bs of organics/10° barrels) of refinery feed (AT-040).

3.4.1.3 Water Effluents and Control

Considerable information is available for making
meaningful qualitative interpretations of organic effluent loadings
from refinery processes. A summary of this information is
presented in Table 3.4-3. The pollutant parameters describing
organic effluents are BOD, COD, TOC, oil and grease, and sus-
pended solids. Phenol is another common parameter, but phenol
values are much smaller than on a mass emission rate basis. The
organic effluent parameters and associated rates are listed in
Table 3.4-4. The potential reductions are estimated as the
difference between BPCTCA levels and BATEA levels.
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TABLE 3.4-3

QUALTTATIVE EVALUATLON OF WASTEWATER FLOW AND CHARACTERISTICS

BY FUNDAMENTAL REFINERY PROCLESSES

Process
Production Processes IFlow BOD CoD Phenol 0il Emulsified Oil Susp. Solids Complexity
Crude 0il and
Product Storage XX X XXX X XXX XX XX A,B3,C,D,EE
Crude Desalting XX XX XX X X XXX XXX A,B,C,D,E
Crude Disctillation XXX X X XX XX XXX X A,B,C,D,E
Thermal Cracking X X X X X X B,C,D E
Catalyctic Cracking XXX XX XX XXX X X X B,C,D,E
Hydrocracking X XX B,C,D,E
Polymerizatcion X X X 0 X 0 X B,C,D,E
Alkylation XX X X 0O X o XX B,C,D,E
Isomerization _ X B,C,D,E
Reforming X 0 0 X X 0 0 B,C,D,E
Solvent Refining X X X X D,E
Asphalt Blowing XXX XXX XXX X XXX D,E
Dewaxing X XXX XXX X X 0 D,E
llydrotreat ing X X X 0 0 B,C,D,E
Drying aud Sweetening XXX XXX X XX 0 X XX A,B3,C,D,E
XXX - Major Contribution, XX - Moderate Contribution, X - Minor Contribution, 0 - No Problem - No Data

Sourvce:  EN-407



TABLE 3.4-4.

PETROLEUM REFINERY ORGANIC EFFLUENTS

RWL? BPCTCA BATEA
Effluent Paramecter bv Class (MT/vyr) (MT/vr) (MT/vyr)
BOD -A 772 412 70
-B 23,200 2,810 511
-C 27,500 1,720 350
-D . 32,500 2,390 559
-E 18,600 1,620 501
Totals 102,572 8,952 1,391
Potencial Reduction (MT/yx)'® 7,061
COD -A 2,140 2,180 290
-3 69,000 21,700 3,070
-C 73,200 10,800 1,720
-D 81,300 17,500 3,020
-E 31,100 11,900 2,270
Totals 256,740 64,080 10,370
Potential Reduc:zion (M’I‘/y:)l 53,710
0il and Grease -A 476 191 15
-B 9,910 1,250 109
-C 8,370 812 72
-D 18,000 1,130 107
-z 7,070 203 81
Totals 43,826 4,186 384
Porential Reduction (MT/yr)! 3,802
Suspended Solids -A 673 557 70
-3 5,690 3,770 511
-C 7,590 2,260 350
-D 10,700 3,330 559
-E 5,450 2,100 401
Totals 30,103 12,017 1,891
Pocential Reduction (MT/yr)' 10,126
TOC -4 - 906 215
-3 - 65,190 1,600
-C - 3,780 1,080
-D - 5,250 1,630
-E - 3,570 1,240
Totals - 19,696 5,765
Porential Reduction (MT/yr)! 13,931
Source: EN-407

! Potential reduccion of organic from 3PCTCA controls Zo 3a

2 RWL - Raw Waste Load
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The potential reduction in organic effluents from
petroleum refineries is estimated to be 16,700 MT/yr of organics.
This reduction is estimated from the difference between BPCTCA
levels and BATEA levels for TOC. The TOC reduction is increased
by a factor of 1.2 to calculate the organic effluent reduction.
The 1.2 factor is the ratio of organic carbon molecular weights
obtained by assuming most of the organics are Cs hydrocarbons

with an average molecular weight of 72.

The actual potential organic reduction may be less than
that estimated from BPCTCA and BATEA since these values represent
30-day maximums rather than yearly averages. However, the poten-
tial reduction for the refining industry should be consistent
with the other categories since the method of calculation is

similar.

The BPCTCA is based on both in-plant and end-cf-pipe
controls. The in-plant technology includes the following (EN-407):

installation of sour water strippers to
reduce sulfide and ammonia loads entering

the wastewater treatment plant,

elimination of once-through barometric
condenser water by using surface condensers
or recycle systems with oily water cooling

towers,
segregation of unpolluted storm runoff and
once-through cooling waters from normally

treated process waters, and

better monitoring and maintenance of surface

condensers or use of wet and dry recycle
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* systems to eliminate pollution of once-through

cooling water.
The BPCTCA end-of-pipe treatment consists of (EN-407):
equalization and storm diversion,

initial o0il and solids removal (API separators

or baffle plate separators),

further o0il and solids removal (clarifiers,

dissolved air flotation, or filters),

carbonaceous waste removal (activated sludge,
aerated lagoons, oxidation ponds, trickling
filter, activated carbon, or combinations

of these), and

filters (sand, dual media, or multi-media)

following biological treatment methods.

The BATEA results from further reduction of water
flows in-plant and the addition of activated carbon treatment

to the end-of-pipe controls.
Required treatment to achieve BPCTCA and BATEA is
dependent upon the needs and operations of the individual

refinery and requires specific studies.

Crude 0il and Product Storage

During storage, water and suspended solids in crude
0oil separate; the water layer accumulates below the oil and

is drawn off. Finished product storage is also a source of
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separated water layers. Tank cleaning can contribute large

amounts of water streams high in organic content.

Ballast waters from tankers are often discharged into

ballast water tanks or holding ponds at refineries.

Crude Desalting

Two common methods are used for crude oil desalting:
chemical desalting and electrostatic desalting. Both methods
employ process water to remove impurities, resulting in a waste-

water stream.

Crude Distillation

Several processes can be used to fractionate crude.
These are atmospheric distillation, vacuum distillation, vacuum
flashing, and three-stage crude distillation. There are two
sources of wastewater from crude oil fractionation:

- wastewater from overhead accumulators, and

wastewater from barometric condensers.

Organic wastewater loading can also be increased during

sampling when o0il sampling lines are discharged to the sewer.

Cracking

The major source of wastewater in cracking is from the

steam strippers and overhead accumulators on the fractionators.
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Polymerization

Most of the wastewater comes from the pretreatment of

feedstock to the reactor by caustic washing.

Alkylation

The major discharge from sulfuric acid alkylation is
the spent caustic wash from the neutralization of hydrocarbon
streams leaving the sulfuric acid alkylation reactor. Water also

is drawn off the overhead accumulators.
Hydrofluoric acid alkylation does not have spent acid
or caustic waste streams. The major sources of wastewater are

the overhead accumulators on the fractionator.

Iosmerization

Isomerization wastewaters present no major pollutant
discharge problems (EN-407).

Reforming

A small volume of wastewater containing a low concentra-

tion of o0il is produced by the reformer overhead accumulator (EN-407).

Solvent Refining

The major solvent refining processes are solvent de-
asphalting, dewaxing, lube oil solvent refining, aromatic ex-
traction, and butadiene extraction. The major potential pollutants
from the various solvent refining processes are the solvents them-
selves. The main source of wastewater is from the bottom of
fractionation towers. Some solvent enters the sewer from pump

seals, flange leaks and other sources.
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Hydrotreating

The principle hydrotreating processes are pretreatment
of catalytic reformer feedstock, naphtha desulfurization, lube
0il polishing, pretreatment of catalytic cracking feedstock,
heavy gas-o0il and residual desulfurization, and naphtha satura-
tion. The organic loading and quantity of wastewater generated

by hydrotreating depends on the process used and the feedstock.

Asphalt Blowing

Wastewaters from asphalt blowing contain high concen-

trations of oils and have a high oxygen demand (EN-407).

Drying and Sweetening

The most common waste stream from drying and sweetening
operations is spent caustic which has high BODs and COD. Other
waste streams from the process result from water washing of the

treated product and regeneration of the treating solution.

3.4.2 Coke Manufacturing

The majority of coke manufacturing in the United
States is performed to supply coke to the steel industry. In
an integrated steel mill, coke is a basic raw material for the
blast furnace. This section describes the coking industry and

sources of organic emissions associated with coking processes.

The beehive and the by-product processes are used for
coke manufacture in the United States today. Beehive ovens are
not widely used because of economic and environmental disadvant-
ages. Volatile organic emissions in the beehive process are high

because they are not recovered, but organic effluents are low.
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Today the by-product process, which recovers the volatile organics,
produces about 99 percent of the metallurgical coke (EN-395).

Coke production in 1974 decreased from previous years
because of a strike. In 1973, probably a more representative
year, 61.7 x 10° MT of coke was produced from by-product pro-
cesses and 0.8 x 10° MT of coke was produced from the beehive

process.

3.4.2.1 By-Product Coking

3.4.2.1.1 Process Description

Coke manufacturing by the by-product process is
accomplished in ovens in which bituminous coal is heated to drive
off the volatile components. Air is excluded from the ovens.

The residue remaining in the ovens is coke, and the volatiles

are recovered in the by-product plant to produce tar, light oils,
coke oven gas, and other potentially valuable materials. The
coking is done in narfow, rectangular, silica brick ovens arranged
side by side in groups called batteries. Each oven is typically
45 centimeters wide, 4.5 meters high, and 12 meters long. Heat

is supplied by burning gas in flues between the walls of the
adjacent ovens. Typically forty percent of the coke oven gas
produced is used to heat the ovens. Usually, the remaining gas

is used as fuel in other steel mill operations (EN-395).

Coal is charged through ports located on the top of
an oven and then heated. At the end of the coking period, the
coke is pushed out of the oven with a ram into an open railway
car. The coke is transported to a tower for water quenching and

then transferred to a sizing plant.
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3.4.2.1.2 Atmospheric Emissions

Volatile organic emissions can occur during the following
coking steps: charging, coking cycle, and discharging. In
addition, organic particulate emissions can occur during the
following coking steps: wunloading, charging, coking cycle, dis-

charging, and quenching.

Unloading

Organic particulates in the form of coal are emitted
as the coal is unloaded at the coking site and stockpiled for

future use.

Charging

The coal is charged into the coke ovens by a mobile
machine called a larry car, traveling on rails on top of the
coke ovens. A leveler bar is inserted into the oven to level
the coal. Lids which seal the charging holes in the oven roof
are then set in place. The emissions during charging result from
the displacement of about 90 percent of the free space in the oven
by the coal charge. Heating of the coal during charging produces
volatiles. As a result, steam, gas, and displaced air blow out
of the oven ports carrying volatile organics and organic parti-

culates.

Coking Cycle

After charging, coal is heated in the ovens. During
the heating cycle, the oven is sealed and usually maintained at
a slight positive pressure to prevent air infiltration. Gases
can evolve from the coke ovens around seals at the charging

ports and doors.
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Discharging

After the coking cycle, a pushing machine removes the
oven door on the pushing end of the oven and aligns a ram inside
the door jams. On the coke side, 2 machine removes the door
and positions a coke guide against the door jams. The pushing
machine then pushes the slab of hot coke out of the oven and

into a quench car positioned below the coke guide.

The emissions during the discharging cycle are smoke
from imcompletely coked coals and dust from thermal drafting of

particles of abraded coke.

Quenching

The quench car containing the discharged coke is moved
to a semi-enclosed tower where water is sprayed on the hot coke.
After the coke has been quenched and cooled, the quench car moves
to a coke wharf where the coke is dumped onto a conveyor belt

moving to the coke handling area.
Fine coke breeze formed during the push and settling
in the quench car is raised into the plume of quenching steam

by the draft from the steam formation.

3.4.2.1.3 Water Effluents and Control

A variety of methods, usually by-product recovery
techniques, has been used through the years. These methods have
changed due to changing economic factors, effluent quality

restrictions and treatment technology capabilities.

As in petroleum refineries, the significant pollution

parameters relating to organic effluents are BOD, TOC, oil and
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grease, and suspended solids. Estimates of COD levels are not
available. The organic effluent parameters and associated rates
for coke manufacture are presented in Table 3.4-5. The potential
reductions are estimated as the difference between BPCTCA levels
and BATEA levels (EN-395).

The potential reduction in organic effluents from coke
manufacture is estimated to be 9680 MT/yr of organics. This
reduction is estimated as the difference between BPCTCA levels
and BATEA levels. The TOC for BPCTCA is estimated to be similar
to petroleum refineries and, therefore, a factor of 2.2 higher
than BODs. The TOC for BATEA is estimated by assuming an 87%
reduction in TOC from BPCTCA levels. Experimental data in the
organic chemicals industry indicates 87% removal from a cross-

section of processes with similar wastewater treatment (EN-384).

To obtain the potential‘organic reduction, the TOC
reduction is increased by a factor of 1.2 which assumes that

most of the organics present are hydrocarbons with an average
molecular weight of 72.

As mentioned earlier, the actual potential organic
reduction may be less than that estimated from BPCTCA and BATEA
since these values represent 30-day maximums rather than yearly
averages. However, the potential reduction for the coke manu-

facturing industry should be consistent with the other categories.
The base level of treatment in Table 3.4-5 is an
estimate of the effluents with a level of treatment in existence

for practically all plants within the industry (EN-395).

The BPCTCA is based on the employment of the following
technologies (EN-395):
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TABLE 3 .4-5
COKE MANUFACTURE ORGANIC EFFLUENTS

Potential
Base Line' BPC1CA BATEA Reduction
Fffluent Parameters (MT/yr) (MT/yr) (MT/yr) (MT/yr)
By-Product Ovens
BOD 12,700 4,220 482 3,738
0il and Crease 844 4327 241 181
Suspended Solids 2,110 2,110 241 1,869
TOC? - 9,280 1,210 8,070
Beehive Ovens No effluents for BPCTCA and BATEA
'Base Line - Minimum level of treatment in existence for practically all plants

within the industry.

270C for BPCTCA is estimated to be 2.2 x BOD.

assuming 87% removal from BPCTCA levels (EN-384).

Source: IN-395

The TOC for BATEA is estimated



- weak ammonia liquor equalization and storage,

- free and fixed leg ammonia still operation

with lime addition,

- dephenolization,

- sedimentation,

- final cooler blowdown to dephenolizer,

- benzol wastes blowdown to dephenolizer,

once-through crystallizer effluent to

sedimentation, and

+  pH neutralizatiom.

The BATEA results, from controls established in
addition to BPCTCA, are as follows (EN-395):

- recycle crystallizer effluent to final

cooler recycle system,

+ clarification,

- multi-stage biological oxidation with

methanol addition, and
- pressure filtration.
The most significant water wastes resulting from the

by-product coke plant are excess ammonia liquor, final cooling

water overflow, light oil recovery wastes, and indirect cooling



water (EN-395). 1In addition, small volumes of water may result

from wharf drainage, quench water overflow and coal pile runoff.

Ammonia Liquor

In the reduction of coal to coke, the coal volatiles
are collected and cooled by spraying with water. This cooling
condenses a large portion of tar in the gas and the mixture
flows to a decanter tank. The partially cooled gas passes through
primary coolers where the temperature is further reduced. The
water and tar resulting from this operation are also pumped to
the decanter tank. Moisture in the coal accounts for the net
production of water from these cooling steps. The excess liquid
is the ammonia liquor and is the major single source of contami-

nated water from coke making.

Final Cooling Water Overflow

Direct contact of the gas in the final cooler with
sprays of water absorbs remaining soluble gas components and
removes condensed or solidified organics. This water is usually
recirculated. When a closed system is not used, this wastewater
may exceed the ammonia liquor as the major source of high con-

tamination loads (EN-395).

Light 0il Recovery Wastes

The light oil recovery system produces contaminated
wastewater from the stripping operations. Cooling water is also

discharged to the sewer.
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Indirect Cooling Water

Indirect cooling water is not usually considered waste,
but leaks in coils and tubes may contribute significantly to the
organic loading of this stream (EN-395).

Miscellaneous Effluents

Coke wharf drainage and stock pile runoff are minor
sources of effluents. These areas are usually trenched and the

wastewaters do not enter a receiving stream.

3.4.2.2 Beehive Coking

In the beehive process, air is admitted to the coking
chamber in controlled amounts to burn the volatile products dis-
tilled from the coal and to generate heat for further distilla-
tion. The beehive oven produces only coke and no successful

attempts have been made to recover the products of distillation.

The oven is charged from above and coking proceeds
from the top of the coal. At the end of the coking cycle the
coke is quenched in the oven with water and then the coke is
drawn from the oven. The process is very airty and generates
smoke which discharges to the atmosphere when the brickwork
door is removed. Water is used only for coke quenching. The
use of recycle in the beehive process can greatly reduce the
the volume of wastewater. A properly controlled beehive oven

will have very little water discharge.
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3.5 Fossil Fuel Combustion

The fossil fuel combustion category examines the
organic emissions from external combustion stationary sources
as well as internal combustion stationary sources. External
combustion sources include steam-electric generating plants,
industrial boilers and furnaces, commercial and institutional
boilers, and commercial and residential space heating units.
Internal combustion stationary sources include internal com-
bustion engines used to generate electricity and engines used

to pump gas and other fluids.

Volatile organics from fossil fuel combustion are
discharged with the flue gases from the combustion unit. The
organics result from the incomplete combustion of the fuel.
Table 3.5-1 summarizes atmospheric organic emissions from fossil
fuel combustion in stationary sources. The organic water
effluents and solid wastes from fossil fuel combustion are
negligible. The magnitude of an overall reduction potential
for this category could not be determined from the available
literature. Assuming that catalytic converters could be
adapted to industrial internal combustion engines, a reduction
in that subgroup's emissions has been calculated. This 1is

discussed in Section 3.5.2.

3.5.1 External Combustion Stationary Sources

The external combustion sources are organized according
to the type of fuel burned in the unit. Coal, fuel oil, and

natural gas are the primary fuels used in stationary external
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TABLE 3.5-1

FOSSIL FUEL COMBUSTION - ATMOSPHERIC EMISSIONS

Fossil Fuel Combustion
Coal Combustion
Utilicy
Industrial
Residential:

Commercial

Fuel 0il Combustion
Industrial/Commercial
Residential

Utilicy

Natural Gas Combustion
Industrial
Residential
Commercial

Ucilticy

Wood Combustion
Industrial

Residential

Emissions (MT/yr)

Year

1975
1975
1975
1975

1975
1975
1975

1972
1975
1975
1975

1972
1972

Volatile
Organics

105,000
55,400
11,700

8,900

56,400
24,300
20,800

76,400
12,400
1,800
1,700

28,000
4,300

I

— R W
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TABLE 3.5-1 (Cont'd.)
FOSSIL FUEL COMBUSTION - ATMOSPHERIC EMISSIONS

Emissions (MT/yr)

Volatile
Year Organics Ref
Internal Combustion
Natural Gas - Industrial 1975 237,000 4
Fuel 0il - Utilicty 1975 68,200 4
Natural Gas - Industrial 1975 11,800 4
TOTAL 724,000

References: 1. PU-036
MO-201

. EN-226

4. AE-014



combustion units. Wood is used in some instances and is a
significant source of atmospheric organic emissions. The follow-
ing sections discuss coal, o0il, natural gas, and wood combustion

in externally fired units.

3.5.1.1 Coal Combustion

Coal is the most abundant fossil fuel in the United
States. It is burned to produce heat and steam in a wide variety
of furnaces ranging in size from small hand-fired units with
capacities of 4.5 to 9 kilograms (10 to 20 pounds) of coal per
hour to large pulverized-coal-fired units which may burn 275 to
360 MT (300 to 400 toms) of coal per hour. Approximately 480 x
10° MT (530 x 10° tons) of coal were consumed in 1972 to supply
thermal energy in the United States (US-205).

Atmospheric Emissions and Control

The combustion of coal in externally fired equipment
results in the emission of hydrocarbons and other organic
material if combustion is not complete. Due to variations in
combustion efficiency, organic emissions depend on the particular
size and type of combustion unit. Also, considerable variation
in organic emissions can occur depending on the operation of an
individual unit. Atmospheric organic emissions from coal

combustion in externally fired units are presented in Table 3.5-2.

Organic emissions from stationary combustion of coal
can be reduced by improved operating practices and improved
equipment design. Good operating practice is the most practical
technique available for controlling atmospheric organic
emissions from coal combustion. The combustion units should

always be operated within their design limits and according to
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the specifications recommended by the manufacturer to achieve a
high degree of combustion efficiency. Combustion units and
equipment should be kept in good repair to meet design specifi-
cations. Flue gas monitoring equipment is helpful in detecting
changes in the performance of the unit and thus is useful in

keeping organic emissions at a minimum.

The organic emissions from coal combustion may also
be controlled by improved equipment design. Improved design can
reduce emissions by reducing the quantity of fuel required for

a given energy output.

These organic emission controls provide some potential
for a reduction of emissions; however, no information is avail-
able concerning the percent reduction that can be expected. The
reduction potential is not anticipated to be large, however,
especially for the smaller units such as those found in commercial
and residential applications. Smaller units do not have air-fuel
mixing ability comparable to larger units. They operate at some-

what lower temperatures and therefore have lower average combustion

efficiencies.
TABLE 3.5-2
ATMOSPHERIC ORGANIC EMISSIONS
FROM COAL COMBUSTION
Source Refs Emissions (MT/yr)
Utility 1 105.0 x 103
Industrial 1 55.4 x 10°
Residential 2 11.7 x 10°
" Commercial 1 8.9 x 10°

Source: 1. PU-036
MO-201
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3.5.1.2 Fuel 01l Combustion

The two major types of fuel o0il are residual and
distillate. Distillate fuel is primarily a domestic fuel, but
it is used in some commercial and industrial applications where
a high-quality oil is required. The primary differences between
residual oil and distillate oil are the higher ash and sulfur
content of residual oil and the fact that residual oil is much

more viscous and therefore harder to burn properly.

Atmospheric Emissions and Control

Organic emissions from fuel o0il combustion are
dependent on type and size of equipment, method of firing, and
maintenance practices. Table 3.5-3 presents the estimates for
the yearly atmospheric emission rates of organics from fuel

0il combustion in externally fired units.

TABLE 3.5-3
ATMOSPHERIC ORGANIC EMISSIONS
FROM FUEL OIL COMBUSTION

Source Refs Emissions (MT/yr)
Industrial/Commercial 1 56.4 x 10°
Residential 2 24.3 x 10°
Utility 1 20.8 x 10°

Sources: 1. PU-~-306
2. MO-201

These emissions can be reduced by good operating

practice and improved equipment design. No information was

found concerning the expected percent reduction of emissions
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through the application of these control methods. However, the

potential is not estimated to be very large.

3.5.1.3 Natural Gas Combustion

Natural gas has become one of the major fuels used
in the U.S. It is used primarily in power plants, industrial
heating, and domestic and commercial space heating. Marketed
production of natural gas in the United States in 1974 totaled
almost 600 billion cubic meters (22 trilliom ft?®) according
to the U.S. Bureau of Mines (US-474). The majority of this
total was used as fuel with most of the remainder going to

feedstock for chemical plants.

Atmospheric Emissions and Control

Natural gas is considered to be a relatively clean
fuel. However, some organic emissions do occur from its
combustion. When insufficient air is supplied to the combustion
unit, large amounts of volatile organic chemicals may be emitted
to the atmosphere. The emission from natural gas combustion
varies according to the type and size of equipment and attention
given to maintenance. Table 3.5-4 presents estimates for the
yearly atmospheric organic emission rates from natural gas

combustion in externally fired units.

The control of these emissions is accomplished in the
same manner as are the organic emissions from coal and oil
combustion. Proper operating practices and improved equipment
design allow for more efficient combustion of the gas/air mixture
and therefore reduce the quantity of hydrocarbons (and carbon
monoxide) emitted. No information was found which discussed the

percent reduction of emissions following application of these
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control methods. However, assuming most natural gas combustion
units operate in a reasonably efficient manner, the reduction

potential is not expected to be very large.

TABLE 3.5-4
ATMOSPHERIC ORGANIC EMISSIONS
FROM NATURAL GAS COMBUSTION

Source Refs Emissions (MT/yr)
Industrial 1 76.4 x 10°
Residential 2 12.4 x 10°
Commercial 3 1.8 x 103
Utility 3 1.7 x 10°

Sources: 1. EN-226
MO-201
PU-036

3.5.1.4 Wood Combustion

Wood 1is no longer a major energy source for industrial
heat or power generation. However, it is used as a domestic
heat source and to some extent in those industries which
generate considerable quantities of wood wastes. This section
is concerned with the combustion of wood in furnaces and resi-
dential fireplaces for process or space heating purposes. It is
not concerned with the burning of wood wastes as a means of

solid waste disposal.

Atmospheric Emissions and Control

Atmospheric organic emissions resulting from the

burning of wood in furnaces and fireplaces are due mostly to
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inefficient combustion. As with coal, oil, and gas combustion,
the size of the furnace and degree of maintenance affect the
quantity of hydrocarbons emitted. Another major factor is the
water content of the fuel. Moisture increases the atmospheric
organic emissions. Table 3.5-5 presents the yearly organic
atmospheric emissions from the external combustion of wood
(EN-226) .

TABLE 3.5-5
ATMOSPHERIC ORGANIC EMISSIONS
FROM WOOD COMBUSTION

Source Emissions (MT/yx)
Industrial 28.0 x 10
Residential 4.3 x 10

Source: EN-226

The control of organic emissions from wood-fired
furnaces is best accomplished through the proper maintenance of
the combustion equipment. No information was found regarding
the percent‘reduction of emissions from applying proper mainte-
nance practices. The reduction potential for these emissions
may be moderate assuming that most wood-fueled furnaces are not
subject to regular maintenance. However, the percent reduction

cannot be determined from available literature.

3.5.2 Internal Combustion Stationary Sources

i
In general, sources included in this category are
internal combustion engines used in applications similar to
those associated with external combustion sources. This

category includes gas turbines and large, heavy-duty, general
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utility reciprocating engines. Most stationary internal com-
bustion engines are used to generate electric power, to pump

gas or other fluids, and to compress air for pneumatic machinery.

Atm