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Section 111 of the Clean Air Act (42 U.S.C. 7411), as amended,
directs the Administrator to establish standards of performance for
any category of new stationary source of air pollution that II ••
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reasonably be anticipated to endanger public health or welfare. II
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METRIC CONVERSION TABLE

In keeping with U.S. Environmental Protection Agency policy, metric
units are used in this report. These units may be converted to common
English units by using the followinq conversion factors:

Metric Unit

m
m

Metric Name

LENGTH

meter
meter

VOLUME

1i ters
cubic meters
cubic meters

Equivalent
Engl ish Unit

39.3700 in.
3.2810 ft.

0.2642 U.S. gal
264.2 U. S. gal
6.29 Barrels (bbl)

Kg
Mg
Gg

WEIGHT

k"l (1031 ogram
(106megagram

" (10 9glgagram

grams)
grams)
grams)

2.2046 lb.
1.1023 tons
1,102.3 tons

GJ
GJ

J/g

ENERGY

giga.ioule
gi qaj oul e

joule per gram

,.
,>

9.48 X 10 Btu
277.76 KWh
0.430 Btu/lb.

VOLUMETRIC FLOW

normal cubic meters per second 2242 SCFM (ft
3
/min)

SPEED

m/s meters per second 19fi.86 ft/min

Temperature in degrees Celcius (OC) can be converted to temperature
in degrees Farenheit (OF) by the following formula:
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1.0 SUMMARY

1.1 REGULATORY ALTERNATIVES

Standards of performance for new stationary sources of volatile

organic compounds (VOC) from fugitive emission sources in the Synthetic

Organic Chemicals Manufacturing Industry (SOCMI) are being developed
. , .

under the authority of Section 111 of the Clean Air Act. These standards

would affect new stationary sources which produce as final products or

intermediates one or more of certain organic chemicals. These standards

would reduce emissions from pumps, compressors, valves, safety/relief

valves, sampling connections, and open-ended lines.

Four regulatory alternatives were considered. Regulatory Alternative I

is the baseline alternative and represents the level of control that

would exist in the absence of any standards of performance. Requirements
of Alternative II corresponds to the requirements of the Control Techniques

Guidelines document (EPA-450/2-78-016) for petroleum refineries. These
requirements are:

• Quarterly monitoring of all in-line valves, open-ended valves
and safety/relief valves in gas service (relief valves would
also be monitored after overpressure relieving to check for
proper reseating);

• Annual monitoring of all in-line valves and open-ended valves
in light liquid service;

• Quarterly monitoring of compressor seals;

• Annual monitoring of light liquid service pumps (such pumps would
also be inspected visually for liquid leaks each week; immediate
instrument monitoring of visually leaking pumps would be required);
and

:( :". ': '.

• Installation of caps, blinds, rlugs, or second valves to seal
all open-ended lines.
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Regulatory Alternative III is more restrictive than Alternative II.

Monthly rather than quarterly or annual monitoring would be required.

Also, caps, plugs. or second valves would be required on open-ended

lines. and weekly pump inspections as for Alternative II.

Of the four alternatives, Regulatory Alternative IV is the most

restrictive. The requirements are:

eMonthly monitoring of all in-line valves and open-ended valves
in gas and light liquid service;

e Installation of rupture disks upstream of gas service safety/relief
valves that vent to the atmosphere (the disk would be replaced
if disk failure were detected);

• Installation of closed vents and control devices for compressor
seal area and/or degassing vents from compressor seal oil reservoirs;

• Installation of double mechanical seals on pumps in light liquid
service and installation of closed vent control devices for degassing
vents from seal oil reservoirs of all pumps in light liquid service
(weekly visual inspections of pumps in light liquid service would
also be required, with subsequent instrument monitoring required
for those pumps with visible liquid leaks);

e Installation of closed loop sampling systems; and

e Installation of caps, blinds, plugs, or second valves to seal
all open-ended lines.

1.2 ENVIRONMENTAL IMPACT
Fugitive emissions of VOC from affected SOCMI facilities would be

200 Gg/yr under Alternative I compared to 73, 62, and 26 Gg/yr under

Alternatives II, III, and IV. Emissions reductions effected by Alternatives II.

III. and IV would be 63, 69, and 87 percent, respectively.

In addition to reducing emission to the atmosphere, Alternatives II

and III would reduce liquid leaks which might otherwise become a part of

wastewater streams. Reduction of pollutants in effluents would also

reduce wastewater treatment needs. IllIlJlementation of Alternative IV

would also reduce liquid leaks. thereby rerlucing wastewater treatment
needs. However. a small amount of wastewater containing suspened solids

and some solid waste could result from the use of control systems required

1-2
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by Alternative IV. The impact of the wastewater and solid waste would

be very small.
Energy savings would result under Regulatory Alternatives II, III,

and IV. Under Alternative II, VOC's recovered during the fifth year of
implementation would have an energy content of about 3,940 TJ. This heating

value is equivalent to the heating value of 644,000 barrels of crude oil.
VOC recovered under Alternative III in the fifth year would have a heating
value of about 4,250 TJ which is equivalent to the heating value of 695,000
barrels of crude. The heating value of VOC recovered under Alternative IV

would be 5,360 TJ. This is the same heating value found in 876,000 barrels
of crude oil.

A more detailed analysis of environmental and energy impacts is presented
in Chapter 7. A summary of the environmental and economic impacts associated
with the four regulatory alternatives is shown in Table 1-1.

1.3 ECONOMIC IMPACT
Costs incurred by SOCMI under Regulatory Alternatives II and III would

actually be credits due to the value of recovered VOC. In the fifth year

after implementation of Alternative II~ a net annualized credit of $29 million
would result. For the same year under Alternative III, a net annualized

credit of $21 million would result. Net annualized costs incurred du~ing the
fifth year under Regulatory Alternative IV would be $11 million. In this

Alternative the costs exceed the value of recovered VOC. A more detailed
analysis of costs is included in Chapter 8.

In general, most units will not increase product prices as a result of
the implementation of Regulatory Alternatives II, III, or IV. A more

detailed economic analysis is presented in Chapter 9.
Economic impacts associated with the four Regulatory Alternatives are

shown in Table 1-1.
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TABLE 1-1. ENVIRONMENTAL AND ECONOMIC IMPACTS OF REGULATORY ALTERNATIVES

SOTid
Administrative Air \4a ter Waste Energy Noise Economic

Action Impact Impact Impact Impact Impact Impac t

Regulatory 0 0 a 0 0 0
Alternative
(No Action)

Regu 1atory +2** +1** a +1* a +1*
Alternative II

Regulatory +2** +1** 0 +1* a +1*
,l\lternative III

~

I
~ --

Regulatory +3** +1** 0 +1* 0 -1*
A1te rna t i ve IV

KEY: + Beneficial impact 2 Small impact * Short-term impact
- Adverse impact 3 Moderate impact ** Long-term impact
o No impact 4 Large impact *** Irreversible impact
1 Negligible impact
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2. INTRODUCTI ON

2.1 BACKGROUND AND AUTHORITY FOR STANDARDS

Before standards of performance are proposed as a Federal regulation,
air pollution control methods available to the affected industry and the

associated costs of installing and maintaining the control equipment are

examined in detail. Various levels of control based on different technolo
gies and degrees of efficiency are expressed as regulatory alternatives.

Each of these alternatives is studied by EPA as a prospective basis for

a standard. The alternatives are investigated in terms of their impacts

on the economics and well-being of the industry, the impacts on the

national economy, and the impacts on the environment. This document

summarizes the information obtained through these studies so that interested

persons will be able to see the information considered by EPA in the

development of the proposed standard.
Standards of performance for new stationary sources are established

under Section 111 of the Clean I\ir Ikt (42 II.S.C. 7411) oS amended,
hereinafter referred to as the I\ct. Section 111 directs the I\dlllinistrator
to estahlish standards of performance for any category of new stationary

source of air pollution which II ••• causes, or contributes significantly

to air pollution which may reasonably be anticipated to endanger public

health or welfare. 1I

The Act requires that standards of performance for stationary

sources reflect II ••• the degree of emission reduction achievable which

(taking into consideration the cost of achieving such emission reduction,

and any nonair quality health and environmental impact and energy require
ments) the Administrator determines has been adequately deJTIonstrated for

that category of sources. II The standards apply only to stationary

sources, the construction or modification of which commences after
regulations are proposed by publication in the Federal Register.
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The 1977 amendments to the Act altered or added numerous provls1ons
that apply to the process of establishing standards of performance.

1. EPA is required to list the categories of major stationary sources
that have not already been listed and regulated under standards of perform
ance. Regulations must be promulgated for these new categories on the
following schedule:

a. 25 percent of the listed categories by August 7, 1980.
b. 75 percent of the listed categories by August 7, 1981.
c. 100 percent of the listed categories by August 7, 1982.

A governor of a State may apply to the Administrator to add a category not
on the 1i st or may apply to the Adm; ni strator to have a standa rd of perform
ance revised.

2. EPA is required to review the standards of performance every 4
years and, if appropriate, revise them.

3. EPA is authorized to promulgate a standard based on design, equip
ment, work practice, or operational procedures when a standard based on
emlssion levels is not feasible.

4. The term "standards of performance" is redefined, and a new term
"technological system of continuous emission reduction" is defined. The new
definitions clarify that the control system must be continuous and may
include a low- or non-polluting process or operation.

5. The time between the proposal and promulgation of a standard under
Section 111 of the Act may be extended to 6 months.

Standards of performance. by themselves. do not guarantee protection
of health or welfare because they are not designed to achieve any specific
air quality levels. Rather, they are designed to reflect the degree of
emission limitation achievable through application of the best adequately
demonstrated technological system of continuous emission reduction, taking
into consideration the cost of achieving such emission reduction, any
non-air-qua1ity health and environmental ,impacts, and energy requirements.

Congress had several reasons for including these requirements. First,
standards with a degree of uniformity are needed to avoid situations
where some states may attract industries by relaxing standards relative to
other states. Second, stringent standards enhance the potential for
long-term growth. Third, stringent standards may help achieve long-term
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cost savings by avoiding the need for more expensive retrofitting when
pollution ceilings may be reduced in the future. Fourth, certain types

of standards for coal-burning sources can adversely affect the coal

market by driving up the price of low-sulfur coal or effectively excluding

certain coals from the reserve base because their untreated pollution

potentials are high. Congress does not intend that new source performance

standards contribute to these problems. Fifth, the standard-setting
process should create incentives for improved technology.

Promulgation of standards of performance does not prevent State or

local agencies from adopting more stringent emission limitations for the

same sources. States are free under Section 116 of the Act to establish
even more stringent emission limits than those established under Section

111 or those necessary to attain or maintain the National Ambient Air

Quality Standards (NAAQS) under Section 110. Thus, new sources may in
some cases be subject to limitations more stringent than standards of
performance under Section 111, and prospective owners and operators bf

new sources should be aware of this possibility in planning for such

facilities.
A similar situation may arise when a major emitting facility is to

be constructed in a geographic area that falls under the prevention of

significant deterioration of air quality provisions of Part C of the
Act. These provisions require, among other things, that major emitting

facilities to be constructed in such areas are to be subject to best
available control technology. The term Best Available Control Technology

(BACT), as defined in the Act, means

"••• an emission limitation based on the maximum degree of

reduction of each pollutant subject to regulation under this
Act emitted from, or which results from, any major emitting

facility, which the permitting authority, on a caseiby-case
basis, taking into account energy, environmental, and economic

impacts and other costs, determines is achievable for such
facility through application of production processes and

available methods, systems, and techniques, including fuel

cleaning or t~eatment or innovative fuel combustion techniques
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for control of each such pollutant. In no event shall applica

tion of "best available control technology" result in emissions

of any pollutants which will exceed the emissions allowed by

any applicable standard established pursuant to sections 111

or 112 of this Act. (Section 169(3))

Although standards of performance are normally-structured in terms
of "numerical emission limits where feasible, alternative approaches are

sometimes necessary. In some cases physical measurement of emissions

from a new source may be impractical or exorbitantly expensive. Section

lll(h) provides that the Administrator may promulgate a design or equipment

standard in those cases where it is not feasible to prescribe or enforce

a standard of performance. For example, emissions of hydrocarbons from
storage vessels for petroleum liquids are greatest during tank filling.

The nature ,of the emissions, high concentrations for short periods

during filling and low concentrations for longer periods during storage,

and the configuration of storage tanks make direct emi~sion me~surement

impractical. Therefore, a more practical approach to standards of

performance for storage vessels has been equipment specification.
In addition, section lll(i) authorizes the Administrator to grant

waivers of compliance to permit a source to use innovative continuous

emission control technology. In order to grant the waiver, the

Administrator must find: (1) a substantial likelihood that the technology

will produce greater emission reductions than the standards require or

an equivalent reduction at lower economic, energy., Of"" en.vir~l1l.ental cost;
(2) the proposed system has not been adequately demonstrated; (3) the

technology will not cause or contribute to an unreasonable risk to the

public health, welfare, or safety; (4) the governor of the State where

the source is located consents; and (5) the waiver will not prevent the

attainment or maintenance of any ambient standard. A waiver may have

conditions attached to assure the source will not prevent attainment of

any NAAQS. Any such condi tion wi 11 have the force of a performance
standard. Finally, waivers have definite end dates and may be terminated
earlier if the conditions are not met or if the system fails to perform

as expected. In suet) a case, the source may be (jiven up to 3 years to
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to meet the standards with a mandatory progress schedule.

2.2 SELECTION OF CATEGORIES OF STATIONARY SOURCES

Section 111 of the Act directs the Adminstrator to list categories

of stationary sources. The Administrator "••• shall include a category

of sources in such list if in his judgement it causes, or contributes

significantly to, air pollution which may reasonably be anticipated to
endanger public health or welfare. II Proposal and promulgation of

standards of performance are to follow.
Since passage of the Clean Air Amendments of 1970t considerable

attention has been given to the development of a system for assigning

priorities to various source categories. The approach specifies areas

of interest by considering the broad strategy of the Agency for imple
menting the Clean Air Act. Often, these lIareasll are actually pollutants

emitted by stationary sources. Source categories that emit these

pollutants are evaluated and ranked by a process involving such factors

as: (1) the level of emission control (if any) already required by

State regulations, (2) estimated levels of control that might be required

from standards of performance for the source categorYt (3) projections

of growth and replacement of existing facilities for the source category,

and (4) the estimated incremental amount of air pollution that could be
prevented in a preselected future year by standards of performance for

the source category. Sources for which new source performance standards
were promulgated or under development during 1977, or earlier, wp.re

selected on these criteria.
The Act amendments of August lq17 establish specific criteria to he

used in determining priorities for all major source categories not yet
listed by EPA. These are: (1) the quantity of air pollutant emissions

that each such category will emit, or will be designed to emit; (2) the
extent to which each such pollutant may reasonably be anticipated to
endanger public health or welfare;-and (3) the mobility and competitive

nature of each such category of sources and the consequent need for
nationally applicable new source standards of performance.
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The Administrator is to promulgate standards for these categories
according to the schedule referred to earlier.

In some cases it may not be feasible immediately to develop a

standard for a source category with a high priority. This might happen
when a program of research is needed to develop control techniques or

because techniques for sampling and measuring emissions may require
refinement. In the developing of standards, differences in the time

required to complete the necessary investigation for different source
categories must also be considered. For example, substantially more

time may be necessary if numerous pollutants must be investigated from a
single source category. Further, even late in the development process
the schedule for completion of a standard may change. For example,
inablility to obtain emission data from well-controlled sources in time
to pursue the development process in a systematic fashion may force a
change in scheduling. Nevertheless, priority ranking is, and will

continue to be, used to establish the orner in which projects are
initiated and resources assigned.

After the source category has been chosen, the types of facilities

within the source category to which the standard will apply must be
determined. A source category may have several facilities that cause
air pollution, and emissions from some of these facilities may vary from
insignificant to very expensive to ('ontrol. Economic studies of the
source category and of applicable control technology may show that d;r
pollution control is better served hy applying standards to the more
severe pollution sources. For this reason, and because there is no

adequately demonstrated system for controlling emissions from certain
facilities, standards often do not apply to all facilities at a source.
For the same reasons, the standards may not apply to all air pollutants
emitted. Thus, although a source category may be selected to be covered

by a standard of performance, not all pollutants or facilities within

that source category may be covered by the standards.
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2.3 PROCEDURE FOR DEVELOPMENT OF STANDARDS OF PERFORMANCE

Standards of performance must (1) realistically reflect best demon

strated control practice; (2) adequately consider the cost, the non-air

quality health and environmental impacts, and the energy requirements of

such control; (3) be applicable to existing sources that are modified or

reconstructed as well as new installations; and (4) meet these conditions

for all variations of operating conditions being considered anywhere in

the country.
The objective of a program for developing standards is to identify

the best technological system of continuous emission reduction that has

been adequately demonstrated. The standard-setting process involves

three principal phases of activity: (1) information gathering,

(2) analysis of the information, and (3) development of the standard of

performance.
During the information-gathering phase, industries are Queried

through a telephone survey, letters of inquiry, and plant visits by EPA

representatives. Information is also gathered from many other sources,

and a literature search is conducted. From the knowledge acquired about

the industry, EPA selects certain plants at which emission tests are

conducted to provide reliable data that characterize the pollutant
emissions from well-controlled existing facilities.

In the second phase of a project, the information about the industry
and the pollutants emitted is used "in andlytical studies. Hypothetical
"model plants" are defined to provide a (ammon hasis for analy,>is. The

model plant definitions, national pollutnnt emission data, and existing

State regulations governin9 emissions from the source category are then
used in establishing "regulatory alternatives. II These regulatory

alternatives are essentially different levels of emission control.
EPA conducts studies to determine the impact of each regulatory

alternative on the economics of the industry and on the national economy,

on the environment, and on energy consumption. From several possibly

applicable alternatives, EPA selects the single most plausible regulatory

alternative as the basis for a standard of performance for the source

category under study.
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In the third phase of a project. the selected regulatory alternative
is translated into a standard of performance, which, in turn, is written

in the form of a Federal regulation. The Federal regulation, when

applied to newly constructed plants, will limit emissions to the levels

indicated in the selected regulatory alternative.

As early as is practical in each standard-setting project. EPA

representatives discuss the possibilities of a standard and the form it

might take with members of the National Air Pollution Control Techniques
Advisory Committee. Industry representatives and other interested

parties also participate in these meetings.

The information acquired in the project is summarized in the Back

ground Information Document (BID). The BID, the standard, and a preamble

explaining the standard are widely circulated to the industry being
considered for control, environmental groups, other government agencies,

and offices within EPA. Through this extensive review process. the
points of view of expert reviewers are taken into consideration as

changes are made to the documentation.

A "proposal package" is assembled and sent through the offices of

EPA Assistant Administrators for concurrence before the proposed standard

is officially endorsed by the EPA Administrator. After being approved

by the EPA Administrator, the preamhle and the proposed regulation are
puhlished in the Federal Register.

As a part of the Federal Registl!r announcement of the proposed

regulation, the public is invited to participate in the standard-setting

process. EPA invites written comments on the proposal and also holds a
public hearing to discuss the proposed standard with interested parties.

All public comments are summarized and incorporated into a second volume
of the BID. All information reviewed and generated in studies in support

of the standard of performance is available to the public in a "docket"
on file in Washington. D. C.

Comments from the public are evaluated, and the standard of performance

may be altered in response to the comments.
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The significant comments and EPAls position on the issues raised

are included in the "preamble" of a "promulgation package," which also

contains the draft of the final regulation. The regulation is then

subjected to another round of review and refinement until it is approved

by the EPA Administrator. After the Administrator signs the regulation,

it is published as a "final rule" in the Federal Register.

2.4 CONSIDERATION OF COSTS

Section 317 of the Act requires an economic impact assessment with

respect to any standard of performance established under Section 111

of the Act. The assessment is required to contain an analysis of

(1) the costs of compliance with the regulation, including the extent to

which the cost of compliance varies depending on the effective date of

the regulation and the development of less expensive or more efficient

methods of compliance, (2) the potential inflationary or recessionary

effects of the regulation, (3) the effects the regulation might have on

small business with respect to competition, (4) the effects of the

regulation on consumer costs, and (5) the effects ·of the regulation on

energy use. Section 317 also requires that the economic impact assessment

be as extensive as practicable.
The economic impact of a proposed standard upon'an industry is

usually addressed both in absolute terms and in terms of the control

costs that would be incurred as a result of compliance with typical,

existing State control regulations. An incremental approach is

necessary because both new and existing plants would be required to

comply with State regulations in the absence of a Federal standard of

performance. This approach requires a detailed analysis of the economic

impact from the cost differential that would exist between a proposed

standard of performance and the typical State standard.

Air pollutant emissions may cause water pollution problems, and

captured potential air pollutants may pose a solid waste disposal problem.

The total environmental impact of an emission source must, therefore, be
analyzed and the costs determined whenever possible.
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A thorough study of the profitability and price-setting mechanisms
of the industry is essential to the analysis so that an accurate estimate
of potential adverse economic impacts can be made for proposed standards.

It is also essential to know the capital requirements for pollution
control systems already placed on plants so that the additional capital
requirements necessitated by these Federal standards can be placed in
proper perspective. Finally, it is necessary to assess the availability
of capital to provide the additional control equipment needed to meet
the standards of performance.

2.5 CONSIDERATION OF ENVIRONMENTAL IMPACTS
Section 102(2}(C) of the National Environmental Policy Act (NEPA)

of 1969 requires Federal agencies to prepare detailed environmental
impact statements on proposals for legislation and other major Federal
actions significantly affecting the quality of the human environment.

The objective of NEPA is to build into the decision-making process of
Federal agencies a careful consideration of all environmental aspects of

proposed actions.
In a number of legal challenges to s.tandards of performance for

various industries, the United States Court of Appeals for the District
of Columbia Circuit has held that environmental impact statements need
not be prepared by the Agency for proposed actions under Section 111 of
the Clean Air Act. Essentially, the Court of Appeals has determined
that the best system of emission redlJCtion requires the Administrator to
take into account counter-productive environmental effects of a proposed
standard, as well as economic costs to the industry. On this basis,
therefore, the Court established a narrow exemption from NEPA for EPA

determination under Section 111.
In addition to these judicial determinations, the Energy Supply and

Environmental Coordination Act (ESECA) of 1974 (PL-93-319) specifically
exempted proposed actions under the Clean Air Act from NEPA requirements.

According to section 7(c}(l). "No action taken under the Clean Air Act
shall be deemed a major Federal action significantly affecting the
quality of the human environment within the meaning of the National
Environmental Policy Act of 1969." (15 U.S.c. 793(c)(l))
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Nevertheless, the Agency has concluded that the preparation of

environmental impact statements could have beneficial effects on certain

regulatory actions. Consequently, although not legally required to do

so by section 102(2)(C) of NEPA, EPA has adopted a policy requiring that
environmental impact statements be prepared for various regulatory

actions, including standards of performance developed under section 111

of the Act. This voluntary preparation of environmental impact state

ments, however, in no way legally subjects the Agency to NEPA requirements.

To implement this policy, a separate section in this document is
devoted solely to an analysis of the potential environmental impacts

associated with the proposed standards. Both adverse and beneficial

impacts in such areas as air and water pollution, increased solid waste
disposal, and increased energy consumption are discussed.

2.6 IMPACT ON EXISTING SOURCES
Section 111 of the Act defines a ne'll source as II ••• any stationary

source, the construction or modification of which is commenced II

after the proposed standards are puhlished. An existing source is
redefined as a new source if II modified ll or IIreconstructedll as defined in

amendments to the general provisions of Subpart A of 40 CFR Part 60,

which were promulgated in the Federal Reqister on December 16, 1975 (40

FR 58416).
Promulgation of a standard of performance requires States to

establish standards of performance for exist~ng sources in the same

industry under Section 111 (d) of the Act if the standard for new sources

limits emissions of a designated pollutant (i.e., a pollutant for which
air quality criteria have not been issued under Section 108 or which has

not been listed as a hazardous pollutant under Section 112). If a State
does not act, EPA must establish such standards. General provisions
outlining procedures for control of (~xisting sources under Section
lll(d) were promulgated on Novenlher 17, 1975, as Suhpart R of 40 CFR

Part (i0 (40 FR 53340).
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2.7 REVISION OF STANDARDS OF PERFORMANCE
Congress was aware that the level of air pollution control achievable

by any industry may improve with technological advances. Accordingly,
Section 111 of the Act provides that the Administrator "•.• shall, at
least every four years, review and, if appropriate, revise ••• " the
standards. Revisions are made to assure that the standards continue to
reflect the best systems that become available in the future. Such
revisions will not be retroactive, hut will apply to stationary sources
constructed or modified after the proposal of the revised standards.
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3. DESCRIPTION OF FUGITIVE EMISSION SOURCES

3.1 INTRODUCTION AND GENERAL INDUSTRY INFORMATION

3.1.1 Introduction

The primary purposes of this chapter are to define the synthetic

organic chemical manufacturing industry (SOCMI) and describe the potential

fugitive emission sources that are typically found in this industry. Where

possible, the leak rates of uncontrolled emissions from the various poten
tial fugitive emission sources are quantified. Industrial practices and

state or local regulations that currently reduce fugitive emissions from

the SOCMI are also briefly discussed in this chapter.

3.1.2 General Information

Organic chemicals are manufactured in a multi-leveled system of

chemical processes that is based on about ten feedstock chemicals which
are principally produced in petroleum refineries. These feedstocks then
proceed through one or more of the process levels and result in literally

thousands of intermediate or finished chemicQls (see Figure 3-1).
Generally, each process level contains more chemicals than the preceding
level; the plants manufacturing the products are smaller than the plants

supplying the feedstock; and the volatilities of the products are lower

than the volatilities of the feedstocks. Because of the number and

diverse nature of the organic chemicals included in the multi-leveled
system, the organic chemical industry must be divided into segments for

environmental study and regulation. The synthetic organic chemical

manufacturing industry (SOC~1I) is a readily recognizable segment consisting

of some of the higher volume intermediate and finished products. SOCMI

chemicals are the feedstocks for mat~ of the industries producing
synthetic products, such as plastics, fibers, dyes and synthetic rubber.

A list of the SOCMI chemicals is presented in Appendix F.
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Figure 3-1. General schematic of process levels that make up
the organic chemical industry,
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Although there are organic chen,ical manufacturing plants in most

industrialized areas of the country, about 60 percent of the SOCMI volume

is produced in Texas and Louisiana. Each plant site may manufacture from

one to several organic chemicals using one or more processes. Although

most processes result in one basic product, some produce a family of

chemicals. Conversely, many chemicals are produced by more than one
process. Yearly, production quantities at each plant can range from a

few million to several billion kilograms.

3.2 FUGITIVE EMISSION DEFINITION AND POTENTIAL SOURCE DESCRIPTION

3.2. 1 De fi nit ion
In this study, fugitive emissions in the SOCMI are considered to be

those volatile organic compound (VOC) emissions that result when process
fluid (either liquid or gaseous) leaks from plant equipment. Those VOC

emissions resulting from the transfer, storage, treatment, and/or disposal

of process wastes will be covered by other standards.
3.2.2 potential Source Characteriza~_and Description

There are many potential sources of fU9itive emissions in a typical
synthetic organic chemical plant. The following sources will be con

sidered in this chapter: pumps, compressors, in-line process valves,

pressure relief devices, open-ended valves, sampling connections, flanges,

agitators, and cooling towers. Fugi 1.ive emissions which result from
leaks in these types of equipment ar~ generally random occurences which
cannot be predicted. Leak occurence is independent of tpll1perature,

pressure, and other process variable'; but shows a correlation with vapor

pressure of the substance in the lin~. These potential sources are

described below.
3.2.2.1 Pumps. Pumps are used extensively in the SOCMI for the

movement of organic liquids. 1 The centrifugal pump is the most widely

used pump in the SOCMI; however, other types, such as the positive
diaphragm pumps, are also used in this industry. Chemicals transfered

by pumps can leak at the point of contact between the moving shaft and

stationary casing. Consequently, all pumps except the seal less type
(canned-motor and diaphragm) require a seal at the point where the shaft

penetrates the housing in order to isolate the pump's interior from the

atmosphere.
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Two generic types of seals, packed and mechanical, are currently in
use on pumps in the SOeMI. Packed seals can be used on both reciprocating

and rotary action types of pumps. As Figure 3-2 shows, a packed seal
consists of a cavity ("stuffing box") in the pump casing filled with

special packing material that is compressed with a packing gland to form
a seal around the shaft. Lubrication;s required to prevent the buildup

of frictional heat between the seal and shaft. The necessary lubrication
is provided by a lubricant that flows between the packing and the shaft. 2

Deterioration of the packing will result in process liquid leaks.

Almosphere
End '

Fi gure 3-2. 3Diagram of a simple packed seal.

Mechanical seals are limited in application to pumps with rotating
shafts and can be further categbrized as single and dual mechanical

seals. There are many variations to the basic design of mechanical
seals, but all have a lapped seal face between a stationary element and

a rotating seal ring. 4 In a single mechanical seal application (Figure 3-3),
the rotating-seal ring and stationary element faces are lapped to a

very high degree of flatness to maintain contact throughout their
entire mutual surface area. The faces are held together by a combination
of pressure supplied by a spring and the pump pressure transmitted
through the liquid which is being pumpect. An elastomer seals the rotating

face to t.he shaft. The stationary face is sealed to the stuffing box
with another elastomer or gasket.
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Fi gure 3- 3. Diagram of a basic single mechanical seal.
5

In a dual mechanical seal application, two seals are usually arranged
back-to-back or in tandem. In the back-to-back arrangement (Figure 3-4),
the two seals provide a closed cavity between them. A seal liquid, such
as water or seal oil, is circulated through the cavity. Because the

seal liquid surrounds the two seals, it can be used to control the
temperature in the stuffing box. In order for the seal to function, the

seal liquid must be at a pressure greater than the operating pressure of
the stuffing box. As a result, any leakage would be across the seal

faces. Liquid leaking across the inboard face would enter the stuffing
box and mix with the process liquid. Seal liquid going across the

outboard face would exit to the atmosphere. Therefore, the seal liquid
must be compatible with the process liquid as well as with the environment. 6

In a tandem dual mechanical seal arrangement (Figure 3-5), the
seals face the same direction. The secondary seal provides a backup for
the primary seal. The cavity between the two seals is filled with a
buffer liquid which may be used for temperature control in the stuffing
box. However, the barrier liquid may be at a pressure lower than that
in the stuffing box. Therefore, any leakage would be from the stuffing
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Figure 3-5. Diagram of a dual mec~anical seal
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box into ihe barrier liquid. Since this liquid is routed to a cl,osed

reservoir, process liquid that has leaked into the seal cavity will also
be transferred to the reservoir. At the reservoir, the process liquid
could vaporize and be emitted to the atmosphere. To ensure that vac's
do not leak from the reservoir, the reservoir can be vented to a control

device. 9

Another arr.angement of dual seals which represents a relatively

new development is the face-to-face arrangement. In this configuration
two rotating faces are mated with a common stationary. Barrier fluid
may be provided at higher or lower pressures than the stuffing box. As
in the tandem arrangement, if the barrier fluid is at a lower pressure
than the stuffing box, the barrier fluid reservoir would require venting
to a control device.

Another type of pump that has been used in the chemical industry is
the seal less pump. Canned-motor and diaphragm pumps are seal less pumps.
In the canned-motor pumps the cavity housing the motor rotor and the
pump casing are interconnected. As a result, the motor bearings run in
the process liquid and all seals are eliminated. Because the process
liquid is the bearing lubricant, abrasive solids cannot be tolerated.
Canned-motor pumps are being widely used for handling organic solvents,
~rganic heat transfer liquids, light oils, as well as many toxic or
hazardous liquids, or where leakage is an economic problem. 10

Diaphragm pumps (see Figure 3-6) perform similarlyoto piston and
plunger pumps. However, the driving member is a flexible diaphragm
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/

";;,;CHARGE
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Figure 3-11. Diaphragm Pumpl~
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fabricated of meta·1, rubber, or plastic. The primary advantage of this

arrangement is the elimination of all packing and seals exposed to the
process liquid. This is an important asset when hazardous or toxic
liquids are handled. 11

3.2.2.2 Compressors. Gas compressors used in the SOeMI are similar
to pumps in that they can be driven by rotary or reciprocating shafts.
They are also similar to pumps in their need for shaft seals to isolate

the process gas from the atmosphere. As with pumps, these seals are likely
to be the source of fugitive emissions from compressors.

Shaft seals for compressors may be chosen from several different
types: labyrinth, restrictive carbon rings, mechanical contact, and

liquid film. All of these seal types are leak restriction devices; none
of them completely e1iminatesleakage. Many compressors may be equipped
with ports in the seal area to evacuate gases collecting there.

The labyrinth type of compressor seal is composed of a series of
close tolerance, interlocking "teeth" which restrict the flow of gas along
the shaft. A straight pass labyrinth compressor seal is shown in Figure 3-7.
Many variations in "tooth" design and materials of construction are
available. Although labyrinth type seals have the largest leak potential

of the different types, properly applied variations in "tooth" configuration
and shape can reduce leakage by up to 40 percent over a straight pass type
1abyrinth. 13

RestrictiveO carbon ring seals consist of multiple stationary carbon
rings with close shaft clearances. This type of seal may be operated dry
with a sealing fluid or with a buffer gas. Restrictive ring seals can

achieve lower leak rates than the labyrinth type. 14 A restrictive ring
seal is shown in Figure 3-8.

Mechanical contact seals (shown in Figure 3-9) are similar to the
mechanical seals described for pumps. In this type of seal clearance
between the rotating and stationary elements is reduced to essentially zero.
Oil or another suitable lubricant is supplied to the seal faces. Mechanical
contact seals can achieve the lowest leak rates of the types described
here, but they are not suitable for all processing conditions. 15

Centrifugal compressors also can be equipped with liquid film seals.
A diagram of a liquid film seal is shown in Figure 3-10. The seal is

formed by a film of oil between the rotating shaft and stationary gland.
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Figure 3-8. Restrictive ring compressor seal.*

*American Petroleum Institute. Centrifugal Compressors for Refinery Service,
API Standard 617, 4th ed., pp. 8-9. Reprinted by Courtesy of the American
Petroleum Institute.
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*American Petroleum Institute. Centri fuga'l Compressors for Refinery Service,
API Standard 617, 4th ed., pp. 8-9. Ileprinted by Courtesy of the American
Petroleum Institute.
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When the circulating oil is return~d to the oil reservoir, process gas can

be released to the atmosphere. 16 fo eliminate release of voe emissions

from the seal oil system, the reservoir can be vented to a control device.

3.2.2.3 Process Valves. One of the most common pieces of equipment

in organic chemical plants is the valve. The types of valves commonly
used are control, globe, gate, plug, ball, relief, and check valves. All

except the relief valve (to be discussed further below) and check valve

are activated by a valve stem, which may have either a rotational or

linear motion, depending on the specific design. This stem requires a

seal to isolate the process fluid inside the valve from the atmospbere as
illustrated by the diagram of a gate valve in Figure 3-11. The possibility
of a leak through this seal makes it a potential source of fugitive
emissions. Since a check valve ha~ no stem or subsequent packing gland,

it is not considered to be a potenLial source of fugitive emissions.

Sealing of the stem to prevent leakage can be achieved by packing
inside a packing gland or O-ring seals. Valves that require the stem to
move in and out with or without rotation must utilize a packing gland.

Conventional packing glands are suited for a wide variety of packing

material; th.e most common are various types of braided asbestos that
contain lubricants. Other packing materials include graphite, graphite
impregnated fibers, and tetrafluorethylene; the packing material used

depends on the valve application and configuration.I7 These conventional
packing glands can be used over a wide range of operating temperatures.

At high pressures these glands must be quite tight to attain a good seal.18

Figure 3-11.. Diagram of a gate valve.19



Elastomeric O-rings are also used for sealing process valves. Jhese
O-rings provide good sealing but are not suitable where there is sliding
motion through the packing gland. Those seals are rarely used in high
pressure service and operating temperatures are limited by the seal

.20materlal.
----Sellows- seals are more effective for preventing orocess fluid leaks

than the conventional packing gland or any other gland-seal arrangement. 21

This type of seal incorporates a formed metal bellows that makes a barrier

.between the disc and body bonnet joint. An example of this seal is
presented in Figure 3-12. The bellows is the weak point of the system
and service life can be quite variable. Consequently, this type of seal
is normally backed up with a conventional packing gland and is often fitted
with a leak detector in,case of failure. 22

Figure 3-12; Examplr of bellows seals. 23

A diaphragm may be used to isolate the working parts of the valve and
the environment from the process liquid. Two types of valves which utilize

diaphragms are illustrated in Figures 3-11(a) and (b). As Fiqure 3-11(b)
shows, the diaphragm may also be used to control the flow of the process

fluid. In this design, a compressor component pushes the diaphragm toward
the valve bottom, throttling the flow. The diaphragm and compressor are
connected in a manner so that it is impossible for them to be separated
under normal working conditions. When the diaphragm reaches the valve
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bottom, it 'seats firmly aqainst the bottom, forminq a leak~proof seal.

This configuration is recommended for fluids containinq solid particles
and for medium-pressure service. Depending on the diaphraqm material,

this type of valve can be used at temperatures up to 205°C and in severe

acid solutions. If failure of the seal occurs. a valve employinq a dia
phragm seal can become a source of fugitive emissions. 24

STEM

rDIAPHRAGM

DIAPHRAGM

/0 1171 I

Figure 3-13. Diagrams of valves with diaphragm seals. 25

3.2.2.4 Pressyre Relief Devic~~. Engineering codes require that
pressure-relieving devices or systems be used in applications where the

process pressure may exceed the maximum allowable working pressure of the

vessel. The most common type of pressure-relieving device used in the
SOCMI is the pressure relief valve (Figure 3-14). Typically. relief valves

are spring-loaded and designed to open when the process pressure exceeds a
set pressure. allowing the release of vapors or liquids until the system
pressure is reduced to its normal opprating level. When the normal
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pressure is re-attained, the valve reseats, and a seal is again formed~6

The seal is a disk on a seat, and the possibility of a leak through this

seal makes the pressure relief valve a potential source of VOC fugitive
emissions. Two potential causes of leakage from relief valves are:

"simmering or popping", a condition due to the system pressure being

close to the set pressure of the valve, and improper reseating of the
valve after a relieving operation. 27

Rupture disks are also common in the SOCMI. These disks are made of

a material that ruptures when a set pressure is exceeded, thus allowing

the system to depressurize. The advantage of a rupture disk is that the
disk seals tightly and does not allow any VOC's to escape from the system

under normal operation. However, when the disk does rupture, the system
. depressurizes until atmospheric conditions are obtained; this could result

in an excessive loss of product or correspondingly an excessive release

of fugitive emissions.

Possible
Leak
Area

Process Side

Figure 3-14. Diagram of a sprin!]-loaded relief valve.
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3.2.2.5 Cooling Towers. Cooling towers are found in most SOCMI

plants. The purpose of these towers is to cool the plant's process cooling

waters which have been heated while removing heat from various process

equipment (reactors, condensers, heat exchangers). This cooling process

is achieved by evaporation when the process cooling water and air are

contacted. Under normal operating conditions, a cooling tower would not

be considered a fugitive emission source. However, if a leak occurs in

the process equipment and if this equipment is operating at a pressure

greater than that of the cooling water, organic chemicals can leak into the

water. When the process water is recirculated to the cooling tower, these

chemicals can be released to the atmosphere •.28

3.2.2.6 Agitators. Agitators are commonly used in the SOCMI to

stir or blend chemicals. Like pumps and compressors, agitators may

leak organic chemicals at the point where the shaft penetrates the casing.

Consequently, seals are required to minimize fugitive emissions from

agitators. Four seal arrangements are commonly used with a9itators; they

include: compression packing (packed seal), mechanical seals, hydraulic

seals, and lip seals. 29 Packed seals for agitators are very similar in

design and application to the packed seals for pumps (Section 3.2.2.1).

Although mechanical seals are more costly than the other three seal

arrangements, they offer a greatly reduced leakage rate to offset their

higher cost. The maintenance frequency of mechanical seals is, also, one

half to one-fourth that of packed seals. 3C In fact, at pressures greater
than 1140 kPa (150 psig), the leakaye rate and maintenance frequency are

so superior that the use of packed seals on agitators is rare.31 Ps with

packed seals, the mechanical seals for agitators are similar to the design

and application of mechanical seals for pumps (Section 3.2.2.1).
The hydraulic seal (Figure 3-1')) is the simplest and least used

agitator shaft-seal. In this type of seal, an annular cup attached to the

process vessel contains a liquid th~t is in contact with an inverted cup
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attached to the rotating agitator shaft. The primary advantage of this

seal is that it is a non-contact seal. However, this seal is limited to

low temperatures and pressures and can only handle very small pressure

fluctuations. Organic chemicals may contaminate the seal liquid and then
be released into the atmosphere as fugitive emissions.J2

INVERTED CUP

ANNULARCUP

70·1772·'

Figure 3-15. Diagram of hydraulic seal for agitators.33

A lip seal (Figure 3-16) can be used on a top-entering agitator as a

dust or vapor seal. The sealing element is a spring-loaded elastomer.

Lip seals are relatively inexpensive and easy to install. Once the seal
has been installed the agitator shaft rotates in continuous contact with

the lip seal. Pressure limits of the seal are 2 to 3 psi because it
orerates without 1ubrication. Operatinfj temperatures nre 1imitec1 by the
characteristics of the elastomer. Fugitive VOC emissions could be
released through this seal when this seal wears excessively or the

operating pressure surpasses the pressure limits of the seal. 34

'r1j-;7TJ·l

Figure 3-16. Diagram of agitator lip seal. 35
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3.2.2.7 Open-Ended Valves or Line',. Some valves are installed in a

system so that they function with the downstream line open to the atmos

phere. Examples are purge valves, drain valves, and vent valves. A

faulty valve seat, or incompletely closed valve would result in leakage

through the valve and fugitive VOC emissions to the atmosphere.

3.2.2.8 Sampling Connections. The operation of a process unit is

checked periodically by routine analyses of feedstocks and products. To

obtain representative samples for these analy~es, sampling lines must

first be purged prior to sampling. The purged liquid or vapor is

sometimes drained onto the ground or into a sewer drain, where it can

evaporate and release VOC emissions to the atmosphere.
3.2.2.9 Flanges. Flanges are bolted, gasket-sealed junctions used

wherever pipe or other equipment such as vessels, pumps, valves, and heat

exchangers may require isolation or removal. Normally, flanges are
employed for pipe diameters of 50 mm or greater and are classified by

pressure and face type.
---- --"Flanges may become fugitive emission sources when leakage occurs due

to improperly chosen gaskets or a poorly assembled flange. The primary
cause of flange leakage is due to thermal stress that piping or flanges in

some services undergo; this results in the deformation of the seal between
the fl ange faces. 36

3.3 BASELINE CONTROL
There are presently no federal regulations that specifically reduce

emissions from synthetic organic chemical manufacturing plants. However,
some fugitive emission reduction is achieved by operating practices

currently followed by industry and applicable state or local regulations.

Because these practices and regulations only "incidentally" control

fugitive emissions, they are considered, in this study, to be the baseline

control level. The procedures, specific control techniques, and regula

tions that makeup the baseline control level are discussed below.
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Fugitive emissions occurring under the baseline control level are

subsequently considered in this report to be uncontrolled emissions. Data
characterizing the uncontrolled levels of fugitive emissions in the SOCMI

are presently unavailable. However, data of this type have been obtained
for the refining industry. These data are presented in Table 3-1.

Because the operation of the various process equipment in the SOCMI is not

expected to differ greatly from the operation of the same equipment in
the refining industry, it is felt that the refinery fugitive emission data
can be used to approximate the levels of fugitive emissions in SOCMI. Test

data in Appendix C.1 indicate that this engineering judgement is reasonable.

These data show that leak rates and leak frequencies within SaCMI and
petroleum refineries are similar.
3.3.1 Industrial Practices

The organic chemical industry has been primarily interested in leaks

that are large enough to be physically evident (leaks that can be seen,
heard, or smelled); such leaks are termed "easily detectable leaks" and
are normally repaired to minimize the loss of product. Fugitive emissions,

as they are considered in this report, have considerably smaller emission
rates than "easi 1y detectable leaks." In the past, SOCr~I generally has

not monitored equipment for fugitive emissions nor repaired equipment
on the basis of reducing the level of fugitive emissions. Processes
which have emitted toxic or hazardous compounds have been exceptions to

this rule.
While SaCMI has been concerned primarily with easily detectable

leaks, certain equipment and procedures used in many organic chemical
plants may help to reduce fugitive vac emissions. For instance, some

plants cap-off or use double block valves on the end of process lines.
Either of these procedures will reduce fugitive emissions. In some plants
relief valves are checked to see if the valve has reseated properly after
relievinq.27 As previously mentioned, an improperly seated relief valve

may allow fuqitive vac emissions to occur. Rupture discs, which are
cOlllmonly used in the SOCMI, also prev('nt fugitive VOC emissions. Some
organic chemical plants employ closed-loop sampling which help to reduce
fugitive emissions.
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TABLE 3-1. UNCONTROLLED f ll{;rnVf-~ II:,ISS!,JN I'/\UOf{S IN IIIE SYNIIII, I Ie
ORGANI C CHEMI CAL H/\r~UI f\{ : lll{l 'JG uwu~, i I\Y (SOG1J)

=...-=-:.=:.=--=-----=-..;,.:.;."=_:..-=:--=--=._-=-==-.=.= =- - . - '::.::=-.= = . =-- ~-:. -= =-= - --

Fugitive emission source
Pumps

Light liquids b
With packed seals
With single mechanical seals
With double mechanical seals
Hith no seals

Heavy LiquidS d
With packed seals
With single mechanical seals
With double mechanical seals
With no seals

Valves (in-line)

Gas
Light 1iquid~
Heavy liquid

Safety/relief valves

Gas
Light 1iqUid~
Heavy liquid

Open-ended valves

Gas
Light 1iqUid~
Heavy liquid

Fl anges
Sampling connections
Compressors
Cooling towers
Agitators

Uncontrolled emission
factor ,a l.9.{hr

0.12
0.12
0.l2c
0.0

0.020
0.020c0.020
0.0

0.021
0.010
0.0003

0.16
0.006
0.009

0.025
0.014
0.003

0.0003
0.015
0.44
l3.6-l107 e

NAf

aThese uncontrolled emission levels are based upon the refinery data presented
in reference 38.

blight liquid is defined as a fluid with vapor pressure greater than 0.3 kPa
at 20°C. This vapor pressure represents the split between kerosene and naphtha
and is based on data presented in reference 39. The average vapor pressure of "
liquids falling between these two components is approximately 0.04 psi at 68°F.

cAssumes the inner seal leaks at the same rate as single seal and that the VOC
is emitted from the seal oil degassing vent.

dHeavy liquid is defined as a fluid with vapor pressure less than 0.3 kPa at
20°C. This vapor pressure represents the split between kerosene and naphtha
and is based on data presented in reference 40. The ~verage vapor pressure of
liquids falling between these two components is appruximately 0.04 psi at 68°F.

eThese 1eve1§ are based on coo1in9 tower circulation rates that range from
0.05-3.66 m /sec (714-58,000 GPM). Ref. 41.

f NA = no data available.
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The flaring of vapors vented f~om various vessels or equipment is

another technique which is used by some plants (particularly those producing

toxic or hazardous chemicals) to reduce fugitive emissions.

3.3.2 Existing Regulations
There are, presently, two types of regulations that impact fugitive

VOC emissions from organic chemical plants. The first type is to regulate

industrial operating practices on the basis of worker health and safety.

Because some aspects of these regulations deal with worker exposure to

process emissions, they may have some impact on fugitive VOC emissions.

The second type of regulations is r~gulations that were specifically de

veloped to limit fugitive emissions.
3.3.2.1 Health and Safety Regulations. Several regulations have

been established under the directio~ of the Occupational Safety and Health

Administration and National Institute for Occupational Safety and Hea1th

to limit worker exposure to chemical sut'stances. Protecting the workers
may be accomplished by either limiting the level of emissions or by

providing workers with protection from the emissions. In this way,

regulations may result in a reduction in the levels of fugitive VOC

emissions.
In the vinyl chloride monomer and benzene industries. safety

and health regulations are designed to 1imit thE' ambient VOC levels

to which workers ",oy be exposed. S inCl:' t.hl'se '~tanddr'(j<, do not stipuldte

how the allowable ambient leveh shl'uld be dchieved, workers Ciln be

protected from high ambient VOC levl'ls by: J) a reduction in the fugitive
VOC emissions or 2) the use of special equipment (such as personal

respirators) to isolate the worker from the emissions. This example

illustrates that the present health and safety regulations do not ~. ... . . . . ..

mandate.a reduction in fugitive VOC emissions, and any reduction in
,fugi,tive emissions' resulting from:these requlations can be considered

to be "incident~l". ~.Y contrast, ~ugitiveemission regulations do
require the fugitive emissions to b0 reduced.
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3.3.2.2 Fugitive Emissions Regulations. Currently, there are no
federal fugitive emission regulations for the SOCMI. However, California
has established such regulations, and organic chemical plants in this
state must comply with the approoriate regulations.

California presently requires open-ended process lines to be capped-off

in order to minimize fugitive vac emissions. This state also requires

relief valves to be vented to a flare system, monitored and maintained. or
a rupture disk to be used. In addition to these regulations, the South
Coast Air Quality Management District requires organic chemical plants

to vent fugitive emissions from compressor seals to a fired-heater or
flare system. The South Coast and Bay Area AQMD also require periodic
inspection of valves in the chemical and refining industries.
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4. EMISSION CONTROL TECHNIQUES

Sources of fugitive VOC emissions from SOCMI plants were identified
in Chapter 3 of this document. The potential emission control techniques

that can be applied to SOCMI fugitive emission sources are discussed in

this chapter. The applicability and estimated control effectiveness of
each technique are also presented. The quantitative control effective
ness for many of the control techniques is not known. Qualitative

discussions of effectiveness and references to technology transfer from

~imilar industries are presented wherever applicable.

4.1 LEAK DETECTION AND REPAIR METHODS

Leak detection and repair methods can be applied in order to reduce

fugitive emissions from any source. Leak detection methods are used to

identify equipment components that are emitting significant amounts of

VOC. Emissions from leaking sources may be reduced by three general
methods: repair, modification, or replacement of the source.

4.1.1 Leak Detection Methods
Leak detection methods include individual component sllrveys, ilrea

(walk-through) surveys, and fixed point lIlonitors. The first method

(individual component surveys) is also a part of the other methods.

4.1.1.1 Individual ComponenL Survey. Each fugitive emission source
(pump, valve, compressor, etc.) is checked for VOC leakage in an individ

ual component survey. The source may be checked for leakage by visual,

audible, olfactory, soap bubble, or instrument techniques. Visual methods
are good for locating liquid leaks, especially pump seal failures.

Observation of a visible leak does not necessarily indicate VOC emissions,

since the leak may be composed of non-VOC compounds. High pressure leaks
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may be detected by hearing the escaping vapors, and leaks of odorous
materials may be detected by smelling the odor. Current industry

practices include leak detection by visual, audible, and olfactory

methods. However. in many instances, even very large voe leaks are not

detected by these methods.·
Spraying soap on equipment components is another individual survey

method. If the soap solution foms bubbles or is blown away, a leak from

the component is indicated. A disadvantage of this method is that it does

not distinguish leaks of non-VDe compounds from vec leaks. Consequently,

air or steam leaks would produce the same observed effect as vec leaks.

This method is only semiquantitative since it requires that the observer

subjectively determine the rate of leakage based on behavior of the soap
bubbles. This method is limited to "cool II sources, since temperatures

above lOOoe would cause the water in the soap solution to boil away. This

method is also not suited for moving shafts on pumps or compressors, since

the motion of the shaft may interfere with the motion of the bubbles caused

by a leak.
Portable hydrocarbon detection instruments are the best method for

identifying leaks of vee from equipment components. The instrument is

used to sample and analyze the air in close proximity to the potential
leak surface by traversing the sampling probe tip over the entire area

where leaks may occur. This sampling traverse is called "monitoring" in
subsequent descriptions. The hydrocarbon concentration of the sampled air

is displayed on the instrument meter. The performance criteria for moni
toring instruments and a description of instrument survey methods are

included in Appendix D. The hydrocarbon concentration observed during

monitoring of a component is proportional to the VOC emission rate Trom

the component. Data from petroleum refineries have been used to develop
relationships between monitoring concentration and mass emission rates.

The hydrocarbon concentration which indicates that a component needs mainte

nance must be chosen. Components which have indicated concentrations
higher than this "action level" at'e marked for repair. Data from
lJetroleulll refineries indicate thaL lill'ye vell'idtions in nJass elllission rGtE;
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may occur over short time periods for an individual equipment component.

More frequent monitoring intervals tend to reduce the chance of missing

"large leaks" because of their variable leak rates.
4.1.1.2 Area Survey. An area survey (also known as a walk-through

survey) requires the use of a portable hydrocarbon detector and a strip
chart recorder. The procedure involves carrying 'the instrument within one

meter of the upwind and downwind sides of process equipment and associated
fugitive emission sources. An increase in observed concentration indi

cates leaking,fugitive emission sources. The instrument is then used for
an individual component survey in the suspected leak area. The efficiency

of this method for locating leaks is not well established. It has been

estimated that the walk-through survey combined with selected individual

surveys will detect about 50 percent of the number of leaks identified in a
complete individual survey. 1 The time and labor requirements for the

walk-thfough are much lower. This method will not detect leaks from

sources such as elevated valves or relief valves. Leaks from adjacent

un i ts and adverse meteorol ogi ca1 conditi ons can affect the resul ts of the
walk-through survey. ConsequentJy, the walk-through survey is best for

locating only, large leaks with a small resource expenditure.

4.1.1.3 Fixed Point Monitors. This method consists of placing

several automatic hydrocarbon sampling and analysis instruments at

various locations in the process unit. The instruments maY sample the
ambient air intermittently or continuously. Elevated hydrocarbon concen
trations indicate a leaking component. As in the walk-through method, an

individual component survey is required to identify the specific leaking

component in the area. For this method, the portable hydrocarbon detec

tor is also required. Leaks from adjacent units and meteorological

conditions may affect the results obtained. fhe ~fficiency of this
method is not well established, but it has been estimated that 33 percent
of the number of leaks'identified by a complete individual component

survey could be located by fixed-point monitors. 2 Fixed-point monitors
are more expensive, multiple units may be required, and the portable

instrument is also required to locate the specific leaking component.
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Calibration and maintenance costs may be higher. Fixed-point monitors have

been used to detect emissions of hazardous or toxic substances (such as vinyl

chloride) as well as potentially explosive conditions. Fixed-point monitors

have an advantage in these cases, since a particular compound can be Jelected

as the sampling criterion.
4.1.2 Repair Methods

The following descriptions of repair methods include only those
features of each fugitive emission source (pump, valve, etc.) which need

to be considered in assessing the applicability and effectiveness of each

method. They are not intended to be complete repair procedures. The

effectiveness of repairs in reducing fugitive emissions has not been

well documented; however, data for valve repairs have been collected in

various petroleum refineries. In many cases, perfect repair will not be

achieved, but whenever repairs are performed, the portable hydrocarbon
detector should be used to identify the lowest achievable emission rate.

4.1.2.1 ~. Many pumps have spares which can be operated while

the leaking pump is being repaired. Leaks from packed seals may be reduced

by tightening the packing gland. At some point, the packing may deteriorate

to the point where further tightening would have no effect or possibly even

increase fugitive emissions from the seal. The packing can be replaced with
the pump out of service. When mechanical seals are ut.ilized, the pump must

be dismantled so the leakin f ] seal can be repaired or t'erllilced. lJismantlinq
pumps, if the seal leak is small, may result in s~illa~e of some process

fluid and evaporative emissions of VOC. These temporary emissions may be
greater than the continued leak from the seal.

4.1.2.2 Compressors. Leaks from packed seals may be reduced by the

same repair procedure that was described for pumps. Other types of seals

require that the compressor be out of service for repair. Since most compressors

do not have spares, repair or replacement of the seal would require a shut-
down of the process. If the leak is small, temporary emissions resulting
from a shutdown may be greater than the emissions from the leaking seal.
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- -------------------4-:1.2.3 Relief Valves. In general, relief valves which leak must

be removed in order to repair the leak. In some cases of improper reseat

ing, manual release of the valve may improve the seat seal. In order to
remove the relief valve without shutting down the process, a block valve may

be required upstream of the relief valve. A spare relief valve shoula be

attached while the faulty valve is repaired and tested. After a relief
valve has been repaired and replaced, there is no guarantee that the

next over-pressure relief will not result in another leak.

4.1.2.4 Valves. Most valves have a packing gland which can be

tightened while in service. Although this procedure should decrease the
emissions from the valve, in some cases it may actually increase the
emission rate if the packing is old and brittle or has been overtightened.
Plug type valves can be lubricated with grease to reduce emissions around
the plug. Some types of valves have no means of in-service repair and
must be isolated from the process and removed for repair or replacement.
Other valves, such as control valves, may be excluded from in-service
repair by operating or safety procedures. In many cases, valves cannot

be isolated from the process for removal. Most control valves have a

manual bypass loop which allows them to be isolated and removed. Most

block valves cannot be isolated easily although temporary changes in

process operation may allow isolation in some cases. If a process unit

must be shut down in order to isolate a leaking valve, the emissions

resulting from the shutdown will probably be greater than the emissions

from the valve if allowed to leak until the next process change which
permits isolation for repair.

Depending on site specific factors, it may be possible to repair process

valves by injection of a sealing fluid into the source. This type of repair

may affect the operability of the valve so that replacement of the source
might be necessary within a short tillle after its repair. Injection of

sealing fluid has been successfully used to repair leaks from valves in

petroleum refineries in California. 3
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4.1.2.5 Flanges. In some cases, leaks from flanges can be reduced

by replacing the flange gaskets. Most flanges cannot be isolated to

permit replacement of the gasket. Data from petroleum refineries show
that flanges emit very small amounts of VOC. 4"

- ---- --------

4.1.3 Control Effectiveness of Leak Detection and Repair Methods

The instrument survey of individual components is the only type of leak

detection method for which control effectiveness has been quantified.

The following estimations of control effectiveness do not pertain to the

soap bubble leak detection method, area surveys, or f-ixed-point monitoring
methods.

There are several factors which determine the control effectiveness of

individual component surveys; these include

Action lev~l or leak definition,

Inspection interval or monitoring frequency,

Achievable emission reduction of maintenance, and

Interval between detection and repair of the leak.

Some of these factors can be estimated by using data collected from

petroleum refineries. 5

4.1.3.1 Action Level. The action level is the minimum hydrocarbon

concentration observed during monitoring which defines a leaking component

which requires repair. The choice of the action level for defining a
leak is influenced by a number of important considerations. First, the

percent of total mass emissions which can potentially be controlled by

the monitoring and repair program can be affected by varying the leak

definition, or action level. Table 4-1 gives the percent of total mass

emissions affected by various action levels for a number of equipment

types. The data in this table, indicdte that, in general, a low action

level results in larger potential emi~sion reductions. However, the

choice of an appropriate leak definition i<; 11I0St importantly limited by

the ability to repair leaking component';. Test data indicate that about
90 percent of valve leaks with initial scrp.ening values equal to or greater

than 10,000 ppmv can be successfully repaired (see Appendix C). Similar

data indicate that attempted repair of valve leaks with initial screening
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TABLE 4-1. FRACTION OF TOTAL MASS EMISSIONS FROM VARIOUS SOU§CE TYPES
THAT WOULD BE AFFECTED BY DIFFERENT ACTION LEVELS

b Fraction of mass emissions (as %)
Action 1eve1 (ppmv) 100,000 50,000 10,000 1,000

Source type

Pump seals
Light liquid service 56 68 87 97
Heavy liquid service a a 21 66

In-line valves
Vapor servi ce 85 92 98 99
Light liquid service 49 62 84 96
Heavy liquid service 0 a a 23

Safety/relief valves 20 33 69 92

Compressor seals 28 48 84 98

Flanges a a a 48

aThese data show the fraction of the total emissions from a given
type thpt is attributable to sourceswithleaks above the various
levels.6

bLevel of emission at which repair of the source is required.
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values of less than 10,000 ppmv can increase instead of decrease emissions
from these valves. From these data it is concluded that repairing leaks

with screening values in the 1,000-10,000 ppmv range may not result in a
net reduction in mass emissions. 7 The nature of repair techniques for
pipeline valves, for instance, are such that to repair 1eaks below

a certain level by tightening valve packinq may actually result in an
increase in emissions. In practice, valve packing material becomes hard

and brittle after extended use. As the packing loses its resiliency, the
valve packing gland must be tightened to prevent loss of product to the

atmosphere. Excessive tightening, however, may cause cracks in the packing,
thereby increasing the leak rate. Unbalanced tightening of the packing gland

may also cause the packing material to be positioned improperly in the valve
and allow leakage. Valves which are not often used can build up a "static"

seal of paint or hardened lubricant which could be broken by tightening

the packing gland. Therefore, it may be important not to cause small

leaks to become large leaks by requiring tightening of valves to meet a
very low leak repair action level.

4.1.3.2 Inspection Interval. A monitoring plan may include annual,
quarterly, monthly, or even weekly inspections. The length of time
between inspections should depend on the expected occurrence and

recurrence of leaks after a piece of equipment has been checked or

repaired. This interval can be related to the type of equipment and
service conditions, and different intervals can be specified for different
pieces of equipment after appropriate equipment histories have been
developed. In the refinery vac leak Control Techniques Guideline (CTG)
document,S the recommended monitoring intervals are~ annual--pump seals,
pipeline valves in liquid service, and process drains; quarterly-

compressor seals, pipeline valves in gas service, and pressure relief
valves in gas service; weekly--visual inspection of pump seals; and no
individual monitoring--pipeline flanges and other connections, and
pressure relief valves in liquid service. The choice of the interval
affects the emission reduction achievable since more frequent inspection
will result in leaking sources being found and fixed sooner. In order
to evaluate the effectiveness of diffel'ent inspection intervals, it is
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necessary to estimate the rate at which new leaks will occur and repaired
leaks will recur. The estimates which have been used to evaluate yearly,
quarterly, and monthly inspections are shown in Table 4-2.

4.1.3.3 Allowable Interval Before Repair. If a leak is detected,
the equipment sho~ld be repaired within a certain time period. The
allowable repair time should reflect an interest in eliminating a source
of VOC emissions but should also allow the plant operator sufficient time

. to obtain necessary repair parts and maintain some degree of flexibility
in overall plant maintenance scheduling. The determination of this
allowable repair time will affect emission reductions by influencing the
length of time that leaking sources are allowed to continue to emit
po 11 utants. Some ·ofthe components wi th concentrat ions in excess of the
leak definition action level may not be able to be repaired until the
next scheduled unit shutdown, e.g., a unit turnaround.

. The effecis of different allowable repair intervals are shown in

Table 4-3. The:percentages shown in the table are the percent of emis
sions from the component which would be affected by the repair if all other
contributing factors were 100 percent efficient. The emissions which occur
between the time the leak is detected and repair is attempted are increased
wi.th increasing allowable repair intervals.

4.1.3.4 Achievable Emission Reductio~. Repair of leaking components
will not always result in complete emission reduction. The repair of
components which have initial monitoring levels below 1,000 ppm has not
been adequately demonstrated. Repair of those components with low initial
leak rates may actually result in an emission rate increase. However, in
order to estimate repair effectiveness, it was assumed that emissions could
be reduced to a level of 1,000 ppm. The average emission rates of components
above 10,000 ppm and at 1,000 ppm are shown in Table 4-4.

4.1.3.5 Development of Controlled Emission Factors. The uncon
trolled emission levels for the emission sources that are typically found
in the model plants were previously presented in Chapter 3 (Table 3-1).

I
Controlled vec emission levels can be calculated by a "controlled emission"
factor. This factor can be developed for each type of emission source by
using the general expression:
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TABLE 4-2. ESTIMATED OCCURRENCE AND RECURRENCE RATEOF LEAKS FOR VARIOUS MONITORING INTERVALS

Estimated percent of Estimated percent of
Estimated percent initial leaks which sources which are
of sources leaking are found leaking at found leaking at

at above 10,000 ppm subsequent inspections b subsequent inspections c
Source type initiallya Annual Quarterly Monthly Annual Quarterly Monthlt-

Pump seals
Light liquid service 23 20 10 5 4.6 2.3 1.2

Heavy liquid service 2 20 10 5 0.4 0.2 0.1

-I'>
In-line valves

I
-' Vapor service 10 20 10 5 2.0 1.0 0.5C>

Light liquid service 12 20 10 5 2.4 / 1.2 0.6

Heavy liquid service 0 20 10 5 0.0 0.0 0.0

Safety/relief valves 8 20 10 5 1.6 0.8 0.4

~ompressor seals 33 20 10 5 . 6.3 3.3 . 1. 7

Flanges 0 20 10 5 0.0 0.0 0.0

~Approximate fraction of sources having leaks equal to or greater than lO~OOO ppm prior to repair?" .,
Approximate fraction of leaking sources that were repaired but found to leak during subsequent
inspections. These approximations are based on engineering judgment.

cApproximate fraction of sources that were repaired but found to leak during a subsequent inspection.
These approximations are the product of the information_ presented in footnotes a and b.
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TABLE 4-3. MAXIMUM POTENTIAL CONFOL EFFICIENCY AS A FUNCTION OF REPAIR
INTERVAL ASSUMING 100 PERCENT EFFICIENCY FOR OTHER FACTORSa

A11 owab1e repa i r i nterva1 (days) 30 15 5 1

Percent of emissions affected 95.9 97.9 99.3 99.9

aAssumes that efficiencies of all other control factors (action level,
achievable emission reduction, monitoring fr~quency) are 100 percent.

TABLE 4-4. AVERAGE EMISSION RATES FROM SOURCE10ABOVE 10,000 PPMV AND AT 1000 PPMV

(Y)
Emission rate

from sources above
10,000 ppmva

Source type (kg/hr)

(X. )
Emission rate

from sources bat
1000 ppmv

(kg/hr)

(y y X)( 100)

Percentage
reduction

Pump seal s
Light liquid service 0.45
Heavy liquid service 0.21

0.035
0.035

92.0
83.0

0.001 99.5
0.004 94.0
0.004 20.0

0.035 97.5

0.035 97.0

0.002 33.0

within a source ty~,_ havi ng

0.003

1.4

1.1

Flanges

In-line valves
Vapor service 0.21
Light liquid service 0.07
Heavy liquid service 0.005

aAverage emission rate of all sources,
screening values above 10,000 ppmv.

bEmission rate of all sources, within a source type, havina screening
values of 1000 ppmv.

Compressor seals

Safety/rel ief val ves
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Controlled emission factor'" Uncontrolled factor - uncontrolled
factor x emission reduction efficiency

The reduction efficiency can be developed by the following expression and

correction factors:
Reduction efficiency'" A x B x C x 011

Where:
A '" Theoretical Maximum Control Efficiency'" fraction of total mass

emissions for each source type with VOC concentrations greater

than the action level (Tabl e 4-1, Fi gure 4-1).
B = Leak Occurrence and Recurrence Correction Factor'" correction

factor to account for sources which start to leak between

inspections (occurrence); for sources which are found to
be leaking, are repaired and start to leak again before the
next. inspection (recurrence) (Tables 4-2, 4-6); and for known leaks
which are not repaired.

C '" Non-Instantaneous Repair Correction Factor'" correction factor
to account for emissions which occur between detection of a leak
and subsequent repair; that is, repair is not instantaneous
(Table 4-3).

D '" Imperfect Repair Correction Factor = correction factor to
account for the fact that some sources which are repaired are
not reduced to zero emission levels. For computational pur
poses, all sources which are repaired are assumed to be reduced
to a 1000 ppm emission level (Table 4-4).

These correction factors can, in turn. be determined from the following
expressions: n

(1) B 1 m
-N

(2) C 365 -.t
365

(3) 0 = f
- f
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Where:
n
m

= Average number of leaks occurring and recurring over the

monitoring interval (including known leaks which were not repaired).

N = Total number of sources at or above the actionleve) (Figure

4-2) .
t = Average time before repairs are made (with a 15-day repair limit,

7.5 is the average used).
f = Average emission factor for sources at the average screening

value achieved by repair.
F = Average emission factor for all sources at or above the action

1eve1.

An example of a control effectiveness calculation is nr0sen~~~ in Ta~l~ A-5.

Support data for this calculation are presented in Tables 4-1, 4-2, 4-3,

4-4, and 4-6, as well as in Figures 4-1 and 4-2.

4.2 EQUIPMENT SPECIFICATIONS

Fugitive emissions may be reduced by using process equipment which is

designed to prevent leakage. Equipment specifications for each emission source
are descri bed below. Some of the specifications may be appl icabl e to mot'e

than one type of source.
4.2.1 Pumps

Fugitive emissions from pumps occur at the junction of a moving shaft
and a stationary casing. Equipment specifications that may be implemented

for pumps include elimination of this junction, improvement of the seal at

the junction, or collection and control of the emissions from the junction.

4.2.1. 1 Sea 11 ess Pumps. Pumps suc h as di aphragm type pumps or "canned"
pumps do not have a shaft/casing junction and therefore do not leak the

pumped fluid in the normal course of operation. However, failure of the

diaphragm in a diaphragm pump may result in temporary emissions of VOC.

Sealless pumps are used primarily in SOCMI processes where the pumped fluid

is hazardous or toxic, and every effort must be made to prevent leaks of the

fluid.

11-1:1



TABLE 4-5. EXAMPLE OF CONTROL EFFICIENCY CALCULATION

Assume:
1) A leak detection and repair program to reduce emissions from

valves in gas/vapor source.
2) Action level = 10,000 ppm.
3) Average screening value after directed repair = 1,000 ppm.
4) Leak detection monitoring interval = 3 months.
5) Allowable repair interval = 15 days.
6) Number of valves having new or recurring leaks between repair

intervals, n = 0.2N (see Table 4-6).
m

0.995and D

Calculations:
A = 0.98 (from Figure 4-1 for a screening value of 10,000 ppmv)

B = 0.9 (from Table 4-6)

C = 0.979 (from Table 4-3 for 15-day interval)

where:
F = A(Avg. uncontrolled emission factor)a

Fraction of sources screening? 10,000 ppmb

= (0.98)(0.021 kg/hr)/0.10 = 0.206 kg/hr

f = Emission factor at 1000 ppmc

= 0.. 001 kg/hr

= (1 - ~) =
0.~06

Overall percentage reduction = A x B x C x 0

= (0.98) x (0.9) x (0.979) x (0.995)
= 86 Percent

Therefore:
Control effectiveness factor = 0.021 kg/hr (0.86)(0.021 kg/hr)

= 0.003 kg/hr

a Reference 12. /.
b From Figure 4-2.
c Reference 13.
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TABLE 4-6. IMPACT OF MONITORING INTERVAL ON CORRECTION FACTOR ACCOUNTING
FOR LEAK OCCURRENCE/RECURRENCE (FOR EXAMPLE CALCULATION)

Monitoring a b c
n ninterval m m B

1 month 0.1 Nd O.OSN 0.95
'-

3 months 0.2N 0.1 N 0.90

1 year 0.4N 0.2N 0.80

a

b

c

n = Total number of leaks which occur, recur, and remain between
m monitoring intervals.

n = Average number of leaks over the monitoring interval.
m

8 = Correction factor accounting for leak occurrence/recurrence.

d N = Total -number of sources at or above the action level.
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4.2.1.2 Dual Mechanical Seals. Dual mechanical seals consist of

two mechanical sealing elements usually arranged in a back-to-back or

tandem configuration. In both configurations a barrier fluid circulates

between the seals. In the back-to-back arrangement the barrier fluid

system is at a higher pressure than the pressure in the seal area.

Therefore~ any leakage of barrier fluid would be across the inner seal

into the product and across the outer seal to the environment. In the

tandem configuration the barrier fluid may be at a lower pressure than

that of the seal area. If the pressure in the barrier fluid system is

lower, any leakage of product would occur across the inner seal into

the barrier fluid. Any leaks into the barrier fluid may be dissolved or
suspended in the barrier fluid, and subsequent degassing of the barrier

fluid may result in emissions of vac. Therefore, barrier fluid degassing
vents would have to be controlled to provide maximum control effectiveness
of dual mechanical seals.

The barrier fluid system may be a circulating system or it may rely

on convection to circulate fluid within the system. While the barrier
fluid's main function is to keep the pumped fluid away from the environment,

it can serve other functions as well. A barrier fluid can provide
temperature control in the stuffing box. It can also protect the pump

seals from the atmosphere, as in the rdse of pumping easily oxidizeahle
materials which fonn abrasive oxides or polymers upon exposure to ..lir.
A wide variety of fluids can he used a~ harrier fluids. Some of the

more common ones which have been used are water (or steam), glycols,

methanol, oil, and heat transfer fluid. In cases in which product
contamination cannot be tolerated, it may also be possible to use clean
product, a product additive, or a product diluent.

Emissions of vac from degassing vents can be controlled by a closed
vent system which consists of piping and, if necessary, flow inducing
devices to transport the degassing emissions to a control device such as

a process heater, or vapor recovery system. Control effectiveness of a
dual mechanical seal and closed vent system is dependent on the effectiveness
of the control device used and the frequency of seal failure. Failure

4-17



of both the inner and outer seals can result in relatively large VOC

emissions at the seal area of the pump. Pressure monitoring of the

barrier fluid may be used in order to detect failure of the seals. 16 In
addition, visual inspection of the seal area also can be effective for

detecting failure of the outer seals. Upon seal failure, the leaking
;

pump would have to be shut down for repair.

Dual mechanical seals are used in many SOCMI process applications;

however, there are some condit~o~~-that preclude the use of dual mechanical
seals. Their maximum service temperature is usually limited to less

than 260°C, and mechanical seals cannot always be used successfully on
pumps with reciprocating shaft motion_

4.2.1.3 Closed Vent Systems. The system described above for controlling
degassing vent emissions could also be applied to control emissions from the

seal area of pumps. This application would require the use of some type

of flow inducing device to transport the emissions from the seal area to the

control device. The seal area would be enclosed in order to collect the

emissions and a vacuum eductor or a compressor could be used to remove vapors

from the seal area. However, normal pump operating practices may require

frequent visual inspection or mechanical adjustments in the seal area. This

would not be possible with a closed vent system at the seal area. A potential

pro61em with this approach is that explosive mixtures may be created by
enclosing the pump seal area, and therefore safety and operating practices

may 1imi t the use of closed vent systelOs for pump seal areas.

4.2.1.4 Control Dev1~e. Several types of controls could be used to

dispose of vec emissions trapped in the pump seal barrier fluid. Incineration,

carbon adsorption, and condensation are three control methods which might

typically be applied. Control efficiencies of the three methods are dependent

on specific operating characteristics and types of vec. However, incineration
ClllI achieve bettel' than 95 percent efficiency.1/ Temperature and residence

time affect the VOC destruction efficiency. A temperature of 1400°F and a

residence time of 0.5 seconds residence- time results in ::.. 90 percent efficiency.
A temperature of l500°F combined with J re~idence time of 0.5 seconds gives
>98 percent voe destruction. 18

4- 18
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carbon adsorption systems can achieve 95-99 percent control efficiency

through proper design and operation.19 Condensation systems can achieve

~90 percent VOC capture. 20

. Flares, while they are commonly used in chemical plants, would not be as

applicable to these small vent streams as they are to larger streams. Flare

efficiency can vary from 60 to 99 percentl depending on how closely the

design specifications match the flow characteristics of the VOC conveyed to
the fl are.
4.2.2 Compressors

Fugitive emissions from compressors occur at the junction of a moving

shaft and a stationary casing. Emission reductions from this source type
may be achieved by improving the seal at the junction, or collecting and
controlling the emissions from the junction.

4.2.2.1 Mechanical Contact. Me'chanical contact seals for compressors
are similar to the mechanical seals described for pump applications. However,

compressors in some services cannot be fitted with mechanical contact

seals. Existing compressors may have mechanical contact seals equipped
with seal oil flush systems. Seal oil reservoir degassing vents must be

controlled with closed vent systems as described for pumps. Sometimes a
buffer or barrier gas may be used to form a buffer between t~e compressed
gas and the atmosphere. This system requires a clean external gas
supply which is compatible with the gas bein~ compressed. Contaminated
barrier gas must be disposed of properly. The control efficiency for
mechanical contact seals is dependent on the control, device efficiency

and the frequency of seal failures.

4.2.2.2 Closed Vent Systems. The seal area of a compressor may be
enclosed, and the VOC emissions routed to a control device through a closed

vent system. However, flow inducing devices may be required to transport
vapors to the control device. Although the formation of explosive mixtures

in the enclosed seal area may prohibit application of this equipment modi
fication to some process units, closed vent systems have been applied to
compressor seal areas in petroleum refineries.
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4.2.2.3 Control Device. Several types of controls could be used to

dispose of VOC emissions collected from compressor seal areas. Incineration,

carbon adsorption, and condensation are three control methods which might

typically be applied. Control efficiencies of the three methods are dependent

on specific operating characteristics and types of VOC. However, incineration

can achieve better than 95 percent efficiency.22 Temperature and residence

time affect the VOC destruction efficiency. A temperature of 1400°F and a

residence time of 0.5 seconds residence time results in 90 percent efficiency.
A temperature of 1500°F combined with a residence of 0.5 seconds gives >98

percent VOC destruction. 23

Carbon adsorption systems can achieve 95-99 percent control efficiency
through proper design and operationJ4 Condensation systems can achieve >90
percent VOC capture.25

Flares, while they are commonly used in chemical plants, would not be

as applicable to these small vent streams as they are to larger streams.

Flare efficiency can vary from 60 to 99 percent26 depending on how closely

the design specifications match the flow characteristics of the VOC conveyed

to the fl are.

4.2.3 Pressure Relief Devices
Pressure relief devices include rupture disks and safety/relief valves.

Fugitive emissions from these devices occur because of improper seating Qr

partial failure of the device. These [uqitive emissions do not include
emissions which result from nonnal opet'ation of the devices caused byover

pressure of the process or vessel which thf~ device protects. Fugitive

emissions from rupture disks may be caused by pinhole leaks in the disk
itself caused by corrosion or fatigue. Fugitive emissions from relief valves
may be caused by failure of the valve seating surfaces, improper reseating

after overpressure relieving, or process operation near the relief valve

set pressure which may cause "simmerinq".
4.2.3.1 Rupture Disks. Although they are also pressure relief devices,

rupture disks can be installed upstream of a safety/relief valve in order

to prevent fugitive emissions through the r01ief valve seat. This procedure

may require use of a larger size relief valve because of operating codes. The

: 4-1.0



--------
~-~-~~----

)
)

disk/valve combination may also require appropriate plplng changes to prevent

disk fragment~ from lodging in and damajing the relief valve when relieving

overpressure. A block valve upstream of the rupture disk is also required
in order to permit in-service replacement of the disk after overpressuring.

If the disk could not be replaced, the first overpressure would result in
the relief valve being the same as an uncontrolled relief valve. In some
chemical plants, installation of a block valve upstream of a pressure

relief device may be a common practice. While it is allowed by ASME codes,27
I

it may be forbidden by operating or safety procedures for a particular .

company. Tandem pressure relief devices with a three-way valve can be used

to avoid operation without overpressure protection. Rupture disk/relief

valve combinations must have some provision for testing the integrity of

the disk. The area between the rupturp disk and relief valve must be

connected to. a pressure indicator, recorder, or alarm. If the process fluid
,,- ~., ~',

is not hazardou~cor toxic, a simple bubbler apparatus could be used to

test disk integrity by connecting the bubbler to thediskiv~rve·area. ·.The

control efficiency of the disk valve combination is assumed to be 100 percent

for fugitive emissions. If the disk integrity is not maintained or if the

disk is not replaced after overpressure relief, the control efficiency would

be lowered. The disk/valve combination has no effect on emissions which
result from overpressure relieving.

4.2.3. 2 g~s i ttenU~a t Reli~_f__V_i!.-l v_e."_" Manu facturers af reli ef va 1ves
state that resilient seat or "O- r ing" relief valves provide better reseat
qualities compared to standard relief valves. No test data are available to

verify these statements. These improvements would have no effect on over
pressure emissions or fugitive emissions due to seal failure or "simmering".

4.2.3.3 Closed Vent Systems. A closed vent system can be used to

transport the discharge or leakage of pressure relief devices to a control

device such as a flare. Since overpressure discharges as well as fugitive
emissions are routed to the control device, it must be sized appropriately.

A larger pressure relief device may be required for use with a closed vent
system. The control efficiency of a closed vent system is dependent on the

effectiveness of the control device. fypica1 flare systems may be only
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60 percent effective for fugitive emission destruction. 28 This eff-iciency

reflects the fact that many flare systems are not of optimum design. Flares

that are designed to handle large volumes of vapors associated with over

pressure releases may also be used to handle low volumes of f~gitive emissions.
With such designs, optimum mixing is not achieved becau~ the-vent gas exit

velocity is low and large flares generally cannot properly inject steam into

low volume streams. 29 A properly designed flare system typically exhibits a

99 percent hydrocarbon destruction efficiency.3D Closed vent systems for

pressure relief devices are used in existing SOeMI processes especially
where the emi ssions may be hazardous 0:' toxic.
4.2.4 Open-Ended Valves

Fugitive emissions from open-ended valves are caused by leaka~e through
the seat of the valve. Emissions may also occur through the stem and gland

of the valve, and these emissions may be controlled by methods described

for valves in Section 4.1.2. Approximately 28 percent of SOeMI valves

(excluding safety/relief and check valves) in voe service are open-ended.

They include drain, purge, sample, and vent valves. Fugitive emissions from

open-ended valves can be controlled by installing a cap, plug, flange, or

second valve to the open end of the,valve. In the case of a se~ond valve, the

upstream valve should always be close~ first after use of the valves. Each

"t;iml; the cap, plug, flange. or second valve is opened, any VDe which has

leaked through the first valve seat will be released. These emissions have not
been qU3ntified. The control cffici~llc'y will be dependent on the freauency of

removal of the cap or plug. Caps, plugs, etc. for open-ended valves do not

affect emissions which may occur during use of the valve. These emissions may

be caused by line purging for sampling, draining or venting through the

open-ended valve. Caps, plugs, flanges, or second valves for open-ended

valves are required by California regulations. 31

.4 . 2. 5 _~~ ~[!..lJ_n.9__S::Q!.!_Q~~ t i ~_t:J_~_
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process fluid. Approximately (5 pcru'nt 01 opc~n-eflclc'd villvc", dl'(' used ror

sampling connections.32 Fug-itive eljlis<;ionc~ from sampling connections can be

reduced by using a closed loop sampling system. The closed loop system is
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designed so that the purged fluid is returned to the process at a point of
lower pressure. A throttle valve or other device is required to induce the
pressure drop across the sample loop. Closed loop sampling is assumed to

be 100 percent effective for controlling fugitive emissions. The purged

fluid could also be directed to a control device such as a flare. In this

case the control efficiency would be dependent on the flare efficiency for

hydrocarbon destruction. Since some pressure drop is required to purge

sample through the loop, low pressure processes or tankage may not be

amenable to closed loop samplin~. Safety requirements may prohibit closed
loop samplinq in some instances.

4.2.6 In-Line Valves
Fugitive emissions from valves occur at the stem or gland area of the

valve body. Diaphragm and bellows seal valves do not have a stem or gland

and therefore are not prone to fugitive emissions. They are generally used

where hazardous or toxic process fluids are present and fugitive emissions

must be eliminated. Their control effectiveness is approximately 100 percent,

although a failure of the diaphragm or bellows may cause large temporary
emissions. The applicability of these types of valves is limited. They may

not be suitable for many applications because of process conditions or cost ,

consideration.
4.2.7 Effectiveness of Equipment Specifications

In order to quantify the environmental and economic impacts of applying ,c

controls, the control efficiency must be determined. In some cases, there

are many complicating factors which must be considered in estimating control

efficiency. For example, the efficiency of caps or plugs for open-ended
valves is dependent on 1) the frequency of removal of the cap or plug, and

2) the emission rate through the valve seat. Estimated control efficiencies
for various equipment modifications are shown in Table 4-7. These estimates

represent the maximum emission reduction possible for the equipment modifi
cations. In some instances, the actual emission reduction will depend on

other factors such as the efficiency of control devices attached to closed
vent systems. Carbon absorption or vapor recovery systems would approach
100 percent efficiency, but flares may be only 60 percent effective for

hydrocarbon destruction. The estimates of effectiveness shown in Table 4-7
'were used to calculate environmental dnd economic impacts of regulatory

alternatives in Chapters 7 and 8 of:this document.



TABLE 4-7. EFFECTIVENESS OF EQUIPMENT MODIFICATIONS

Source type/
equipment modification

Pumps
Seal less pumps

Double mechanical seals/closed vent system
Closed vent system on seal area

Compressors
Double mechanical seals/closed vent system
Closed vent system on seal area

Safety/relief va]ves
Closed vent system
Rupture disks

Open-ended lines
Caps. plugs. blinds. second valves

Sampling connections
Closed loop sampling

In-line valves

Diaphragm valves
Bellows-sealed valves

Control efficiency
(%)

laO c

100

100
100

aAlthough a control efficiency is not attained in all cases. it is
achievable in some cases.

bThis control effectiveness reflects the, fact that a closed vent system is
normally sized for emergency relief.33

cThis control efficiency reflects tt~ use of these device~ downstream of
an initial valve with vac on one side and atmosphere on the other.
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5. MODIFICATION AND RECONSTRUCTION

In accordance with the provisions of the Code of Federal Regulation

Title 40, Sections 60.14 and 60.15 (40 CFR 60.14 and 60.15), an lI ex isting

facil ity" can become an affected facil ity and, subsequently, subject to

the standards of performance if it is modified or reconstructed. An
existing facility, as defined in 40 crR 60.2, is a facility of the type

for which standards of performance have been promulgated and the construction

or modification of which was begun prior to the proposal 'date of the

applicable standards.

The applicability of provlslons 40 CFR 60.14 and 60.15 to the SOCMI,

and the conditions, as outlined in these provisions, under which existing

facilities could become subject to standards of performance are discussed
below.

5.1 GENERAL DISCUSSION OF MODIFICATION AND RECONSTRUCTION PROVISIONS

5.1.1 Modification
IlModification ll is defined in 40 CFR 60.14 (a) as any physical or

operational change of an existing facility which increases the emission rate

of any pollutant to which a standard applies. Exceptions to this definition

are presented in paragraphs (e) and (f) of Section 60.14. These exceptions
are as follows:

Paragraph (e) - Physical or operational changes to an existing

facility which will not be considered modifications are
specified in this portion of Section 60.14. These changes

include:
a. Routine maintenance, repair, and replacement.
b. An increase in the production rate not requiring

a capital expenditure as defined in Section

60.2 (bb).
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c. An increase in the hours of operation.
d. Use of an alternative fuel or raw material if

prior to the standard the exi sting facil ity
was designed to accommodate that alternate fuel
or raw material.

e. The addition or use of any system or device
whose primary function is the reduction of

air pollutants, except when an emission control
system is removed or replaced by a system con
sidered to be less efficient.

f. Relocation or chaWJe in ownership.

Paragraph (f) - This paragraph provides for superceding
any conflicting provisions of this section.

Upon modification, an existing facility becomes an affected facility for

each pollutant to which a standard applies and for which there is an increase

in the emission rate to the atmosphere.
5.1.2 Reconstruction

Under the provisions of Section 60.15, an existing facility becomes
an affected facility upon reconstruction, irrespective of any change in
emission rate. Generally, reconstruction is considered to occur upon the

- replacement of components if the fixed capital cost of the new components
exceeds 50 percent of the fixed capital cost that would be required to
construct a comparable entirely new facility, and it is economically and
technically feasible for the facility to comply with the applicable standards
of performance. The final judgments on what replacement constitutes recon
struction and when it is technologically and economically feasible to comply

with the applicable standards of performance is made by the Administrator.
The Administrator's final determinations are made on the following bases:

(1) comparison of the fixed capital costs of the replacement
components and a newly constructed comparable facility,

(2) the estimated life of the facility after the replacements

compared to the life of a comparable entirely new facility,
(3) the extent to which the components being replaced cause or

contribute to the emissions fro~ the facility, and
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(4) any economic or technical limitations on compliance with
appl icable standards of performance which are inherent in

the proposed replacements.
The purpose of this provision is to ensure that an owner or operator

does not perpetuate an existing facility by replacing all but vestigial

components, support structures, frames, housing, etc., rather than
totally replacing it in order to avoid subjugation to applicable standards

of performance. In accordance with Section 60.5, EPA will, upon request,

determine if the action taken constitutes construction (including recon

struction) .

5.2 APPLICABILITY OF MODIFICATION AND RECONSTRUCTION PROVISIONS TO THE

SOCMI

5.2.1 Modificati on
Changes in operating conditions would mean that a facility would be

subject to new source standards of performance if the changes made cause
increased emissions. Under these conditions the facility becomes a modified

facility. Several changes in operating conditions that could be encountered
in an organic chemical plant are presented below. The possible effects of

these changes on emissions are presented.

Routine changes and additions of fugitive emission sources are
commonly made to increase. ease of maintenance, to increase productivity,

to improve plant safety, and to correct minor design flaws. These
additions of fugitive emission sources would cause an increase in fugitive

emissions. However, fugitive emissions from other sources could be
reduced to compensate for this increase.

The replacement of a potential fugitive emission source such as a pump

or valve commonly occurs in an organic chemical plant. If such a source
is replaced with an equivalent source (such as is done during routine

repair and replacement), the fU9itive emissions from the facility should not
increase because the number of potential sources in the same vapor pressure

service (handling the same organic chemical) remains unchanged.
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Process equipment pieces such as heat exchangers, reactors, distillation
columns, reboilers, filters and separators, or new control loops are
commonly added to existing facilities in the organic chemical industry
to increase the capacity of or to optimize a process. The addition of
this equipment would normally increase fugitive emissions from a facility
due to the increased number of potential emission sources (pumps, valves,
sampling connections, etc.) that are associated with the process equipment.

In some cases a facility in the organic ehcmical industry can be
converted from the production of one chemical to the production of a
second chemical. This normally occurs when production of the second
chemical results in greater profits. In such a case, whenever either
the number of fugitive emission sources or the vapor pressure of the
second chemical increases during this conversion, the level of VOC
emissions from the facility could be expected to increase. As shown in
Table 3-1, emission factors for equipment in vapor service are higher
than emission factors for equipment in light liquid service which are
higher than emission factors for equipment in heavy liquid service. So
that, if the vapor pressure of the second chemical is higher than the
vapor pressure of the first chemical, the fugitive emissions could be
expected to increase.

Changes may be made to a process, although the chemical being
produced remains the same. One such case would be a change in catalyst

I

for producing a given chemical. In :such a case the level of fugitive
emissions would not be expected to change because neither the number of
sources nor the vapor pressure of the chemical would change.

In many cases, there may be a desire to increase the capacity of an
existing facility. This may be achieved by replacing certain process
equipment (pumps, heat exchangers, reactors, etc.) with similar equipment
but of larger capacity or addition or process equipment. If this replacement
or addition does not increase the number of fugitive emission sources
handling the given organic chemical, the level of fugitive emissions
would not be expected to increase. .However, if the number of sources
were to increase due to this replacement or addition, then VOC emissions
could be expected to increase.
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5.2.2 Reconstruction

When an owner or operator replaces several components of an existing
facility, that facility may become subject to applicable standards of
performance under the provisions of Section 60.15. For example, if an
owner or operator replaces several fugitive emission sources such as
pumps, compressors, or sampling loops in an existing facility, and if
the fixed capital costs for the new equipment exceeds 50 percent of the
costs of all fugitive emissions sources in the unit, the Administrator
may determine that reconstruction has occured. Reconstructions may
occur as a result of damage caused by fires, explosions, hurricanes, or
other catastrophes. They might also result from feedstock changes,
product changes, or other major process changes which would require
additions or replacement of several fugitive emission sources.
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6. MODEL PROCESS UNITS AND REGULATORY ALTERNATIVES

This chapter presents model process unit parameters and alternative

emission controls considered for reduction of fugitive emissions from SOCMI

sources. The model units were selected to represent the range of processing

complexity in the industry. They provide a basis for comparing environmental

and economic impacts of the regulatory alternatives. The regulatory alter
natives selected provide varying levels of emission control.

6. 1 MODEL UNITS
Available data show that fugitive emissions are proportional to the

number of potential sources, but are not related to capacity, throughput,

age, temperature, or pressure. l Therefore SOCMI model units defined for this

analysis represent different levels of process complexity (number of sources)

rather than different unit sizes.
6.1.1 Sources of Fugitive Emissions

The various potential fugitive emission sources in a SOCMI process

uni t were descri bed in Chapter 3. Dat,l froIn petroleum refi neri es i ndi cate

that cooling towers are very small sources of VOC emissiolls.2 Differences
in SOCMI operating procedures, such as recirculation of process water, might

result in cooling tower VOC emissions, but no data are available to verify
this. The number of agitator seals in SOCMI is not known. Furthermore, the

emission rate from SOCMI agitator seals has not been measured. Since there

are no data from similar sources in other industries, no estimates of emission
rate can be made. Because of these uncertainties, cooling towers and agitator

seals are not included in the Model Units.
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- 6.1.2 Model Unit Parameters

In order to estimate emi ssions, control costs, and environmental impacts

for SOCMI units on a unit specific basis, three model units were developed.
The technical parameters for the model units are shown in Table 6-1. These
three model units represent the range of emission source populations that may

exist in SOCMI process units. The technical parameters were developed from
a data base compiled by Hydroscience, Inc.3 The data base included equipment
source counts from 62 SOCMI plants which produce 35 different chemicals.
These plant sites represent approximately 5 percent of the total existing

SOCMI plants and include large and small capacities, Qatch and continuous
production methods, and varying levels of process complexity. The source
counts for the 35 chemicals include pumps, valves, and compressors. These
counts were used in combination with the number of sites which produce

each chemical in order to determine the average number of sources per site. 4

Hydroscience estimates that 52 percent of existing SOCMI plants are similar
to Model Unit A, 33 percent are similar to B, and 15 percent are similar to C.

Data from petroleum refineries indicate that emission rates of sources

decrease as the vapor pressure (volatility) of the process fluid decreases.

Three classes of volatility have been established based on the petroleum
refinery data. These include gas/vapor service, light liquid service, and
heavy liquid service. 5 The split between light and heavy liquids for the
refinery data is between streams called naphtha and kerosene. Since simi
lar stream names may have different vapor pressures, depending on site
specific factors, it is difficult to quantify the light-heavy split. The
break point is approximately at a vapor pressure of 0.3 kPa at 20°C.

The data collected by Hydroscience were used to estimate the split between

gas/vapor and liquid service for each source type. 6 In order to apply
emission factors for light and heavy liquid service, it is assumed that
one huH of SOeMI liquid servicE' SOlUTes ,Ire in lillht liC]uid service. There
are no data available on the actual distribution of sources in voli'ltility
ranges. It is assumed that all SOCMI packed seal pumps are in heavy liquid
service. This assumption is reasonaille, since more volatile liquids are
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TABLE 6-1. FUGITIVE EMISSION SOURCES FOR THREE MODEL UNITS'

Number of components in model unitb

Equipment componenta

Pump seals
Light liquid service

Single mechanical
Dual mechanical
Sealless

Heavy liquid service
Single mechanical
Packed

In-line valves
Vapor service
Light liquid service
Heavy liquid service

Safety/relief valves
Vapor service
Light liquid service
Heavy liquid service

Open-ended valves ~nd linesc

Vapor service
Light liquid service
Heavy liquid service

Compressor seals
Sampling connectionsd

Flanges
Cooling towers

5 19 60
3. 10 31
0 1 1

5 24 73
2 6 20

90 365 1117

84 335 1037

84 335 1037

11 42 130

1 4 13

1 4 14

9 37 115

47 189 581

48 189 5Bl

1 2 8

26 104 320

600 2400 7400
__e __ e __ e

------ -----

~Equipment components in VOC service only.
52% of existing units are similar to Model Unit A.
33% of existing units are similar to Model Unit B.
15% of existing units are similar to Model Unit C.

~Sample, drain, purge valves and the associated open end.
Based on 25% of open-ended valves. From Ref. 3, pg. IV-3.

eData not available.
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more suitable for mechanical seal applications, and newer process units tend

to use fewer packed seals. Sampling connections are a subset of the open

ended valve category. Approximately 25 percent of open-ended valves are used

for sampling connections. 7 Emissions which occur through the valve stem,

gland, and open-end are included in the open-ended valve category. The

emission factor for sampling connections applies only to emissions which

result from sample purging.

6.2 REGULATORY ALTERNATIVES

The purpose of developing different regulatory alternatives is to

provide a basis for determining the air-quality and non air-quality environ

mental impacts, energy requirements, and the costs associated with varying

degrees of VOC fugitive emissions reduction. Regulatory alternatives represent

comprehensive programs for reduction of emissions. They are constructed by

making different combinations of control techniques described in Chapter 4.

The regulatory alternatives selected for analysis include a "status quo

of fugitive emission control" case and three increasingly restrictive levels

of emission control requirements. The "status quo" case allows for the

analysis of not implementing standards of performance. The three increasingly

restrictive control requirements allow for analysis of the impacts of different
systems with varying degrees of emissilJn reduction. The requirements for

each of these regulatory alternatives dre summar"ized in Table 6-2 and are

described below.

6.2. 11~_e9,u.l-'l_t,0.tL I'-l_t~-~.r_n.il.t_i .vI',
Alternative I repY'esents the ljOnet'ill Icv!'1 or control thi.lt: wOlJld l~xisl.

in the absence of establishing any VOC fugitive emission control requirement.

For this case, SOCMI facilities located in National Ambient Air Quality

Standard (NAAQS) attai nment areas for oxidant, in general, would not be subject

to any requirements. However, some sL1tes Illay require leak detection and

repair programs to control fugitive enlissions of VOC through prevention of

significant deterioration (PSD) statutes; SOCMI facilities located in

non-attainment areas for oxidant would be subject to the applicable SIP regu

lations and other permitting requirements. In some areas control of fugitive

VOC emissions may be used to achieve hydrocarbon emission offsets. However, no

present or anticipated SIP regulations would be generally applicable to SOCMI.

Thus, this alternative is based on current estimations of fugitive emissions.
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TABLE 6-2. REGULATORY ALTERNATIVES FOR FUGITIVE EMISSION SOURCES IN SOCMI
~....:"'~ ""'''':'''''''''.=-:0.. ;-..-:::::::>.~ -:--.----- --- _

Source typea

Regulatory alternative
-------:l--------------,Jnr--~-----:----------;rnr"Tr-----------JI'TVr------
MOnTto-r-{n-q ---tqUipiiieiit Honitor{nq----Equipment- MonTtorTn-g--- [i1uTpinent Monitoring Equipment---
inter_v_a~_ci.fica..li_on .i.n_t~E_\I_a_I ,p_e_c_i.!..iLatio_n interval ,ppci_~i_c_ation __interval specification

Non£> Annuallyb 1I0ne Monthlyb tlone Non£>h Double seals;
degass i ng ven ts
connec ted to

Noneb
control device"

None Annuallyb 'lone Honthlyb None Dega ss i ng vents
connected to
control ctcvice"

None None :lone None Hone Non£> None

None None None Ilone tlone None None
None flone None None lIon2 None None

, I ---_JNone Quarterly ~one Monthly Non£> Monthly None
None Annually ~one Monthly None Monthly None
None None None None tlone None None

None Quarterll ~one 11onthlt'- ;~one Nonec Upstream
rupture di s~_s

None None ~one None tlone None None
NC·le None ~one ~~one '';cr.e rJonp. None

None Quarterly Capsf Monthly Capsf Monthly Capsf

None Annually Capsf Monthly Capsf Monthly Capsf

None None Capsf None Capsf None Capsf

None None None None !lone None None

None None d None None d None None d Closed loop
sampling

I,one Quarterly None Monthly None None Seal area or
degassing vents
connected to
control device

-- - -- --- ._- - - -----

PUIl1lS

Light liquids
with single mechanical seals None

with double mechanical seals None

with no seals None

Heavy liquids
with packed seals None
with single mechanical seals None

Valves (in-line)

Gas None
light liquid None

C'l Heavy liquid None
I

l.T1 Safety/relief valves

Gas None

light liquid None
Heavy liquid None

Open-ended valves and lines

Gas None

Ligtlt liquid None

Heavy liquid Non£>

Fl anges flone

Samp1ing connections None

Compressor seals Non£>

aSources 1n \'OC service_
bplus weekly visual inspection_ If liquld l£>ak is observed, instrument loonitoring is required to determine if action level is being exceeded.
~non1t"ring is ,-eQuired ~tt~r each over ,-'-c,svre release. If it is found to be leaking, the valve will be repaired.

Included in open-ended valves.
eSealless pumPs ~y also be used.
fOr blinds, plugs, second valves.



6.2.2 Regulatory Alternative II

This alternative would require leak detection and repair methods as

in the petroleum refinery control techniques guideline (eTG), EPA-450/2-78-036.

Leak detection would be accomplished by checking equipment components for

emissions of VOC using a portable VOC detection instrument to sample and

analyze the air in close proximity to the potential leak area. A measured

VOC concentration greater than some predetermined level, known as an "action

level", would be defined as a leak that would require equipment repair. A

measured VOC concentration less than the action level would not require equip

ment repair. The action level is defined as 10,000 ppmv VOC concentration

for all cases.

Quarterly monitoring of compressors, gas service relief valves, inline

valves, and open-ended valves would be required. Annual monitoring of light

liquid service pumps and valves would be required. Weekly visual inspections

of light liquid pump seals would also be required. Leaks detected visually

would require instrument monitoring to determine if the action level is

exceeded. Relief valve monitoring after over pressure relieving would be

required. Open-ended valves would be required to be sealed with a cap, blind,

plug, or another valve.

6.2.3 Regulatory Alternative III

Regulatory Alternative III would provide for more restrictive control

than Alternative II by increasing the inspections for all applicable equipment

to monthly. Increasing the inspection~ would result in d reduction of

emissions from residual leaking source',; i .(~., those sources which are found
leaking and are repaired and recur before ttle next inspection and those

sources that begin leaking between inspection. Thus, although this alternrl

tive is similar in approach to"Alternative II, it provides for more emissions

reduction. The requirements for weekly visual pump seal inspections, relief

valve monitoring after over pressure, .irId CdPS for open-ended valves are
similar to those for Alternative II.

6.2. I.l J\5~_Y"!iI_~~Qn'_ !\.1_!_~_t~n_aJ:_1Y.Q._I_Y

Alternat"iv(' IV would reqlJit'€ equiplilent specifications instead of lIlore

fl'equent equipment inspections. This dlternilt-ive would pr'ovide d more

restrictive level of control than the other alternatives. Severill equipment

specifications would be required, including caps for open-ended valves as in
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Alternatives II and III. Closed loop sampling techniques would be
required and rupture disks would be required on gas service relief

valves venting to the atmosphere. Maintenance of the integrity of the
disk would be required and replacement of the disk would be required if
a failure were detected. No monitoring would be required for relief
valves which have rupture disks upstream or which vent to a control

device header. Compressor seal areas or degassing vents from seal oil
reservoirs, or both, would be required to be connected to a control
device with a closed vent system. Pumps in light liquid service would

be required to have dual mechanical seals with a barrier fluid system.

Degassing vents from the barrier fluid system would be required to be
connected to a control device with a closed vent system.

6.3 REFERENCES
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February 1979. pp. 11-49.
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6. Reference 3, p. 11-10.
7. Reference 3, p. IV-8.

6-7





-_.---- ---- --------,

-------- -------------

7. ENVIRONMENTAL IMPACT

The environmental impacts that would result from implementing the

regulatory alternatives being considered in this study are examined in this
chapter. Included in this chapter are estimates of the controlled VOC

fugitive emissions and the incremental reductions in uncontrolled VOC emissions

that could be achieved under each of the alternatives. Also, the impacts of

these regulatory alternatives on water quality, waste water generation and
treatment, solid waste generation and treatment or disposal, and energy

consumption or savings are discussed.

7.1 IMPACT ON ATMOSPHERIC EMISSIONS

Implementation of Regulatory Alternatives II, III, or IV, would reduce

vot fugitive emissions from the SOCMI. To quantify reductions, the controlled

VOC emission levels from emission sources in the model units (described in

Chapter 6) were estimated for each alternative. These emission levels are

presented below for individual emission sources, for model units in SOCMI,
and then for SOCMI as a whole.

7.1.1 Emi ssion Source Character; zati on
As indicated in Chapter 6, a SOC~ll model unit typically consists of

several types of process equipment that contribute to fugitive VOC eillis

sions. Under Regulatory Alternative I (baseline case), all these sources

are "uncontrolled" emission sources. However, if Regulatory Alternative

II, III, or IV were implemented, the emissions from some uncontrolled sources

would be reduced~ these sources would subsequently become "controlled"
soul'ces. [loth the controll ed and uncontroll ed sources are impol~tant because

the total fugitive VOC emissions from the model units and ultimately the

SOCMI are the sum of emissions from both types of sources.
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7.1.2 Development of VOC Emission Level~

The uncontrolled emission levels were previously presented in Chapter

3 (Table 3-1). Controlled emission levels were developed for those

sources that would be controlled by the implementation of a regulatory

alternative. These controlled fugitive emission levels were calculated by

multiplying the uncontrolled emissions from this equipment by a "control

efficiency" presented in Chapter 4, Tables 4-2 through 4-4. The resulting

controlled vac emission factors for each source are presented in Tables

7-1,7-2, and 7-3 for Regulatory f'.lternatives II, III, and IV, respectively.

To arrive at the controlled voe emission factGIS, the total VOC fugitive

emissions from Model A, Model B, and Model C units in the SOCMI were deter

mined under each regulatory alternative. Initially, emissions from each

source type within a model unit were estimated by using the model unit equip-

ment inventories presented in Table 6-1 and the source emission factors

presented in Tables 7-1, 7-2, and 7-3. These emissions estimates were then

used to estimate the voe fugitive emissions from each of the three model units.

An example calculation is presented in Table 7-4 to illustrate the procedure

used. The example is an estimate of the total voe fugitive emissions from a

model unit under Regulatory Alternative II. The total VOC fugitive emissions

calculated for the respective model units under each regulatory alternative

are presented in Table 7-5. Also presented in this table are the average

reductions (expressed in percentages) in the baseline emission levels that
result from implementing Regulatory Alternatives II, III, or IV. Incrementa'i

reductions in fugitive emission levels achieved by implementing the alterna

tives are also presented in Table 7-5.

7.1. 3 f!:!J!J,te Impil.ct on V,OCFugitlVe tliii,sS iO~5

In order to assess the futurLimp"ct~ of the vinio'us I'egula tor']

alternatives on voe fugitive emissions from the SOCMI, the levels of

these emissions were estimated for a period of five years after implementation

of a regulatory alternative. These emissions were estimated by using:

1) the emission factors pre~;ented in Tables 7-1, 7-2,

and 7-3;

2) the industry population for the assumed bas~ year

of 1980;
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TABLE 7-1. EMISSION FACTORS FOR SOURCES CONTROLLED UNDER REGULATORY ALTERNATIVE II

Uncontrolledb Correction Controlledg

emission factors Control emission
Uncontrolled Inspectiona factor, efficiency factor,

emission source interval kg/hr AC Bd Ce Of (AxBxCxO) kg/hr

Pumps
0:044Light liquid service Yearly 0.120 0.87 0.80 0.98 0.92 0.63

Valves
Gas service Quarterly 0.021 0.98 0.90 0.98 0.99 0.86 0.003
Light liquid service Yearly 0.010 0.84 0.80 0.98 0.94 0.62 0.004

Safety/relief valves
--.J Gas service Quarterly 0.160 0.69 0.90 0.98 0.97 0.59 0.067.I
W

Compressors Quarterly 0.440 0.84 0.90 0.98 0.97 0.72 0.126

aFrom Table 6-2.

bFrom Table 3-1.

cTheoretica1 maximum control efficiency.1

dLeak occurrence and reoccurrence correction factor - assumzd to be 0.80 for yearly inspection, 0.90
for quarterly inspection, and 0.95 for monthly inspection.

eNon-instantaneous repair correction factor - for a l5-day maximum allowable repa~r time, the 7.5-day
average repair time yields a 0.98 yearly correction factor [365 - (15/2)] ~ 365.

flmperfect repair correction factor - calculated as 1 - (f ~ F). Where f = average emi~skon rate for
sources at 1000 ppm and F = average rate for emission sources greater than 10,000 ppm. '

9Contro1led emission factor = uncontrolled emission factor x [1 - (A x B x C x D)].



TABLE 7-2. EMISSION FACTORS FOR SOURCES CONTROLLED UNDER REGULATORY ALTERNATIVE III

b ControlledgUncontrolled Correction
emission factors Control emission

Uncontrolled Inspectiona factor,
Bd Of

effi ci ency factor,
emission source interval kg/hr AC Ce (AxBxCxO) kg/hr

Pumps
Light liquid service ~1onth1y 0.120 0.87 0.95 0.98 0.92 0.75 0.030

Va lves
Gas service Monthly 0.021 0.98 0.95 0.98 0.99 0.90 0.002
Light liquid service Monthly 0.010 0.84 0.95 0.98 0.94 0.74 0.003

Safety/relief valves
--...J Gas service Monthly 0.160 0.69 0.95 0.98 0.97 0.62 0.061I
~

Compressors Monthly 0.440 0.84 0.95 0.98 0.97 0.76 0.108

aFrom Table 6-2.

bFrom Table 3-1.

cTheoretical maximum control efficiency.6

dLeak occurrence and reoccurrence correction factor - assum .d to be 0.80 for yearly inspection, 0.90
for quarterly inspection, and 0.95 for monthly inspection .. ?

eNon-instantaneous repair correction factor - for a IS-day maximum allowable rep~ir time, the 7.5-day
average repair time yields a 0.98 yearly correction factor [365 - (15/2)] + 365.

fImperfect repair correction factor - calculated as 1 - (f ~ F). Where f = average emission rate for
sources at 1000 ppm and F = average rate for emission sources greater than 10,000 ppm. 9•lO

gControlled emission factor = uncontrolled emission factor x [1 - (A x B x C x D)].



TABLE 7-3. EMISSION FACTORS FOR SOURCES CONTROLLED UNDER REGULATORY ALTERNATIVE IV

Uncontrolledb Correction Controlledg
emission factors Control emission

Uncontrolled Inspectiona factor, effi ci ency factor,
emission source interval kg/hr AC Bd Ce Df (AxBxCxD) kg/hr

Pumps
NAh O.OiLight liquid service None 0.120 NA NA NA -

Valves
Gas service Monthly 0.021 0.98 0.95 0.98 0.99 0.90 0.002
Light liquid service t10nth1y 0.010 0.84 0.95 0.98 0.94 0.74 0.003

Safety/relief valves
Gas service None 0.160 NA· NA NA NA - 0.0

-....J Compressors None 0.440 NA NA NA NA - O.Oi
I

U1 Sampling connections None 0.015 NA NA NA NA - 0.0

aFrom Table 6-2.
bFrom Table 3-1.

cTheoretical maximum control efficiency.ll

dLeak occurrence and recurrence correction factor - assu~ed to be 0.80 for yearly inspection, 0.90 for
quarterly inspection, and 0.95 for monthly inspection.l

eNon-instantaneous repair correction factor - for a 15-day maximum allowable rep~is time, the 7.5-day
average repair time yields a 0.98 yearly correction factor [365 - (15/2)] ~ 365.

fImperfect repair correction factor - calculated as 1 - (f ~ F). Where f = average em,~s,%n rate for
sources at 1000 ppm and F = average rate for emission sources greater than 10,000 ppm. '

9Controlled emission factor = uncontrolled emission factor x [1 - (A x B x C x D))~

hSince the equipment associated with this regulatory alternative essentially eliminates fugitive
~missions, these correction factors are not applicable.

iEmissions from pumps and conpressors equipped with double seals and vents to a 95 percent
control device are vet'y small and are assumed to be zero for calculation purposes.



TABLE 7-4. EXAMPLE CALCULATION OF VOC FUGITIVE EMISSIONS FROM MODEL
UNIT A UNDER REGULATORY ALTERNATIVE II

Number of
sources in
mode 1 un ita

(N)

Emission
bfactor,

kg/hr-source
(E)

Emissions
from sources,

kg/hr
(N x EL

Emission Source: c

Pumps
Light liquidd single 5 0.044 0.220

mechanical ~eal

Light liquidddual 3 0.044 0.132
mechanical seal

Heavy liquide single 5 0.020 0.100
mechanical seal

Heavy liquide packed seal 2 0.020 0.040

In-line valves
Vapor servica 90 0.003 0.270
Light liquid service 84 0.004 0.336
Heavy liquide service 84 ' 0.0003 0.025

Safety/relief valves
Vapor servica 11 0.067 0.737
Light liquid service 1 0.006 0.006
Heavy liquide service 1 0.009 0.009

Open-ended valves f

Vapor servica 9 0.003 0.027
Light liquid service 47 0.004 0.188
Heavy liquide service 48 0.003 0.014

Compressors 1 0.126 0.126

Sampling connections 26 0.015 0.390

Flanges 600 0.0003 0.180_0_'-_".._- ____ ~.__•__ ._. ___.._ .. -_' '--.- ... --,._--,.-.- ,-

Totil1 emissions 2.800

---------------------- ----.------------ ._--------

aModel units are characterized in Table 6-1.
bEmission factors from Tables 3-1 Jnd 7-1.

cSources in VOC service.

dLight 1 iquid service means that tile fugitive emission source contains a
liquid which has a vapor pressure equal to or greater than 0.3 kPa at
20°C.

eHeavy liquid service means that the fugitive emission source contains a
liquid which has a vapor pressure less than 0.3 kPa at 20°C.
fOpen~ended valve factor is equivalent to the in-line valve factor because
capping the open end is assumed,to eliminate emissions from this source.
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TABLE 7-5. ESTIMATED EMISSIONS AND EMISSION REDUCTIONS ON A MODEL UNIT BASISa

- - - - . _..:...:... ~-..:;;.-~- ..;.=---=

Estimated emissions,b,c Average percent
(Mg/yr) reduction from emissions Average incremental

Regulatory Model unit estimated under percent reduction
Alternative A B C Regulatory Alternative I in emissions

I 67 260 800

II 24 94 290 63 63

III 21 80 250 69 6......,
I......,

IV 8 34 106 87 18

aThe emissions and percentage reductions presented in this table were calculated using the following:
controlled and uncontrolled emission factors (see Tables 7-1,7-2, and 7-3), and
emission sources given in Table 6-1.

bA year is assumed to be equivalent to 8,760 hours.

cl .0 r~g/yr = 2200 pounds/yr



3) annual replacement of the industry population based on a
twenty-year equipment life; and 16

4) annual growth rate of 5.9 percent for the industry.17

Using these bases and the techniques presented in Appendix E. the total

number of model units in operation in 1981 were estimated to be 148.
In 1985 the total number of model units were estimated to be 831. 18

Under Regulatory Alternative I. total VOC fugitive emissions from
model units were estimated to increase from 35 to 199 gigagrams per

year (Gg/yr) during the same five-year (1981-1985) period (see Table 7-6).
In the same time period. implementation of Regulatory Alternative II

could be expected to reduce the baseline case (Regulatory Alternative I)

fugitive emissions by 63 percent. Implementation of Regulatory Alternative III

would reduce the baseline emissions by 69 percent. As Table 7-5 indicates.
Regulatory Alternative IV. the most stringent of all the alternatives,

would reduce the baseline emissions by about 87 percent.

7.2 IMPACT ON WATER QUALITY
In the absence of standards to reduce fugitive emissions of VOC from

SOCMI and under normal equipment operation, liquid leaks from various

equipment components could increase the quantity of wastewater generated

by a "typical" SOCMI facility. Under Regulatory Alternative 1, liquid leaks
could originate from pumps and process valves in light or heavy liquid
service as well as valves on open-endl,(j lines in light or heavy liquid service
and enter the wastewater system d::, runoff. l\1thouljh the uncontrolled elllisr,ion

rates ~or these sources are given in Chapter 3, the gas-liquid split of
these emissions is not defined. Consequently, the increase in wastewater

from SOCMI due to liquid leaks from potential fugitive emission sources
cannot be quantified.

Implementation of Regulatory Alternative II could reduce the wastewater
h'01i1 a "typical" SOCMI facility by reclucinq the fugitive liquid emissions

resulting undel' Alternative 1. The ·reduced emissions would be due to the
use of caps, plugs or second valves on open-ended lines in gas and light or
heavy liquid service. For exaillple, caps, pluqs, or second valves required

I'-H



under Alternative II would reduce the VOC fugitive emission rate from open

ended lines in light or heavy liquid service from 0.01 kg/hr under Alternative

I to 0.004 kg/hr. This reduction would reflect a reduction in gaseous

emissions and liquid leaks. Since the gas-liquid split of the emission from

a given source is site specific, the impact of Alternative lIon waste-

water from SOCMI cannot be quantified. However, it is likely that this

impact would be minor.
Implementation of Alternative III would result in impacts on wastewater

from SOCMI similar to those resulting from Alternative II. However, the

impacts under Alternative III would be more pronounced due to the more

frequent inspection intervals required by this alternative. The more
frequent intervals would reduce the VOC fugitive emission rate from valves

in light or heavy liquid service from 0.004 kg/hr under Alternative II to

0.003 kg/yr under Alternative III. Similarly, the fugitive emission rate

from pumps in light liquid service.,would be 0.044 kg/hr under Alternative II

and 0.03 kg/hr under Alternative III. Consequently, the potential for the

production of liquid leaks which would be added to the wastewater from SOCMI

by possible fugitive emission sources would be less under Alternative III

than under Alternative II.

Of the alternatives being considered, Regulatory Alternative IV

could have the greatest impact on the quality of water that is discharged

from a "typical" SOCMI facility. Implementation of this alternative could

have positive (and possibly some negative) impacts on wastewater depending on

the specific control device requirements at each unit. Implementation of

Regulatory Alternative IV could reduce the amount of wastewater from a

SOCMI facility by reducing the fugitive liquid emissions resulting under

Alternative I. The reduction of these emission levels is primarily due to

the reduction of leaks from equipment in light liquid service, e.g., from
the use of double mechanical seals for pumps and closed loop sampling. Under

Regulatory Alternative IV, a double mechanical seal-degassing vent arrangement

reduces the emission rate of a pump seal in light liquid service under

Regulatory Alternative I from 0.12 to 0.0 kg/hr. A portion of this emission

reduction would be a reduction in liquids leaked to the ground or ditch.

However, the amount of liquids leaked to the ground or ditch that could enter

a plant wastewater system is not known.
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TABLE 7-6. TOTAL VOC FUGITIVE EMISSIONS FROM AFFECTED MODEL UNITS
FOR REGULATORY ALTERNATIVES

= .... :..--~-~- --==- -=:= .- =-----=----=="-- ., -

Total fugitive emissions estimated
Number of affected under Regulatory AlternativeP,c

mode 1 units a I II III IV
Year A B C (Gg/yr) (Gg/yr) (Gg/yr) (Gg/yr)

1981 77 49 22 35.4 12.9 11.0 4.6

1982 158 , 100 46 73. 1 26.7 22.8 9.5

-...J
I 1983 244 155 71 113.0 41.2 35.2 14.8~

0

1984 335 213 '',- 97 155 56.5 48.3 20.2

1985 432 274 125 199 72.8 62.1 26.0

aThe bases for estimating the number of model units ,·as detailed in Appendix E, are:
an industry growth rate of 5.9 percent per year,
unit replacement based on a 20-year equipment life. and
a base year (1980) total of 872 Model A, 554 Model B. and 252 Model C Units.

bEstimated total VOC fugitive emissions from Model Units A, B. and C.

cDoes not include emissions from units in existence prior to 1981.



Impl ementati on of Regul atory Alt~~rnative IV coul d also result ina

negative impact on water quality due to the operation of a control device

which "captures" the fugitive VOC's. If a carbon adsorption device

were used to capture any VOC released at the degassing vent and if the
carbon is regenerated at the unit, a wastewater containing suspended solids

and some dissolved organics could be produced during the carbon regeneration
process. The use of a refrigeration process as the ultimate control device

could possibly result in a condensate containing dissolved organics. The

wastewater flow rates would be quite ~mall and would generally be suitable
. - ._.~.- - - .

for treatment in the existing unit wastewater treatment process. Overall,
the impacts, both positive and negative, of Alternative IV on wastewaters

from SOCMI would be minnr.

7.3 IMPACT ON SOLID WASTE
In the absence of standards to reduce fugitive emissions of VOC from

SOCMI and under normal operation, solid wastes that could result from SOCMI

include replaced seals, packing, rupture disks, equipment components such

as pumps and valves, spent catalysts, and polymerization products. Metal
solid wastes such as mechanical seals, rupture disks and valve parts could

be sold as scrap metal to companies which can recycle the metal. This would

help to minimize the impact on solid waste. The quantity of used valve
packings and used batteries for monitoring instruments would not signifi

cantly contribute to solid waste.
Implementation of Alternatives II and III would require the use of caps,

plugs, or second valves on open-ended lines in light or heavy liquid service,

and more frequent monitoring intervals. Implementing either of these

alternatives would have no greater in1ract on solid waste than Alternative I.
This is due to the relatively long life of caps, plugs, and second valves on

open-ended lines as well as the ability to sell discarded components such
as valves, mechanical seals, and rupture disks as scrap metal.

Implementation of Regulatory Alternative IV could result in the
generation of solid waste if carbon ~rlsorption were used as a control
device and if the carbon were discard~d instead of being regenerated.
However, the VOC emissions from the pump and compressor vents are small
streams, so that carbon requirements would be very low. Furthermore,
the carbon could be sent back to the Jllanufacturer for regeneration,
thereby reducing the solid waste problem at the facility. It is antici
pated that the manufacturer could incinerate or commercially dispose of
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any carbon that could not be regenerated (such as carbon fines) without

any serious environmental problems. Consequently, the negative impact of

implementing Alternative IV would be minor.

7.4 ENERGY IMPACT
Regulatory Alternatives II, III and IV call for passive controls on

equipment handling VOC streams (i.e .• pump seals. process vent enclosureS.
degassing vents, etc.); so implementi1g any of these alternatives will not

significantly increase the energy usaqe of a typical SOCMI plant. If a
control device such as a carbon adsorption system were used. steam (or another

hot regenerahng medium) would be needed to regenerate the carbon at the unit;

however, the energy requirements would be quite small. The energy require

ments of vapor recovery systems and of closed loop sampling would also be
small. Any of the alternatives would increase efficiency of raw material

usage. Because the raw materials for SOCMI are also energy sources, imple

mentation of any of the alternatives being considered will result in a

positive energy impact.

The average energy value of the fugitive VOC emissions from SOCMI is

estimated to be approximately 31 x 106 joule/kg. 19 The energy savings

resulting from the fugitive VOC emission reductions associated with
Alternatives II, III, and IV are presented in Table 7-7. Because Alterna

tive IV is the most stringent, it will result in the greatest emission
reduction. As Table 7-7 indicates, implementation of this r·egulatory alter

native would reduce the uncontrolled Fugitive emissions by 173 Gg in the

fifth year and by a total of 520Gg over a five-year period after implemen

tation. These "recovered" VOC emissions have a total energy value of

1.55 x 10 13 joules based O~ an average heating value of 31 x 106 joule/kg.

Assuming an energy value of 5.8 x 106 Btu per barrel of crude oil,20the

ener~y value of the total fUrJitive emissions recovered over the five-year

period is approximately equal to 2.5 Illillion barrels of crude oil under

Regulatory Alternative IV. This corresponds to an average daily savings of

1390 bbl/day of crude oil over the five-year period.
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TABLE 7-7. ENERGY IMPACT OF EMISSION REDUCTIONS FOR REGULATORY ALTERNATIVES

: :,--=-::;;-.=. ==-:-:::,.=-:::;::-=="

Reduction from baseline Energy value of emission
emissions under reductions under Crude oil equivalent

Regulatory Alternatives, Regulatory Alternatives, of emission reductions,
Gga terajouleb thousand barrels

Year II III IV II III IV II c IIIc IV c

1981 22.4 24.4 30.8 694 756 955 113 124 156

1982 46.4 50.3 63.6 1,440 1,560 1,970 235 255 322

"'-.J
I....... 1983 71. 8 77.8 98.2 2,230 2,410 3,040 364 394 497w

1984 98.3 106 135 3,050 3,290 4,180 498 538 683

1985 127 137 173 3,940 4,250 5,360 644 695 876

5-year 366 396 500 11 ,350 12,270 15,500 1,855 2,005 2,530
total

--

aEstimated total VOC fugitive emission reduction from Model Units A, B, and C.

bBased on 1.55 x 1013 joules/kg 21 : This may be slightly over estimated if safety/
relief valves are controlled by a closed vent and flare system.

cBased on 5.8 x 106 Btu/bb1 crude 0 i 1.



7.5 OTHER ENVIRONMENTAL CONCERNS
7.5.1 Irreversible and Irretrievable Commitment of Resources

Implementation of 'any of the various alternatives is not expected
to result in any irreversible or irretrievable commitment of resources.
As previously noted, the regulatory alternatives should help to save
resources due to the energy savings associated with the reductions in
emissions.
7.5.2 Environmental Impact of Delayed Standards

As it was indicated above, implementation of the standards will
only have minor impacts on water and solid wastes. Consequently, delaying
the standards would have essentially no impact on these problems.
However, a delay in implementing the alternatives would have a greater
impact on air pollution and associated energy losses. The air and
energy impacts of delayed standards are shown in Table 7-7. The emission
reductions and associated energy savings shown would be irretrievably
lost at the rates shown for each of the five years.
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8. COST ANALYSIS

8.1 COST ANALYSIS OF REGULATORY ALTERNATIVES

B. 1.1 Int ro duct ion
The costs of implementing the regulatory alternatives for controlling

fugitive emissions of volatile organic compound (VOC) from the synthetic

organic chemicals manufacturing industry (SOCMI) are presented in the

following sections. Detailed descriptions of the model units and regulatory

alternatives treated in this cost analysis are presented in Chapter 6.

8.1.2 New Facilities
8.1.1.1 Capital Costs. The bases for the capital costs for the

model units are presented in Table 8-1. The capital cost estimates for each

model unit under each regu'latory alternative are given in Table 8-2.

Regul atory Alternati ve I requi t'es no control of VOC emi ss ions. Consequently

there are no capital costs associated with this alternative.

The capital costs for the model units are the same under Regulatory
Alternatives II and III, since the only change is the monitoring frequency.

These costs include the purchase of two VOC monitoring instruments and caps
for all open-ended lines~ It is assumed that one monitoring instrument
is used as a standby spare.

Under Regulatory Alternative IV, like II and III, two monitoring

instruments and caps for all open-ended lines would be purchased. In

addition, several other capital costs would be incurred. All single seal
pumps in light liquid service would Y'equire double mechanical seals at a
cost of $575/pump. A barrier fluid system ($I500/pump) would also be
required in conjunction with the double mechanical seals. Existing pumps

with double mechanfcal seals are assumed to have a barrier fluid system
already incorporated. Hence, there would be no additional capital
expenditure for the double seals or barrier fluid fsystem:~" :,-,.."r,"",_::~j:

~, .,/,~,~.r.'~~
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TABLE 8-1 CAPITAL COST DATA

Item
Cost Value tisI'd in I\nal"y;;r;;--

(last quarter 1978~) Reference

Monitoring Instrument

Caps for open-endrd line~

Dual mechanical seals

Barrier fluid system for
dual mechanical seals

Closed y,'nls fflr dl''lassin!l
re~erYo i r, of ro'"pr(!Ssors
and dua 1 ~ea1 pu"'ps

2 x 4750 = ASOO/rrodel ",Ii t

45/1 i ne

575/pump (new)

350/pump (retrofit)

ISOO/pump

J265/pump

nne inslrUlII(lnt 11C;~ri de; ~ ';J1arp.

~a50d 00 iostallatinn uf a 2.5
em. strOWI'd valve. a Cost (1967) •
$12. Cost index = 2IH.I/IIJ.
(nstallation = 1 hour al $l5jhour.

Seal cost = t5~0. 5inqle seal
credit = $225. Shop
installation = $240.

Seal cost = $560. Field
installation ~290.

Pressurized reservoir system •
S700. System cool er • $800.
Pumps that haye dua 1 mechanical
seals without regulatory require
e'ent may not haye the cost of a
barrier fluid system added. The
barrier fluid system is assumed to
be an Integral part of the seal
,ystem.

nased on Installation of a l~' III

Il"nqt.h of 5.1 r.1II. ,ji.lII1PI,('\r,

sr.lledlJll~ ~O cach"u '.I.M'I pipe .l!.
,) co~t "f $',200; I'lu~ lhree 5.1 r".
r:rtt;1. !-ot.l"'!ral pluq v",lV(I-; Mid nnfl
IIIPtal c'itllrW rlrllltf" ill'rfl';f.lJr at rl

r.ost of $Illn. Ihrcn rn.'s
1I11'IIldo ("''''l'C t.IlJO lJ r I hr dr
q(l~o;;,1r1(1 rr.lJ,I'T'Yolr 10 rIll I'X!o;t il1q
I'ncloc;rd nunhll',l jorl dr'"ir'r' or
Vrlpnr rl""rovl'!ry h(',lclf"r. t:O<i t flf
., corll rill rl~v i cP a"d~fl <I'~r. I f i,:-l Ily
10 contrnl ~h,. rlr'<],l';o;inll v~nts 1';,
lherefore, not inrllJrlrd.

1he cn,ts hdye the ~dme ha<is a,
c lo~er1 vront.s for comprp.'lo;qrs. The
cllS t for pur"ps i, ba ~ed on the
.ssu'"nl.ion toa t two pumpS (such
dS a pump and it, spare) are
roonected to a sinqll' dl'lla<sing vent.

1•2

9

10

11

~Lfnes ler98r th~n 2.5 tm may be flanged. Inst~l1e(j tost 'or hl"nd flanges
15 estimated to be $30/lin8.

"~~~-~---I Reproduced from - -,
: besr available copy. ;
'====~~::S~~
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TABLE 8-1 (canL). CAPITAL COST DATA

--- ------------------------

Item
Cost Value Used in Anafy~;~-··

(last Quarter 1978$) Cos t Ras i s Referene"

Rupturf' disks fa," re1 if'f
v~l VI!S

1730/I'f'1 ief valvp (npw) r,'st (If rupfllr" cli c" ,'s~(,I:If>ly:

one 1.fl (III. t'IJp1ure c1i'>~ sl~illl('l'I'l

Slpf'1 ~ $195; one 7.0 cm. ruptu'"e
disk holder, earhon st."f'l = S32 r,;
oup 0.6 em. pressure 'la','lp, dial
facf' = $15; one O.fi em. bleed
valvp., c~rbon steel, gat = $2<;;
in~lallation = $240. To ~llow

in-sf'rvice disk replacement, ~

h10ck valve IIIUSt be installed Ilfl
stream of the rUflture disk. Cost
(1967) for one 7.6 em. gate valve
S·'40. Cost index = 2711.1/11 3.
Insta11atinn = 10 hOllrs at $15/hour.
Tn nrevent rlamage to thp. relief valve
by disk fragments, an offset mounting
is required. Cost (1967) for one 10.2
t,'p and one 10.2 I'm. elhow = S7.W.
Cnst index ~ 2711. 11113.
Installation = 8 hours at $l'i/hour.

13, H,l~,
16,17, I H,
19

em.

3110/rel ief valvp. (retrnl; t) Costs for the rupture disk, ho1d!'r,
an.! hlnek valvr are th!' sallie a" f'Jr
the u,'w appl ;cations. "n addi tion.11
cost is adder! to rerla,.p the deratprl
relief valve. No crprlil 15 asslllnp,1
for t.he "spd reI ief valve. Cost for
onp 7.6 cm pressurp reli"f valve,
stainleS5 <t.ee1 hody aod trim =
S500. Cost index = 2iR.1/113.
Installat.inn = 10 hours ,t IIS/hollr.

20, £'1,22,21

C10serl loon sampltnq
can nee t ions

460/s'lliplino connl'(tion

8-3
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TABLE 8-2. CAPITAL COST ESTIMATES FOR NEW MODEL UNITS
(thousands of last quarter 1978 dollars)

Regulatory alternative
Capital cost itema I I I![ IV

r~odel Unit A

l. Monitoring instrument 8.50 8.50 8.50
2. CaDs for open-ended l\res 4.68 4.68 4.58
3. Dual mechanical seals.

Seals 1. 58
Installation

sealse 1. 20
4. Barrier fluid system for dual meeh. 7.5
5. Vents for compressor degassing reservulrs 6.53
6. Vents for pump degassing ,~.e~.ervoi rs 26.1
7. Rupture disks for relief valves

Disks 2.14
Holders, block valves, ins ta 11 at ion 16.8

8. Closed loop sampling connections 12.0

Tota 1 0.0 13.2 13.2 87.1

Model Uni t 8

1. Monitoring instrument 8.50 8.50 8.50
2. Caps for open-ended l~nes 18.7 18.7 18.7
3. Dual mechanical seals;

Seals 6.36
Ins ta 11 at i c,n 4.56

4. Barrier fluid system for dual mech. seals c 28.5
5. Vents for compressor degassing reservoirs 13.1
6. Vents for pump degassing reservoirs 94.7
7. Rupture disks for relief valves

Disks 8.19
HoldE'rs, hlock valves, instil11ation 64.4

U. Clos~d loop sampling connections 47.fl

Tol<ll n.ll n.7 7.1.2 /9:,

:o1ollu I lin ill

1. Monitoring instrument 8.50 H.50 U.50
2. Caps for open-ended l\res 57.5 57.5 57.5
3. Dual mechanical seals,

Seals 20.1
Insta 11.at i on 14.4

4. Barrier fluid system for dual meeh. sealsC 90.0
5. Vents for compressor degassing reserVOlrs 52.2
6. Vents for pump degassing reservoirs 297
7. Rupture disks for relief valves

• Disks 25.4
Holders, block valves, installation 199

8. Closed loop sampling connections 147

Total 0.0 66.0 66.0 911

aFrom Tables 6-1 and 8-1.
bCos t is for back-to-back arrangement.

cPressurized system.
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Also, under Regulatory Alternative IV. compressor seals and pump

seals must have the seal oil degassing vents that are connected to a control

device such as a vapor recovery system or an enclosed combustion device. The
cost is estimated to be $6530 per compressor and $3265 per pump. This cost

is based on the. assumption that one closed vent system is required for each

compressor. Since main pumps and spares are generally located in close
proximity to each other, one closed vent system woul~ be required for each

pair of pumps. These costs are b~sed on connecting the closed vent system

to an existing control device.
The costs of purchasing and installing rupture disks is $1590 per

relief valve. Rupture disks would be installed upstream of relief valves

in gas service. The cost includes the purchase ofa shutoff valve to

allow the disk to be replaced after overpressure relief.
The closed loop sampling connection costs are based on an estimate of

$460 per sampling connection for installation of 6 meters of pipe and three

valves.

8.1.2.2 Annual Costs. With the implementation of Regulatory Alterna

tives II, III, or IV, visual and/or instrument monitoring of potential

sources of fugitive VOC emissions will be required. A summary of the

requirements for the different alternatives is presented in Chapter 6.
Tables 8-3, 8-4, and 8-5 give the monitoring labor-hour requirements

for Regulatory Alternatives II, III and IV. respectively. The labor-hour
requirements were calculated by taking the product of the number of workers

needed to monitor a component (1 for visual. 2 for instrument), the time

required to monitor, the number of components in the model unit, and the
number of times the component is monitored per year. Monitoring labor costs
were then calculated based on $15 per hour. 25 ,26.27 Regulatory Alternative III

would require the highest annual monitoring costs.

Leak repair labor is the cost of repairing those components in which
leaks develop after initiul, repuir. Leaks Illay be discovered during ~he

8-5



TABLE 8-3. ANNUAL MONITORING AND LEAK REPAIR LABOR REQUIREMENTS
FOR REGULATORY ALTERNATIVE II

~ =-
--

Monitoring leak repair
Number of Estimated

components per Monitoring Times Monitoring labor- number of Repair leak repair labor-
model unit Type ora time ,b monitored hours regui red c leaks per year! time, hours reguire~

Source type A B C monitori ng min per year A B C A B C hrs A B C

Pumps (light 1iquid)

Single mechanical 5 19 60 Instrument 5 1 1.0 3.2 10.0 1 1 3 80 b 80 80 240
seals Visual 0.5 52 2.2 8.2 26.0

Dual mechanical 3 10 31 Instrument 5 1 1.0 1.7 5.2 1 1 2 80 b 80 80 160
seals Vhual 0.5 52 1.3 ' \ 4.3 13.4

Valves (in-line)
Gas 90 365 1117 InstrUT"ent 1 4 12.0 49.D 149.0 4 15 45 1.l3f 4.5 17.0 50.9

Light liquid 84 335 1037 Instru~nt 1 1 2.8 11. 2 34.6 3 9 25 l.13f 3.4 10.2 28.3

c::J Safety/reI ief valves 11 42 130 : r15: ,... --02 ..... -: 8 4 11.7 .."".j 13:.G 09 0 0 0,
I (gas service)
~

Valves In open-ended
1ines h

Gas 9 37 115 Instrument 1 4 1.2 4.9 15.3 1 2 5 1.13 e 1.1 2.3 5.7

Light liquid 47 189 581 Instrument 1 1 1.6 6.3 19.4 2 6 14 1.l3e 2.3 6.8 15.8

Co~pressor seals 1 2 8 Instrument 10 4 1.3 2.7 1D. 7 1 1 2 40b 40 40 80
-----.

a2 workers for instrument monitoring, 1 for visual. ~ef. 2n, p. 4-3.
bRef . 29.

cMonitoring labor-hours = number of workers ~ number of components x time to monitor (total is minimum of 1 hr).
dFrom Table 4-2.

eLeak repair labor-hours = number of leaks x repai," time.

fweighted average based on 75 percent of the leaks repaired on-line, requiring 0.17 hour per repair, and on 25 percent of the leaks repaired
off-line, requiring 4 hours per repair. Ref. 30. p. R-12.

glt is assumed that these leaks are corrected by routine maintenance at no additional labor require~cnts. Ref. 31.

hThe estimated number of leaks per year for open-ended valves is pased on the same percent of sources used for in-line valves. This represents
leaks occurring through the stem and gland of the open-ended valv~. Leaks through the seat of the valve are eliminated by adding caps for
Regulatory Alternatives II, III, IV.



TABLE 8-4. ANNUAL MONITORING AND LEAK REPAIR LABOR REQUIREMENTS
FOR REGULATORY ALTERNATIVE III.

. - =====- . _.;....:.~-.o===- ::"=-=-.....o=..z-~-=>== ...... - =-=_~"'.2T .. =-,=-~.=-=_...:..o-':'....-......=----::"~-~-.......L ....... __~~

Monitoring Leak repair
Number of Estimated

components per
Type o~

Monitoring Times Monitoring labor- number of Repair Leak repair labor-
model unit time. b monitored hours required c leaks per yeard time, hours required e

[; R r rnnn; .. n .... ;n" m;1"'l nor UO':lor A B C A B C hrs A B C

5 19 60 Instrument 5 12 10.0 38.0 120.0 1 3 9 80 b
80 240 720

Visual 0.5 52 2.2 8.2 26.0

3 10 31 Instrument 5 12 6.0 20.0 62.0 1 2 5 80
b

80 160 400
Visual 0.5 52 1.3 4.3 13.4

90 365 1117 Instrument 1 12 36.0 146.0 446.8 6 22 68 1.13f 6.8 24.9 76.8

84 335 1037 Instrument 1 12 33.6 134.0 414.8 7 25 75 1.13 f 7.9 28.3 84.8

~ 1 42 i 30 Inst:'~:e';r: Q ~ 2 35.2 134.4 416.0 og 0 0 0Saf~t·,' ''''-=~ ~e.c ·,a~ '/es
(9']5 Si'rv ice)

- - .__._~~~~

Light 1iquid

Valves (in-line)
Gas

Dual mechanical
seals

Sourc~~e .. _ v ,''v,, 0 _yO ''''< ".... ,",v' ~vu

Pumps (light liquid)
Single mechanical

seals

18.8 75.6 232.4 4 14 42 15.8 47.5

co
I

"'-J 'i~"leo -, c~~"-ended

1 j ni'sh
Gas

Light liquid

9 37

47 189

115

581

Instrument

Instrument

12

12

3.6 14.8 46.0 3 7 1.13 e

1.13 e

1.1

4.5

3.4 7.9

Compressor seals 2 8 Instrument 10 12 4.0 8.0 32.0 2 40 b 40 40 80
---_.--------------_._-.------------- - -------

"2 \~or,;.crs for instrument monitoring, 1 for visual. Ref. 3?
bRef. B.

cMonitoring labor-hours = number of workers x number of co~ponents x time to monitor (total is minimum of 1 hr\.
dFrom Table 4-2.

eLeak repair labor-hours = number of leaks x repair time.
~

'Weighted average based on 75 percent of the leaks repaired on-line, requiring 0.17 hour per repair, and on 25 percent of the leaks repaired
off- 1i ne, requi ri ng 4 hours per repa i r. Ref. 34 .

glt is assumed that these leaks are corrected by routine i"ilintenance at no additional labor requirements. kef. 35.

hThe e~timated number of leaks per year for open-ended valves i~ based on the same percent of sources used lor in-line valves. This represents
leaks occurring through the stem and gland of the open-ended valve. Leaks through the seat of the valve are eliminaterl hy addinQ caps for
Re~ulatory nl~ernatives II, III, IV.

I" '-- -, - - , '''--''.- "--- .• _. ,-_. - '-- .

II ~eproduc~~ .from ~~l
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TABLE 8-5. ANNUAL MONITORING AND LEAK REPAIR LABOR REQUIREMENTS FOR
f'[~LL;--:-~,\1 ~L-:-E" :',-;-I\,£. IV.

___ c
-.~~

Monitoring leak repair
Number of Estimated

cOl"ponents per Monitoring Times Monitoring labor- number of Repair leak repair labor-
model uni t Type ofa time, b monitored hours regu ired c 1eaks per yeard time, hours requ ired e

Source ty'pe A B C monitoring min per year A B C A B C """tirS A B C

Pumps (light 1iquid)

Single mechanical 5 19 60 Instrument 5 Of 0 0 0 Of Of Of 80
b 0 0 0

seals converted to Visual 0.5 52 2.2 8.2 26.0
doubl e sea 1s

Of 80 bDual llIeCnanical 3 10 31 Instrument 5 0 0 0 Of Of Of 0 0 0
seals Visual 0.5 52 1.3 4.3 13.4

Valves (in-line)

Gas gO ,)05 1117 Instrurrent 1 12 36.0 146.0 446.8 6 22 68 1.13 9 6.8 24.9 76.8

Light 1iquid 84 335 1037 Instrument 1 12 33.6 134.0 414.8 7 25 75 1.13 g 7.9 28.3 84.8

Safety/relief valves 11 d2 130 Instrurcert 8 of 0 0 0 ;f ')f Of Of ,n 0 0 0
(s:s serlice)

O:l Valves on open-ended, ; : .. ~sic:>
Gas g 37 115 Instrument 1 12 3.6 14.8 46.0 1 3 7 1.13 g 1.1 3.4 7.9

light liquid 47 189 581 Instrument 1 12 18.8 75.6 232.4 4 14 42 1.13 9 4.5 15.8 47.5

Of
, < Of 40 bCompressor seals 1 2 8 Instrun-e": 10 0 0 0 0' 0 0 0 0

a2 ",orker1> for i ns tru~ent r,onitori ng. I for 'vi sua 1. Ref. 36.

bRef . 37·

c~onitoring labor-hours ~ number of workers • num~er of Components x time to monitor (total is a minimum of 1 hr).
dFrol!' Table 4-2.

eLeak repair labor-hours ~ number of leaks x repair time.

fNo monitoring or leak repair required because equip~~nt specifications eliminate leak potential.

g~eighted average based on 75 percent of the leaks repaired on-line, requiring 0.17 hour per repair, and on 25 percent of the leaks repaired
off-line, requiring 4 hours per repair. Ref. 3lJ.

hit is assumed that these leaks are corrected hj 'outine maintenance at no additional labor requirecents. Ref. 39.

jThe estimated number of leaks per year for open-ende~ valves is based on the same percent of sources used for in-line valves. This represents leaks
occurring through the stem and gland of the open-ended valve. Leaks through the seat of the valve are eliminated by adding caps for RegulatoryAlternatives II. III, IV.



periodic monitoring required by the regul'atory alternatives. The number
of estimated leaks and the labor hours required for repair are given in
Tables 8-3, ~-4, and 8-5. Leak repair labor was calculated based on $15 per
hour. 40 ,41,42 Maintenance labor costs would be greatest under Regulatory

Alternative III and least under Alternative IV. Costs would be reduced under

Alternative IV because the reqUired installation of double mechanical
seals with seal oil degassing vents eliminates the most time-consuming

repair items.
Administrative and support costs were estimated at 40 percent of the

sum of monitoring and leak repair labor costs. Monitoring labor, leak
repair labor, and administrative/support costs are recurring annual costs

for each Regulatory Alternative.
8.1.2.3 Annualized Costs. The bases for the annualized control

costs are presented in Table 8-6. The annualized capital, maintenance,

and miscellaneous costs were calculated by taking the appropriate factor

from Table 8-6 and applying it to the corresponding- capital cost from

Table 8-2. The capital recovery factors were calculated using the

equation:

CRF = --ill + i)n
(l+i)n- l

where = interest rate, expressed as a decimal,
n = economic life of the component, years.

The interest rate used was 10 percent (last quarter 1978). The expected

life of the monitoring instrument w~s 6 years compared to 10 years for other
control equipment components. Dual seals and r~pture disks were assumed
to have a 2 year life.

The implementation of any of the Regulatory Alternatives (except I)
will result in the initial discovery of leaking components. It is

assumed that fewer leaks will be found at subsequent inspections. The
cost of repairing initial leaks was amortized over a lO-year period. since
this is a one-time cost. Repair 9f leaks found at subsequent inspections
was included as a recurring annual cost in 8.1.2.2. The estimated
percentage of initial leaks per component is shown in Table 4-2. This
rercentage was applied to the number' of components in the model unit
under consideration. Fractions were rounded up to the next integer, since
in practice it is the whole valve, or seed, that is replaced and not just
part of one. The time required to repair each component type is given

8-9



TABLE 8-6. DERIVATION OF ANNUALIZED LABOR, ADMINISTRATIVE,
MAINTENANCE AND CAPITAL CHARGES

1. Capital recovery factor for capital
charges

• D~l s.eals and rupture disks
• Other control equipment
• Monitoring instruments

0.58 x caPital a
b0.163 x capital

0.23 x capital c

2. Annual maintenance charges

• Control equipment
• Monitoring instruments

0.05 x capital d
$2700e

3. Annual miscellaneous charges
(taxes, insurance, administration)
• Control equipment
• Monitoring instruments

4. Labor charges

0.04 x caPital~
0.04 x capital

$15/hourg

5. Administrative and support costs to
implement regulatory alternative

6. Annualized charge for initial leak
repairs

0.4 x (monitoring labor +
maintenance labor)h

L(estimated number of lea~ing

components per model unit 1 x h
repair time 1 ) x $15/hrg x 1.4
x O. 163J

------------- ---------

"",F''"om Ref. 43, f'lp. IV-3,4.
: rom Ref. 44, pp. IV-9,lO.

aApplies to cost of seals ($335 - incremental cost due to specification of
dual seals instead of single seal~.) and disk ($195) only. Two year life,
ten percent interest.

hTen year life, ten ~ercent interest.

cSix year life, ten percent interest.
dFrom Ref. 45, pp. IV-3,4.

elncludes materials and labor for maintenance and calibration. Cost (last
quarter 1977) from Ref. 46, p. 4-3. Cost index = 221. 7 .;. 209.1 (Ref. 47 and ,48i.

f From Ref. 49, pp. IV-3,4,9,lO.
gIncludes wages plus 40 percent for labor-related administrative and
overhead costs. Cost (last quart~r 1977) from Ref. 50, pp. 4-4,5. Cost
index = 190.3 + 180.9 (Ref. 51 and 52).

hFrom Ref. 53, pp. IV-9,lD.
iShown in Table 8-7 • .;

jlnitial leak repair amortized for ten years at ten percent interest.
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in Table 8-7. The initial repair cnst was determined by taking the product
of the number of initial leaks, the repair time, and the labor rate, $15
per hour.54~55,56 Forty percent wa) added for administrative and support

costs. Finally, the total was multiplied by 0.163, the capital recovery
factor. As shown in Table 8-7, the cost of initial leak repair under
Regulatory Alternative IV is substantially less for each of the model

units than under Alternatives II and III. The main reason for this

reduction is the required installation of dual mechanical seals and
seal oil degassing vents that reduce the leak potential of pumps and

compressors. The repair time for a single pump or compressor seal ii very

much greater than the repair time for a valve, so that a leak detection and

repair program for pumps and compressors would be more labor-intensive.

8.1.2.4 Recovery Credits. The annual VOC emissions, total emission
reductions, and annual recovered product credits for each model unit

under each Regulatory Alternative are shown in Table 8-8. Regulatory

Alternative I represents the uncontrolled emissions from each model unit.

The annual emission reduction was !calculated by subtracting the controlled

emission factor from the uncontrolled emission factor for each source.
To obtain an annual rate, the result was multiplied by 8760 hours per year.

. $ 57The recovery credit was calculated at 360 per Mg of recovered product.

8.1.2.5 Net Annualized Costs. The net annualized costs, shown in
Tables 8-!t., 8-10, and 8-11, were detf~rmined by subtracting the annual

recovered product credit from the total cost before credit. For example,

Model Unit A, under Regulatory Alternative II has a net annualized credit

of $3300, as a result of $12,100 in costs and $15,400 for recovery

credi ts.

8.1.2.6 Cost Effectiveness. The cost effectiveness of each regula

tory alternative for each model unit is shown in Table 8-12. Regulatory
Alternatives II and III have a net annualized credit for all model units,

dnd cost effectiveness numbers are rH'gative. Since Regulatory Alternative
IV is the only olle with d ~ositive net co'>t, cornpar-isons of cost
effectiveness in the norlllill sense arc mearl"ingless. The highest cost of

VOC control under Regulatory Alternative IV is for model unit A. Although
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TABLE 8-7. LABOR-HOUR REQUIREMENTS FOR INITIAL LEAK REPAIR

Regulatory alternative II

c

alternative IIIRegulatory

Labor-hours
regui red

ABC

Repair
time.
hrs

Re~~latory alternative IV

A B- C

Estimated
number of
initia1 bleaks

CA B

labor-hours
required

Repair
time.
hrs

Estimated
number of
initial
leaks b

ABC

labor-hours
required

A B

Repair
time.
hrs

Estimated
number of
initi a1
leaks b

-A-BTABC

Number of
components

per model
unit

Source ty~e

Pumps (1 ight liquid)

Single mechanical seal
Dual mechanical seals1

5 19
3 10

60
31

2 5 14
1 3 8

80c

80c
160 400 1120

80 240 640
2 5 14

1 3 8

80c

80c
160 400 1120

80 240 640

Oe De

oe De

oe 80c

De BOc
o 0

C 0

o
o

Valves (in-line)
Gas
light liquid

90 365 1117
84 335 1037

9 37 112
11 41 125

1.l3d

1.13d
10
12

42 127

46 141
9 37 112

11 41 125
1.l3d

1.13d
10 42

12 46

127

141

9 37 112
11 41 125

1.13d

1.13
d

10 42 127

12 46 141

Safety/relief valves a

(gas service)
11 42 130 o 0 o o o o o o 0 o o o o o oe Oe Oe o o 0 o

co
I
-'
N

~

Valves on open-ended lines'
Gas

Light 1iquid

g 37

47 189

115

581

1 4

6 23

12

70
1.13d

1.13d
1

7

5

26
14
79

1 4

6 23

12

70

1.l3d

1.13d
1

7

5

26

14

79

1 4

6 23

12
70

1.13
d

1.l3d
1 5

7 26
14

79

Compressor seals 2 8 3 40C 40 40 120 3 40c 40 40 120 Oe Oe oe 40c o 0 o

aIt is assumed that these leaks are corrected by routine maintenance at no additional labor requirements. Ref. 58.
b .Based on the ~ercEnt of sources leakIng at ~ 10,000 ppm. From Table 4-2.
cRef • 59.

dwei9hted average based on 75 percent of the leaks repaired on-line, requiring 0.17 hours per repair. and on 25 percent of the leaks repaired off-line.
requiring 4 hours per repair. Ref. 60.

eNo maintenance required because equipment specification eliminates leak potential.
fThe estimated number of initial leaks for open-ended valves is b<lsed on the same percentage of sources used for in-line valves. This represents leaks
occurring through the stem and gland of the open-ended valve. leaks through the valve seat are eliminated by adding caps for Regulatory ~lterr.~tives

II. III. IV.



TABLE 8-8. RECOVERY CREDITS.

,..

====~~~~~~-~==========~~~=========~~=====~==~=~~~=~~~

Model unit A Model unit B l10del unit C
Recovereda -Recovered~ -- ----- -- Recovereda

voe Emission reduction product voe Emission reduction product voe Emission reduction product
Regulatory e~issions. from uncontrolled, value, emissions, from uncontrolled, value, emissions, from uncontrolled, value.
a ~ ternati ve Mg/yr Mg/yr $/yr Mg/yr Mg/yr S/yr Hg/yr Mg/yr $/yr

67.2 -- -- 257 -- -- BOO

II 24.5 42.7 15,400 93.7 163 58,800 293 507 182.DOC

20.8 ~6.~
- ~ -""\ .... 79.8 177 63,SO: 249 551 19E.,8C~011 Ie" .J ...

CO
I...... 8.46 33.:- 21.100 34.3 223 80,2':= 106 694 250,00:V.J

l,

-

aLast quarter 1978 dollars. Based on an average price of $360/Mg. Ref. 61.



TABLE 8-9. ANNUALIZED CONTROL COST ESTIMATES FOR MODEL UNIT A
(thousands of last quarter 1978 dollars).

-- -------

Regulatory alternative
Cost item ·1 II III IV

Annualized capital charges
1. Control equi pment

a. Instrument 1. 96 1.96 1. 96
b. Caps .763 .763 .763
c. Oila1 se1l1 sa

• Seals 0.974
• Installation b .196

ct. Barrier fluid system 1. 22
e. Vents - pumps and compressors 5.32
f. Rupture di sKs

Disks 1.24
· Holders, etc. 2.74

g. Closed loop sampling 1.96
2. Initial leak repair 1.06 . 1.05 0.10

Operating costs
1. Maintenance cha rges

a. Instrument 2.70 2.70 2.70
b. Caps .234 .234 .234
c. Dual seals 0.144
d. Sa rri er fl ui d sys tern .375
e. Vents - pumps and compressors 1.63
f. Rupture disks .950
g. Closed loop sampling 0.60

2. M; scell aneous (taxes, insurance.
admin is tra t ion)
a. Instrument . ]qO .340 .340
b. Caps .11l1 . IR7 .11:l7
c. Oua' lIuh .115
d. Barrier fluid system O.3D
1'. Vl!nts . ~urllps IJond LUllJpressur·'. 1.31
1>. Rupture diSKS .75H
q. Closed loop sa~pling .4d

3. Labor
a. Monitoring labor 0.54 2.26 1.43
b. LeaK repair labor 3.17 3.30 0.304
c. Administrative and supportC 1. 51 2.22 0.692

Total before cred; t 0.0 12.1 15.0 29.0

Recovery creditsd
0.0 15.4 16.7 21.1

Net annualized coste 0.0 (- 3.3) (-1.7) 7.9

aeost 15 for back-to-back arrangement.
bpressurlzed system. /

(.

cBased on 40 percent of monitoring plus leaK repair labor. Ref. 62.
dBased on an average price of $360/Mg. Ref. 63.
e (_)()() =~ net cred! t
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TABLE 8-10. ANNUALIZED CONTROL COST ESTIMATES FOR MODEL UNIT B
(thousands of last qual'ter 1978 dollars)

Cost item IV
Annualized capital charges

1. Control equipment
a. Instrument
b. Caps
c. Dual seals a

• )eals
• [nstallation

d. Barrier fluid systemb
e. Vents - pumps and compressor~

f. Rupture disks
Disks

• Holders, etc.
g. Closed loop sampling

2. Initial leak repair

Operating costs

1. Maintenance charges

a. Instrument
b. Caps
c. Dual seals
d. Barrier fluid system
~. Vents - pumps and compressors
f. Rupture lH·sks
g. Closed ldop' ~ampling

2. Miscellaneous (taxes, insurance,
administration)

a. Instrument
b. Caps
c. Dual seals
d. Barrier fluid system
e. Vents - pumlJ~ and compres~or ....
f. Rupture disks
g. Closed loop sampling

3. Labor
a. Monitoring labor
b. Leak repair labor
c. Administrative anQ supportC

Tota 1 before credi t

Recovery creditsd

Net annualized coste

----- -------

lJ.1l

lJ.O

0.0

1. 96
3.05

2.73

2.7
.935

0.34
.711fl

2.04
3.54
2.23

20 . .1

(-38.5)

1.96
3.05

2.73

2.7
.935

0.34
.74H

8.75
7.69
6.58

(d.B

(-'~.3)

1. 96
3.05

3.69
.743

4.65
17.6

4.75
10.5

7.79

0.41

2.7
.935
.546

1.42
5.39
3.63
2.39

0.34
.748
.437

1. 14
4.31
2.90
1. 91

5.74
1. 09
2.73

BU.2

13.3

aeos t is for back-to-back arrangement.
bpressurized system.
cSee footnote from preceeding Table 8-9. Ref. 64.

dSased on an average price of $360/Mg. Ref. 65
e(_xx)~ net credit
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TABLE 8-11. ANNUALIZED CONTROL COST ESTIMATES FOR MODEL UNIT C
(thousands of last quarter 1978 dollars)

Cos t item
Regulatory alternative

II III I V

Annualized capital charges
1. Control equipment

a. Instrument
b. Caps
c. Dual seals'

· Seals
• Installation b

d. Barrier flu1d system
e. Vents - pumps and compressors
f. Rupture disks

• Di sks
• Holders, etc.

g. Closed loop sampling
2. Initial leak repair

Operating Costs
1. Maintenance charges

a. Instrument
b. Caps
c. Dual sellls
d. Barr1er fluid system
e. Vents - pumps and compressors
f. Rupture d1 sks
g. Closed loop sampling

2. Mhcellaneous (taxes, insurance,
~drninistrat1on)

~. In',Lnmwnt
b. Cd!lS
r. Du.l seal s
d. Barr1er flu1d system
e. V~nts - pumps ~nd C~I~ressor5

f. Rupture disks
g. Closed loop sampling

3. Labor

1. 96
9.37

7.67

2.70
2.BB

o. :1~{1

I . .HJ

1. 96
9.37

7.67

2.7D
2.B8

().:J~O

;!. :W

1. 96
9.37

11. 7
2.35

14.7
56.9

14.7
32.4
24.0

1. 23

2.70
2.88
1. 72
4 :50

17.5
11 .2

7.35

O. }1il
;> .111
1. :IK

'J,60
14,0
8,98
5.88

a. Monitoring labor 6.33 27.14
b. Leak repair labor 8.71 21. 3
c. Admin1strative and supportC 6.02 19.4

Total before credit 0.0 48,3 95.1

Recovery cred1tsd 0.0 182. 198.

Net annualized coste 0.0 (-134.) (-103.)

aeos t is for back-to-back arrangement.

bpressur1zed system.
cBase~ on 40 percent of mon1toring plus leak repair labor. Ref. 66.

dBased on an average price of $360/Mg. Ref. 67.

e (-ltx) => net credH
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TABLE 8-12. COST EFFECTIVENESS FOR MODEL UNITS
(last quarter 1978 dollars)

Mode1 un i t ~b
- .=-=--~ --~

Model uni t Aa Model unit CC
Regulato~lternative [ l[ HI IV I II III IV I II III IV

Total capital, cost (S1000) 0.0 13.2 13.2 87.1 0.0 27.2 27.2 295 0.0 66.0 66.0 911

Total annualized cost ($1000) 0.0 12.1 15.0 29.0 0.0 20.3 35.5 93.5 0.0 48.3 95.1 283

Tota 1 annual recovery credit ($1000) 0.0 15.4 16.7 21.1 0.0 58.8 63.8 80.2 0.0 182. 198. 250.

CO Net annualized cost (S1000)d 0.0 (-3.3) (-1.7) 7.9 0.0 (-38.5) (-38.3) 13.3 0.0 (-134.) (-103. ) 33.0

I
(.

I
--' "
"-J /.

Total vae reduction (Mg/yr) 0.0 42.7 46.4 58.7 0.0 163 177 223 0.0 507 551 694 ,
I,

(-36.6)
.- - ~ . i

Cost effectiveness d - (-77.3) 135. - (-236.) (-160. ) 59.6 - (-264. ) (-187.) 47.6
(annual ~/Mg voe)

a52 percent of the units in the SaCMI are similar to Model Unit A. Ref. 68.

b33 percent of the units in the SOCMI are similar to Model Unit B. Ref. 69.
CIS percent of the units in the SOCMI are similar to Model Unit C. Ref. 70.
~(-xx) = Control method net credit



this cost ($135/Mg) is much larger than the cost for model unit C ($48/Mg),
the net annualized cost for model unit A is only $7900. This amount is
insignificant compared to the annual operating cost of the process unit

itself.

8.1.3 Modified/Reconstructed Facilities

8.1.3.1 Capital Costs. The bases for determining the capital costs

for modified/reconstructed facilities are presented in Table 8-1. The
capital costs for these units are the same under Regulatory Alternatives

II and III as are those for new units. There are no costs associated
with Alternative I. The capital costs for the monitoring instruments,

the caps for open-ended lines, the barrier fluid systems, the vents for
degassing reservoirs, and the closed loop sampling connections are also

the same as for new units.

The estimated cost of retrofitting dual mechanicals seals for

single seal pumps was estimated at $850 per pump. This figure includes

$560 for a new back-to-back dual mechanical seal plus $290 labor for field

i nsta 11 ati on.
Rupture disks for relief valves, required under Regulatory Alterna

tive IV, were estimated to cost $2970 per relief valve. The original

relief valve must be replaced with a larger relief valve. The cost for a
new valve was included in the cost estimates. Credit for the removed valve

was not included.
The total capital cost estimates for modified/reconstructed facilities

are presented in Table 8-13. As noted above, the costs associated with
Regulatory Alternatives I, II, and III are the same as for new units.

8.1.3.2 Annualized Costs. The annualized control costs for

modified/reconstructed units, presented in Table 8-14, are derived frolll
the same basis as new units (see Table 8-2). The only changes from new

unit costs occur under Regulatory Alternative IV because of the increased
capital costs for dual mechanical seals and rupture disks. The recovered

product credits for the modified/reconstructed units are the same as for

the new model units.
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TABLE 8-13. CAPITAL COST ESTIMATES FOR MODIFIED/
RECONSTRUCTED FACILITIES

(thousands of last quarter 1978 dollars)

Capital cost itema

1. Monitoring instrument

2. Caps for open-ended lines

3. Dual mechanical sealsc

• Seals
• Installation

4. Barrier fluid sy~tems for double
mechanical seals

5. Vents for compressor degassing
reservoirs

6. Vents for pump degassing
reservoirs

Regulatory alternative IV b
Model unit

A B C

8.5 8.5 8.5

4.68 18.7 57.5

2.8 10.6 33.6
1.45 5.51 17.4

7.50 28.5 90.0

6.53 13. 1 52.2

26.1 94.7 297

7. Rupture disks for relief
valves
• Di sks
• Holders, block valves,

installation
• Replacement relief valve and

installation

8. Closed loop sampling connections

Total

2.14
16.8

15.2

12.0

104

8.19
64.4

58.0

47.8

358

25.4
199

179

147

11 07

aFrom Tables 6-1 and 8-1.

bFor Regulatory Alternatives I, II, III the capital costs for modified/
reconstructed facilities are the same as for new units (Table 8-2).

cCos t is for back-to-back arrangement.

dpressurized system.
. '-'..'; ~~ : " . ,

~... :.( ,
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TABLE 8-14. ANNUALIZED CONTROL .COST ESTIMATES FOR MODIFIED!

:--~~CONSTRUCTED r'JODH UNITS UNDER REGULflTOfW ALTERNATlVl:: IV J

(thousands of ]gs,~~~rter 1978 dQ11ars)
Model b Model Model d

Cost item unit A unit BC uni t C

Annualized capital cha rges

1. Control equipment

a. Instrument 1. 96 1. 96 1. 96
b. Caps .763 3.05 9.37
c. Dual seals e

, Seals 1.62 6.15 19.5
• Installation f .236 0.89B 2.84

d. Barrier fluid system 1. 22 4.65 14.7
e. Vents for pumps and compressors 5.32 17.6 56.9
f. Rupture disks

• Oi sks 1. 24 4.75 14.7
• Holders, etc. 2.74 10.5 32.4

Relief valves 2.4B 9.45 29.2
g. Closed loop sampling 1. 96 7.79 24.0

2. Initi al leak repair 0.10 0.41 1. 23

Operating costs

1. Maintenance charges
a. Instrument 2.70 2.70

, b. Caps .234 .935
c. Dual seals 0.213 0.806
d. Barrier fluid system .375 1. 42
e. Vents for pumps and compressors 1. 63 5.39
f. Rupture disks 1.71 6.53
g. Closed loop sampling .60 2.39

2. Miscellaneous (taxes. insurance.
administration)

a. Instrument .340 .340
b. Caps .187 .748
c. Dual seal~ 0.170 .644
d. Barrier fluid system 0.30 1. 14
e. Vents for pumps and compressors 1. 31 4.31
f. Rupture disks 1. 37 5.22
g. Closed loop sampling .480 1.91

3. Labor
a. Monitoring labor 1. 43 5.74
b. Leak repair labor

supportg
0.304 1.09

c. Administrative and 0.692 2.73

Total befon' credit 33.7 111.
hRecovery credits 21.1 80.2

Net annualized cost 12.6 30.B

Total VOC reduction (Mg/yr) 58.7 223.

Cost effectiveness ($/Mg VOC) 215. 138.

2.70
2.88
2.55
4.50

17.5
20.2
7.35

.340
2.30
2.04
3.60

14.0
16.2
5.88

17.7
3.25
8.38

338.

250.

88.

694

127.

aFar Regulatory Alternatives I, II. III. the annuillized control costs and cost
effectiveness for modified/reconstructed facilities are the same as for new units
(Tables B-7. 8-8. B-9).

b52 percent of existing units are similar to Model Unit A. Ref. 71

c33 percent of existing units are similar to Model U'1it B. Ref. 72.

dl~ pet'cent of existing units are similar to Model Unit C. Ref, 73.

eCos t 1s' for back-to-back arrangement.·
fpressurlzed system

9Based on 40 percent monitoring plus ~eak repair labor. Ref. 74.
hBased on an average price of $360/Mg. Ref. 75.

8-20



statutes which are applicable to

The provisions, requirements, and

cause an outlay of funds by an

I -_

,I
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8.1.3.3 Cost Effectiveness. The cost effectiveness figures for

modified/reconstructed facilities are also shown in Table 8-14. The cost

effectiveness under Regulatory Alternatives I, II, and III is the same as

for the new model units. The cost effectiveness under Regulatory Alter

native IV is a net cost of $215 per Mg for model unit A, $138 for model
unit B, and $127 for model unit C.

8.1.4 Projected Cost Impacts
The regulatory alternatives are assumed to go into effect by 1981,

using 1980 as the base year. The industry is estimated to grow at a rate

of 5.9 percent!6 SOCMI facilities are estimated to be replaced at a rate

based on a 20-year equipment life (see Appendix E). The estimated numbers

of projected new units are presented in Tables 7-5, 7-6, and 7-7 .. The

estimated costs to the industry for the years 1981 through 1985 are

presented in Tables 8-15 through 8-17. Capital costs shown are only for

units which begin operation in the indicated year. All other costs shown

are for all units subject to NSPS in the indicated year.

8.2 OTHER COST CONSIDERATIONS

Environmental, safety, and health

SOCMI plants are listed in Table 8-18.
regulations listed are those which may
organic chemical manufacturer.

Specific costs of each of these provisions or requirements to the
industry defined as SOCMI were unavailable. Total costs to SOCMI for
complying with environmental, safety and health standards were also
unavailable.

The entire chemical industry is planning to spend an estimated $639
million on pollution control in 1979 according to a McGraw-Hill Survey.77

Although this is a sizeable sum of money, the industry has enjoyed three
decades of rapid growth and high profits. The economic health of the

industry is better than that of many other industries.78 rhe Substantial
po.lluli on IJt'obl (,inS encoun terect in the i IIdlJS Lry and the I drye expendi tUrf-'S
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TABLE 8-15.. NATIONWIDE COSTS FOR THE INDUSTRY UNDER REGULATORY ALTERNATIVE II
(last quarter 1978 dollars)

Cost i tema 1981 1982 1983 1984 1985

Total capital cost ($1000)b 3,800 4,040 4,280 4,490 4,790

Total annualized cost ($lOOO)C 2,990 6,160 9,530 13,100 16,800

Total annual recovery credit (SlOOO) 8,070 16,700 25,800 35,300 45,500

. .- d
(-5,080) (-10,500) (-16,300) (-22,200) (-28,700) "-··"'C -~-<oo

00 Net annualized cost ($1000)
I

N
N

-a From Tables 8-2,8-9,8-10, 8-11.

bCapital costs for model units which begin operation in the years shown.

cAnnualized costs for all model units subject to NSPS in the years shown.
d(_xx) ~ net credit

~__~_ .c-- -..,.
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". TABLE 8-16. NATIONWIDE COSTS FOR THE INDUSTRY UNDER REGULATORY ALTERNATIVE III
(last quarter 1978 dollars)

I'

..'. Cos t i tema
.;~:'

':.;

Tot~1 capital cost ($1000)b
, ~

Totil annualized cost ($1000)c

1981

3,800

4,990

1982

4,0110

10,300

1983

4,280

15,900

1984

4,490

21 ,800

1985

4,790

23,100

Total annual recovery credit (S1000) 8,770 18,100 23,000 38,400 49,400

00
I

N
W

Net annualized cost ($lOOO)d (-3,780) (-7,800) (- 12 ,100 ) (-16,600) (-21,300)

aFrom Tables 7-6, 8-7, 8-8, 8-9.

bcapital costs for model units which begin operation in the years shown.

cAnnualized costs for all model units subject to NSPS in the years shown.
d(_x~) ~ net credit



TABLE 8-17. NATIONWIDE COSTS FOR THE INDUSTRY UNDER REGULATORY ALTERNATIVE IV
(last quarter 1978 dollars)

Cost i tema 1981 1982 1983 1984 1985

Total capital cost ($1000)b 41,200 44,000 46 1 500 48,700 51 ,900

Total annualized cost ($1000)c 13,000 27,000 41 ,700 57,100 73,500

Total annual recovery credit 11 ,100 22,900 35,400 48,500 62,400
($1000 )

co . d
I Net annualized cost ($1000) 1,900 4,100 6,300 8,600 11,100

N
-+:>

aFrom Tables 7-6, 8-7, 8-8, 8-9.

bCapital costs for model units which begin operation in the years shown.

cAnnua1ized costs for all model units subject to NSPS in the years shown.
d(_xx)~ net credit

/J
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TABLE 8-18. STATUTES THAT MAY 8E APPLICABLE TO SOCMI

j

I
l.l'

,I~'-

Sta tute

C~~~n Air Act and Amendments
.........

'::-.--,....

:i;)

Approximate cost incurred due to
Applicable provision, regulation or enactment of statute

regtJjrement ()f statu!e Model unit Industry

State i~p1ementation plans Total $249 mi11iona

Na~iona1 emission standards for hazardous
air pollutants

Benzene fugitive emissions
New source performance standards

Air oxidation

Volatile organic liquid storage
PSD construction permits
Non-attainment construction permits

"

co
I

N
U1

Clean Water Act (Federal
Water Pollution Act)

Resource Conservation and _
Recovery Act

Toxic Substances Control
Act

DischarQe permits
Eff1~ent limitations guidelines

New source performance standards

• Control of oil spills and discharges
Pretreat~e~t requirements

Monitoring and reporting

Permitting of industrial projects that
impinge on wetlands or public waters

Environmental impact statements

Penr,its for treatment, storage, and
disposal of hazardous wastes

Establis~es system to track hazardous
wastes

Establishes recordkeeping, reporting,
labelling and monitoring system for
hazardous wastes

Superfund

Pre~~nufacture notification

Labelling, recordkeeping
Reporting requirements

Toxicity testing

Total

Total

Total

$414 millionb

$200million c

Superfund-less than 2% of profits
or $200 million maximum annual
rate on petrochemical
fpedstockd

Production costs for the industry
are expected to increase by ~n

average of 0.6% and a maximum
of 5%.e

S100-200 mi1Jion per year f

Prei nventory notification cos t;
$1200-1500 per chemica1g

(Conti nued)



TABLE 8-18. (Cont. )
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co,
S?

Statu te
Occupational Safety and Health

Act

Coastal Zone Management Act

Power Plant and Industrial
Fuel Use Act

National Environmental Policy
Act

Safe Drinking Water Act

Marine Sanctuary Act

Applicable provision, regulation or
requirement of statute

• Walking-working surface standards

• Means of egres s s tanda rds
• Occupational health and environmental

control standards

• Ha za rdous rna teri a1 s ta ndards

• Personal protective equipment standards
• General environmental control standards
• Medical and first aid standards

• Fi re protecti on standards
• Compressed gas and compressed air

equipment
• Welding, brazing, and cutting standards

• States may veto federal permits for
plants to be sited in coastal zone

• Prohibits new, major, industrial power
plants which utilize fuel oil or
natural gas

• Requires environmental impact statements

• Requires underground injection control
pennits

• Ocean dumpi ng pennits

• Recordkeeping and reporting

Approximate cost incurred due to
enactment of statute

ModelUnl t Indus try

Total $220/year per workerh

,;,

1',
:1

aExpenditure, by entire chemical industry, on air pollution control; SOCMl's portion of expenditure not delineated. (Ref. 80.)

bExpenditure, by entire chemical industry, on water pollution control; SOaM1 's portion of expenditure not delineated. (Ref. 81 I

cCos t reflects entire organic industry; SOCMI's cost not delineated. (Ref. BZ).

dCos t reflects entire organic industry; SOCr~I's cost not delineated. (Ref.83.84l.
eeast reflects entire organiC indu~try; SDCr1I's cost not del ineated. (Ref. 85).

fCost incurred by entire chemical industry; SOCMl's portion, of expenditure not delineated. (Ref. 86).

geos t incurred by entire chemical industry; SOCMI's portion of expenditure not delineated.
heost incurred by entire chemical industry; SOCMI's portion of expcn!i-;';u;,c not delineated.

(Ref. a7-).
(Ref. 88'.

~- - - ':'-'-'---------------------
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necessary for their solution are expected to affect the smaller firms more
adversely than the large~ firms. However~ few plant closings are expected

due solely to costs of compliance with standards and regulations. 79

The costs incurred by SOeMI in complying with all health, safety,

and environmental requirements are not expected to prevent compliance
with the proposed NSPS for fugitive emissions.
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9. ECONOMIC ANALYSIS

9.1 INDUSTRY PROFILE

9.1.1 Introduction

The synthetic organic chemicals manufacturing.industry (SOCMI) has

been defined as the producers of synthetic organtc chemicals, listed in

Appendix F. This profile gives a general qualitative description of the in

dustry, supported by quantitative-information wherever possible. Because

SOCMI does not directly correspond to industrial classifications used for re

porting information by secondary data sources, a weighting technique was

used to develop industry statistics (see Appendix El).

Synthetic organic chemicals (SaCs) are substances containing at least

carbon and hydrogen. They exhibit three basic molecular structures: ali

phatic or acyclic, cyclic, and combinations of aliphatic and cyclic. Acyclic

compounds are composed of groups of atoms arranged in a straight chain.
Examples are alcohols, ethers, ketones, and carbohydrates. Cyclic compounds

have the atoms of their component elements arranged in the form of a closed

ring. Examples include aromatic hydrocarbons, napthenes, and thiazoles.
Certain amino acids and terpene hydrocarbons represents combinations of

cyclic and aliphatic molecular structures. 1 .

SOCMI chemicals may be used as primary feedstocks, chemical intermedi

ates, or end use chemicals. Pri~ary feedstocks are produced from crude raw

materials and used in the manufacture of other chemicals. Chemical interme

diates are the product of primary feedstocks and are also used to produce

other chemicals. End use chemicals are products of chemical intermediates

and/or primary feedstocks and are used either as final goods or as inputs to
. "."

production processes outside the chemical ·industry. Many synthetic organic

chemicals are u$et;lt,in~Tr<~FJYA:~,han\?neOfthese,categorjes. Figure 3,.1 illLJs
tratrs the general relationships Jmonq the vdrio1l5 orqanic chelllicllls.

I'-----·~~_...'.,
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Detailed flow charts identifying inputs and product use for many of the SOCMI

chemicals have been presented elsewhere.2

9.1.2 Production Processes and Capacities

Most of the SOCMI chemicars produced in the United States are derived

from crude petroleum and natural gas. Oil, shale, coal, and biomass (non

prehistoric plant tissue) are also sources of primary feedstocks. 3 A wide

variety of processes are used to manufacture the synthetic orqanic
chemicals included in the definition of SOCMI. Frequently individual

chemicals can be manufactured in several different ways. Consequently, as

relative prices change, chemical producers may alter the mix of primary

feedstocks used to produce SOCs.

After chemical feedstocks are manufactured from petroleum, natural gas,

and other raw materials, they are processed into chemical intermediates and

end use chemicals. Some of the chemicals included in SOCMI are the product

of a simple distillation process, while others are produced from a series

of cracking processes.

In 1976 Organic Chemical Producers Data Base4 reports 1,270 units pro

ducing SOCMI chemicals in the United States.* Table 9-1 presents a distri- ..

buti on of those uni ts and estimated capaci ty by state. New Jersey, Texas,

and California have the largest number of units producing SOCMI chemicals.

Tpxas and Louisiana have the largest total production capacities. These

states are najor producers because of their petroleum deposits and qood sea
port facilities. Table 9-2 presents a geographical distribution of units by

reported capacity. Approximately 12 percent of these units produce fewer

than 5,000 Mg. Another 12 percent of the units have production capacities in

excess of 500,000 Mg. Seventy-five of these larqe facilities are located in

the southwest central region of the United States, which includes Texas and

Louisiana. Table 9-3 presents the total reported capacity for each region

by unit size.

*The 1976 version of the Organic Chemical Producers Data Base is used because
it was the most recent version available.

9-2
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TABLE 9-1. ESTIMATED' ANNUAL 'PRaDUCTIOFCCAPACTn~---~-'--'"
BY STATE, 1976

Percentage of Estimat~d tsta1
Number units reporting capac, ty,

State of units capacity (103 Mg)

Total 1,270 40 319,835

Alabama 2S 52 5,174
Alaska 2 50 399
Arizona 1 00 91
Arkansas 12 33 1,982
Cal Hornia 120 23 19,650
Colorado 5 20 644
Connecticut 18 26 2,765
Delaware 14 50 2,031
Florida 14 43 3,257
Georgia 20 30 3,459
Hawaii 1 00 91
Idaho 2 50 97
Illinois 85 31 16,517
Indiana 31 26 3,551
Iowa 11 64 1,698
Kansas 1 00 390
Kentucky 27 56 6,062
Louisiana 54 74 31,810
Maine 1 00 390
Maryland 17 35 2,160
Massachusetts 27 48 4,835
Michigan 28 25 9,735
Minnesota 6 17 574
Mississippi 15 47 1,999
Mi ssouri 16 37 4,072
Montana 1 100 222
Nebraska 4 100 103
Nevada 2 50 122
New Hampshire 5 40 483
New Jersey 131 24 28,070
New York 52 19 10,586
North Caro 1i na 50 38 7,283
Ohio 88 26 14,576
Oklahoma 9 78 702
Oregon 17 53 3,838
Pennsylvania 75 27 14,634
Puerto Rico 13 85 7,259
Rhode Island 8 00 815
South Carol ina 27 48 3,875
Tennessee 24 46 6,809
Texas 126 76 77 ,189
Utah 4 25 628
Vermont 1 100 2
Virgin Islands 2 100 643
Virginia 22 68 3,581
Washington 13 46 2,502
West Virginia 24 63 9,242
Wisconsin 18 22 3,514
Wyoming 1 100 24

aCapacities were estimated by calculating the mean of reported unit capacity
for each chem; ca1. Thi s was substituted for any mi ss i ng values of uni t
capacity for each chemical, If no units reported capacity for a chemical,
then the mean of all chemicals was substituted for the missing value. Esti-

,". ',~' ~'!I~,~~,~;t,c~p'a.c,it~~;:r·\.eR~e~en~s.~ ~~esu~, of report;ed capac i.ti.es, mea,ns of· repor~ed
capac;r-ty , f.Otl:l~o"!et.'sp~c 1 f1 c . cheml ca 1s, and Industry mean reported capacl ty
for other chemicals:'

9-3

" :r-" ---1~·-~· .---- ---
I.!!',

. ( ,. ,". ;.~:- .



I
J _

TABLE 9-2. DISTRIBUTION OF UNITS BY UNIT CAPACITY AND REGION, 19764

Number of units

Unit capacity ranges (10 3 Mg) Units Units not
reporting reporting Total

Region 0-5 5-10 10-25 25-50 50-100 100-250 250-500 500+ capacity capacity units

North east 17 5 12 16 17 10 5 1 83 235 318
New England 7 a 4 5 4 0 1 0 21 39 60
Mid-Atlantic 10 5 8 11 13 10 4 1 62 196 258

North central 16 5 13 13 13 17 6 3 86 202 288
East 13 3 10 9 9 16 6 2 68 182 250
West 3 2 3 4 4 1 0 1 18 20 38,

\.0

..1 South 23 7 34 38 44 50 34 50 280 200 480
East south

central 2 3 12 8 5 9 3 4 46 45 91
West south

central 4 3 10 18 20 24 24 44 147 54 201
South

Atlantic 17 1 12 12 19 17 7 2 87 101 188

West 3 2 17 12 5 8 3 0 50 119 169 .
Mountain 0 1 3 2 0 0 0 0 6 10 16
Pacifi c 3 1 14 10 5 8 3 0 44 109 153

Total 59 19 76 79 79 85 48 54 499 756 1,255
,
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'~.' '._'-'- TABLE 9-3. DISTRIBUTION OF INDUSTRY CAPACITY BY UNIT CAPACITY AND REGION, 19764

'Industry capacity

South
East south

central
West south

central
South Atlantic

147.8 153.9

Unit capacity (103 Mg)
;
I '

Regi on \
\

-J I ...... ~'-, '~5:'-"

____ I I North eas~t
, : I New EngY~rd
) ! Mid-Atlin~tic

, 'f ~-i-., ,K",,:
J

c<':~
,L' North cen,}ta1
, East .~

West

fj'
--\0

-.''(.1'1
.,-_ ....

West
Mountain
Pacifi c

Caribbean

Total

I

0-5

37.7
19.1
18.6

42.2
38.1
4.1

62.9

1.3

12.2
49.4

5.0

5.0

5-10

43.1

43.1

38.8
22.5
16.3

58.8

23.6

28.8
6.4

13.2
6.4
6.8

10-25

199.2
70.8

128.4

205.9
142.4

63.5

605.6

204.6

194.6
206.4

298.4
48.5

249.9

1,309.1

25-50

548.4
176.9
371. 5

478.1
350.2
127.9

1,442.0

299.4

710.8
431.8

477.2
72.6

404.6

109.8

3,055.5

50-100

1,177.6
263.1
914.5

953.0
664.1
288.9

3,236.1

316.2

1,532.3
1,387.6

342.5

342.5

72.6

5,781. 8

100-250

1,392.6

1,392.6

2,544.7
2,406.8

137.9

8,369.

1,494.6

4,411.7
2,463.5

1,055.1

1,055.1

150-500

1,811.2
299.4

1,511.8

2,024.9
2,024.9

11,910.9

984.5

8,596.6
2,329.8

1,024.2

1,024.2

1,324.1

~500

742.5

742.5

2,430.8
1,906.9

523.9

67,600.5

3,132.6

63,197.8
1,270.1

5,659.1

Total

5,952
829

5,123

8,718
7,556
1,163 '

93,287

6,457

78,685
8,145

3,216
127

3,088

7,166

..=-=============================-===============================================================.,;-.. -, "



9.1.3 Production and Sal es

Production and sales data for the SOCMI are presented in Table 9-4. The

production of SOCMI chemicals increased from 58,050 Gg in 1968 to 84,530 Gg

in 1978, at an average annual growth rate of approximately 3.5 percent.

However, output levels have fluctuated widely since 1974. The effects of the

oil embargo, the increase in energy and feedstock prices, and the sharplY
reduced demand resulting from a major economic recession caused the industry

to cut back production by 13.2 percent in 1975. In 1976 output rose only

slightly, but, in 1977, as real prices for energy and feedstocks fell, the

economy recovered, and the need to increase inventories became urgent, pro

duction increased by 50.4 percent. In 1978 energy and feedstock prices began

to increase again and the need to replenish inventories disappeared. Output

decl i ned that year by 28.6 percent. Neverthel ess, producti on 1978 was greater

than in 1974, suggesting that the industry may have substantially adjusted to

the shocks experienced in 1974 and 1975.

Sales and production trends were virtually identical over the period

1967-1968*. The two variables are likely to remain highly correlated in the

future, because the industry's feedstock requirements are closely tied to its

production levels. The absolute level of sales was much lower than the level

of production (45.6 percent of production) over the period 1967 to 1978. The

difference between output and sales represents captive consumption, indicat
ing that the indsutry has a relatively high degree of vertical integration.

9.1.4 Resource Use

Estimates of employment, assets, cost of materials and energy used in

SOCMI from 1972 to 1976 are presented in Table 9-5. In general, resource use

increased with production. Total industry employment, including administra

tive, clerical, marketing and service employees as well as production workers,

increased 5 percent from 1972 to 1976. Employment of production workers

increased 4.1 percent during this period, although the number of production

workers declined during the adjustment period following the 1973-74 oil

*The estimated correlation cciefficient for the two variables over this period
is 0.97.
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TABLE 9-4. ANNUAL:--P~RO-,-..D-UC-T~I-ON-,IAND-SALESO'FqSYNTHETIC ORGAN'Ie CHE~ICALS5

Productiona Sales volumea valuea Average
Sales unit val ue a

Year (Gg) (Gg), ($106 ) ($/kg)

1967 51,380 23,440 3,085.55 0.13

1968 58,050 26,960 3,411.91 0.13

1969 65,210 30,360 3,590.07 0.11

1970 68,140 32,090 3,702.20 0.12

1971 69,020 33,020 3,724.03 ' 0.11

1972 76,740 36,930 4,173.97 0.11

1973 81,220 39,420 4,991. 53 0.13

1974 83,720 38,450 9,357.99 0.24

1975 72,660 32,920 8,411.34 0.26

1976 76,030 32,520 10,187.76 0.29

1977 114,320 49,470 15,317.72 0.31

1978 84,530 35,310 12,951.16 0.36
_'~____""_""" ___ ."_~" "0" _~ _____._.. '__ •.~____._._...._.~___._. _"._'. ,_" ''''''.___''_"''-'~-'-~._____'_' ~~_ ,,_~ •••... _.• ~ .,,"_" .'.,- . ---- -- ',,--

aSee Appendix E1 for a discussion of the methodology used to compute these
data.

,,-- ----- -------------
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TABLE 9-5. SOCMI RESOURCE' USE6

Energy
purchased

Total Production Total Cost of for heat
emplo~ment wor~rs ass~s mater~als an~ power

Year (10 ) (1 ) ($1 ) ($10) , (10 joules)

1972 130.6 83.2 12,287.8 5,338.5 a1,220.1

1973 132.3 85.1 13,048.3 6,311.8 a1,286.6

1974 130.1 84.0 13,919.5 10,388 a1,322.7

1975 132.7 82.7 16,198.2 11,569 a1,154.4

1976 137.1 86.6 18,788.3 14,503.1 1,202.4

aThese data were estimated by multiplying the 1976 estimate of energy use by .
the ratio of production in each of the previous years to 1976 production
levels. Thus, for example, energy use in 1972 was estimated by multiplying
energy use in 1976 by the ratio of production in 1972 to production in 1976.

;9-8
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embargo. Cost of materials increased substantially during the 1972-1976

period; however, much of this increase can be attributed to rapidly increasing

prices of crude petroleum. Consumption of energy for heat and power has

fluctuated, resulting in an overall decrease of about 1 percent from 1972 to

1976. Value of assets increased each year from 1972 to 1976. The total

increase during that period was approximately 53 percent, much of which can

be accounted for by changes in the value of buildings and equipment. The

stock of physical assets increased at a much slower rate.

9.1.5 Consumption
The chemicals in SOCMI have a wide variety of end uses as fuels, solvents,

pesticides, and pigments, and as feedstocks for the production of plastics,

synthetic fibers and textiles, soaps and detergents, rubber products,

medicines and fertilizers. It is not possible to estimate consistently
apparent consumption, because import and export data presented in Table 9-6

for SOCMI are not compatible with the production and sales data presented

in Table 9-4. However, it is probable that historical consumption trends

have been similar to historical production and sales trends. Certainly, over

the period 1967-1978, consumption increased, although since 1974, if the sales

data presented in Table 9-4 can be regarded as an indicator of consumption,

consumption exhibited wide year-to-year variations for the reasons discussed

i n Sec t i on 9. 1 . 3.

9.1.6 Prices
The general level of prices for SOCMI chemicals more than tripled

between 1967 and 1978. Most of the incre\se occurred after 1973. From 1967

to 1973, the average unit price of SOCMI chemicals remained close to $O.12/kg.

Following the 1973-1976 adjustments in oil prices, average prices in SOCMI
doubled, rising to $O.24jkq. After that time average unit prices increased

at a rate of approximately 11 percent annually, to a price of $O.36/kg in
1978. It is important to realize that these are aver~ prices per unit of

dll SOCMJ chemicals. In 1976, prices for individual chemicals ranged from

$O,ll/kg for formaldehyde to $4.30/kg for benzophenone. Changes in the unit

price for individual chemicals may vary substantially from the changes in

,'. ·;:';~'~A:v:~;~~;g.TJ;;~/-~t.;~(~,;'i:;H:~l}~·: 9:::4, ~presents annua 1 sta t i st i cs of product ion, sa 1es
volume, sales value and average unit value for the industry. The data are

9-9



weighted using the procedures described in Appendix El to reflect the

behavior of the industry as accurately as possible.

9.1 .7 International Trade
Chemical imports were first made subject to tariffs at the beginning

of the 20th century. The tariffs were initiated to protect the infant chemi

cal industry from foreign competition. Since 1936, tariffs have been pro

gressively lowered on chemical products .. 7 The U.S. International Trade
Commission reports 824 benzenoid intermediates on which tariffs are collected.

Of these, 179 are assessed duties competitively using import prices as the

basis for tariffs. Another 430 of these products are classified noncompeti
tive, with tariffs based on U.S. domestic prices. The competitive status of

15 products is not available. 8 The remainder are not tariffed.
Accurate data concerning imports and exports of SOCMI chemicals are not

available. The most reasonable approximation of trade statistics for SOCMI

are provided by the U.S. International Trade Comission.5 Annual value of

imports and exports for the period 1966-1967 is presented in Table 9-6. In

each of these years, U.S. exports exceeded U.S. imports of industrial organic

chemicals. Table 9-7 presents imports, exports and trade balance of indus
trial organic chemicals in 1976 and 1977 between the United States and its

principal trading partners. These countries include West Germany, Italy,

the United Kingdom, Switzerland, France, Belgium, the Netherlands, Canada,
Japan, Mexico, Brazil, and Argentina. In 1977 the U.S. experienced a deficit
in its balance of trade in chemicals with West Germany, Japan, Italy, the

United Kingdom, Switzerland and France. Itexperienced a surplus in its
balance of trade in chemicals with Belgium, Canada, the Netherlands, Mexico,

Argentina and Brazil. Table 9-8 presents the value of imports for consumption
from principle sources from 1972 to 1977. These imports amounted to a total

of about $326 million in 1977.
9.1.8 Industry Growth

A number of forecasts of economic growth in the organic chemical in
dustry are available. The annual growth rate used here, 5.9 percent, was

estimated by McGraw Hill 10 for the basic organic chemicals industry. The

McGraw Hill estimate was selected for the following reasons. First, the
growth rate was calculated fof ~ group of chemicals which closely corresponds

9-10
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TABLE 9-6., INDUSTRIAL ORGANIC CHEMICeLS:
U.S. IMPORTS AND EXPORTS, 1966-77

Year
Impo6ts Expo6tsa
($10 ) ($10 )

1966 48 211

1967 48 231

1968 67 292

1969 84 290

1970 91 336

1971 129 304

1972 150 320

1973 169 484

1974 259 930

1975 205 779

1976 294 1,008

1977 326 995

aIncludes exports of some finished products. Figures include estimates
and are not strictly comparable with imports or production.

~ - ----Of"" .-.
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TABLE 9-7. INDUSTRIAL ORGANIC CHEMICALS: 9
U.S. TRADE, BY PRINCIPAL TRA9ING PARTNERS, 1976 AND 1977

($10 )

Source

1976:
West Germany
Japan
Italy
United Kingdom
Switzerl and
France
Belgium
Canada
Netherlands
Mexico
Argentina
Braz il
A11 other

Total

1977:
West Germany
Japan
Italy
United Kingdom
Switzerland
France
Belgium
Canada
Netherlands
Mexico
Argentina
Braz il
All Other

Total

Imports a

94,768
61,228
30.678
24,709
17,280
12,371

2,154
8.081
8,987
3,452
1,927

98
28,103

293,836

.
105,172
65,770
32,711
31,132
21,956
15,763

9,839
7,270
4,858
4,673
3,353

538
22,865

325,900

Exportsb

10,487
27,380cN.A.
15,497
2,681

11,401
46,779
93,471

178,111
63,964cN.A.
59,444

498,985

1,008,200

5,038
30,736c. N. A.
27,458
6,541cN.A.

61,126
82.676

156,581
62.965
6,283

78.512
477 ,469

995,385

Trade balance

- 84,281
- 33,848
- 30,000
- 9,212
- 14,599

970
44,625
85,390

169,124
60,512

- 1,500
59,346

470,882

714,364

-100,134
- 35,034
- 32,500
- 3,674
- 15.415
- 15.500

51,287
75.406

151.723
58.292
2.930

77.974
454.604

669,485

(

aData represent customs import value, the value appraised by the U.S. Customs
Service in accordance with the legal requirements of sec. 402 and 402a of
the Tariff Act of 1930, as amended.

bIncludes exports of some finished products. Figures include estimates and
are not strictly comparable with imports.

eN. A. ~ Not available.
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~=~U:S~-IMPORTSFOR CONSUMPTION, BY PRINCIPAL SOURCES, 1972-77

($103)a

Source 1972 1973 1974 1975 1976 1977

West Germany 66,085 72,715 84,059 62,145 94,768 105,172
Japan 36,181 29,793 65,027 49,243 61,228 65,770
Italy 11,305 10,705 17,323 19,073 30,678 32,711
United Kingdom 7,605 10,433 21,119 18,820 24,709 31,132
Switzerland 11,593 16,063 15,846 14,773 17,280 21,956
France 1,611 4,233 8,585 9,797 12,371 15,763
Belgium 1,220 7,919 10,494 1,871 2,154 9,839
Canada 4,301 5,515 4,826 4,352 8,081 7,270
Netherlands 5,067 4,724 10,291 6,738 8,987 4,858
Mexico 35 486 1,812 388 3,452 4,673
Argentina 3 657 1,927 3,353
All other 5,031 6,892 19,190 17,625 28,201 23,403

Total 150,037 169,478 258,572 205,482 293,836 325,900

aCustoms import value, the value appraised by the U.S. Customs Service in
accordance with the legal requirements of sec. 402. and 402a of the Tariff Act
of 1934, as amended.
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to the SOCMI chemicals. Second. the method used by McGraw Hill to develop
the growth rate is internally consistent and takes account of forecasted

developments in the U.S. economy. Third. the projections are developed for

the period 1976-1991. entirely covering the forecast period of interest in

this study (1981-1985).

In order to estimate the number of new model units covered by the regu

latory alternatives. it is assumed that the number of operating facilities

will grow at the same rate as the industry's output. It is further assumed

that any regulatory alternative will take effect on January 1. 1981. and

therefore that the fifth year of the impact analysis is 1985. In 1976 (the

most recent year for which data are available). 1,334 facilities manufactured

SOCMI chemicals in the U.S. 11 If the industry grows at an annual rate of 5.9

percent. by the beginning of 1981 this number will have risen to 1.678 faci

lities and by the end of 1985 to 2,235 facilities. Thus. an estimated 557

units built to provide additional capacity for the industry will be covered

by the regulatory alternatives.

The regulatory alternatives will also cover units constructed to replace

existing capacity which "wears out" during the period. The number of replace

ment units is estimated on the basis of the following assumptions. First,

units have a working life of 20 years. Second. the historical growth rate

for SOCMI prior to 1977 was 6 percent per year. Using these assumptions.

it is estimated that 274 new units will be required to replace the part of

the existing capacity that will "wear out" over the period 1981 to 1985.

The methodology used to compute this estimate is described in detail in

Append i x E2.

The estimates for entirely new units. combined with estimates for

replacement facilities. indicate a total of 831 units that will be affected

by the -regulation. To estimate the number of A. Band C model units (identi

fied in Section 6.1) that will be constructed between 1981 and 1985. it is

assumed that the mix of model units will not change over time. and that the

percentages of A, Band C model units are as follows:

Model unit Percent of existing units

PI
B
C

9-14
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TABLE 9-9. INDUSTRY CONCENTRATION, 19764

Number Percent Estimated Percent of
of firms of firms capacity (gg) industry capacity

Top 4 0.72 58. 75 18.3

Top 8 1. 43 . 91. 82 28.6

Top 20 3.58 145.75 45.4

Top 40 7.17 186.68 58.1

-'-- --- -
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If these percentages are applied to the estimate of the total number of

units presented above, they imply that 432 A units, 274 B units and 125 C
units will be affected by the regulatory alternatives;

9.2 ECONOMIC IMPACT ANALYSIS

9.2.1 Market Structure and Financial Profile

SOCMI producers manufacture chemicals, each of which has its own
national and regional markets. Consequently, SOCMI firms encounter a wide

range of market situations for the different chemicals they produce. Many

SOCMI chemicals, for example, formaldehyde, urea and benzene, are manufac

tured by a relatively large number of firms using an array of different

processes. The products have a wide range of end uses in which substitute

materials can often be used. Thus industry-wide elasticities of demand for

the chemicals are relatively high. In this type of market situation, pro

ducers have little or no ability to pass on cost increases to consumers in the

form of higher market prices. Other SOCMI chemicals, for example, succino

nitrile, isoamyl ene, and methyl butyno1, are manufactured by a small number

of producers and in some cases only one producer, and have no close substi

tutes in their end uses. In these 01igopo1istic and monopolistic markets,

producers may be able to exercise considerable influence on market prices

'and to pass on a large part or all of any production cost increases in the

form of higher prices.

The ability of firms to pass on cost increases in the form of price

increases is influenced by the extent to which the industry is vertically

and horizontally integrated. There is extensive vertical integration within

the SOCMI. Captive consumption in the industry averaged 53.7 percent* of

total output during the period 1967-1978, and this ratio varied only slightly
from year to year. The precise degree of horizontal integration within SOCMI

is difficult to evaluate because it varies considerably among products.

However, a general assessment of the industry-wide situation may be made

using the capacity share data presented in Table 9-9. These data suggest

*This figure is estimated from data presented in Table 9-4 .
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tha t no one company or group of compani es has a domi nant positi on wi thi n the

industry; In 1976, the top four companies owned only 18.3 percent and the
top twenty firms 45.4 percent of total SOCMI capacity. There is no reason

to believe that the extent of industry-wide market concentration has altered

significantly since that time.

Data on the returns on equity, returns on debt, returns ,on preferred

stock, debt-asset ratios, equity-asset ratios and preferred stock-asset

ratios were collected for a sample of 100 chemical manufacturing firms for the

most recent available years.t These data are presented in Table E3-2. The
data have been used to estimate the cost of capital to firms in the SOCMI,

using the assumption that the sample of firms in Table E3-2 is unbiased and

normally distributed. A detailed discussion of the methodology used to

estimate the cost of capital is presented in Appendix E3.

The estimated cost of capital, presented in Table 9-10, is used in

Section 9~2.3 to estimate the economic impacts of SOCMI fugitive emissions

regulatory alternatives. Note that the average aftertax cost of capital for

chemical firms is 10.8 percent. On a pretax basis, this figure increases

to 20.8 percent. If, as was assumed, capital costs are normally distributed,

then 95 percent of the firms in the industry face aftertax costs of capital
in the range of 9.0 percent to 12.7 percent and pretax costs of capital in

the range of 17.2 percent to 24.4 percent.
9.2.2 Regulatory Al~ernatives

The four regulatory alternatives being considered are described in

detail in Section 6.2. The baseline regulatory alternative (alternative I)
does not require producers to implement additional control techniques. Con

sequently, model units complying with this alternative would not incur any

incremental costs* and no economic impacts would result from its implemen

tation. Regulatory alternatives II, III and IV require successively more

stringent equipment inspections and equipment specifications. Firms

H)ata 011 the t'atio vilriab1es and rates of return were available for 1977 and
1978, rcsppctivcly.

*Incremental.costs ofa ,regulatory alterniltive are those additional costs a
firm incurs in meeting the requlatory alternative that it would not incur
in meeting the baseline alternative.
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TABLE 9-10. ESTIMATED COS1 OF CAPITAL FOR FIRM~IN SOCMI a

Aftertax cost Pretax cost
of capital of capital

Mean 10.807% 20.783%

Standard
deviation 0.930 1. 789

Minimum 8.015% 15.414%

Maximum 12.798% 24.612%

aSee Appendix -E3 for d~tails of the data and methodol-~gy-u~ed to estimate
the cost of capital for firms in SOCMI.
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complying with regulatory alternatives II, III and IV would therefore incur

incremental costs, and consequently economic impacts would result from their

implementation.
9.2.3 Economic Methodology

9.?-.3.l Regulatory Scenarios. Economic impacts are estimated for

'regulatory alternatives II, III and IV but not for regulatory alternative I,

since firms will not incur incremental costs in complying with that alter

native. The economic impacts associated with alternatives II, III and IV

are estimated under two alternative assumptions about firm pricing behavior:

(1) full cost absorption and (2) full cost pricing. Combining the three

regulatory alternatives with the two alternative pricing models yields six

regulatory scenarios:

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenar"io 6

Regulatory Alternative

Alternat i ve II

Alternat i ve II

Alternative III

Alternat i ve II I

Alternat i ve IV

Alternative IV

Pricing Policy

Full Cost Absorption

Full Cost Pricing

Full Cost Absorption

Full Cost Pricing

Full Cost Absorption

Full Cost Pricing

Under full cost absorption, thC' afrcr.lerl linn bears the full incrC'lllr.nt.al

costs of environmental controls. ilcu'ptinq 1l.lowC'f ra\:e or rpturn on its
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capital investment. Under full cost prlclng. the firm adjusts product prices

so as to maintain its current aftertax rate of return on capital investment.

The alternative assumptions about firm pricing behavior are associated
with different market conditions in the affected industry. In both cases,

firms are assumed to have no monopsony power in resource markets. Thus. they

cannot pass back cost increases to resource suppliers. In the cost absorption

case. the domestic industry as a whole is assumed to be a price taker, unable

to affect the market price of its product either because of the existence of.

close product substitutes, or because of strong international competition in

domestic and foreign markets. However, full cost pricing will take place if

the industry produces a commodity for which no domestic or imported substitutes

exist. or if the industry has constant costs. A constant-cost industry is

one in which unit costs remain constant as industry output increases. Firms

in such industries experience constant returns to scale.

In fact, firms in SOeMI face a wide variety of product market situations

(see Section 9.2.1). Some firms will be able to fully pass through cost

increases to consumers in the form of higher prices. Some will be able to

pass on on1 y a part of the c'ost increases. Others wi 11 be forced to full y

absorb all regulatory control costs, leaving product prices unchanged. Conse
quently, the full cost pass through and full cost absorption scenarios
eVdluated below provide estimates of the maximum ranfJe of possihle price and

rat(-' of return impacts for the differf'nt products and finns in SOCMI.

9.2.3. 2 ~stima ti on of RequJ atory Pri ce !'!!_!PE_c_ts Und_~r::_J~~.l ~.9~_L£Lt~iJ19_.

Under full cost pricing, the firm is assumed to respond to cost increases by

adjusting product price to maintain a target rate of return on investment.

The required price change (dP) may be calculated using the following

equation:*

*The derivations of Equations (1) and (2) are presented in Appendix E4.

where dP

dTOe

dP = dTOP + r dK/(l-t)
Q

required change in product price

total annual operating costs of compliance

(1 )

. i

I

I
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dk = total initial costs of compliance
Q = total annual unit output

r = target rate of return

t = tax rate

9.2.3.3 Estimation of Rate of Return Impacts Under Full Cost Absorption.
Under full cost absorption, an increase in faci.lity production costs results

in a lower rate of return on investment for the firm, because market condi

tions prohibit it from passing on cost increases to the consumer. The impact

on the facility's rate of return on investment is given by the following

equation:
r .

-dr =
dK + (l-t) dTOC

K
(2)

where dr = change in rate of return, and

K = preregulation level of capital investment.

Note that pretax rate of return impacts may be calculated by setting the tax

rate variable, t, equal to zero in Equations (1) and (2). Also note that

price and rate of return impacts are estimated on the assumption that capacity

utilization rates remain constant (that is, Q remains unchanged). To the
extent that the regulatory alternatives result in decreases (increases) in

capacity utilization rates, price and rate of return impacts will be larger

(smaller) than those estimated using Equations (1) and (2) because of

economies of scale in the use of control techniques.

9.2.3.4 Other Economic Impacts. The price and rate of return impacts
estimated by the above techniques are used to make a quantitative assessment

of the probable impacts of the regulatory alternatives II, III, and IV on

industry growth, new facility openings, the replacement of existing facilities,

and investment levels. These data are then used to assess the extent of

interindustry and macroeconomic impacts associated with the various regulatory

alternatives.
9.2.3.5 Estimation Data. Estimation of price and rate of return impacts

for different model units requires data on the following variables: (1) total

acquisition and installation costs of the control equipment (dK), (2) total

. annual ope~ating cost~ of the control equipment and monitorinq procedures

(dTOC), (3) the preregulation capital stock (k), (4) the target rate of
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return (r), (5) the tax rate (t), and (6) model unit production levels (Q).
Data on dK and dTOC for each of the three model units identified as

representative of the industry* were obtained from Section 8.1 The tax rate

is assumed to be 48 percent. Data on model unit production levels were

obtained from the 1976 Organic Chemical Producers Data Base for each of the
units covered by the regulatory alternatives. The 831 model units are

assumed to be distributed by capacity in an identical manner to the 1,105

units for which both value of product and quantity data are available in the

1976 Organic Chemical Producers Data Base. Thus, the number of new units ~ith

a given capacity, say 100 Gg, is assumed to be equal to the number of units

in the data base (831/1,105). Actual unit output levels are ~btained by

applying a capacity utilization rate to the estimated unit capacities.

To evaluate industry-wide impacts, the cost data from Section 8.1 were

adjusted to allow for higher or lower product recovery credits for chemicals·

with a value greater or less than $0.36/kg. For such chemicals, product

recovery credits were estimated by multiplying estimated product savings by

the price of the chemical in question.

Data on the value of the preregulation capital stock for plants of

different capacities were calculated as follows: A capital-capacity coef

ficient for firms in SOCMI was obtained by dividing the estimated total

value of industry assets in 1976 by the volume of output produced in that

year.** The estimate of the capital-output coefficient was converted into a

capital-capacity coefficient by multiplying the capital-output coefficient

by an assumed industry-wide capacity utilization rate. The assumed capacity

utilization rate for 1976 was 50 percent. This capacity utilization estimate

was based on the assumption that the typical capacity utilization for the

industry is 75 percent. In 1976, output was 9.2 percent ~low the industry

wide high level of output achieved in 1974. Between 1974 and 1976 it is

probable that some additions to industry capacity were made. Hence, the

assumption of a 50 percent capacity utilization rate for 1976, though somewhat

*See Chapter 6 for a detailed discussion of the model units.
**See Tables !9-4 and 9-5 for data on production and total industry assets.
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arbitrary, is not unreasonable. The 1976 capital-capacity coefficient was

updated to last quarter 1978 dollars using the machinery and equipment price

index computed by the United States Department of Commerce.12 The capital

capacity coefficient estimated by the above procedure was $125jMg of product.

This coefficient was multiplied by model unit capacity to obtain an estimate

of K for each model unit considered in the analysis.

Estimates of pretax and post-tax rates of return used in the analysis

are presented in Table 9-10. These data were obtained from an analysis of

a sample of 100 firms in the SOCMI industry. Details of the analysis are
contained in Appendix E3.

9.2.4 Economic Impacts

9.2.4.1 Rate of Return Impacts Data on unit capacity, product value,

capital investment and tax rates are available for 1,105 units in the 1976

Organic Chemical Producers Data Base.4 Price data were updated using the,

Chemical Marketing Reporter. 13 Capital stock estimates were also expressed

in 1978 prices. These data were used in conjunction with the cost information

presented in Section 8.1 to calculate full cost absorption rate of return
impacts of regulatory alternatives II, III, and IV for the 831 model units

projected to be built. It is assumed in estimating the rate of return
impacts presented here that the 831 new model units will have the same

capacity and product value distributions as the units in the Organic Chemical

Producers Data l3ase, and that capacity utilization for each unit is 50 percent.

This relatively low capacity utilization rate is used to estimate unit output

levels because it represents a feasible worst-case economic scenario for the

industry (that is, economic conditions similar to, those experienced in 1976).

As a result, actual impacts are likely to be less adverse than those presented
below.

Rate of return impacts are estimated on the basis of these assumptions

for each of the 831 new model units covered by the regulatory alternatives.

It is probable that the assumption of a constant produc~ price distribution

also results in an overestimate of adverse rate of return and price impacts,

since the prices of the products manufactured by SOCMI are expected to in
c~~ase bet~e~~ 1979 and'1985 as energy and feedstock costs rise. Any real
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increase in product prices will raise the value of product recovery credits,

lower the net costs of compliance associated with any given regulatory alter-
e

native, and thereby reduce adverse rate of return and price impacts.
Rate of return impacts for A, B. and C average model units under each

regulatory alternative are presented in Table 9-11. Each of these average

model units is assumed to manufacture products valued at approximately

$0.36/kg. to have an annual capacity of 84,678 Mg and to have an existing
cost of capital of 10.81 percent. These average model units differ only in

terms of the complexity of the processes they use to manufacture the chemicals.

The product value and rate of return data represent the means for each
variable in the samples used in the analysis. Under regulatory alternatives
II and III. each average model unit experiences a very small increase. not
a decrease. in its aftertax rate of return on investment, regardless of the

process it uses. This result is obtained because at a price of $0.36/kg for
recovered product, product recovery credits exceed total annualized costs

of control. Under regulatory alternative IV. average model unit of types A
and B experience small decreases in aftertax rates of return on investment.

Model C units experience rate of return decreases amounting to 1.12 per

centage points, still quite small adverse impacts.
The data presented in Table 9-11 suggest that some firms may benefit

from the implementation of any regulatory alternative. These results are

subject to the following qualifications. In the above analysis, it is assumed
that firms will not independently implement the emissions controls proposed
in the regulatory alternatives. In fact. if there are significant net cost
reductions to be achieved from additional emissions controls. firms will

voluntarily adopt them. Under such circumstances. the cost reductions associ
ated with any regulatory alternative will be considerably smaller. Note that
incentives for voluntary emissions controls increase as the value of the
manufactured product increases. As some SOCMI producers manufacture highly

valued products with prices in excess of $O.SO/kg. they are likely to be
willing to use extensive emissions control techniques in the absence of any

NSPS.
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TABLE 9-11. AVERAGE RATE OF RETURN IMPACTSa

Change in rate of return (percentage points)

Model
Units

Unit A

Unit B

Unit C

Alternative II Alternative III Alternat i ve IV

+0.000 +0.000 -0.16

+0.003 +0.001 -0.37

+0.006 +0.005 -1.12

-_. -- " ". -.' -,- - - -, _. _.. _- .-- -_. _.- .._..

aImpacts are estimated on the assumption that the initial aftertax rate of return
on investment is 10.807 percent, the mean cost of capital presented in Table 9-10;
the initial price of the product is $0.36/kg; plant capacity is 84,678 Mg; and
the capacity utilization rate is 50 percent.
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Although in general firms will not be affected by the implementation of

regulatory alternatives II, III, and IV, , because of wide variation in produc

tive capacity and value of product among model units, some will experience

adverse rate of return impacts. Estimates of the numbers of model units

experiencing rate of return decreases in excess of one and two percentage

points as a result of the implementation of each regulatory alternative are

presented in Table 9-12. These estimates were obtained by calculating rate

of return impacts for each of the 831 new model units under the assumption

that 52 percent, 33 percent, and 15 percent of all units of all sizes are

A; Band C model units, respectively. Under regulatory alternatives II and

III, the estimated number of adversely affected units is very small; only 6

and 12 units, out of a total of 831 model units, experience rate of return

decreases of more than one percentage point. Under regulatory alternative IV,

a much larger number of units, 93 in all, are estimated to experience rate

of return decreases in excess of 1 percent under a full cost absorption

scenario. It should be noted that most of these adversely affected units

are Band C model units rather than A model units. In fact, all Band C
model units with capacities in excess of 26,464 and 89,121 Mg, respectively,

producing chemicals with prices exceeding $O.15/kg, will experience rate of

return impacts smaller than one percentage point even under alternative IV.

The EPA estimates that virtually all Band C model units do in fact have

capacities in excess of this figure,14 and furthermore, industry sources indi

cate that most produce chemicals that have prices in excess of $O.15/kg.13

If the estimated impacts on 8 and C model units are ignored, only 25 units

are likely to be adversely affected by regulatory alternative IV.

9.2.4.2 Price Impacts. The potential price impacts of regulatory

alternatives II, III, and IV are also estimated under the assumption that

capacity and value of product distributions will remain constant over the

forecast period, 1979-1985. The price impact estimates are therefore subject

to the same limitations as the rate of return impact estimates di~cussed

above. Potential price impacts for A, Band C model units with average

capacities of 84,678 Mg and product values of $O.36/kg are presented in

Table 9-13. Under regulatory alternatives II and III, price impacts are
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TABLE 9-12. MODEL UNITS EXPERIENCING SIGNIFICANT RATE OF RETURN IMPACTS
UNDER FULL COST ABSORPTIONa

Model Alternative II Alternat i ve III Alternat i ve IV
units dr < -1% dr < -2% dr < -1% dr < -2% dr < -1% dr < -2%

Unit A 6 4 7 5 25 12

Unit B a a 4 2 34 16

Unit C 0 0 1 0 34 20

Total 6 4 12 7 93 48

adr denotes the percentage point change in firms ' rates of return on investment.

. TABLE 9-13. AVERAGE PERCENTAGE PRICE IMPACTS OF REGULATORY ALTERNATIVESa

Price changes (percent)

Model
units Alternative II Alternat i ve III Alternative IV

Unit A -0.000 -0.000 +0.000

Unit B -0.002 -0.002 +0.000

Unit C -0.009 -0.007 +0.733

aImpacts are estimated on the assumption that the target rate of return is
10.807 percent, the average cost of capital presented in Table 9-10; the
initial price of the product is $0.36/kg; plant capacity is 84,678 Mg; and
the capacity utilization rate is 50 percent.
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negative for each type of model unit because annual product recovery credits

exceed the total annualized cost of the monitoring procedures and capital

equipment required under these alternatives. Under regulatory alternative IV,

extremely small positive price impacts occur. In general most units will

not increase product prices as a result of the implementation of regulatory

alternatives II, III or IV. However, because of the variations in capacity

and product .value within the industry, some firms may have to raise product

price~ in order to maintain existing rates of return on investment. In some

cases, the price increases required by individual facilities are in excess of

5 percent and even 6 percent of the current product price. Data on the esti

mated numbers of such units are presented in Table 9-14. These estimates are
also obtained by calculating price impacts for each of the 831 new model units

under the assumption that units are distributed among A, B, and C model units
in the manner described above and operate at 50 percent of unit capacity.

Under alternatives II and III, only five A and eight B model units would have

to increase product prices by more than 5 percent. Under alternative IV, 30

units must increase prices by more than 5 percent preregulation rates of

return on investment. However, it should be noted that these estimates may

overstate the extent of significant price impacts under regulatory alterna

tive IV. Most of the units estimated to require price increases in excess

of 5 percent are C model units. In fact, C model units that manufacture

chemicals with prices in excess of $0.15/kg and have capacities greater than
71,550 Mg do not have to increase product prices by more than 5 percent to

maintain their target rates of return on investment. The EPA estimates that

virtually all plants using processes with the same degree of complexity as
that assumed for C model units have larger capacities and produce products

with higher values than these.13 In addition, model units are assumed to

operate at the relatively low capacity utilization rate of 50 percent.
A final caveat concerning pnice and rate of return impacts should be

noted. The impact estimates presented in Tables 9-12 and 9-14 were developed

on the assumption that feedstock prices are unaffected by the implementation

of any regulatory alternative. However, as the industry extensively uses its
own products as feedstocks, this assumption is not strictly valid and
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TABLE 9-14. MODEL UNITS REQUIRING SIGNIFICANT PRICE INCREASES
TO MAINTAIN TARGET RATES OF RETURN

Alternat i ve II Alternat ive III Alternative IV
Model Price increase Price increase Price increase
Units ~ 5% ~ 6% ~ 5% ~ 6% ~ 5% ~ 6%

Unit A 4 4 4 4 6 5

Unit B 0 0 2 2 10 9

Unit C 0 0 0 0 14 12

Total 4 4 6 6 30 26

--,-_._--- ---- --- ."-'~ - - _.,- . - ..- - .'., ...''---------- .'--. --.--._ .. ,. - ",
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The upward bias occurs because, in

II, III and IV control technologies will

least in competitive markets, will tend

prices of products used as feedstocks by

introduces'a systematic upward bias in the estimated size of adverse rate of

return and potential price impacts.

general, firms adopting alternative

achieve net cost reductions and, at

to reduce rather than increase the

the industry.

9.2.4.3 Investment Impacts. It is difficult to assess the impact of any

of the standards on the number of units to be constructed between January 1,

1981, and December 31, 1985, because of the variations in these impacts across

units. Some smaller facilities may not be erected as a result of the standard

because of adverse impacts on rates of return and price competitiveness.
Other larger facilities may be built because production costs fall as a result

of emissions reductions and product recovery credits. Therefore, in this

analysis it is assumed that implementation of regulatory alternatives II, III,

and IV will have no measurable impact on the number of new facilities con

structed between 1981 and 1985, the 5-year period following proposal of any

regulatory alternative. Industry-wide investment impacts are therefore simply

the incremental capital costs associated with the acquisition of the capital

and monitoring equipment required under each regulatory alternative by the

831 new units expected to be constructed between 1981 and 1985.

Data on these investment impacts are presented in Table 9-15. The esti

mates are obtained by assuming that 432 A model plants, 274 B model units,

and 125 C model units will be constructed and that, as a result of each

regulatory alternative, these units incur incremental capital costs equal to

those presented in Section 8.2. Under regulatory alternatives II and III~

industry-wide investment impacts are quite small, less than $22 million.

Under regulatory alternative IV, they increase substantially to almost $233

million. Nevertheless, even under regulatory alternative IV, the total 5-year

investment impacts of any of the regulatory alternatives would be less than
r' 1.14 percent of total industry assets in 1976 and less than 1.64 percent of

the value of industry sales in 1978.* It appears, therefore, that the

*Data on total industry value of assets and industry sales are presented in
Tables 9-4 and 9-5.
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TABLE 9-15. INVESTMENT IMPACTS

Model
units

Regulatory
alternative II

Unit A
Unit B
Unit C

Total

Regulatory
a1ternat i ve I II

Unit A
Unit B
Unit C

Total

Regulatory
a lternat i ve IV

Unit A
Unit B
Unit C

Total

,. ,

Number of
model units

432
274
125

831

432
274
125

831

432
274
125

831

9-31

Incremental
model unit

costs o!Ficontrol
($111 )

0.0132
0.0272
0.0660

0.0132
0.0272
0.0660

0.0871
0.2950
0.9110

Incrementa 1 industry
costs of fontro 1

($1(1-1 )

5.7
7.5
8.3

21. 5

5.7
7.5
8.3

21. 5

37.6
80.8

113.9

232.3



industry as a whole will not have much difficulty in obtaining the investment

funds to acquire required control equipment under any of the regulatory

alternatives.
9.2.4.4 Employment Impacts. Regulatory alternatives II, III, and IV

will each have small but measurable impacts on employment in SOCMI because

they require firms to intensify monitoring and maintenance schedules to

control fugitive emissions. Estimates of the number of additional workers

required as a result of each regulatory alternative are presented in Table 9-16.
The estimates were obtained by multiplying the projected numbers of each type
of affected facility by the unit-by-unit, person-year monitoring and mainte
nance requirements for each standard presented in section 8.1* The largest
employment impacts (400 workers) are associated with regulatory alternative
III, which requires more stringent monitoring programs than alternative II.
Under alternative IV, some alternative III monitoring requirements are

replaced by equipment controls, reducing incremental employment requirements

to approximately 225 workers. The employment impacts of each of the standards

are small relative to total employment in the industry, representing no more

than 0.6 percent of the 1976 SOCMI work force in each case.

9.2.4.5 Total Annualized Costs of Control. Total incremental annualized

costs of control for the fifth year following promulgation of alternatives II,

III, or IV are presented in Table 9-17. Product recovery credits are calcu
lated using the fourth quarter 1978 industry-wide average product price of
$O.36/kg. Under regulatory alternatives II and III, the industry as a whole

is estimated to reduce annualized production costs by $28.73 million and
$21.35 million, respectively. Under regulatory alternative IV, annualized

production costs are estimated to increase by $11.17 million. If the above
estimates are accurate in the minimal sense that they indicate the direction
in which production costs will move and their approximate order of magnitude,
then it may be concluded that none Of the regulatory alternatives will result

in any measurable industry-wide increase in prices.

*A person-year is assumed to consist of 2,000 person-hours.
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TABLE 9-16. EMPLOYMENT IMPACTS
(Person-years)

Alternat i ve II Alternat i ve III Alternat i ve IV

Model
unit Unit Industry Unit Industry Unit Industry

Unit A 0.1237 53.43 0.1855 80.14 0.0579 25.01

Unit B 0.1863 51. 05 0.5079 139.16 0.2277 62.39

Unit C 0.5017 62. 71 1. 4532 181.65 1.0982 137.27

All units 167.19 400.95 224.67

._--~-- - ._-~- ._-
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TABLE 9-17. MODEL UNIT AND INDUSTRY ANNUALIZED CONTROL COSTS

Incremental Incremental Incremental
unit unit industry

annualized costs annualized costs annualized costs
No. of without product with product with product

Regulatory model recover~ credit recovery 3credi t a recoverY3credita
alternati ve units ($1 ) ($10 ) ($10 )

Alternative II
Unit A 432 12.1 - 3.3 - 1,430
Unit B 274 20.3 - 38.5 -10,550
Unit C 125 48.3 -134.0 -16,750

Total -28,730

Alternative III
Unit A 432 15.0 - 1.7 730
Unit B 274 35.5 - 28.3 - 7,750
Unit C 125 95.1 -103. O. -12,870

Total -21,350

Alternative IV
Unit A 432 29.0 7.9 3,410
Unit B 274 93.5 13.3 3,640
Unit C 125 283.0 33.0 4,120

Total 11,170
------ ------~-- ----- ----_.- ----..'"_.. _-- ---_._---- --_. ---~- -- ---, .._. --

aproduct recovery credits estimated 011 the basis of an assumed product value of
$0. 36/kg.
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9.2.4.6 Interindustry Impacts. Interindustry impacts will be negligible,
because net annualized costs of control are extremely small relative to the
value of total industry output, representing less than 0.03 percent of the
value of 1978 output in even the most adverse case (regulatory alternative IV).

9.3 SOCIO-ECONOMIC AND INFLATIONARY IMPACTS
The socio-economic and inflationary impacts of alternatives II, III and

IV will be very small.
(1) Annualized Costs: In the fifth year following promulgation, the

regulatory alternatives, if implemented, are estimated to result in either
annualized cost reductions or very small annualized cost increases. Conse
quently, none of the alternatives violates the regulatory criterion of
$100 million.

(2) Price Impacts: Because industry-wide annualized costs of compliance
for alternatives II, III and IV are estimated to be negative or extremely
small relative to the value of industry output, none of the standards is

likely to cause any industry-wide price increases.
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Date

December 1978

3-5 January 1979

2 February 1979

16 February 1979

27 February 1979

5-8 March 1979

9 March 1979

14 March 1979

21 March 1979"

APPENDIX A
EVOLUTION OF THE PROPOSED STANDARDS

Action

Work began on developing standards for new
sources in SOCMI.

Testing at Stauffer Chemical Company in
louisville~ Kentucky (SOCMI Unit C).

Letter to Stauffer Chemical Company requesting
information pertaining to testing-at SOCMI
Unit C.

Section 114 letter to Phillips Petroleum Company
requesting permission to perform emission
sampling of plant equipment.

Letter to Phillips Petroleum Company requesting
information on plant's directed maintenance
program.

Testing at Phillips Petroleum in Sweeny~ Texas
(SOCMI Unit D).

Letter to Exxon Chemical Company requesting
information on fugitive emissions from cyclohexane
unit.

Comments requested from industry on Hydroscience
Draft Fugitive Emissions Report.

Letter from Exxon Chemical Company U.S.A.
Response to request for information on fugitive
emissions from cyclohexane unit.
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Date
10 Apri 1 1979

10 Apri 1 1979

12 April 1979

12 Apri 1 1979

3 May 1979

8 May 1979

17 May 1979

1 June 1979

Action
Letter from Exxon Chemical Company USA.
Comments on Hydroscience draft. "Fugitive
Emissions Report." Feb. 1979.

Letter from Tennessee Eastman Company.
Conments on Hydroscience draft "Fugitive
Emission Report." Feb. 1979.

Letter from Phillips Petroleum Company.
Conments on Hydroscience draft "Fugitive
Emi ss i on Report," Feb. 1979.

Letter from Shell Oil Company. Comments
on Hydroscience draft Fugitive Emissions
Report, Feb. 1979.

Letter from Vulcan Materials Company.
Review of the Hydroscience draft Fugitive
Emission Report.

Letter from American Cyanamid Company.
Comments on Hydroscience Draft "Fugitive
Emissions Report." Feb. 1979.

Letter from B.F. Goodrich Company. Comments
on Hydroscience draft "Fugitive Emissions
Report," Feb. 1979.

Letter from Texas Chemical Council. Comments
on Hydroscience draft "Fugitive Emissions
Report,lI Feb. 1979

Letter from Atlantic Richfield Company.
Comments on Hydroscience draft IIFugitive
Emi ss ions Report. II Feb. 1979.
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Date

12 June 1979

20 June 1979

21 June 1979

21 June 1979

21 June 1979

19 July 1979

17 October 1979

24 October 1979

24 October 1979

7 November 1979

12 November 1979

Action

Discussion of fugitive emissions sampling at
DuPont Chemical plants.

Meeting with California Air Resources Board in
Sacramento, California. Discussions of fugitive
emissions and regulations.

Meeting with ARCO in Carson, California.
Discussion of fugitive emissions and regulations.

Meeting with Chevron in El Segundo, Caltfornia.
Discussion of fugitive emissions and regulations.

Meeting with South Coast Air Quality Maintenance
District in El Monte, California. Discussion of
fugitive emissions and regulation.

Chem{cal Manufacturers Association/Texas Chemical
Council Fugitive Emission Seminar, Washington,
D.C.

Letter from Century Systems Corporation. Cost
data for portable VOC detection instrument.

Letter to Exxon Chemical Company requesting
i nfornia t i on on 1ea k-free technology.

Letter to Dow Chemical U.S.A. requesting information
on leak free technology.

Chapters 3-6 of Background Information Document
sent out for public review.

Letter from Chemical Manufacturers Association.
Conments on Hydroscience draft "Fugitive Emissions
Report, II Feb; 1979.
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Date

3 January 1980

4 January 1980

10 January 1980

5.February 1980

12 February 1980

2 April 1980

Action

Letter from Shell Oil Company. Comments
on draft BID sections, "Fugitive Emission
Sources in the Synthetic Organic Chemicals
Manufacturing Industry," Nov. 1979.

Letter from Phillips Petroleum Company.
Comments on draft BID sections, "Fugitive
Emission Sources in the Synthetic Organic
Chemicals Manufacturing Industry," Nov.
1979.

Letter from Vulcan Materials Company.
Comments on draft BID sections, "Fugiti ve
Emissions Sources in the Synthetic Organic
Chemicals Manufacturing Industry. II Nov. 1979.

Letter from 3M. Comments on draft BID
sections. "Fugitive Emission Sources in
Synthetic Organic Chemicals Manufacturing
Industry," Nov. 1979.

Letter from Chemical Manufacturers Association.
Comments on Leak-Free Technology for Control
of Benzene Fugitive Emissions.

Meeting with CMA in Durham, North Carolina
to discuss recommended standard.

-- ---- --------- ------- -
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Date

16 Apri 1 1980

21 April 1980

23 Apri 1 1980

28 April 1980

28 April 1980

29 Apri 1 1980

1 May 1980

May 1980

2 May 1980

20 May 1980

Action

Recommended Standard presented at
NAPCTAC meeting in Raleigh, North
Carolina.

Letter from Colt Industries. Comments
on Selection of Packing.

Letter from South Coast Air Quality
Management District. Comments about
recommended rules.

Letter from American Cyanamid Company.
Comments on draft regulations discussed
at April 16-17 NAPCTAC meeting.

Letter from 3M Corporation. Comments on
draft regulations discussed at April 16-17
NAPCTAC meeting.

Letter from Oxirane Corporation. Comments
concerning draft SOCMI regulations.

Telephone discussion with Hartford Steam
Boiler Insurance and Inspection Company
engineering department about use of rupture
disks and relief valves;

Telephone discussion with Brown &Root, Inc.,
about use of rupture disks and relief valves.

Letter from Brown and Root. Information
concerning relief devices.

Meeting with Furmanite to discuss valve
repairability.
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Date
27 May 1980

28 May 1980

3 June 1980

4 June 1980

5 June 1980

5 June 1980

12 June 1980

13 June 1980

15 June 1980

17 June 1980

Action
Letter from Chemical Manufacturers
Association. Comments on SOCMI
regulations.

Letter to A.W. Chesterton. Request
for information on pump seal performance.

Letter from L. Bentsen, U.S. Senate.
Texas Chemical Council Comments on
development of SOCMI standard.

Letter from J. Brooks, U.S. House of
Representatives. Texas Chemical Council
Comments on development of SOCMI standard.

Letter from B. Eckhardt, U.S. House of
Representatives. Comments on development
of SOCMI standard by The Upjohn Company~

Letter from J. Tower, U.S. Senate.
Comments on development of SOCMI standard
by the Upjohn Company.

Letter from Chemical Manufacturers Association.
Oraft comments on development of SOCMI fugitive
standard.

Letter from Chemical Manufacturers Association.
Comments on draft Hydroscience report.

Meeting with DuPont in Durham, North
Carolina. Discussion of skip period
monitoring.

Meeting with Chemical Manufacturers Association/
Texas Chemical Council. Discussion of draft
SOCMI regulations.
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Date

30 June 1980

18 July 1980

28 July 1980

18 August 1980

Action
Letter from Texas Chemical Council.
Comments on Draft BID and recommended
SOCMI standard.

Meeting with Texas Chemical Council
in Durham, North Carolina. Discussion
of Draft BID and recommended standard.

Letter from Texas Chemical Council.
Information concerning "capital creep."

Letter from UOP. Questions about draft
regulations.
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APPENDIXB

INDEX TO ENVIRONMENTAL CONSIDERATIONS

This appendix consists of a reference system which is cross
indexed with the Oc~ober 21, 1974, Federal Register (39 FR 37419)
containing EPA guidelines for the preparation of Environmental
Impact Statements. This index can be used to identify sections of
the document which contain data and information germane to any portion
of the Federal Register guidelines.
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TABLE B-1. INDEX TO ENVIRONMENTAL CONSIDERATIONS

OJ
I

N

Agency Guideline for Preparing Regulatory
Action Environmental Impact Statements

{39 fR 17419)

(1) Background and summary of regulatory
alternatives

RegUlatory alternatives

Statutory basis for propoSing standards

Affected industry

Affected sources

Availability of control technology

Location Within the Background Information Document

The regulatory alternatives are summarized in
Chapter 1. Section 1.1. pages 1-1 through 1-4.

The statutory basis for the proposed standards
is summarized in Chapter 2. Section 2.1. pages
2~1 through 2-5.

A discussion of the industry affected by the
regulatory alternatives is presented in Chapter 3.
Section 3.1, pages 3-1 through 3-3. The industry
is further defined in Appendix F. Details of the
"business/economic" nature of the industry are
presented in Chapter 9, pages 9-1 through 9-35.

A description of the sources affected by the
regulatory alternatives is presented in Chapter 3.
Section 3.2, pages 3-3 through 3-17.

A discussion of available emission control
techniques is presented in Chapter 4. Sections
4.1 and 4.2, pages 4-1 through 4-24.



TABLE B-1. (CONTINUED)

Agency Guideline for Preparing Regulatory
Action Environmental Impact Statements

(39 FR 37419) Locations Within the Background Information Document

(2) Environmental, Energy, and Economic
Impacts of Regulatory Alternatives

OJ
I

W

Regulatory alternatives

Environmental impacts

Energy impacts

Cost impacts

Economic impacts

Various regulatory alternatives are discussed in
Chapter 6, Section 6.2, pages 6-4 through 6-7.

The environmental impacts of the various regulatory
alternatives are presented in Chapter 7,Sections
7.1, 7.2, and 7.3, pages 7~1 through 7-12.

The energy impacts of the various regulatory
alternatives are discussed in Chapter 7,
Section 7.4, pages 7-12 through 7-13.

Cost impacts of the various regulatory alternatives
are discussed in Chapter 8, pages 8-1 through 8-27.

The economic impacts of the various regulatory
alternatives are presented in Chapter 9, pages
9-1 through 9-35.



TABLE B-1. (CONTINUED)

Agency Guideline for Preparing Regulatory
Action Environmental Impact Statements

(39 FR 37419) Location Within the Background Information Document

(3) Environmental impact of the
regulatory alternatives

0:1
I
~

Air pollution

Water pollution

Solid waste disposal

The impact of the proposed standards on air
pollution is presented in Chapter 7, Section
7.1, pages 7-1 through 7-8.

The impact of the proposed standards on water
pollution is presented in Chapter 7, Section
7.2, pages 7-8 through 7-11.

The impact of the proposed standards on
solid waste disposal is presented in Chapter
7, Section 7.3, pages 7-11 through 7-12.

-- ~~~-



APPENDIX C
EMISSION SOURCE TEST DATA

The purpose of Appendix C is to describe testing results used in
the development of the Background Information Document (BID) for fugitive

emissions from the Synthetic Organic Chemicals Manufacturing Industry
(SOCMI). The information in this appendix consists of a description of

the tested facilities, and the sampling procedures and test results of
fugitive emissions studies in SOCMI and the petroleum refining industry.

Fugitive emission sources in SOCMI and in the petroleum refining
industry are similar. Considerable data exist concerning both the

incidence and magnitude of fugitive emissions from petroleum refineries.
Studies of fugitive emissions in SOCMI have been undertaken by EPA to

support the use of emission factors generated during studies of emissions
in petroleum refineries for similar sources in the Synthetic Organic

Chemicals Manufacturing Industry. The results of the EPA SOCMI studies,
EPA data from a study of fugitive emissions from petroleum refineries,

and some industry studies of fugitive emissions are discussed in Section C.1.
Section C.2 consists of the results of three studies on the effects

of maintenance on reducing fugitive VOC emissions from valves in petroleum
refineries and one study on maintenance of valves in a SOCMI process
unit. These results are included as an indication of the reduction in
emissions which could be expected as a function of the designated action
level, and by applying routine on-line maintenance procedures. f~

C.1 . FUGITIVE EMISSIONS TEST PROGRAMS
Three SOCMI test programs have been conducted by EPA. One was a

study perfonned by Monsanto Research Corporation of a small number of
fugitive emission sources in four SOCMI units. More intensive screening
was performed at six SOCMI units in another study. The third EPA study
of SOCMI fugitive emissions was a screening and sampling program conducted
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at twenty-four SaCMI units. The results of these studies are presented
in this section. Similar types of studies have been performed by industry.
This section also contains the results of an Exxon study of fugitive

emissions in cyclohexane unit and a DuPont study of fugitive emissions
in unidentified process units.

The results of a study on fugitive emissions from petroleum refineries
are also presented in this section. Data on fugitive emissions were

obtained from 64 units in thirteen refineries located in major refining
areas throughout the_country. Data on the effects of maintenance were
obtained at the last four of these refineries. These results are presented
later in Section C.2 of this Appendix.

C.1.1 Study of Fugitive Emissions At Four SaCMI Units 1

Monsanto Research Corporation conducted an EPA-IERL sponsored.study

of fugitive emissions at four SaeMI units. The process units were
monochlorobenzene, butadiene, ethylene oxide/glycol, and dimethyl

terephthalate. Due to the small number of plants/processes sampled and
the experimental design of this study, the results were not considered

to be comparable with the results of other studies. Since the data
generated by the MRC study could not be considered representative of

the SaCMI and valid conclusions could not be drawn concerning the
relative magnitude of fugitive emissions in the SOCMI, the results of

the study were not used in the development of standards for fugitive
emissions control. This study demonstrated the need for more intensive

sampling and screening which was undertaken by EPA.
C.1.2 Description and Results of EPA Study of Six SOCMI Units 2,3,4,5

The objective of this test program was to gather data on the percen
tage of sources which leak (as defined by a vac concentration at the

leak interface of ~10,OOO ppmv calibrated with methane). To achieve
this objective, an attempt was made to screen all potential leak sources

(generally excluding flanges) on an individual component basis with a

portable organic vapor analyzer. The test crews relied on plant personnel
to identify equipment handling orgariics. Normally, all pumps and compressor
seals were examined, and the percentage of valves carrying vae which were
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screened ranged from 33 to 85 percent. All tests were performed with a
Century Systems Corporation Organic Vapor Analyzer, Model 108, with the

probe placed as close to the source as possible. The results of this
study are shown in Table C-1.

Six chemical process units were screened. Unit A is a chlorinated

methanes production facility in the Gulf Coast area which uses methanol

as feedstock material. The individual component testing was conducted
during September 1978. Unit B is a relatively small ethylene production

facility on the West Coast which uses an ethane/propane feedstock.
Testing was conducted during October 1978. Unit C is a chlorinated

methanes production facility in the Midwest. This plant also uses
methanol as the basic organic feedstock. Over the last few years,

several pieces of equipment have been replaced with equipment the company
feels is more reliable. In particular, the company has installed certain

types of valves which they have found do not leak lias much" as other
valves. The individual component testing was conducted during January
1979. Unit 0 is an ethylene production facility on the Gulf Coast,
using an ethane/propane feed. The facility is associated with a major

refinery, and testing was conducted during March 1979. Units E and F
are part of an intermediate size integrated petroleum refinery located

in the North Central United States. Testing was conducted during November
1978. Unit E is an aromatics extraction unit that produces benzene,

toluene, and xylene by extraction from refined petroleum feedstocks.
Unit Eis a new unit and special attention was paid during the design

and startup to minimize equipment leaks. All valves were repacked
before startup (adding 2 to 3 times the original packing) and all pumps

in benzene service had double mechanical seals with a barrier fluid.
Unit F produces benzene by hydrodealkylation of toluene. Unit F was

. originally designed to produce a different chemical and was redesigned

to produce benzene.
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TABLE C-1. FREQUENCY OF LEAKS FR()1 FUGITIVE EMISSION SOURCES IN
SYNTHETIC ORGANIC CHEMICAL UNITS (Six Unit Study)

_Unit AC __ _ __ Unit BC __ UniLCa ____ _Unit De __ _ Unit [f Unit Ff

__ Chloromethanes Et'1;lene Chloromethanes Ethylene STX Recovery Toluene HDA
Number Percent with Number Percent with Number Percent with Number Percent with Number Percent with Number Percent wlth

of screening of screening of screening of screening of screening of screening
sources values sources values SOurces values sources values sources values sources values

Equipment type tested >10,000 ppmv tested >10,000 ppmv tested >10,000 ppmv tested >10,000 ppmv tested >10,000 ppmv tested >10,000 ppmv

Valves 600

Open-ended lines 52

Pump seals 47
n
I a.::. Compressor seals -

Control valves 52

Pressure relief valves 7

Flanges 30

Drains a

2

15

6

a

3

2301 19 658

386 11 a

51 21 39

42 59 3

128 20 25

a a-

a a-

a a

0.1

3

33

o

862

90

63

17

25

a

a

39

14

13

33

6

44

10

715

33

33b

a

53

_a

a

a

1.1

0.0

3.0

4.0

427

28

30

_a

44

a

a

a

7.0

11.0

10.0

11 .a

aNo Data
bpump seals in benzene service have double mechanical seals

cSource: Reference 6
dSou rce : ftefu rel,ce 7

eSource: Reference 8
f Sou ree: Refe renee 9



C.l.3 Description and Results of an EPA Study of 24 SOCMI Units lO

The U.S. EPA Industrial Environmental Research Laboratory coordinated
a study to develop information about fugitive emissions in the SOCMI. A

total of 24 chemical process units were selected for this purpose. The

process units were selected to represent a cross section of the population

of the SOCMI. -Factors considered during process unit selections included
annual production volume, number of producers, volatility, toxicity, and

value of the final products. Table C-2 shows the process unit types
selected for screening.

The screening work began with the definition of the process unit
boundaries. All feed streams, reaction/separation facilities, and

product and by-product delivery lines were identified on process flow
diagrams and in the process unit. Process data, including stream
composition, line temperature, and line pressure, were obtained for all
flow streams. Each process stream to be screened was identified and

process data was obtained with the assistance of plant personnel, in
most cases. Sources were screened by a two-person team (one person

handling the hydrocarbon detector and one person recording data).
The Century Systems Models OVA-l08 and OVA-128 hydrocarbon detectors

were used for screening. 'The HNU Systems, Inc., Model PI 101 Photoionization
Analyzer was also used to screen sources at the fonnaldehyde process

unit; The detector probe of the instrument was placed directly on those
areas of the sources where leakage would typically occur. For example,

gate valves were screened along the circumference of the annular area
around the valve stem where the stem exits the packing gland and at the

packing gland/valve bonnet interface. All process valves, pump seals,
compressor seals, agitator seals, relief valves, process drains, and

open-ended lines were screened. From five to twenty percent of all
flanges were randomly selected and screened. For the purpose of this

program IIflange" referred to any pipe-to-pipe or tubing-to-tubing connection,

excluding welded joints.
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Table C-2. Twenty-four Chemical Process Units Screened for
Fugitive Emissions

Unit Type

1. Vinyl Acetate
2. Ethyl ene

3. Vinyl Acetate
4. Ethylene

5. Cumene
6. Cumene

7. Ethylene
8. Acetone/Phenol

9. Ethylene Dichloride
10. Vi nyl Chloride Monomer

11. Formaldehyde
12. Ethylene Dichloride

13. Vinyl Chloride Monomer
14. Methyl Ethyl Ketone

15. Methyl Ethyl Ketone
16. Acetaldehyde
17. Methyl Methacrylate
18. Adipic Acid

19. Trichloroethylene/Perchloroethylene
20. l,l,l-Trichloroethane
21. Ethylene Dichloride
22. Adipic Acid
23•. Acrylonitrile
24. Acrylonitrile

SOllrce:Reference 11
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Each screening instrument was calibrated on a daily basis, at a

minimum. The model OVA-I08 instruments, with a logarithmic scale

reading from 1 ppmv to 10,000 ppmv, were calibrated with high (8,000

ppmv) and low (500 ppmv) concentration methane-in-air standards to

ensure accurate operation at both ends of the instrument's range. The
model OVA-I28 instruments, with a linear readout ranging from a ppmv to

1,000 ppmv, were also calibrated with high and low concentration standards.
A pre-calibrated dilution probe was required with the OVA-I28 when
calibrating with the 8,000 ppmv standard.

The HNU Photoionization instrument, used to screen the formaldehyde

process unit, was calibrated with isobutylene, which has an ionization
potential close to that of formaldehyde.

Results of the screening program at the 24 process units are
summarized in Table C-3.

The fugitive emission sources in the study were screened at an

average rate of 1.7 minutes per source for a two-person team (or 3.4
person-minutes per source). This average screening rate includes time
spent for instrument calibration and repair. Table C-4 presents screening
time data on a unit-by-unit basis. .These time requirements are somewhat

higher than would be expected for routine monitoring because of the
extensive record keeping associated with the screening project.
C.1.4 Description and Results of Refinery Fugitive Emissions Study12

Data concerning the leak frequencies and emission factors for
various fugitive sources were obtained primarily at nine refineries.

More complete information for compressors and relief valves emissions
was obtained by sampling at four add·itional refineries. Refineries were

selected to provide a range of sizes and ages and all of the major
petroleum refinery process'ing units were studied. The type of process

units and the number of each studied in the first nine refineries are
listed in Table C-5.
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Tp.2LE C-3. SUMMARY OF SOCMI PROCESS UNITS FUGITIVE EMISSIONS
(Twenty-four Unit Study)

(1 ) (2 ) (3 ) (4 )
%of Screened Sources 95% Confidence Interval

Number % Not with Screenin9 Values for Percentage of Sources
Source Type Service Screened Screened ?lO,OOO ppmv ?:10,OOO ppmv

Fl anges Gas 1,443 4.6 4.6 (3.6, 5.8)
light liquid 2,897 2.6 1.2 (0.9, 1.8)
Heavy liquid 607 2.4 0.0 (0.0, 0.6)

Process Ora i ns Gas 83 23~1 2.4 (0.3, 8.4)
light liquid 527 1.9 3.8 (2.3, 5.8)
Heavy liquid 28 0.0 7.1 (0.9, 23.5)

Open Ended lines Gas 923 17.5 5.8 (4.4, 7.5)
light liquid 3,603 10.4 3.9 (3.3, 4.6)
Heavy liquid 477 21.5 1.3 (0.5, 2.8)

Agitator Seal s Gas 7 46.1 14.3 (0.4, 57.9)
light liquid 8 11.1 0.0 (0.0, 36.9)
Heavy liquid 1 66.7 0.0 (0.0, 97.5)

('"")
Relief Val ves Gas 85 72.7 3.5 ~0.7, 10.0~

I light liquid 69 40.5 2.9 0.3, 10.1
co Heavy liquid 3 66.7 0.0 (0.0, 70.8

Valves Gas 9,668 17.5 11.4 (10.8, 12.1)
light liquid 18,294 12.2 6.4 (6.1, 6.8)
Heavy liquid ·3,632 9.9 0.4 (0.2, 0.7)

Pumps light liquid 647 4.3 8.8 (6.6, ILl)
Heavy liquid 97 40.5 2.1 (0.3, 7.3)

Compressors Gas 29 9.4 6.9 (0.9, 22.8)

Othera Gas 19 9.5 21.0 (6.0, 45.6)
light liquid 33 19.5 6.1 (0.7, 20.2)
Heavy liquid 2 33.3 0.0 (0.0, 84.2)

alncludes filters, vacuum breakers, expansion joints, rupture disks, sight glass seals,·etc.
Source: Ref. 13



TABLE C-4. AVERAGE FUGITIVE EMISSION SOURCE SCREENING RATES
(Twenty-four Unit Study)

Average Screening
Number of Time Pe r

Process Unit Type Screened Sources Source, Minutesa

1. Vi nyl Acetate 1,391 2.0
2. Ethylene 5,078 1.3
3. Vinyl Acetate 2,780 0.9
4. Ethylene 5,278 1.5
5. Cumene 1,025 0.9
6. Cumene 1,573 1.0
7. Ethylene 3,685 1.9
8. Acetone/Phenol 3,207 3.2
9. Ethylene Dichloride 1,430

10. Vinyl Chloride Monomer 868 2.6
11. Fonnal dehyde 230 1.8
12. Ethylene Dichloride 744 1.6
13. Vinyl Chloride Monomer 2,619
14. Methyl Ethyl Ketone 585 1.6
15. Methyl Ethyl Ketone 679 2.2
16. Acetal dehyde 1,148 1.2
17. Methyl Methacrylate 2,019 0.9
18. Adipic Acid 1,577 0.7
19. Tri chol oroethyl ene/Pe rchl oroethyl ene 2,720
20. 1,1,1-Trichloroethane 570 1.6
21. Ethylene Dichloride 42
22. Adipic Acid 664 1.9
23. Ac ryl onit ri 1e 1,406 2.5
24. Acryl oni t ri 1e 1,864 1.9

Total 43,182 1.7

aAverage source screening time was determined for a two-person team,
one person screening with a portable hydrocarbon detector and one
person recording data. Average screening time includes time spent
for instrument calibration, maintenance, and repair.

Sou rce: Ref. 14
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TABLE C-5. SAMPLED PROCESS UNITS FROM NINE REFINERIES
DURING REFINERY STUDY

Refinery process unit

Atmospheric distillation

Vacuum distillation

Thermal operations (coking)

Catalytic cracking

Catalytic reforming

Catalytic hydrocracking

Catalytic hydrorefining

Catalytic hydrotreating

Alkylation

Aromatics/isomerization

Lube oil manufacture

Asphalt manufacture

Fuel gas/light-ends processing

LPG

Sulfur recovery

Number of
sampl ed units

7

4

2

5

6

2

2

7

6

3

2

11

2

Other 3

Source: Ref. 15
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In each refinery, sources in six to nine process units were selected

for study. The approximate number of sources selected for study and

testing in each refinery is listed below:
Valves 250-300
Flanges 100-750

Pump seals 100-125
Compressor seals 10-20

Drains 20-40

Relief Valves 20-40
There were normally 500-600 sources selected in each refinery.

The distribution of sources among the process units was determined

before the selection and testing of individual sources was begun.
Individual sources were selected from piping and instrumentation diagrams
or process flow diagrams before a refinery processing area was entered.

Only those preselected sources were screened. In this way, bias based

on observation of individual sources was theoretically eliminated.

The screening of sources was accomplished with portable organic

vapor detectors. The principal device used in this study was the J. W.

Bacharach Instrument Co. "TLV Sniffer" cal ibrated with Hexane. The

components were tested on an individual basis and only those components
with VOC concentrations in excess of 200 ppmv were considered for further

study.
A substantial portion of these leaking sources were enclosed and

sampled to determine both the methane and nonmethane emission rates. An
important result of this program was the development of a correlation

between the maximum observed screening value (VOC concentration) and the
measured nonmethane leak rate.

Emission factors and leak frequency information generated during
this study are given in Table C-6.

C.1.5 Comparison of Fugitive Emissions Test Data from Refineries and

SOCMI Units
The results of the SOCMI studies and those of the refinery emissions

study are compared in Table C-7.
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TABLE C-6. LEAK FREQUENCIES AND EMISSION FACTORS FROM FUGITIVE
SOURCES IN PETROLEUM REFINERIES

Equipment
type

Valves

Gas service
Light liquid service

Heavy liquid service

Pump seals
Light liquid service

Heavy liquid service

Compressor seals (hydrocarbon
service)

Pressure relief valves

Gas service

Light liquid service

Heavy liquid service

Open-ended lines

Gas service
Light liquid service

Heavy liquid service

Source: Ref. 17

Percent of
sources having

screening values
~ 10,000 ppmv

TLV-Hexane

NA
10

12

o

NA

23

2

33

8

a

NA

C-12

Estimated emission
factor for

refinery sources,
kq/hr-sQurce

NA

0.021
0.010

0.0003

NA

0.12

0.02

0.44

0.086

0.16

0.006
0.009

0.0003

NA

0.025

0.014

0.003



TABLE C-7. COMPARISON OF LEAK FREQUENCIES FOR FUGITIVE EMISSION
SOURCES IN SOCMI UNITS AND PETROLEUM REFINERIES

Equi pment Type

Val ves (all)

Gas
Light Liquid
Heavy Liquid

Open-ended 1ines (all)

Gas
Light Liquid
Heavy Liquid

Pumps (all)

Light Liquid
Heavy Li qui d

Compressors (Gas)

Pressure ReI ief Valves (all)

Gas
Light Liquid
Heavy Liquid

Fl anges (all)

Pe rcent of soeM I Sou rces
Having Screening Values
?10,OOO ppmv, OVA-108,

Metnane (six unit study)a

11

10

17

43

a

3

Percent of SOCM I Sources
Having Screening Values
210,000 ppmv, OVA-l0%

Methane(24 unit study)

11.4
6.4
0.4

5.8
3.9
1.3

8.8
2.1

6.9

3.5
2.9
0.0

Percent of Petroleum
Refinery Sources Having

zScreening Values "
10,000 ppmv, TLV - Hexane~

10
12
a

N/A

23
2

33

8

~:/A

Il/A
~/A

a

Ilthp.r N/A

Gas
Light LfCluid
Heavy Liquid

Process Ora 1ns (al I )

Gas
Light Liquid
Heavy Liquid

Agitator Seal s (all)

Gas
Light Liquid
Heavy Liquid

N/A

N/A

4.5
1.2
0.0

tl/A

2.4
3.8
7.1

N/A

14.3
0.0
0.0

N/./\

asource: Ref. 18. 19, 20, 21
bSource: Ref. 22
cSource: ~ef. 23.
d;ncludes filters, vacuum breakers. expension joints. rupture disks, sight glass seals. etc.
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C.1.6 Description and Results of the DuPont Study16

DuPont conducted a program of fugitive emission measurement from

pumps and valves at two of their plants. The processes of the 5 and 10
year old plants were not revealed. The OVA-l08 was used for screening

(leak identification) and for leak rate determination (analysis of
collected leak vapors). The leak rate was determined by taking Tedlar

bags partially filled with air and enclosing the leaking valve. The
hydrocarbon concentration in the bags was recorded as a function of

time. Visual estimates of the initial bag volume were assumed to be ±5
percent. Dupont did not have a dilution probe and, therefore, measurements

above 10,000 ppm were not made. Analysis of the data collected indicates
that no significant difference in leak rates exists between manual and
automatic control valves. Significant trends were observed with changes
in product vapor pressure. It also seemed that full open or closed

valve seat positions resulted in lower leak rates than intermediate
positions. The results of the DuPont study are shown in Table C-8.
C.I.7 Description and Results of the Exxon Study24,25

A fugitive emissions study was conducted by Exxon Chemical Company

at the Cyclohexane unit at their Baytown plant. The total number of
valves, pumps and compressor seals, and safety valves were determined.

For all sources, except valves, all of the fugitive emission sources
were sampled. For valves, a soap solution was used to determine leaking

components. All leaking valves were counted and identified as either
small, medium or large leaks. From the set of valves found to be leaking,

specific valves were selected for sampling so that each class of leaking
valves was in approximately the same proportion as it occured in the

cyclohexane unit.
Heat resistant mylar bags or sheets were taped around the equipment

to be sampled to provide an enclosed volume. Clean metered air from the
filter apparatus was blown into the enclosed volume. The sampling train

was allowed to run until a steady state flow was obtained (usually about
15 minutes). A bomb sample was then taken for laboratory analysis (mass

spectrometry). Table C-9 presents the results of the Exxon study.
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TABLE C-8. FREQUENCY OF LEAKS a FROM FUGITIVE EMISSION
SOURCES IN TWO DuPONT PLANTS.

Equipment No. of No. of Percent
type leakers non-l eakers leakers

Valves 48 741 6.1

Gas 35 120 23.1
Light liquid 11 143 7.1
Heavy liquid 1 478 0.2

Pumps 1 36 2.7

Light liquid 1 6 14.3
Heavy liquid 0 29 0

aLeak defined as 10,000 ppm or greater.
Source: Ref. 26
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TABLE C-9. FREQUENCY OF LEAKSa FROM FUGITIVE EMISSION
SOURCES IN EXXON'S CYCLOHEXANE UNIT

Equipment Total Screened and Percent Emission 99.8% Confi~ence
Source in Unit Sampled Leaking factor(kg/hr) Interval (kg/hr)

Valves

Gas 136 136 32 0.017 0.008 - 0.035
1i ght

1i qu i d 201 100 15 0.008 0.003 - 0.007

Safety
valves 15 15 87 0.064 0.013 - 0.5

Pump
sealsb 8 8 83 0.255 0.082 - 0.818

Compressor
sealsb N/A N/A 100 0.264 0.068 - 1.045

N/A - Not available
aLeak defined as 10,000 ppm or greater.

bOouble mechanical seal pumps and compressors were found to have negligible
1eaks.

Source: Reference 27,28

; C-16



C.2 MAINTENANCE TEST PROGRAMS

The results of four studies on the effects of maintenance on fugitive
emissions from valves are discussed in this section. The first two

studies were conducted by refinery personnel at the Union Oil Co. refinery

in Rodeo, California, and the Shell Oil Co. refinery in Martinex, California.
These programs consisted of maintenance on leaking valves containing
fluids with vapor pressures greater than 1.5 Reid Vapor Pressure. The

third study was conducted by EPA. Valves were selected and maintained
at four refineries. The fourth study was conducted by EPA at Unit D

(ethylene unit). The study results and a description of each test

program are given in the following sections.

C.2.1 Description and Results of the Union Maintenance Study29

The Union valve maintenance study consisted of performing undirected

maintenance on valves selected from 12 different process units. Maintenance

procedures consisted of adjusting the packing gland while the valve was

in service. Undirected maintenance consists of performing valve repairs
without simultaneous measurement of the effect of repair on the VOC

conc~ntration detected. This is in contrast to directed maintenace
where emissions are monitored during the repair procedure. With directed

maintenance, repair procedures are continued until the VOC concentration
detected drops to a specified level or further reduction in the emission

level is not possible. Also, maintenance may be curtailed if increasing

VOC concentrations result.
The Union data was obtained with a Century Systems Corporation

Organic Vapor Analyzer, OVA-lOB. All measurements were taken at a

distance of 1 cm from the seal. Correlations developed by EPA have been

used to convert the data from OVA readings taken at one centimeter to
equivalent TLV readings at the leak interface (TLV_0).30 This facilitates
comparison of data from different studies and allows the estimation of

el1li~;sion rates based on screening values-leak rate correlations.

The results of the Union study are given in Table C-10. Two sets
of results are provided; the first includes all reparied valves with
before maintenance screening values greater than or equal to 5,300 ppmv
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TABLE C-10. SUMMARY OF MAINTENANCE STUDY RESULTS FROM THE UNION OIL CO.
REFINERY IN RODEO, CALIFORNIAa

All valves All valves
with initial with initial

screening valges screening values
~5300 ppmv <5300 ppmv

Number of repairs attempted 133
Estimated emissions before maintenance, kg/hr c 9.72
Estimated emissions after maintenance, kg/hr c 4.69

Number of successful repairs «5300 ppmv after maintenance) 67

Number of valves with decreased emissions 124
("")

I- Number of valves with increased emissions 900 .
Percent reduction in emissions 51.8

Percent successful repairs 50.4

Percent of valves with decreased emissions 93.2

Percent of valves with increased emissions 6.8

21
0.323
0.422

13

8

-30.5

61. 9

38.1

aSource: Ref. 33.

bThe value 5300 ppmv, taken with the OVA-108 at 1 em., generally corresponds to a value of 10,000 ppmv taken
with a "TLV Sni Her" at 0 cm.



)
.1

(OVA-lOB), and the second includes valves with before maintenance screening

values below 5,300 ppmv (OVA-lOB). A screening value of 5,300 ppmv,

obtained with OVA at 1 cm from the leak interface, is equivalent to a
screening value of 10,000 ppmv measured by a Bacharach Instrument Co.

"TLV Sniffer" directly at the leak interface. The OVA-1 cm readings

have been converted to equivalent TLV-O cm readings because:

1) EPA correlations which estimate leak rates from screening values

were developed from TLV-O cm data.
2) Additional maintenance study data exists in the TLV-O cm format.

3) Method 21 specifies a cm screening procedures.

The results of this study indicate that maintenance on valves with

initial screening values above 10,000 ppmv (OVA-lOB) is much more effective
than maintenance on valves leaking at lower rates. In fact, this study

indicates that emissions from valves are reduced by an average of 51.B

percent for valves initially over 5,300 ppmv while valves with lower

initial screening values experienced an increase of 30.5 percent.

C.2.2 Description and Results of the Shell Maintenance Study31
The Shell maintenance program consisted of two parts. First, valve

repairs were performed on 171 leaking valves. In the second part of the
program, 162 of these valves were rechecked and additional maintenance

was performed. Maintenance consisted of adjusting the packing gland
while the valve was in service. The second part of the program was

conducted approximately one month after the initial maintenance period.
It was not determined whether the maintenance procedures were directed

or undirected, based on the information reported by Shell.
VOC emissions were measured using the OVA-lOB and readings were

obtained one centimeter from the source. This data has been transformed
to TLV-O cm values as was the Union data. And, the same methods of data

analysis described in Section C.2.1 have been applied to the Shell data.
The results of the Shell maintenance. study are given in Table C-11.
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TABLE C-11. SUMMARY OF MAINTENANCE STUDY RESULTS FROM THE SHELL OIL COMPANY
REFINERY IN MARTINEZ, CALIFORNIA

March maintenance April maintenance

All repaired valves All repaired valves All repaired valves with All repaired valves with
with initial screening with initial screening initial (March) screening initial (March) screening

values ~5300 ppmv b values <5300 ppmv values :5300 ppmv <values 5300 ppmv

Number of repairs attempted 161

Estimated emissions before maintenance, kg/hrc 11.08

Estimated emissions after maintenance, kg/hrc 2.66

Number of successful repairs «5300 ppmv after 105
maintenance)

Number of valves with decreased emissions 161

Number of valves with increased emissions 0

('"') Percent reduction in emissions 76.0I
N
0

Percent successful repairs 65.2

Percent of valves with decreased emissions 100.0

Percent of valves with increased emissions 0.0

11

0.159
0.0

11

o

100.0

100.0

0.0

152e
2.95

0.421

45

151

85.7

83.3

99.3

0.7

lle

0.060
0.0

11

o

100.0

100. a

0.0

aSource: Ref. 34. .--' - .. _. _00'_-

bThe value. 5300 ppmv, taken with the OVA-lOB at 1 cm., generally corresponds to a value of 10,000 ppmv taken with a "fLV Sniffer" at a em.
cShell reported the screening value of all valves which measured <3000 ppmv «!500 ppmv-TLV at 0 em.) as non-leakers. Emissions esti~tes obtai~ed from
emission factors. Ref. 14. . -'- ... . . - -

dlnitial value of 90 of these valves was <1500 ppm-TLV at 0 em., 54 valves screened ~5300 (note nine valves from initial data set not rechecked in April).
elnitial value of 10 of these valves was <1500 ppm-TLV at O.cm.-----



C.2.3 Description and Results of the EPA Maintenance Study32
Repair data were collected on valves located in four refineries.

The effects of both directed and undirected maintenance were evaluated.
Maintenance consisted of routine operations, such as tightening the
packing gland or adding grease. Other data, including valve size and
type and the processes' fluid characteristics, were obtained. Screening
data were obtained with the Bacharach Instrument Company. "TLV Sniffer"
and readings were taken as close to the source as possible.

Unlike the Shell and Union studies, emission rates were not based
on the screening value correlations. Rather, each valve was sampled to
determine emission rates before and after maintenance using techniques
developed by EPA during the refinery emission factor study. These
values were used to evaluate emissions reduction.

The results of this study are given in Table C-12. Of interest
here is a comparison of the emissions reduction for directed and undirected
maintenance. The results indicate that directed maintenance is more
effective in reducing emissions than is undirected maintenance, particularly
for valves with lower initial leak rates. The results showed an increase
in total emissions of 32.6% for valves with initial screening values
less than 10,000 ppmv which were subjected to undirected maintenance.
However, this increase is due to a large increase in the emission rate
of only one valve.
C.2.4 Description and Results of Unit D (Ethylen~ Unit) Maintenance Study35

. Maintenance was performed by Unit D personnel. VOC concentration
measurements were made using the OVA-I08, and readings were obtained at
the closest distance possible to the source. The results of this study
are shown in Table C-13. Directed and undirected maintenance procedures
were used. The results show that directed maintenance results in more
repairs being successfully completed than when undirected maintenance is
used.

C:2.5 Comparison of Maintenance Study Results
Generally speaking, the results of these maintenance programs would

tend to support the following conclysions:
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TABLE C-12. SUMMARY OF EPA REFINERY MAINTENANCE STUDY RESULTS

Repaired values with initial Repaired values with initial
screening values ~10,000 ppmv screening values <10,000 ppmv

Directed Undi rected Directed Undirected
Maintenance Maintenance Maintenance Maintenance

Number of valves repaired 9 23 10 16
Measured emissions before maintenance

kg/hr 0.107 1.809 0.0332 0.120
Measured emissions after maintenance

kg/hr 0.0139 0.318 0.0049 0.159

n Number of successful repairs
I «10,000 ppmv after maintenance; 8 13N

N

Number of valves with decreased
emissions 9 21 6 15

Number of valves with increased
emissions a 2 4

Percent reduction in emissions 87.0 82.4 85.2 -32.6

Percent successful repairs 88.9 56.5

Percent of valves with decreased
emissions 100.0 91.3 60.0 93.8

Percent of valves with increased
emissions 0.0 8.7 40.0 6.3

Source: Ref. 36



TABLE C-13. MAINTENANCE EFFECTIVENESS
UNIT D ETHYLENE UNIT BLOCK VALVES

1. Total number of valves with VOC :>10,000 ppm
from unit survey 121

2. Total number of valves tested for
maintenance effectiveness 46

%Tested 38%

UNDIRECTED MAINTENANCE
3. Total number subjected to repair attempts 37

r,

4. Successful repairs (VOC "-10,000 ppm)

% Repa ired

22

59%

Foll owup
DIRECTED MAINTENANCE
5. Number of valves unrepaired by undirected

maintenance subjected to directed maintenance

6. Number repaired by followup directed maintenance

%of unsuccessful repaired by
directed maintenance

7. Total number repaired based on undirected
maintenance subset (3) above

% Repa ired

8. Total number of repairs including leaks not
found before initial maintenance

Total %repaired

Total %not repaired

Source: Reference 37
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• A reduction in emissions may be obtained by performing

maintenance on valves with screening values above
10,000 ppmv (measured at the source).

• The reduction in emissions due to maintenance of valves
with scr~~ning values below 10,000 ppmv is not as

dramatic and may result in increased emissions.
• Directed maintenance is preferable to undirected maintenance

for val ve repair.
The information presented in Tables C-10, C-11, C-12, and C-13 has

been compiled with the objective of placing the data on as consistent a
basis as possible. However, some differences were unavoidable and

others may have gone unrecognized, due to the limited amount of information
concerning the details of methods used in each study. Therefore, care

should be exercised before attempting to draw specific quantitative
conclusions based on direct comparison of the results of these studies.
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APPENDIX D - EMISSION MEASUREMENT AND CONTINUOUS MONITORING

0.1 EMISSION ~1EASUREMENT r1ETHODS

To develop data in support of standards for the control of fugitive

emissions. EPA conducted leak surveys at six petroleum refineries and

three synthetic organic chemical manufacturing plants. The resulting

leak determination procedures contained in Reference Method 21 were

developed during the course of this test program.

Prior to the first test, available methods for measurement of

fugitive leaks were reviewed, with emphasis on methods that would provide

data on emission rates from each source. To measure emission rates,

each individual piece of equipment must be enclosed in a temporary cover

for emission containment. After containment, the leak rate can be

determined using concentration change and flow measurements. This

procedure has been used in several studies. 1•2 and has been demonstrated

to be a feasible method for research purposes. It was not selected for

this study because direct meaSl.lrement of emission rates from leaks is a

tilllp.-consuminq and expensive procedure requiring ahout 't40 and? rnanhours
per sClurcC'.3 It is not feasible or prilctic:al for rOlltine tcstinq bC'c(\us(~

of the large number of sources within each process unit. There Ciln he

more than 2000 valves in light liquid and gas service in a process unit.

Procedures th~t yield qualitative or semi-quantitative indications

of leak rates were then reviewed. There are essentially two alternatives:

leak detection by spraying each component leak source with a soap solution

and observing whether or not bubbles were formed; and, the use of a

portable analyzer to survey for the presence of increased organic compound

concentration in the vicinity of a leak source. Visual. audible, or

olfactory inspections are too subjective to be used as indicators of

leakage in these applications. The lIse of a portable analyzer was selected

as a basis for the method because it would have been difficult to establish
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a leak definition based on bubble formation rates. Also, the temperature

of the component, physical configuration, and relative movement of parts

often interfere with bubble formation.

Once the basic detection principle was selected, it was then necessary

to define the procedures for use of the portable analyzer. Prior to

performance of the first field test, a procedure was reported that

conducted surveys at a distance of 5 cm from the components.4 This

information was used to formulate the test plant for initial testing.5

In addition, measurements were made at distances of 25 cm and 40 cm on

three perpendicular lines around individual sources. Of the three

distances, the most repeatable indicator of the presence of a leak was a

measurement at 5 cm, with a leak definition concentration of 100 or

1000 ppmv. The localized meteorological conditions affected dispersion

significantly at greater distances. Also it was difficult to define a

leak at greater distances because of the small changes from ambient

concentrations observed. Surveys were conducted at 5 cm from the source

during the next three facility tests.
The procedure was distributed for comment in a draft control techniques

guideline documents. 6 Many commentors felt that a measurement distance

of 5 cm could not be accurately repeated during screening tests. Since
the concentration profile is rapidly changing between a and about 10 cm

from the source, a small variance from 5 cm could significantly effect

the concentrat i on measu rement. In response to these comments, the

procedures were changed so that measurements were made at the surface of

the interface, or essentially 0 cm. This change required that the leak

definition level be increased. Additional testing at two refineries and

three chemical plants was performed by measuring volatile organic concentrations

at the interface surface.

A complication that this change introduces is that a very small
mass emission rate leak ("pin-hole leak") can be totally captured by the

instrument and a high concentration result will be obtained. This has

occurred occasionally in EPA tests and a solution to this problem has

not been found.
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The calibration basis for the analyzer was evaluated. It was
recognized that there are a number of potential vapor stream components
and compositions that can be expected. Since all analyzer types do not
respond equally to different compounds, it was necessary to establish a
reference calibration material. Based on the expected compounds and the
limited information available on instrument response factors, hexane was
chosen as the reference calibration gas for EPA test programs. At the
5 cm measurement distance, calibrations were conducted at approximately
100 or 1000 ppmv levels. After the measurement ~istance was changed,
calibrations at 10,000 ppmv levels were required. Comments received
indicated that hexane standards at this concentration were not readily
available commercially. Consequently, modifications were incorporated
to allow alternate standard preparation procedures or alternate calibration
gases in the test method recommended in the Control Techniques Guideline
D~cument for Petroleum Refinery Fugitive Emissions. Since that time,
~~dditionalstudies have begun to develop response factor data for two
instrument types. Based on preliminary results, it appears that methane
is a more representative reference calibration material at 10,000 ppmv
le~els. Based on this conclusion, and the fact that methane standards
are readily available at the necessary calibration concentration, the
recommended calibration material for this regulation was changed to
methane.

The alternative of specifying a different calibration material for
each type stream and normalization factors for each instrument type was
not intensively investigated. There are at least four instrument types
available that might be used in this procedure, and there are a large
number of potential stream compositions possible. The amount of prior
knowledge necessary to develop and subsequently use such factors .would
make the interpretation of results prohibitively complicated. Based on
EPA test results, the number of concentration measurements in the range

where a variability of two or three would change the decision as to
whether or not a leak exists is small in comparison to the total number
of potential leak sources.
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An alternative approach to leak detection was evaluated by EPA
during field testing. The approach used was an area survey, or walkthrough,
using a portable analyzer. The unit area was surveyed by walking through
the unit positioning the instrument probe within 1 meter of all valves
and pumps. The concentration readings were recorded on a portable strip
chart recorder. After completion of the walkthrough, the local wind
conditions were used with the chart data to locate the approximate
source of any increased ambient concentrations. This procedure was
found to yield mixed results. In some cases, the majority of leaks
located by individual component testing could be located by walkthrough
surveys. In other tests, prevailing dispersion conditions and local
elevated ambient concentrations complicated or prevented the interpretation
of the results. Additionally, it was not possible to develop a general
criteria specifying how much of an ambient increase at a distance of
1 meter is indicative of a 10000 ppm concentration at the leak source.
Because of the potential variability in results from site to site,
routine walkthrough surveys were not selected as a reference or alternate
test procedure.

D.2 CONTINUOUS MONITORING SYSTEMS AND DEVICES
Since the leak detennination procedure is not a typical emission

measurement technique, there are no continuous monitoring approaches that
are directly applicable. Continual surveillance is achieved by repeated
monitoring or screening of all affected potential leak sources. A
continuous monitoring system or device could serve as an indicator that a
leak has developed between inspection intervals. EPA perfonned a limited
evaluation of fixed-point monitoring systems for their effectiveness
in leak detection. The systems consisted of both remote sensing devices
with a central readout and a central analyzer system (gas chromatograph)
with remotely collected samples. The results of these tests indicated
that fixed point systems were not capable of sensing all leaks that were
found by individual component testing. This is to be expected since
these systems are significantly affected by local dispersion conditions
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and would require either many individual point locations, or very low
detection sensitivities in order to achieve sjmilar results to those
obtained using an individual component survey.

It is recommended that fixed-point monitoring systems· not be required
since general specifications cannot be formulated to assure equivalent
results, and each installation would have to be evaluated individually.

0.3 PERFORMANCE TEST METHOD
The recommended fugitive emission detection procedure is Reference

Method 21. This method incorporates the use of a portable analyzer to
detect the presence of volatile organic vapors at the surface of the
interface where direct leakage to atmosphere could occur. The approach
of this technique assumes that if an organic leak exists, there will be
an increased vapor concentration in the vincinity of the leak, and that
the measured concentration is generally proportional to the mass emission
rate of the organic compound.

An additional procedure provided in Reference Method 21 is for the
determination of "no detectable emissions". The portable VOC analyzer
is used to determine the local ambient VOC concentration in the vincinity
of the source to be evaluated, and then a measurement is made at the
surface of the potential leak interface. If a concentration change of
less than 2 percent of the leak definition is observed, then a "no
detectable emissions" condition exists. The definition of 2 percent of

the leak definition was selected based on the readability of a meter
scale graduated in 2 percent increments from 0 to 100 percent of scale,
and not necessari lyon the performance of emi ss i on sources. "No detect
able emissions" would exist when the observed concentration change
between local ambient and leak interface surface measurements is less
than 200 ppmv.

Reference Method 21 does not include a specification of the instrument
calibration basis or a definition of a leak in terms of concentration.
Based on the results of EPA field tests and laboratory studies, methane
is recommended as the reference calibration basis for fugitive emission
sources in synthetic organic chemical manufacturing industries.
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There are at least four types of detection principles currently
available in commercial portable instruments. These are flame ionization.
catalytic oxidation, infrared absorption (NDIR), and photoionization~

Two types (flame ionizatlon and catalytic oxidation) are known,to be
available in factory mutual certified versions for use in hazardous
atmospheres.

The recommended test procedure includes a set of design and operating
specifications and evaluation procedures by which an analyzer's performance
can be evaluated. These parameters w~re selected based on the allowable
tolerances for data collection, and not on EPA evaluations of the performance
of individual instruments. Based on manufacturers' literature specifications
and reported test results,7 commercially available analyzers can meet
these requirements.

The estimated purchase cost for an analyzer ranges from about
$1,000 to $5,000 depending on the type and optional equipment. The cost
of an annual monitoring program per unit, including semiannual instrument
tests and reporting is estimated to be from $3,000 to $4,500. This
estimate is based on EPA contractor costs experienced during previous

test programs. Performance of monitoring by plant personnel may result
in lower costs. The above estimates do not include any costs associated
with leak repair after detection.
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APPENDIX E: METHODOLOGY FOR COMPUTING COST OF CAPITAL
TO SYNTHETIC ORGANIC CHEMICAL MANUFACTURERS

This appendix describes the process used to estimate the cost of
.capital for the chemical industry. The cost of capital for any new project
is the cost of equi,ty. debt, and preferred stock, wei ghted by the percent
age of funds generated by each type of financing; that is.

kc ke
E D + k P (1)= I + ki I Ip

where
kc - cost of capital,

ke - cost of equity capital,

k. - cost of debt capita1,,
kp - cost of preferred stock capital,

E - the amount of equity used to finance a given investment.

D - the amount of debt used to finance a given investment,

P - the amount of preferred stock used to finance a given
investment,

I - the total funds needed for the investment.

The k variables are interest rates representing the aftertax return on
investment that is needed to pay stock dividends and interest on debt.
Each k term is a nominal interest rate in that it contains an implicit
allowance for inflation. However, the cost of capital computed with equa
tion (1) is treated in the text as the real dollar interest rate that would
prevail in times of economic stability. The nominal rate is used as though
it were a real rate partly to ensure that estimates of the cost and other
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adverse economic effects of investment in air pollution controls will be
biased upward rather than downward, and partly to avoid miscalculations
that could result from using the wrong inflation rate to convert the nominal
rate to a real rate.

The first step in estimating equation (1) is to determine the relevant
weights for the three types of financing. It is assumed that the proportion
of debt, equity, and preferred stock to be used on any new project will be
the same as currently exists in the firm's capital structure. This implies
that the firm is currently using the optimal mix of financing. Figures for
the three types of funds came from the COMPUSTAT tapes, supplied by Standard
&Poor's Corporation, for each firm's fiscal year ending in 1977. Common
equity included the par value of common stock, retained earnings, capital
surplus, self-insurance reserves, and capital premium, while debt included
all obligations due more than a year from the company's balance sheet date.
Preferred stock represented the net number of preferred shares outstanding
at year-end multiplied by the involuntary liquidating value per share.

The next step in calculating equation (1) is to estimate the cost of
equity financing. Two approaches are commonly used: the results derived
from the capital-asset pricing model (CAPM) and the results derived from
the dividend capitalization model (OCM). The CAPM compares the returns
from a firm's stock with those from the stock market as a whole, while the
OCM evaluates the stream of dividends and the discount rate needed to
arrive at the firm's existing share price. The required return on equity
using the CAPM is:

ke = i + f3 (km-i) (2)

where
-

k -i -m

f3 -

the expected risk-free interest rate,

the expected excess return on the market, and

the firm's beta coefficient.

The beta coefficient is an historical measure of the extent to which a
firm's stock price fluctuates in relation to an index of the stock market
as a whole. f3 takes on a value of zero for a stock whose price is constant,
a value of one for a stock whose price follows the same path as an index of
the whole stock market, and a value of greater than (less than) one for a
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stock whose price fluctuates more (less) dramatically than does the general
index. The CAPM is thus a modified regression equation in which ~ is the
slope of a straight line relating ke and km.

The required return on equity using the OCM is:

(3)

where
01 - the dividend expected in period 1,

Po - the share price at the beginning of period 1,

g - the expected rate of dividend growth, assumed to be constant.

The OCM is developed on the assumptions that (1) the price of a stock is
the present value of anticipated dividends, and that (2) these dividends
grow each year by a fixed percentage that is less than the required return
on equity.

Figures for equation (2) were developed in the following manner. The
expected risk-free rate was assumed equal to the yield on a 3-month Treasury
Bill, as reported in the October 1, 1979, Wall Street Journal. The current
yield was 10.46 percent. This corresponds to the yield from a bond with no

, ,

possibility_~f default and offeri~g no chance of a capital loss and is
therefore riskless~ The firm's beta coefficients came from the September
24, 1979, Value Line Investment Survey. The expected excess return equalled
2.9646 percent, the 5-year average (July 1974-June 1979) of the monthly
excess returns on the Standard &Poorls 500 Stock Index multiplied by
twelve.

Figures for equation (3) came from two sources. Both share price and
expected yearly dividends came from figures reported in the October 1,
1979, Wall Street Journal. The growth rate was calculated from data con
taihed on the COMPUSTAT tapes. Note that the use of historical data does
not necessarily make the estimated rate of return on capital inconsistent
with the first quarter 1980 cost data used in this study as both short- and
long-term interest rates are currently in a state of flux. Three different
growth rates were examined: the 5-year average growth of total assets, the
5-year average growth of per share earnings, and the 5-year average growth
of dividends.
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A number of theoretical reasons exist for preferring the CAPM approach,'

to the OCM for estimating the required return on equity, but the figures

calculated revealed a more practical justification. Using growth estimated

from per share earnings or dividends resulted in a number of firms having

negative required returns with the OCM method. Although using the growth

in assets resulted in only one firm with a negative required return, several

firms had extremely low returns (less than 10 percent). It is unreasonable

to expect that stockholders would demand a return on their stock that is
less than the existing yield on Treasury Bills, yet all three variants of

the OCM method led to this conclusion for a number of firms. On the basis

of these considerations the CAPM calculations were selected as the required

return on equity.
The third step in estimating equation (1) is calculating the cost of

debt financing. This would be a relatively easy estimation if interest

rates did not change over time. Past yields on old issues of bonds would

suffice. Since interest rates have been fluctuating, it was felt that a

more forward-looking rate was required. The method selected was to take

the average yield as given in the September 3, 1979, Moody·s Bond Survey

'for the firm's bond ratings class as the necessary yield the firm must

offer on long-term debt. The firm's ratings class came from the September
1979 Moody's Bond Record or the 1979 Moody's Industrial Manual. A small

number of firms were not rated by Moody's. One firm was ranked in Standard

and Poor's Bond Guide and this was used to approximate a Moody's bond

class. For other firms, data concerning bank notes, revolving credit, or

term~loan agreements that tied the interest rate on these types of debt to

the current prime rate were obtained from the 1979 Moody's Industrial Manual

or the Standard &Poor's Corporation Record. These data were taken to
measure the necessary yield on long-term debt for such firms. Table E-l
presents the yields by ratings class and the prime rate (as of October 1,

1979) used for the cost of debt funds.

The yield on long-term debt does not represent the aftertax cost of

debt financing since interest charges are tax deductab1e. To arrive at the

aftertax cost of debt capital, the yield must be multiplied by 1 minus the

:margina1 tax rate.
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TABLE E-l. YIELDS BY RATING CLASS FOR COST OF DEBT FUNDS, 1979
(Prime rate = 13.50 %)

where

Ratings class

AAA
AA

A
BAA

BA

B

k. = k(1 - t)
1

Yield (percent)

9.25

9.59

9.72

10.38

11.97

12.395

(4)

k - the yield on bonds,

t - the marginal tax rate.

It is assumed that the firms in the sample are profitable so that taxes

must be paid, and that their marginal tax rate is 48 percent.

The last step in estimating equation (1) is to calculate the cost

of preferred stock financing. Unlike debt, preferred stock does not have a

maturity date so that the curren~yield should approximate the yield on new

issues. The yield is:
k = Q (5)
p P

where

U - stated annual dividend,

P = the price of a share of preferred stock.*

The figures for dividends and share price came from the October I, 1979,

Wall Street Journal or, if not included in this source, from the January I,

1979, listing in the Daily Stock Price Record. A number of firms did not

have their preferred stock listed in either source, yet had preferred stock

in their capital structures. All used less than 15 percent preferred

*Note that as preferred stock dividends do not increase over time the
growth factor required in the discounted cash flow model (equation 3) is
omitted here.
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stock, with the majority using less than 5 percent. For these firms the

aftertax yield on preferred stock was set equal to the pretax yield on

long-term debt.
Table E-2 lists the cost of capital for all 100 firms in the sample

and also includes some of the components of equation (1). These firms

represent the best available sample of the approximately 600 firms in the

industry. However, it is likely that on the average the firms included in

the sample are larger than the firms excluded, as many small firms do not
have to publish detailed financial records. This potential sample bias may

have resulted in a slight underestimate of the industry's cost of capital

as, in general, because they are (usually) able to reduce their transactions

costs of borrowing and to represent a less risky investment because of
product diversification, larger firms are often able to acquire investment
funds more cheaply than smaller firms.
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TABLE E-2. FINANCIAL DATA fOR 100 CHEMICAL FIRMSI 11
=-=--=--- ---=----

m
I

"'-J

Name

Abbott Labs
Akzona
Alco Standard Corp.
Al lied Chern Corp.
American Cyanamid
Armco Steel Corp.
Atlantic Richfield
Beatrice Foods
Bendix Corp.
Bethlehem Steel Corp.
Borden Inc.
Borg-Warner Chern.
Brown Co.
CPC International

Inc.
Celanese Corp.
Charter International

Oil
Cities Service Co.
Combustion

Engineering
Conti nenta1 Oi 1
Crompton &Knowles
Dart Indus t.
Dayco Corp.
De Soto, Inc.
Diamond Shamrock

Corp.
Dow Chemical
Ou Pont De Nemours
Eastern Gas &Fuel

Associates
Essex Che~. Corp.
Exxon Corp.
FMC Corp.

Cost of
capita I

12.014
10.276
12.151
10.091
11. 083
10.588
9.749

11. 232
11.118
10.913
10.484
11.863
9.813

11. 638
10.181

9.175
10.3%

11. 494
10.881
11. 298
10.689
8.270

11.499

9.790
10.060
11. 328

11.605
12.502
11.875
10.183

Return
on

equity

14.018
13.276
13.425
13.721
13.425
13.276
13.128
12.832
13.425
14.018
12.683
13.128
12.387

13. 128
13.128

14.166
12.980

14.314
13.721
13.425
14.166
12.980
13.128

13.721
14.018
13.573

14.018
14.166
13.276
13.573

Return
on

debtil

9.590
10.380
15.120
9.720
9.590
9. 720
9.590
9.250
9.720
9.720
9.590
9.720

12.395

9.590
11. 970

12.395
9.720

9.720
9.590

14.450
9.720

11.970 .
13.750

9. 720
9.590
9.250

14.180
12.395
9.250
9.720

Return
on

preferrEd
stock

6.461

7.429
3.333

10.084

2.564

4.211
6.071

8.654

6.250

Proportion
of

equity

· 77262
.61914
.64134
.58118
.72252
.66880
.51602
· 79803
· 72911
.65360
.713l7
.82756
.56680

.81691

.53511

.27557

.67388

.68700

.67568

.53329

.63113

.30351

.72746

.54639

.56176

.72512

.63681

.78453

.83450

.59257

Proportion
of
debt

.216575

.380859

.7.59343

.418825

.277480

.306858

.362174
.194329
.2481'10
.3,46402
.285155
.145263
.433202

.183087

.396896

.623167

.326120

.296229

.321308

.375634

.231645

.666445

.272535

.453615

.438236

.232177

.363188

.215465

.165504

.339730

Proportion
of

pre ferred
stock

.01080'1

.000

.099317

.000

.000

.024337

.121807.

.007644

.022754

.000

.001677

.027181

.000

. 000

.067997

.101265

.000

.016774

.003009

.091078

.137221

.030044

.000

.000

.000

.042112

.000

.000

.000

.067101
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TABlE E-2. (continued)
.- -:-=..-_-=-=.-:--:-_-:-:---====--=-~-=-:':"==---";=-=-==

Return Proportion
Return Return on Proportion Proportion of

Cost of on on preferr6d of of preferred
'Name capital equity debta stock equity debt stock

Ferro Corp. 12.369 13216 9.720 -- .88968 .110317 .000
Firestone Tire &

Rubber 10.610 12.980 9.720 -- .70096 .299038 .000
Ford Motor Co. 12.069 13.276 9:250 -- .85743 .142565 .000
GAF Corp. 9.398 13.573 10.380 7.559 .44490 .387035 .168061
General Electric Co. 12.130 13.721 9.250 -- .82148 .178521 .000
General Motors Corp. 12.798 13.425 9.250 8.715 .91962 .063516 .016862
General Tire &Rubber 11.440 13.276 11. 970 -- .73287 .258968 .008163
Georgia-Pacific Corp. 10.793 13.573 9.590 -- .67625 .323751 .000
Goodrich (B.F.) Co. 10.430 13.276 10.380 8.864 .62957 .349707 .020723
Goodyear Tire & I

Rubber Co. 10.101 12.980 9.720 -- .63679 .363210 .000
Gul f Oi 1 Corp. U.745 12.980 9.250 -- .84880 .151203 .000
Hercules Inc. H.l77 13.869 9. 720 -- .69461 .305394 .000

m Inland Steel 10.092 12.980 9.590 -- .62702 .352735 .020249
I lnsilco Corp. 9.339 13.276 11.970 7.752 .41885 .475634 .105511CO Interlake, Inc. 11.331 13.128 9.720 -- .77736 .222640 .000

International
Harvester 10.534 13.573 9. 720 -- .63297 .348230 .018796

Kaiser Steel Corp. 11. 688 14.018 14.000 -- .63274 .345717 .021539
Kraft Inc. 10.774 12.683 9.250 -- .75752 .242479 .000
Marathon Oil Co. 9.582 13.128 9.720 -- .56074 .439257 .000
Martin Marietta Chem. 11.238 13.276 9.720 -- .75212 .247882 .000
Mead Corp. 10.000 13.869 9.720 4.308 .56423 .398718 .037048
Merck & Co. 12.309 13.573 9.250 -- .85481 .143358 .001827
Minnesota Hining &

Hanuf. 12.572 13.869 9.250 -- .85677 .143235 .000
Mobil Oil Corp. 10.868 13.128 9.250 -- .72833 .271665 .000
Monsanto Co. 10.970 13.573 9.590 5.000 .69690 .300335 .002767
Morton-Norwi ch

Products 10. 726 13.721 9•. 720 -- .65441 .345589 .000
National Distillers

& Chetn. 11.037 13.128 9.720 9.193 .73310 .251565 .015334
Nattonal Steel Corp. 9.909 12.683 9.590 -- .63946 .360538 .000
Northwest Indust. 8.015 13.869 10.380 2.9412 .32561 .617085 .057301
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TABLE E-2. (continued)

Return Proportion
Return Return on Proportion Proportion of

Cost of on on preferrsd of of preferred
Hame capital equity debta stock equity debt stock

Owens-Corning
Fiberglass 11.653 13.425 9.720 -- · 78828 .211721 .000

PPG Industries 10.596 13.276 9.590 -- .67661 .323394 .000
Penwalt Corp. 9.013 13.276 9.720 7.529 : 41712 .369200 .213675
Pfizer 11.244 14.018 9.590 -- .69289 .307113 .000
Phillips Petroleum Co. 11. 670 13.721 9.250 -- .76982 .230179 .000
Procter &Gamble Co. 11.824 13.276 9.250 -- .82842 .171428 .000153
Quaker Oats Co. 10.946 13.573 9.720 9.008 .651578 .262094 .086328
Reeves Bros. Inc. 10.629 12.535 10.380 -- . 732B70 .267130 .000
Reichold Chems. 10.647 13.425 10.380 -- .571986 .295871 .132143
Republic Steel Corp. 11.305 13.425 9.720 -- .746819 .253181 .000
Riegel Textile Corp. 11.201 12.9BO 11.970 -- .736598 .263402 .000
Rockwell International 9.589 12.535 9.720 5.398 .602132 .309032 .088836
Rohn and Haas Co. 10.739 13.721 9.720 -- .655939 .344061 .000

. SCM Corp. 10.835 14.018 10.380 -- .630766 .369234 .000m Scott Paper Co. 10.784 13.721 9.590 -- .660791 .333680 .005529I
<.0 'Shakespeare Co. 11229 13.276 14.000 -- .658505 .341495 .000

Sherwin-Williams Co. 9.617 12.980 10.380 10. DO .523981 .422439 .053579
Squibb Corp. 11.266 14.018 9.590

...
.695345 .304655 .000

A. E: 'Staley Mfg. Co. 10.428 13.573 9.720 -- .629947 .368508 .001544
Stauffer Chemical Co. 10.188 13.425 9.720 -- .613351 .)86649 .000
Sterling Drug 12.595 13.276 9.590 -- .917816 .082184 .000
Sun'Chem. Corp. 10.427 13.573 12.395 -- .558689 .441311 .000
Sybron Corp. 10.786 13.869 9.720 -- .616191 .319517 .064292
Tenneco Inc. 9.155 12.980 10.380 3.887 .505890 .442129 .051981
Texaco 11. 230 12.980 9.250 -- · 785863 .214137 .000
Texfi Indust. 10.090 13.275 16.000 -- .356904 .643096 .000
Textron Inc. 10.085 13.425 9.720 6.222 .577353 .252757 .169890
Union Camp Corp. 11.359 13.276 9.590 -- · 768639 .231361 .000
Union Carbide Corp. 10.775 13.573 9.590 -- .674170 . 325B30 .000
Union Oil, Calif. 10.577 13.128 9.590 -- .663994 .295934 .040072
Uniroyal 10.514 13.425 11.970 16.000 .521603 .423786 .054611
U.S. Gypsum 10.726 13.276 9.590 5.539 .686341 .223477 .090182
U.S. Steel Corp. 10.919 13.573 9.590 -- .690912 . ;lO9088 .000
Upjohn Co. 11. 052 13.573 9.590 -- · 706383 .293617 .000
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TABLE E-2. (continued)

NaJIl!
Cost of
capital

Return
on

equity

Return
on

debta

Return
on

preferrsd
stock

Proportion
of

equity

rroportion
of
debt

Proportion
of

preferred
stock

,..,
I
~o

Yulcan Materials Co. 10.675 12.980 9.720 -- .709218 .290782 .000
Walter (Ji.) Corp. 9.019 13.721 11.970 4.444 .398726 .491966 .109308
Westinghouse Electric

Corp. 12.596 14.018 9.720 8.837 .838775 .155115 .006110
Weyerhaeuser Co. 10.402 14.166 9.590 5.957 .583685 .351341 .058973
Wheeling-Pittsburgh

Steel 11.238 13.869 14.000 12.739 .512893 .381136 .105972
Whi ttaker Corp. . 10.070 14.3J4 11.970 -- .457808 .517470 .024722
IIit ChM. Corp. 10.736 13.573 9.720 3.313 .673790 .292825 .033385

aThe return on debt data represent pretaK estimates and are .ultipled by 0.52 to obtain the aftertax rates
used In ca.puting the cost of capital.

'DaSheS indicate missing data. In these cases the pretax returns on debt were used to compute the cost
of capital.
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APPENDIX F - SYNTHETIC ORGANIC CHEMICALS MANUFACTURING INDUSTRY





OCPDB No.* Chemical

20 Aceta1

.• 30 Acetaldehyde

40 Aceta 1dol

50 Acetami de

65 Acetanil ide

70 Acetic acid

80 Acetic anhydri de

90 Acetone

100 Acetone cyanohydrin

110 Acetonitrile

120 Acetophenone

125 Acetyl chloride

130 Acetyl ene

140 Acrolein

150 Acryltlnlide

160 Acrylic acid and esters

170 Acrylonitrile

180 Adipic acid

185 Ad i ponitri 1e

190 Alkyl naphthalenes

200 Allyl alcohol

210 Allyl chloride

220 Aminobenzoic acid

*The OCPDB NUlnbers are reference indic~s assigned to the various chemicals
in the Organic Chemical Producers Data Base developed by EPA.
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GePDB No.

230

235

240

250

260

270

280

290

- 300

310

320

330

340

350

360

370

380

390

400

410

420

430

440

450

460

430

Aminoethy1ethanolamine

p-aminoph~nol

Amyl acetates

Amyl alcohols

Amyl amine

Amyl chloride

Amyl mercaptans

Amyl phenol

Aniline

Aniline hydrochloride

Anisidine

Anisole

Anthranilic acid

Anthraquinone

Benzaldehyde

Bcnzamide

Renzene

l3enzcnedisu1fonic acid

Ben7.~nesulfonic acid

Benzil

B~nzi1 ic aci d

Benzoic acid

Benzoin

Benzoni tri le

Benzophenone
I

Benzotrichloride

F-2
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490

500

510

520

530

540

550

560

570

580

590

592

600

630

640

650

660

670

680

690

700

710

l~jO

7(iO

170

780

8rnloyl chloride

Benzyl alcohol

Benzyl arnine

Benzyl benzoate

Benzyl ch 1ori de

Benzyl dichloride

Biprenyl

Bisphenol A

Bromobenzene

Bromonaphthalene

Butadiene

l-butene

n-butyl acetate

n-butyl acryl ate

n- butyl alcohol

s-butyl alcohol

t-butyl alcohol

n-butyl Jllli ne

s-butylamine

t-butylamine

p-tert-butyl benzoic acid

1,3-butyl one glycol

n... billy rill dl'hyde

Rlltyri c ilC i d

!3utyri C ol1hydri de

Butyroni tri le
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785

790

800

810

Caprolaetam

Carbon disulfide

Carbon tetrabromide

Carbon tetrachloride

820 Cellulose acetate

840 Chloroaeetie acid

850 m-chloroaniline

860 o-ehloroaniline

870 p-ehloroanil ine

880

890

900

905

910

920

921

930

940

950

Chlorobenzaldehyde

Chlorobenzene

Chlorobenzoie acid

Chlorobenzotriehloride

Chlorobenzoyl ehlpride

Chlorodifluoroethane

Chlorodifluoromcthane

Chloroform

Chloronapthalcne

o-chloronitrobenzene

951 p-chloronitrobenzene

960

964

Chlorophcnols

Chloroprcne

965 Chlorosul fanie acid

970

980

m-chlorotolucne

o-chlorotolucne

990 p -chlol'otolucnc
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992

1000

1010

1020

1021

1030

1040

1050

1060

1070

1080

1090

11 00

1110

1120

1130

1140

1150

1160

1170

1180

1190

POO

1210

1215

1216

eh 1orotri fl uorulnethllne

m-creso1

o-creso1

p-creso1

Mixed crcso1s

Crcsylic acid

Crotonaldchyde

Crotonic acid

Curncne .

Curnene hydroperoxide

Cyanoacetic acid

Cyanogen .ch1oride

Cya.nuric acid

Cyanuric chloride

Cyclohexane

Cyclohexanol

Cyclohexanone

Cyclohexene

Cyclohexylamine

Cyclooctadiene

Dccano1

Diacetone alcohol

[)i .1IIJi Ilohell/oie acid

Die hlora ilrl i 1in e

m-dichlorobenzcne

o-dich1orobenzene
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OCPDI3 No.
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1220

1221

1244

1240

1250

1270

1280

1290

1300

1304

1305

1310

1320

1330

1340

1360

14?0

1430

1440

1442

1444

11150

1460

1470

1480

1490

Chemical

p-dichloro~enzene

Dichlorodifluoromethane

l,2-dichloroethane (fDC)

Dichloroethyl ether

Di ch1orohydri n

Dichloropropene

Oicyc1ohexylamine

Diethylamine

Diethylene glycol

Diethylene glycol diethyl ether

Diethylene glycol dimethyl ether

Diethylene glycol monobutyl ether

Diethylene glycol monobuty1 ether acetate

Diethylene glycol monoethyl ether

Diethylene glycol monoethyl ether acetate

Diethylene glycol rnollomethyl ether

Oi ethyl sul fate

Di fl uoroc thane

Oi isobutyl ene

Diisodecyl phthalate

Diisoocty1 phthalate

Diketcne

DililclhylllliJ1 ne
i

N,N-dimethylaniline

N,N-dimethy1 ether

N,N-dimethy1 forlllillni de

F-6



CCPDB No.

1495

1500

1510

1520

1530

1540

1545

J 550

1560

1570

1580

1590

1600

1610

1620

1630

1640

1650

1660

1661

1670

1680

1690

1700

1110

Chemi cal
------~-

Dimethylhydrazine

Dimethyl sulfate

Dimethyl sulfide

Dimethyl sulfoxide

Dimethyl terephthalate

3,5-dinitrobenzoic acid

, Di nit rophcno 1

Dinitroto1uene

Dioxane

Dioxolane

Diphenylamine

Diphenyl oxide

"Diphenyl thiourea

Dipropylcne glycol

Dodeccne

Dodecylaniline

Dodecylpll [~no1

Epichlorohydrin

Ethanol

Ethanolamines

Ethyl acetate

Ethyl acetoacetate

Ethyl acryl ate

Ethylamine

Ethylbenz0.ne

F-7



OCPDB_l'l~ Chemicals_._----- -----------------
1720 Ethyl brami de

1730 Ethyl ce 11 ul ose

1740 Ethyl chloride

1750 Ethyl chloroacetate

1760 Ethylcyanoacetate

1770 Ethylene

1780 Ethylene ca rbona te

1790 Ethylene chlorohydrin

1800 Ethylenediamine

1810 Ethylene dibromide

1830 Ethylene glycol

1840 Ethylene glycol diacetate

1870 Ethylene glycol dimethyl ether

1890 Ethylene glycol monobutyl ether

1900 Ethylene glycol monobutyl ether acetate

1910 Ethylene glycol monoethyl etller

1920 Ethyle/le glycol monoethyl ether acetate

1930 Ethylene glycol Jilonolllethyl ether

1940 Ethylene glycol monomethyl ether acetate

1960 Ethylene glycol monophenyl ether

1970 Ethylene glycol rnonopropyl ether

1980 Ethylene oxide

1990 Ethyl e tiler

2000 2-ethy1 hC'Xilllo1

2010 Ethyl orthofanllClte

2020 Ethyl oXI11rtte

F-8



Chc.:mical- -_._------ ---- - --. ---- -_.-.---

20JO Ethyl sodium oxalacetate

20'~0 Formaldehyde

2050 Fonnamide

2060

2070

2073

2090

2091

2100

2110

2120

2145

2150

2160

2165

2170

2180

2190

2200

Formi c ad d

Fumaric acid

Furfural

Glycerol (Synthetic)

Glycerol d.ichlorohydrin

Glycero1 tri ether

Glycine

Glyoxal

Hcxachlorobenzene

Hexachloroethane

HexCldecyl alcohol

Hexamethylenediamine

Hcxamethylcne glycol

llexamethyl enctctralni ne

Hydrogen cyanide

Hydroquinc1ne

2210

2210

??50

p- hydroxyhcn zo i c ad d

Isoamylcne

Tsobulrtllol

nGO Y'.l)hlllyl MctuLe

2261

2270

Jc:,oOlJlyl C'ne

Isobutyra 1dchyrle

2280 Isobutyri c aci d

F-9



Q_CLQ!3_ JJ9~

2300

2320

2321

2330

2340

2350

2360

2370

2380

2390

2400

2410

2414

2417

2420

2430

2140

2450

2455

2160

2190

?/jOO

?!.ilO

?520

?530

2540

CJls:rn_~_c_aJ _

Isodccanol

Isooctyl alcohol

Isopentane

Isophorone

Isophthalic acid

Isoprene

Isopropanol

Isopropyl acetate

Isopropylamine

Isopropyl chloride

Isopropylphenol

Ketene

Linear alkyl sulfonate

Linear alkylbenzene

Maleic acid

Maleic anhydride

Malic acid

~1es ityl ox ide

~1eta nil i c aci d

1'1ethilo'yl ic acid

Methdllyl chloride

~'ethanol

r'h~ lhyl acl't,1 te

r'lelhyl acdoilcotate

I~ethylarnine

n-methylaniline

F-10



--- -- ---- ---.__._---~--- --------Chemical

2545

2550

2560

2570

2590

2620

2530

2635

r'1ethyl bromide

r~ethyl butynol

t"ethyl chloride

Methyl cyclohexane

Methyl cyclohexanone

Methylene chloride

Methylene dianiline

Methylene diphrnyl diisocyanate

2640

2645

2650

2660

Methyl ethyl ketone

r'1ethyl formate

Methyl isobutyl carbinol

Methyl isobutyl ketone

2665

2670

Methyl methacrylate

Methyl pentynol

?-690

2700

a-methyl styrene

~'orpho1i ne

7.110 Il·-n,lphLhalcnc sulfonic ilcid

2720 /3-nil!Jhthlllene sul forlic acid

2730 a-naphthol

2740 s-naphthol

?750 Neopentanoic acid

2156 0- nit1'0 eln i 1ine

?.7S 7

2760

p-nitroaniline

o-niLroanisole

1762 p·-ni troani sole

2no Ni tt'oben/one

F-ll



nc~rJ8 No.

2780

2790

2791

2792

2795

2800

2810

2820

2830

2840

2850

2851

2855

2860

2882

2890

2900

2910

?920

?930

2940

2950

2960

2970

2973

2976

ChC:11l i cal
~

Nitrobenzoic acid (0, ~, and p)

Nitroethane

Nitromethane

Nitrophenol

Nitropropane

Nitrotoluene

Nonene

Nonyl phenol

Oetyl phenol

Pa ra 1dehyrle

Pentaerythri tol

n-pentane

l-pentene

Perch 1oroethyl ene

Perchloroo~thyl mercaptan

o-phenetidine

p-phenetidine

Phenol

Phenol sulfonic acids

Phenyl anthranilic acid

Phenylenediamine

Phosgene

Ptlthalic anhydl'ide

Phthalimide

l3-pi c~ line

Piperazine

F-12



OCPDB ~!o.

3000

3010

3025

3063

3066

3070

3075

3080

3090

3100

3110

3111

3120

3130

3140

3150

3160

3110

3180

3181

3190

3191

3?00

3210

3220

3230

3240

ChC::lli cal'

Polybutcnes

Polyethylene glycol

Polypropylene glycol

Propionaldehyde

Propionic acid

n-propyl alcohol

Propyl ami ne

Propyl chloride

Propyl ene

Propyl ene ch lorohydri n

Propylene dichloride

Propylene glycol

Propylene oxide

Pyri di ne

Quinone

Resorci no1.

Reso rcyl i c aci d

Salicylic acid

Sodium acetate

Sodium benzoate

Sodium carboxymethyl cellulose

Sodium chloroacetate
!

Sodi urn fOl'lIlate

Sodium plll:nate

S tyn'ne

Succinic acid

F-13'



OCPDB No.-----

3250

3251

3260

3270

3280

3290 &3291

3300

3310

3320

3330

3335

3340

3341

3349

3350

3354

3355

3360

3370

3380

3381

:3 "~90, 3391
F. 3393

3395

3'100

Chemical --------
Succinitri le

Sulfanil i c aci d

Sulfolane

Tannic acid

Terephthalic acid

Tetrachloroethanes

Tetrachlorophthalic anhydride

Tetraethyllead

Tetrahydronapthalene

Tetrahydrophthalic anhydride

Tetramethyllead

Tetramethylenediamine

Tetrame thyl ethyl ened; ami ne

Toluene

Toluene-2,1-diamine

Toluene-2,4-diisocyanate

Toluene diisocyanates (mixture)

Toluene sulfonamide

Toluene sulfonic acids

Toluene sulfonyl chloride

Toluidines

Tl'i elll OrObl"I1/(,Ill'5

l,l,l-tricillorodhane

l,l,2-trichlorol!thilne



C:PDB No.

3410

3411

3420

3430

3450

3460

3470

3480

3490

3500

3510

3520

3530

3540

3541

3560

3570

3580

3590

Chemical

Trichloroethylene

Trichlorofluoromethane

1,2,3-trichloropropane

1,1 ,2-trichloro-l ,2,2-trifluoroethane

Triethylamine

Triethylene glycol

Triethylene glycol dimethyl ether

Triisobutylcne

Trir,lethyl ami ne

Urea

Vinyl acetate

Vinyl chloride

Vinylidene chloride

Vinyl toluene

Xyl enes (mi xed)

o-xylene

p-xylene

Xylenol

Xyl i di ne

F-15
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J
TABLE ·G-l. UNCONTROLLED EMISSIONS ESTIMATES FROM THE MODEL UNITSa

Uncontrolled Emissions

Fugitive Emission Source Model Unit A Model Unit B Model Unit C
kg/hr %of Total kg/hr %of Total kg/hr %of Total

Pumps 1.1 14 4.08 14 12.78 14

Light liquid 0.96 3.48 10.92
Heavy liquid 0.14 0.60 1.86

In-li ne va1ves 2.76 36 11. 11 38 34.14 37

Vapor service 1. 89 7.66 23.46 .
Light liquid service 0.84 3.35 10.37
Heavy liquid service 0.025 0.10 0.31

Safety/relief valves 1. 78 23 6.78 23 21.0 23

Vapor servi ce 1. 76 6.72 20.8
Cj) Lightljquid service 0.006 . 0.024 0.078
I Heavy liquid service 0.009 0.036 0.13

t--'

Open-ended valves and lines 1.03 13 4.14 14 12.75 14

Vapor servi ce 0.225 0.925 2.88
Light liquid service 0.66 2.65 8.13
Heavy liquid service 0.14 0.57 1. 74

Compressors 0.44 6 0.88 3 3.52 4

Sampling Connections 0.39 5 1. 56 5 4.80 5

Flanges 0.18 2 0.72 2 2.22 2

Total from all Fugitive Emission Sources 7.68 29.3 91.2

aCalculated from the emission factors in Table 3-1 and the fugitive emission source counts in Table 6-1.
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