EPA450/2-75-009

1;}"\1’:\ o f—’ '\T;y,‘ ﬁ"r"‘\ BT Y A\ ‘r‘ AT TTY $ I 6—‘ T '\ m-‘-n—‘ vq I% rE
E‘Jl“lv_&u ri."ll.\l—u_ﬂ.l N ‘1 Al a0 X N N ,ﬂ‘f ] ILAL' ;U 3

FLIISSEON 5

VENYL

Emission Standards and Engineering Division

U, S. ENVIRG.ENTAL PROTECTION AGENCY
Office of My and laste Mernagoment
Office of Air Guality Planning and Standards
Research Teiarole Parl, North Carolina 2/711

October 1975

COLORITE 008336




This report has b2en reviewed by the Emission Standards and fngineering

Division, Gffice of &ir Quelity Planning and Standards, Office of Air and

vaste Manane wnt, Cnvivonmental Pretzction Agency, and approved for publi-

cation. ention of cowpany or procuct names does noi constitute endorsement C:?
by EPA. Copies are avaiiable free of charge to federal employces, current

contractors and grantees, and non-profit organizations--as supplies permit--

from the Air Pollution Technical Inforration Center, Environwental Protection

Agency, Research Triangle Park, Horth Carolina 277115 or may be obtained,

for a fea, frow the ilational Technical Information Service, 5285 Port Royal

Road, Springfield, Virginia 22161.

Publication MNo. EPA-450/2-75-009

i

COLORITE 008337




PREFACE

AL PURTOSE GF THIS DROCURENT

This report swmmarizes the information obtained during the
developiment of a national emission standard for vinyi chloride
urder the authority of section 112 of the Ciean Air Act. It is
being distributed in connection with formal proposal of the
standard in the FEDERAL RUGISTER. Its purpose is to explain the
background, basis, and environmental and economic impacts of the
proposal in greater detail than could be included in the FEDERAL REGISTER
and to facilitate analysis of the proposal by interested persons,
including those who may not be familiar with . iny of the technical
aspects of ethiylene dichloride-vinyl chloride and polyvinyl chloride plants.

Contained in this document is information on the industrial
sources of vinyl chloride, control technology which can be appiied
to these sources, the proposed standard and the rationale for its
selection, alternative approaches for regulating vinyl chloride,
environmental and economic impacts of the proposed standard and
alternative control levels, and other Federal or State regulations
which apply to vinyl chloride or to plants which emit vinyl chloride.
Information on the health effects of vinyl chloride is contained
in a second document prepared by EPA, which is entitled the Scientific
and Technical Assessment Report on Vinyl Chloride and Polyviny] Chioride.
Copies of both documents may be obtained from tlr, Don R. Goodwin,
{MD-13), Director, Lmission Standards and Engineering Division, United
States Environmental Protection Agency, Rescarch Triangle Park,
North Carolina 27711 1(919) 6358-8146). Requests for additional
information or for cupies of reports (cther than published literature)

cited in the backaround documents, and corionts on the

iy
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nroposed <tondard should be forwarded to the same address.

B. AUTEORITY FOR THE STANDARD

Nationel emission standards for hazardous air pollutants
are prorulgated in cccordance with section 112 of the Clean Air
Act (42 U.5.C. 1857¢-7), as amendod in 1970. "Hazardous air pollutant”
is defined in the Act as "an air pollutent to which no ambient air
quality standard is applicable and which in the judgment of the
Administrator may cause, or contribute to, an increase in mortality
or an increase in serious irreversible, or incapacitating reversible,
illness." Emission standards established under the authority of
section 112 are to be set at a level which in the Administrator's
Judgment “provides an ample margin of safety to protect the public
health from such hazardous air pollutants."

To set a standard under section 11é of the Act, a pollutant must
be listed in the FEDERAL REGISTER as a hazardous air pollutant. Within
180 days of listing, the Administrator must propose a national emission
standard which, in his judgment, adequately protects public health.
Within 30 days of proposal of the standard, the Adnministrator must
give notice ¢f a public hearing. The Administrator con withdraw a
pollutant from the hazardous 1ist only if he finds, on the basis of
information presented al the public hearing, that the pollutant
clearly is not hazardous. therwise the Administrator must promulgate
a standard vithin 180 days of tha proposal. The Act does not require
that the A inistrator consiaar available contrel (ochaology or

cconcaic oot o iohorg i tevel of o siinaed,
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Howeyer, SFA must, frow time to e, dssue information on contry
technolooy,
C. CORSINIRATION OF ENVIRONMIHTAL IMPACTS

Secticn 107(2)(c) of the taticnal Envivonmental Palicy Act [NEPA)
of 1969 (PI-91-190) requires foderal agencies to prepare detailed
envircomental impact statements on proposals for leaislation 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. The Inergy Supply and
Enviromental Coocdination Act (ESECA) of 1974 (PL-93-319) specifically
exempted proposed actions under the Clean Air Act from NEPA requiremcnts.
According to section 7(c){1), "No action taken under the Clean Air
Act shall be deemed a major Tederal action significantly affecting the
quality of the human environment within the meaning of the National

Environrental Policy Act of 1969."

EPA has concluded, however, that the preparation of environmental

impact statements could have beneficial effects on certain requlatory
actions. Consequently, while not legally required to do so as a result
of section 102(2)(c) of NEPA, EPA will prepare environmental impact
statements for various regulatory acticns, including proposed actiaons
under section 112 of the Clean Air Act. This voluntary preparation of
envirenmental impact statcments, however, in no vay legally subjects EPA

to NEPA requircinents.
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To irnlenent this [PA poiicy decision, thercfore, a separate
section 15 included in this document which is davoted solely to an
analysis of the potential environrental jmpacts associated with
the proposed standard and alternative levels of control. Both
adverse and beneficial impacts associated with the proposed standard
and alternatives in such areas as air and water pollution, increased
solid waste disposal and increased energy consumption are identified and
discussed. Generally, stancdards proposed under section 112 will most
likely have beneficial impacts on ambient air quality and potential
adverse impacts in other areas.
0. CONSIDERATION OF INFLATIONARY IMPACTS

Executive Order 11821 (39 FR 41501, November 29, 1974) requires
all Executive agencies to issue inflation impact statements when
enacting major regulations or rules and when submitting proposals for
major legislation. In accordance with the executive order, a separate
chapter is included in this document which describes in detail the
economic impact of the proposed standard for vinyl chleride and alternative
levels of control. The economic analysis includes to the extent possible
the impact of other regulations on the industries vvich would be affected
by the proposed standard. Figures are given for both the capital and
annual cperating costs to the industries of installing and iiplementing
the necessary control equipment to meet the preposed standard and other
requlations. The potantial plant closures and price increases in
consumer ooods which would occur as a rasult of those costs to the

industrias acn ats0 eslimated.
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1.  SUMMARY

1.1 The Proposed Standard

A national emission standard for vinyl chloride cmissions
from ethylene dichloride-vinyl chloride and polyvinyl chloride
plants is being proposed under the authority of section 112 of the
Clean Air Act. Section 112 is intended for the regulation of
hazardous air poliutants. “Hazardous air pollutant" is defined
in section 112 as "an air pollutant to which no ambient ajr quality
standard is applicable and which in the judgment of the Administrator
may cause, or contribute to, an increase in wortality or an increase
in serious irreversible, or incapacitating reversible, illness."”

Vinyl chloride has been implicated as the causal agent of
angiosarcoma (a rare form of liver cancer), other cancers, and
serious noncarcinogenic disorders in people with occupational
exposure and in animals with experimental exposure to vinyl chloride.
Reasonable extrapolations from these findings cause concern that
vinyl chloride may cause or contribute to the same or similar
disorders at present ambient air levels. Therefore, vinyl chloride
meets the specifications of a "hazardous air pollutant" as defined
in the Clean Air Act.

Section 112 requires that emission standards be established

at a level which provides an ample margin of safety to protect public

health. As applied to threshold pollutants, this requires that emission

standards be established tolow the thveshold level of effects. This
cannot be done for vinyl chloride because no dose-response data are
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availahle far the concentrations of vinyl chloride found in the ambient

air. Moreover, for carcirogens there may be no atmospheric concen-

tration which poses absolutely no public health risk. Therefore, the

purpose of the proposed standard is to minimize vinyl chloride emissions

from ethylene dichloride-vinyl chlovride and polyvinyl chloride plants to

the level attainable with best available control technology. This would

have the effect of furthering the protection of public health by minimizing

the health risks to the people living in the vicinity of these plants

and to any additional pecple who are exposed as a result of new construction.
The stationary source categories of vinyl chicride emissions

include 41 polyvinyl chloride plants which are responsible for

approximately 85 percent of the total nationwide emissions, 17 ethylene

dichloride-vinyl chloride plants which are responsible for approximately

11 percent of the total emissions and approximately 8000 fabricating

plants and several miscellaneous sources which are responsible for the

remaining emissions. The proposed standard is applicable to only

ethylene dichloride-vinyl chloride and polyvinyl chloride plants

which are the largest sources of emissions. (It should be noted that

throughout this document the term "ethylene dichloride-vinyl chloride

plants" is used. “This is because ethylene dichloride and vinyl chloride

are typically produced at the same plant location. However, this
is not necessarily the case. The proposed standard applies to plants
which produce ethylene dichloride or vinyl chloride as well as to

plants which produce both). Standards for the fabricating plants are
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not being proposed at this time beciause available ambient monitoring
data indicate that vinyl chloride concentrations in the vicinity of
these plants are negligible. Also, vinyl chloride emissions from these
plants will be minimized indirectly as polyvinyl chloride plants reduce
the residual viny? chloride in the raw materials going to the fabri-
cating plants in response to the proposed standard and OSHA's standard
for vinyl chloride which was promulgated Octoher 4, 1974. A decision on
whether standards for the miscellaneous sources will be proposed will be
made after on-going studies on them are completed.

The proposed standard for ethylene dichloridz-.inyl chloride
and polyvinyl chloride plants would impact primarily on southeastern
Texas, southern Louisiana, and the Northeastern States, where most of
the plants are Tocated. Fourteen of the 17 ethylene dichloride-vinyl
chloride plants are located in southeastern Texas and southern Louisiana.
Other States in which ethylene dichloride-vinyl chloride or polyvinyl
chloride plants are located include Kentucky, California, I1linois,
Massachusetts, Mississippi, Oklahoma, Delaware, Maryland, Pennsylvania,
Ohio, New Jersey, New York, West Virginia, Georgia, and Michigan.
There is also an ethylene dichloride-vinyl chloride plant in Puerto
Rico. Additional States may be affected by the proposed standard as new
plants are constructed. The proposed standard is a national emission
standard which will be enforced by the Federal EPA and by States which
request and are delegated the authority to enforce the standard.

In order to minimize vinyl chloride emissions to the atmosphere,
the proposed standard covers all known point and fugitive emission
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sources in both ethylene dichloride-vinyl chloride and polyvinyl

chloride plants. The point sources in ethylene dichloride-vinyl

chloride plants include ethylene dichloride purification, vinyl

chloride formation and purification, and the oxychlorination reactor.

The point sources in polyvinyl chloride plants include reactors;
strippers; mixing, weighing and holding containers; moncmer recovery
systems; slurry blend tanks; centrifuges; concentrators; dryers; baggers;
and storage silos. Fugitive emission sources in both kinds of plants
include Toading (or unloading) vinyl chloride from storage vessels

into transfer equipment, slip gauges, leakage from equipment

(including pump, compressor, and agitator seals and relief valves),

opening of equipment for cleaning and maintenance, manual venting of
gases to reduce pressure in equipment, obtaining samples of vinyl
chloride product, and inprocess wastewater. Relief discharges from
equipment in both ethylene dichloride-vinyl chloride and polyvinyl
chloride plants cause short-term peak emissions.

The proposed standard would reduce emissions from a typical
ethylene dichloride-vinyl chloride plant by approximately 94 percent
and from a typical polyvinyl chloride plant by approximately 95 percent.
(These emission reductions are based on emission levels which werc
reported to exist in the spring of 1974. The reductions in fugitive
emissions as a result of the proposed standard cannot be quantified,

but are included in these percentages based on best judgment.) The
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emission limitations included in the proposed standard for cthylene
dichloride-vinyl chloride and polyvinyl chloride plants are summarized
in the following paragraphs.

Ethylene Dichioride-Yinyl Chloride Plants

The proposed standard would apply to any plant where ethylcne
dichloride is produced by reaction of oxygen and hydrogen chloride
with ethylene. It would also apply to any plant where vinyl chloride
is made by one or more processes including, but not Timited to, the
addition of hydrogen chloride to acetylene and dehrdrochlorination of
ethylene dichloride. CEthylene dichloride and viayl chloride are
typically produced at the same plant location, although this is not
necessarily the case. The individual emission points in ethylene
dichloride-vinyl chloride plants would be requlated as follows:

1. Emissions from equipment used in the purification process for
ethylene dichloride and in the formation and purification processes
for vinyl chloride would be reduced to 10 ppm by volume. This
can be accomplished by add-on control devices, such as an incinerator.

2. Emissions from the oxychlorination reactor would be
reduced to 0.02 kg/100 -kg ethylene dichloride product from the
oxychlorination process. This can be accomplished by controlling
process parameters or by add-on contfo] devices, such as an
incinerator.

3. Preventable relief valve discharges would not be permitted
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4. Fugitive emissions would bs minimized primarily by

equipment and procedural specifications requiring enciosure of

the emission sources and capture of the emissions. For example, before
opening equipment to the atmosphere, vinyl chloride contained in the

eguipment would have to be removed and transferred to a recovery

system or a control device. Leakage from pump seals would be prevented

by installing pumps with no seals or with double mechanical seals.
A formal program would be instituted and implemented for leak detection
and elimination. Vinyl chloride emissions from the more highly

concentrated inprocess wastewater streams would be reduced by
removing the viny! chloride from the water before the water is
exposed to the atmosphere; the vinyl chloride removed would be
collected and ducted to a recovery system or control device.

Polyvinyl Chloride Plants

The proposed standard would apply to any plant which polymerizes

vinyl chloride.

Production of homopolymers, copolymers, terpolymers,

or other polymers containing any fraction of polymerized vinyl chloride

would be covered. The standard would be applicable to all manufacturing
processes, including suspension, dispersion, emulsion, lctex, bulk,

and any opher processes developed in the future. The individual
emission points 16 polyvinyi chloride plants would be regulated as
follows:

1. Emissions from major process equipment preceding and

including the stripping operation in the flow of materials throunh the
plant (e.g. reactors, strippers, and monovzr recovery systems) would
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be reduced to 10 ppm by volume. This can be accomplished by add-on

rontrol devices, such as carbon adsorption.

2. Emissions from major process cquipment following the
stripping operation in the flow of materials through the plant
(e.q. slurry blend tanks, centrifuges, dryers and storage silos)
would be reduced by removing the residual vinyl chloride from
the polyvinyl chloride resin during the stripping operation
before the polyvinyl chloride resin is processed in equipment
following the stripper. Dispersion resins would contain no more than
2000 ppm residual vinyl chloride as they completed .he stripping
operation and all other resins would contain no more than 400 ppm
residual vinyl chloride. Add-on control devices, such as
incinerators, could also be employed to attain comparable emission
levels.

3. Emissions from opening of reactors would be reduced to
0.001 kg/100 kg of reactor product. Except for postpolymerization
reactors in the manufacture of bulk resins, one way in which this
can be accomplished is by using water to displace the vinyl
chloride in the reactor to a recovery system before opening the reactor
and reducing the number of reactor openings by solvent cleaning.
For postpolymerization reactors in the manufacture of bulk resins,
the proposed standard could be attained by evacuating the reactor
several times and breaking the vacuum with nitrogen. The number of
evacuations would depend on the volume of gas in the reactor and
the vacuum involved.

4. Preventable relief discharges would not be permitted.

For example, relief discharges from rcactors can be prevented by
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several measures, including injecting chemicals to stop the
polymerization reaction, instrumentation of the reactor to

detect upset condition, or venting the contents of the reactor to
a gasholder and ultimately to a monomer recovery system.

5. As in ethylene dichloride-vinyl chloride plants, fugitive
emissions would be minimized primarily by equipment and procedural
specifications requiring enclosure of the emission sources and
capture of the emissions. A formal program would be instituted and
implemented for leak detection and elimination. Vinyl chloride
emissions from the more highly concentrated inprocess wastewater
streams would be reduced by removing the vinyl chloride from the
water before the water is exposed to the atmosphere; the vinyl chloride
removed would be collected and ducted to a recovery system or control
device.

A more detailed summary of the proposed emission limits and

testing, reporting, and recordkeeping requirements for ethylene

dichloride-vinyl chloride and polyvinyl chloride plants can be
found in Tables 1-1 and 1-2, respectively.

1.2 Environmental Impact

1.2.1 Alternatives to the Proposed Action

Several different sets of alternatives were considered in
developing the proposed standard for vinyl chloride. These different
sets of alternatives are listed as follows:

A. Alternative regulatory sirategies

The first step in evaluatira the vinyl chloride problem
was to determine whether standards for atnospheric sinssions of vinyl
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TABLE 1-1 {continued)
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chloride are nceded, and if so, which section of the Clean Air
Act should be used to regulate the emissions. Therefore, the
following altarnatives were considered: \

1. No proposal of standards.

2. Delay proposal of standards until more data are available.

3. Section 115 of the Clean Air Act (Abatement Conferences).

4. Section 303 of the Clean Air Act (Emergency Powers).

5. Section 109 of the Clean Air Act (National Ambient Air
Quality Standards for Vinyl Chloride).

6. Section 109 of the Clean Air Act (Nation.? Ambient Air
Quality Standards for Non-Methane Hydrocarbons).

7. Section 111 of the Clean Air Act (Standards of Performance
for New Sources).

8. Section 112 of the Clean Air Act (National Emission
Standards for Hazardous Air Pollutants).

After a thorough evaluation of the above alternatives, EPA
concluded that a standard is needed for vinyl chloride now and

that it should be develcped under the authority of section 112 of

the Act. Since a standard for vinyl chloride could not be based on a

threshold level of effects, consideration was given to the following
alternative regulatory sirategies under section 112.
1. Prohibit all emissions from the manufacture and processing
of vinyl chloride.
2. Minimize emissions by setting a standard which would
require emission reduction to the lowest level achievable by use of best

available control technology.
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A decision also had to be made regarding which source
categories of vinyl chloride emissions should be reqgulated. The
source categories considered include:

1. Ethylene dichloride-vinyl chloride plants

2. Polyvinyl chloride plants

3. Polyvinyl chloride fabricating plants

4. Miscellaneous sources

The alternative regulatory strategy selected is to propose a
standard based on the application of best availabie control technology.
The source categories selected for regulation at this time are ethylene
dichloride-vinyl chloride and polyvinyl chloride plants. The rationale
for selecting this regulatory strategy and a discussion of the alternative
strategies considered are contained in Chapter 2.

B. Alternative control levels

Once EPA decided that the standard for vinyl chloride would be
based on the application of best available control technology, a second
set of alternatives was examined. This second set of alternatives
concerned the level of control which should be required. In Chapter 4
are discussed the alternative control systems which are available for
application to the vinyl chloride industries. In Chapter 5 are outlinnd
alternative levels of control which can be achieved with the control
systems described in (hapter 4, These alternative control levels
include:

}. The proposed standard

2. A more stringent standard
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3. A less stringent standard

The environmental impacts of these a]ternative_control levels are
discussed in Chapter 6 and the economic and socioeconomic impacts
of these alternatives are discussed in Chapler 7.

Other alternatives were considered, such as for the units of the
proposed standard and the methods for determining compliance with
the proposed standard. These alternatives are discussed in Chapter 8.

The matrices in Tables 1-3 and 1-4 summarize the environmental,
health, economic, and social impacts of the proposed standard and
alternative control levels. Some of the alternavive requlatory
strategies, such as setting no standards and prohibiting all emissions,
are also presented in the matrix. Although health impacts are not
specifically listed, they can be assumed to be directly related to the
primary air impacts. The +'s and -'s in the squares indicate whether
the impacts are positive or negative and the numbers beside the +'s
and -'s represent a subjective estimate of the degree of the positive or
negative impact on a scale of 1 to 5. The point-of-reference is the
current situation, with no standard in effect.

The impacts for the proposed standard and alternative actions

for ethylene dichloride-vinyl chloride plants are summarized in

Table 1-3. Basically, the alternative control levels for ethylene

dichloride-vinyl chloride plants differ only in the level of control
required for one of several emission points in a typical plant (the
oxychlorination reactor). The oxychlorination reactor was selected

to present alteornatives for because it is a relatively small emission source
in the average plant and relatively large quantities of cnergy would be
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Table 1-4
Matrix of Environmental and Economic Imnacts
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necessitated if the emissions from it were required to be controlled (23

with incineration, the most effective current method of control which could be
applied to it. The alternative labeled in the matrix as "a more stringent
standard" would require a level of control equivalent to incineration of

the emissions from the oxychlorinaticn reactor. The alternative labeled

as "a less stringent standard” represents no control of the emissions

from the oxychlorination reactor. The proposed standard represents

@ level of control in-between, which can be attained by control of

process variables.

The Tess stringent stardard would result in only a 90 percent
emission reduction from the entire plant, compared with a 94 percent
emission reduction with the proposed standard and a 97 percent emission
reduction with the more stringent standard. The greater reduction in
vinyl chloride emissions achievable with the more stringent standard
would also result in greater secondary impacts. Incineration of the
emissions from the oxychlorination reactor and control of emissions from
the incinerator with a scrubber would result in more water consumption,
greater emissions of hydrogen chloride to the air and water, and minute
amounts of additional vinyl chloride released into the inprocess waste-
water. One of the more significant secondary impacts of the more
stringent standard would be the increase in energy consumption required
for combustion. The more stringent standard would result in a 7 percent
increase in energy consumption at an average plant. The proposed
standard would require less than a 1 percent increase. The negative
economic and social (inflation) impacts assigned to the rmore stringent
standard are slightly higher than those assigned to the proposed and
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less stringent standards, because the increased cost of the control

equipment to achieve the more stringent standard would add somewhat to

the increased price of polyvinyl chloride products to the consumer. The
secondary impacts of the proposed standard and the less stringent
standard are essentially the same, because they do not require combustion
of emissions from the oxychlorination reactor at a typical plant. There
is one plant which may have to use incineration for the oxychlorination
reactor to attain the level of the proposed standard. This plant would
then incur the impacts indicated for the more stringent standard.

The alternative cortrol levels for polyvinyl ciloride plants also
differ only in the <egree of control required for one of several
emission points, i.e., emissions from sources following the stripper.
The alternatives apply to the manufacture of only one type of polyvinyl
chloride resin (dispersion resin), which constitutes 13 percent of the
total polyvinyl chloride production. This emission point in the manu-
facture of dispersion resin was selected as the one to present altern-
atives for because it can be controlled in two ways: (1) installation
of control devices such as incinerators or (2) stripping the vinyl
chloride from the polyvinyl chloride resin before the resin is processed.
Under proper conditions, stripping can achicve the same degree of
emission reduction as add-on control devices and is much less enerqy
consuming. For several reasons explained in more detail in Chapters 4,
5, and 8, the technology for stripping has not been developed to the
same extent for dispersion resins as for other resins. There are
three alternative control levels for polyvinyl chloride dispersion
plants. The less stringent standard represents essentially no
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control of the sources following the stripper. The proposed standard
represents a level of control which is judged to be generally available
within the maximum time allowed for compliance under section 112 of the
Act. This level of control has been achieved by one plant for all resin
grades and two plants for some resin grades. It can be achieved by all
plants with the more energy-consuming add-on control technology. The
more stringent standard represents the degree of stripping which is
required for other polyvinyl chloride resins,

In regard to primary impact, the less stringent standard would
achieve only a 52 percent reduction in emissions compared with a
95 percent emission reduction with the proposed standard and a 97
percent emission reduction with the more stringent standard. There
are no significant secondary environmental impacts indicated for
the three levels of control. A small economic impact is indicated
for the less stringent standard and a moderate economic impact is
indicated for the proposed standard. A large economic impact is
indicated for the more stringent standard because EPA judged that
if that degree of control were imposed, the majority of the dispersion
resin manufacturers would close, at least temporarily uniil technology
could be developed to achieve that degree of control. For this rerason,
no environwental or energy impacts are indicated for the more stringent
standard, The inflation impacts or the price increases in consumer
products due to the less stringent standard and the proposed standard
are both indicated as small. A small to moderate impact is indicated
for the alternative of prohibiting emissions because, in general,
substitutes for polyvinyl chloride resine would be more exprnsive
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N than the resins. Since the more stringent standard would be expected

to also close down dispersion resin manufacture, at least temporarily,

the same inflation impact is indicated for the more stringent

standard as for prohibiting emissions.

There would be more significant secondary environmental, energy,

and economic impacts than indicated in the matrix if a plant elected

to meet the proposed standard with add-on control devices rather than

improved stripping. Since these two types of control under proper

conditions achieve the same level of control, they represent alternatives

Therefaore, the

for the industry, rather than for EPA to choose Lz2tween.

impacts from using add-on controls are not indicated in the matrix.

For the alternative regulatory strategy "no standard," for both

ethylene dichloride-vinyl chioride and polyviny] chloride plants,

the only impact listed is a negative primary ajr impact. Even

though unregulated plants do have an impact on other environmental

media, the secondary impacts listed in the matrices represent only

those effects on the environment caused by implementing controls.

The primary air impact of "no standard”" is negative because not

only would this alternative result in a continuance of present

ambient air concentrations of vinyl chloride and their associated

health risks, but it would result in an increase in ambient air

concentrations of vinyl chloride in some locations due to growth

in the industries. As discussed in Chapter 7, the annual growth

rate in the industries was approximately 10 percent between 1969 and

1974. Future growth in the industries is expected to continue at

approximately this same rate, although it is possible that the rate
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will decrease somewhat. Growth in production would obviously result in

higher ambient air concentrations of vinyl chloride and more increased

health risk with no standard in effect than with the proposed standard
in effect, both in communities in the vicinity of expanding plants and
in presently unaffected communities where new plants will be constructed.
The secondary environmental impacts for the alternative regulatory
strategy "delayed standard" for both the ethylene dichloride-vinyl
chloride and polyvinyl chloride plants are the same as for the
"proposed standard," except that they would obviously be delayed in
time. The primary impact of the delayed standard would be the same as
the proposed standard once it went into effect. However, the primary
impact is not rated as highly for "delayed standard" as for the "proposed
standard," because the primary impact represents health impact, and the
"delayed standard" would aliow for a longer period of continued exposure
to current ambient concentrations of vinyl chloride and the associated
risk of adverse health effects. The secondary economic impact of a
delayed standard might be less than that of the proposed standard,
although this is not indicated in the matrix, because this would
give the affected industries more time for research and development
of more cost-effective control equipment.
The alternative regulatory strategy of prohibiting all emissions
of vinyl chloride could not be attained with available control technology
and would in effect ban vinyl chloride and polyvinyl chlaoride production.
Since no control devices would be used, there would be no secondary

environmental impacts. The primary impact of banning vinyl chloride
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and polyvinyl chloride production has been assigned a positive high
number since this alternative would virtually eliminate ambient air
concentrations of vinyl chloride. The social and economic 1mpacts

of “prohibiting all emissions" have been assigned high negative
numbers, however, because as described in Chapter 2, banning production
of vinyl chloride and polyvinyl chloride would have not only a negative
impact on firms producing vinyl chloride and polyvinyl chloride, but
also a large impact on unemployment rates due to the dependence of
approximately 8,000 fabricating plants on polyvinyl chloride production.
There would also be a negative impact on users of polyvinyl chloride
products due to the lack of readily available desirable substitutes and
the probable higher costs of these substitutes. It is conceivable that
substitutes that would be used for vinyl chloride or polyvinyl chloride
would have adverse health or environmental impacts. Due to the wide

variety of available substitutes and the lack of knowledge about all

possible substitutes, this subject has not been thoroughly studied and

therefore is not included in the matrix.

1.2.2 Summary of the Environmental Impacts of the Proposed Standard

The purpose of this section is to summarize the beneficial
and potential adverse environmental impacts of the propossd standard.
The significance of each potential adverse impact is evaluated, and
any steps which have been or will be taken to minimize or eliminate
the potential adverse environmental impacts are discussed. Those
impacts which cannot be avoided are identified.

1.2.2.1 Beneficial Environnental lmpacts

The beneficial, or primary, cnvironmental impacts of the
proposed standard would be raductions in vinyl chloride emissions
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and consequent’iy, curresponding rcductions in acbien  air concenirations

of vinyl chloride and risks to health in the vicinit of these sources.
Although the proposed standard would not eliminate a 1 vinyl chloride
emissions, it would further the protection of public health by minimizing
emissions. For a typical average-sized ethylene dic Toride-viny!l
chloride plant, the proposed standard would reduce h urly vinyl! chloride
emissions from 176 kg to 10 kg. This is approximate y a 94 percent
reduction. For a typical average-sized polyvinyl ch oride plant, the
hourly viny! chloride emissions would be reduced froi« 330 kg to 16 kg,
or by approximately 95 percent. Percentage numbers or both source
categories are based on an estimated 90 percent redu .tion in fugitive
emissions.

1.2.2.2 Potential Adverse Environmental Impact and Steps
Which Can Be Taken to Minimize Them

There are several potential adverse, or seconda 'y, environmental
impacts of the proposed standard. These include inc ‘eased atmospheric
emissions of hydrogen chloride, lowered pH of inproc ss wastewater
due to hydrogen chloride, increased water consumptio ., small
increases in the quantity of vinyl chloride released into inprocess
wastewater, increased solid waste disposal due to ca ‘bon used for
adsorption and increased enerqy consumption. As dis :ussed in detail
in Chapter 6, the types and degree of the secondary mpacts
resulting from the proposed standard would vary from plant to plant
depending on the type of control selected to meet th: standard. As
discussed in the following paraqraphs, methods are z/ailable for
minimizing all of the potential adverse impacts so 1-'at most of
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them would be insignificant.

Increased Atmospheric Emissions of Hydrogen Chloride

Atmospheric emissions of hydrogen chloride are expected to be
a potential problem only at ethylene dichloride-vinyl chloride plants.
This is primarily because incineration, the source of hydrogen chloride
emissions, is more likely to be selected as a control method to meet
the proposed standard at ethylene dichloride-vinyl chloride plants
than at polyvinyl chloride plants. Polyvinyl chioride plants are
expected to meet the proposed spandard with control measures other
than incineration.

Hydrogen chloride emissions to the atmosphere can be minimized
by utilizing a scrubber after the incinerator. Due to corrosion
problems which would be caused by uncontroiled hydrogen chloride
emissions both on plant property and in the community, ethylene
dichloride-vinyl chloride plants are not expected to use incineration
to control vinyl chloride emissions without using scrubbers to control
the hydrogen chloride emissions. However, there is no assurance
that scrubbers would be used since there are no EPA regulations
requiring the plants to use them. If altypica1, average-sized
ethylene dichloride-vinyl chloride plant did use an incinerator
to meet the proposed standard and did not control the hydrogen
chloride emissions, diffusion model results indicate that the
maximum 24-hour average ambient concentrations would be approximately
equivalent to the American Conference of Governmental Industrial
Hygienists (ACGIH) 8-hour average ceiling level for occupational

A

3 .
exposure (7000 ig/m"} and would exceed all the existing foreign
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standards and tne National Acarery of Sciences (MAS) recommended
guidelines idgentified in Chapter € for public exposure to hydrogen
chloride. [It should be noted that EPA has no standard or guideline
1imit for public exposure to ambient concentrations of hydrogen
chloride, and thus no "yardstick" with which these diffusion
model estimates can be compared. The NAS guidelines and foreign
standards are the only "yardsticks" available; they have limited
value because they have varying averaging times that do not necessarily
correspond with the averaging times used for the diffusion modeling.]
However, as already stated, it is expected that a plant would
control the hydrogen chloride emissions. A large typical ethylene
dichloride-vinyl chioride plant using a 98 percent efficient
scrubber to control the hydrogen chloride emissions from the incinerator
would emit 10.2 kg/hr (22.6 1b/hr) hydrogen chioride. Diffusion model
results indicate that the maximum 24-hour average concentrations of
hydrogen chloride in the vicinity of this large plant would be 430 19/m3
or about 6 percent of the ACGIH's 8-hour average ceiling Tevel
for occupational exposure and below the HAS guidelines and West
Germany's standard. The diffusion model results would exceed the
Russian and Czechoslovakian standards, which are substantially
lower than the other guidelines and standards. The Russian
standard is based on concentrations which might cause reflexive
reaction of the sensory organs.
In addition, ethylene dichloride-vinyl chloride plants typically
alreadv emit hyZcooaen chloride trodn process ooyl ont. When the Lydrogen

chloride emrezions froy boatn the re oo pouins of oot the inct ae str-

COLORITE 008385



e Lyctm ace considered together in computing maximum ambient

concentrations, the projected maximum 24-hour average ambient concentration

at the large plant would be in the same range or somewhat higher than

the existing foreign standards and the NAS recommended guidelines for

public exposure. However, it should be noted that the emissjons from the

incinerator-scrubber would represent only about 25 percent of the total

emissions from the two sources. In other words, the projected maximum

ambient hydregen chloride concentrations in the vicinity of the plants

would already be relatively high due to emissions from the process

equipment, and the incinerator-scrubber would increase these levels.

Lowered pH of Inprocess Wastewater Due to Hydroger Chloride

Hydrogen chloride absorbed in an incinerator-scrubber control

system would cause the water leaving the scrubber to have a low pH.

At ethylene dichloride-vinyl chloride plants, where incinerator-scrubber

systems are most likely to be used to meet the proposed standard, the

pH could be less than 1. This acidic effluent could cause the total

plant effluent to have a low pH since the scrubber effluent would

be a sizeable portion of the total effluent stream. In order to

meet the EPA effluent guidelines, the pH of the total plant effluent

would have to be adjusted to 6.0 - 8.0 by recovering the hydrogen

chloride to be used as a raw material by the plant or by adding

caustic either to the scrubber water or to the effluent leaving the

scrubber. Therefore, no additional steps to minimize the impact

of this pollutant are needed.

Increased Water Consumption

Ethylene dichloride-vinyl chloride plants using incinerator-

scrubbers to meet the proposed standard would increase their water

Polyvinyl chloride plants

consumption by less than 1 parcent.
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meeting the proposed standard with improved stripping for the sources
following the stripper, a water purge system to control emissions from
reactor opening, carbon adsorption for the mononer recovery system,and
steam stripping for the inprocess wastewater, would increase their water
consumption by 6 to 38 percent, depending on the manufacturing process.
EPA's Office of Water and Hazardous Materials is currently investigating
whether these increases in water consumption to meet the proposed
standard for atmospheric emissions of vinyl chloride would require a
change in EPA's Effluent Guidelines and Standards for ethylene dichloride-
vinyl chloride and polyvinyl chloride plants (39 FR 12506 and 39 FR
14678). After the investigation is completed, appropriate changes will
be made in the guidelines and standards as needed.

Increases in the Quantity of Vinyl Chloride in Inprocess Wastewater

Incinerator-scrubbers used at ethylene dichloride-vinyl chloride
plants to meet the proposed standard would increase the quantities
of vinyl chloride released into the wastewater by less than 0.1 percent.
The increase in vinyl chioride released into wastewater at polyvinyl
chioride plants meeting the proposed standard could be more significant
if the plants used steam for improved stripping, steam to descrb vinyl
chloride from a carbon adsorption unit, or a water purge system to
remove vinyl chloride from reactors before opening them to the
atmosphere. However, any increases in vinyl chloride released into
the wastewater from these sources at polyviny) chloride plants are
expected to be minimized by the proposed standard, which would reguire
that vinyl chloride emissions to the atmosphere frem the more
highly concentrated inprocess wastovater streams be controlled by

removing the vinyl chloride from the wastewater. Thercfore, no addi-
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tional steps need to be taken to minimize this potential adverse impact.

Increzsed Solid Waste Disposal Dug to Carbon Used for Adsorption

Although carbon used in adsorption is continuously desorbed

and recycled, it is expected that it may have to be replaced every

Since there has been very limited experience with

1 to 3 years.

carbon adsorption in the ethylene dichloride-vinyl chloride or

polyvinyl chloride industries, it is not known for certain at this

time what the carbon bed-1ife would be or whether the damaged carbon

If polymerization occurred on the carbon,

could be regenerated.

if the structurai

it could be regenerated by oxidizing the polymer.

characteristics which make carbon desirable, however, were damaged,

In meeting the proposed standard, the most

it could not be regenerated.

1ikely emission point to be controlled by carbon adsorption is the

For an average-

monomer recovery system in polyvinyl chloride plants.

sized plant an adsorption unit used for this purpose would require 3450

kg of carbon (7,600 1b of carbon). If this were thrown away every

year, it would represent 3 percent of the total solid waste generated by

an average-sized plant. This appears to be an insignificant impact. In

addition to the problem of bulk, however, there may be problems in

disposal of the carbon associated with residual vinyl chloride or other

The significance of any such problems

materials collected on the carbon,

The carbon could also be burned in a boiler

is not known at this time.

as a Tow sulfur fuel, but may cause air pollution problems associated

with conversion of chlorinated hydrocarbons to hydrogen chloride.

Increased Energy Consumption

Typical ethylene dichloride-vinyl chloride plants using incineration

to meet the proposed standard would require less than a 1 percent
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increase in energy consumption. This is because only the emissions from
the ethylene dichloride purification and vinyl chloride formation and
purification processes would be required to be incinerated, and 1ittle
if any supplemental fuel would be required for their combustion.

Polyvinyl chloride plants using incineration to meet the proposed
standard would increase their energy consumption very significantly
("typical” suspension plants, 223 percent; "typical" dispersion plants,
836 percent; and "typicai” bulk plants, 166 percent) primarily due to
the supplemental fuel which would be‘required for control
technology to reduce emissions from dryers, storage, and transfer
operations. Improved stripping would require a much smaller percent
increase in energy consumption (“typical™ suspension plants, 15 percent;
"typical" dispersion plants, 81 percent; and “"typical" bulk plants,
50 percent).
Summary

Based on the above discussion, the potential secondary or
adverse environmental impacts of the proposed standard are either
insignificant or will be minimized without additional action, except for
two. First, EPA may find it necessary, as a result of cucrent investi-
gations, to make some changes in the water effluent guidelines and

standards, particularly for polyvinyl chloride plants. Second, hydroqen
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final drafi of that report is schoduled for completion by the end of
1675, AT thet ti.e, [PA will assess the hydrogen chloride problem.
1.2.3 Relationship Betwecen local Short-Term Uses of Man's
Environment and ihe Maintenance and Enhancement of Long-
Term Productivity
By taking steps now to establish standards based on best available
control technology to minimize vinyl chloride emissions, EPA will
be able to minimize exposure and prevent severe illnesses and deaths
which may have occurred in future years as a result of prolonged community
exposure to vinyl chloride. Therefore, the proposed standard may
curtail industrial expansion on a short-term basis, as a result of
funds being diverted from support of industrial expansion to support of
installation of process changes and control systems to attain the
standard; but it will enhance the long-term productivity of man and
his environment.
1.2.4 Irreversible and Irretrievable Commitments of Resources
Which Would Be Involved if the Proposed Action Should
Be Implemented
Irreversible and irretrievable resources which would be committed
to reduce ambient concentrations of vinyl chloride include energy
and the materials to construct incinerators, boilers, monitoring
equipment, carbon adsorption units, etc. If incineration were usad
to meet the standard, additional energy and materials would be

needed for operation of an absorption unit to abate hydrogen

chloride emissions.
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1.3 Economic Impact

In accordance with Executive Order 11821 and OMB circular

A-107, EPA has carefully evaluated the economic and inflationary

This economic analysis is

jmpacts of the proposed standard.

contained in Chapter 7, and includes the costs of control systems

which can be used to attain the proposed standard and alternative

control levels, and the impact of these costs on the vinyl chloride

The total estimated capital cost

industries and the public consumer.

for existing plants to meet the proposed standard is $198 million,

of which $15 million is for ethylene dichloride~viryl chloride plants

The total

and $183 million is for polyvinyl chloride plants.

annualized costs for attainment of the proposed standard are

estimated to be $70 million, of which $12 million is for ethylene

dichloride-vinyl chloride plants and $58 million is for polyvinyl

chioride plants.

Also, included in the economic analysis were the costs of

the OSHA standard which the plants are subject to and the EPA

water effluent guideline limitations which the plants will be

subject to in 1983 (best available control technology economically

achievable). The total capital cost for existing plants to meet

the EPA water effluent guideline limitations is $83 million, of which

$35 million is for ethylene dichloride-vinyl chloride plants and

$48 million is for polyvinyl chloride plants. The total annualized

cost to meet the effluent guideline Timitations is $17 million, of

which 57 million is for ethylene dichloride-vinyl chloride plants and
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S10 mitlian is fer pnlyvinyl chloride plants, The costs to the

industry of meeting the OSHA «landerd cannot be guantified at this

time, but they ave expected to overlap to some degree with the

costs to meet the fugitive emission regulations in the proposed
standard. The capital cost to meet the fugitive emission regulations is
$37 million and the annualized cost is $25 million.

The proposed standard would not deter construction of new
ethylene dichloride-vinyl chloride plants or new polyvinyl chloride
suspension or bulk plants. For polyvinyl chloride dispersion
plants (which constitute 13 percent of the industry production), the
proposed standard would significantly deter the construction of
new plants that have capacities of Tess than 45 million kg/yr
(100 million 1b/yr) but would not deter construction of plants
larger than 45 million kg/yr. Total costs for attainment of the
proposed standard and the effluent guideline limitations are estimated
to result in the closing of no ethylene dichloride-vinyl chloride
plants and four small polyvinyl chloride plants. These four plants
are estimated to employ 30 people and account for approximately
0.5 percent of existing industry capacity. It is estimated that
the four plant closures resulting from imposition of the proposed
standard would have occurred if only the costs of fugitive emission
controls were incurred.

[t is estimated that the price of polyvinyl chloride resins

would rise by appreoximately 7.3 norzent in order to rintain
precontral prefitan ity and 1lse to rocover Une totel armaaiized
cunteol cosls 1owonsitat by 0 S S T
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dichloride-vinyl chioride plants and polyvinyl chloride plants

This increase is estimated to translate into a maximum consumer price

increase in goods fabricated from polyvinyl chloride resins of approximately

3.5 percent. Recovery of effluent annualized costs plus maintenance of
precontrol profitability is estimated to add approximately Z percent to
polyvinyl chloride resin prices and result in an additional maximum

consumer price increase of 1 percent.
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2. RATIONALE FOR RERULATING VINYL CHLORIDE

2.1 History

In January 1974, the B. F. Goodrich Chemical Company reported
to the National Institute of Occupational Safety and Health (NIOSH)
that scveral of its employees had died from angiosarcoma of the liver
(a rare form of cancer) and that those deaths may have been related
to occupational exposure to vinyl chloride gas. This report resulted
in growing concern over the potential health effects of vinyl chloride
and spurred efforts by various government agencies to take steps
to obtain data needed to assess in more detail the impact of vinyl
chloride on human health and to reduce vinyl chloride exposure both
to the worker and to the general population. EPA established a Task
Force on vinyl chloride in February 1974, to idehtify the environmental
problems resulting from the manufacture and use of vinyl chloride and
polyvinyl chloride. While air, water, and solid waste disposal are all
possible routes for entry of vinyl chloride into the environment in the
vicinity of manufacturing facilities, the Task Force concluded that,

based upon current information, the air route poses the most significant

environmental problem to the population located thore.] Potential

sources of exposure to the general population due to the use (as opposed
to the manufacture) of vinyl chloride include aerosol containers,
plastics used for containing or wrapping food products, and drinking
water.

On April 26, 1974, EPA published in the FEDERAL REGISTER an

emergency suspension orcer for specific indoor aerosol pesticides
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containing vinyl chloride. In May 1974, EPA initiated a study to

determine whethar Tederal requlation of atmospheric emissions of vinyl
chloride from ranufacturing facilities is needed and, if so, which of
the regulatory alternatives under the Clean Air Act would be most
appropriate. For the purpose of the study, data were gathered
on health effects, air gquality concentrations, control techniques,
and costs.

2.2 Alternative Control Strategies Considered

The Administrator of EPA considered several approaches to
dealing with air emissions of vinyl chloride. The main alternatives
were taking no action, delaying action until more data on health
effects at lower concentrations of vinyl chloride are available,
taking action under section 115 or 303 of the Clean Air Act, or
setting standards under section 109, 111, or 112 of the Clean
Air Act.

2.2.1 No Action or Delayed Standards

Factors considered in determining whether Federal regulatory
action is needed for vinyl chloride emissians and, if so, whether it
is needed at this time, included the health effects of vinyl chloride,
the extent of public exposure to vinyl chloride, and the degree to
which other reguiations are reducing vinyl chloride emissions.

2.2.1.1 Sumwmary of Health Findin952

Vinyl chioride has been shown to cause cancer in both sexes
of three species of rodents by the inhalation route, the primary
route by which humans who live in the vicinity of plants manufacturing
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or processing vinyl chloride are exposed. Angiosarcoma of the Tiver has

been observed in rats, hamsters, and mice exposed to vinyl chloride. In

two of these species, rats and mice, liver angiosarcoma has been produced

at exposure levels as low as 50 parts per million (ppm), which is the

lowest level for which studies have been completed thus far. In one

experiment, exposure levels as low as 50 ppm for four hours per day,

five days per week for a 12 month period produced nephroblastomas and

In a second experiment, angiosarcoma

liver angiosarcoma after 135 weeks.

in mice has been produced by exposures as low as 50 ppm for a 26 week

duration. Furthermore, these animal studies showc< a multiple cancer

risk from vinyl chloride, i.e., tumors in organs other than the liver

such as the brain, lungs, kidneys, and mammary glands.

As of June 1975, the National Cancer Institute had confirmed

27 cases of liver angiosarcoma among workers with a history of

exposure to vinyl chloride, 15 in the United States and 12 in

Europe and Canada. Additionally 11 cases had been reported and

Most, but not all, of these confirmed cases

not yet confirmed.

have been among workers involved directly in polyvinyl chloride

Cases of liver angiosarcoma have been reported in one

production.

U. 5. and three European workers exposed to vinyl chloride, but not

directly involved in polyvinyl chloride production. These cases suggest

that exposure to vinyl chloride at lower levels than usually encountered

in polyvinyl chloride production plants is capable of causing liver

angiosarcoma.

To date, angiosarcoma of the liver has been considered an

extremely rare disease among the general population. In a survey
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by the American Cancer Society, only one case of Tiver angiosarcoma

was recorded per 78,000 deaths. Compared with this record, the data

indicating the frequency of liver angiosarcoma among workers

exposed to vinyl chloride show that the relative risk to these

workers of developing this disease is approximately 3,000 times

greater than that to the géneral population. Such a relative

risk represents a statistically significant difference { p <0.001)

in the frequency of liver angiosarcoma among those exposed to high

levels of vinyl chloride compared with those in the general population.
Occupational exposure studies have strongly implicated

vinyl chloride as a human chemical carcinogen which causes

tumors in many different sites, only one of which is angiosarcoma

of the Tiver. Other manifestations in humans include acroosteolysis

and liver dysfunction. Similar toxicology studies have verified

the occurrence of tumors in other body organs such as the brain

and lungs. Bioassay studies have shown the potential of vinyl

chloride to be a chemical mutagen and teratogen. (More details on

these animal and occupational studies may be found in the

Scientific Technical Report on Vinyl Chloride and Polyvinyl Ch]oridez.)

2,2.1.2 Extent of Public Exposure to Vinyl Chloride

Generally, the population exposed to vinyl chloride emissions
is composed of those people 1iving within the vicinity of the
approximately 17 ethylene dichloride-vinyl chloride plants, 41 polyvinyl
chloride plants, 80CQ fabricating plants, and & iduntified

niscellanecus sources.
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Results from a preliminary ambient moni<toring program conducted by
EPA in the spring of 1974 indicate that people living in the immediate
vicinity of ethylene dichloride-vinyl chloride and polyvinyl chloride
plants are generally exposed to average daily concentrations of less

than 1 ppm with some 24-hour average excursions of 1 to 3 ppm and with

occasional peak exposures of as high as 33 ppma. Results from a

more extensive ambhient monitoring program conducted by EPA from
November 1974 to June 1975 are not discussed in detail here because
they are still being analyzed. The results are generally in the
same range as reported here for the preliminary umbient monitoring
program except there are no concentrations as high as 33 ppm.
If ethylene dichloride-vinyl chloride and nolyvinyl chloride
industries are not regulated, community exposure to vinyl chloride
may increase as the industries expand. The growth rate in
consumption of vinyl chloride and polyvinyl chloride between 1969
and 1974 averaged approximately 10 percent per year. Future
growth in consumption is expected to continue at approximately this
same rate, although it is possible that the rate will decrease
somewhat. Assuming that the growth rate in capacity would be the
same as for consumption, at a 10 percent growth rate, current
capacity would double in approximately 7 years.
2.2.1.3 Other Regulations and Their Effect on Vinyl Chloride Emissions
At Teast some reduction of vinyl chloride emissions may be expected
as the result of the standard promulgated by the Occupational Safety
and Health Administration (QSHA) on Oc*tober 4, 1374, and some State
regulations for new construction and for hydrocarbon emissions. These
requlations are described in Chapter 9.
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In recponse to the OSHA regulation which became effective
April 1, 197%, the ethylene dichloride-vinyl chioride and polyvinyl
chioride industrizs have adopted some measures which not only reduce
employee exposure, but also reduce emissions to the atmosphere. However,
other methods of raducing employee exposure to vinyl chloride, such as
respiratory protection, ventilation of the workplace, opening
sides of buildings, and installing tall stacks do not reduce
the emissions to the atmosphere. Although the OSHA standard
requires all employers to institute feasible controls to the
fullest extent possible and to continue to improve and apply
engineering controls until full compliance is achieved, it does
not establish any deadiines for compliance through engineering
controls., Written plans demonstrating how plants will achieve
this goal must be drawn up and made available, upon request, to
representatives of OSHA and NIQOSH; however, for submittal of
formal plans, there is also no deadline. For these reasons, it
is difficult at this time to evaluate the degree to which the
OSHA regulation will reduce vinyl chloride emissions to Lhe
atmosphere, It is assumed, however, that the plants will respond
to the OSHA requlation with a combination of ventilation techniques,
emission reduction, and respiratory protection and that this
response will not be uniform.

As the result of sume State reculeticns for now sources and
for hydrozarbon conissions, some newly oonstructed Lolvvingl chloodds
plarts and the v iovies b ion ercoer s 3n &0 0 rarten abhylone
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Dentorsdasvrn b oo orcee tente G : NN

COLORITE 008400



The State regulations, however, do not necessarily cover all emission
pnints, nor do they require the same degree of emission reduction as
the oroposed standard. Additionally, the State requlations are not
expected to be uniform in the degree of control they require.

2.2.1.4 Conclusions

Based on the analysis summarized above, EPA concluded that

vinyl chloride is a carcinogen, that ambient concentrations of the

gas pose a public health risk, and that the alternative of taking

no action to regulate it is unacceptable. The alternative of
delaying the standard setting would allow acquisition of additional
information, but it is likely that gaps in the relevant information
would still remain. Due to the expected long latency period between
initial exposure to vinyl chloride and occurrence of disease, it will
be many years before useful epidemiological data will be available
on the effects of lowered occupational exposure resulting from the
0SHA regulation. Therefore, EPA has further concluded that ambient
concentrations of vinyl chloride should not be allowed to persist until
all information gaps are filled. If EPA were to wait until all
needed data were available to establish precise dose-response
relationships, a standard could be long delayed, and the public
might be exposed to substantial and irreversible harm in the interim.
Moreover, the risks to the public could increase as the industry
expands.

2.2.2 Action under Section 115 - Abatement Conferences

Section 115 of the Act gives [PA the authority to call abatement
conferences in cases where an air pollutant endangers the nealth

or weifare of pocsons.  Such conferences may be requested by a
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Stare or o1y e Lhe poilutant originates within their

. P

Pgrisaiction o when the wvreblar originites elscinare hul poses

a problen within their area. EPA ray initiate conferences if *ne
pollutart problen exceeds State boundary Tines. An abatement
conference covers many subiects, including information on occurrence of
the air pollutant, adequacy of abatement actions, and the

amount of delay that way be encountered in abating the poliution.

For vinyl chloride, abatement conferences would have to be

initiated by at least 16 States and Puerto Rico where all of the

ethylene dichloride-vinyl chloride and polyvinyl chloride plants are
located. Generally, EPA would not be able to call abatement conferences
since vinyl chloride problems are localized and not interstate, but EPA
could encourage the States to call such conferences. Once appropriate
abatement actions were determined during the conferences, the States
involved would have to initiate such actions. If abatement actions
were not initiated, EPA would have six months to hold hearings and
request that abatement action be taken within a reascnable time
not to exceed six months. If the States or industry failed to act,
EPA would have to file suit in the approoriate U. S. District Court
to enforce the abatement action.

In general, this procedure is urwieldy, requires a significant
amount of manpower, and based on past experirnce, may not bring

i

about the requirod abateient moasures. Abaterent conferences, “nerefore,

are not considored an effective a-prorch to cont»alling vinyl i "aride.

Ny i

2.2.3 Jcotion vurlowv Soct oy I oo aey Ty
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contributing to air pollution that »nresents an "immiment and substantial
endangerment to the health of persons.” The Administrator may seek to
stop pollutant emissions or take other action as may be necessary.
This mechanism has been used once by EPA. In 1971, court injunctions
vere obtained against plants in Birmingham, Alabama during an air
pcllution episode to reduce concentrations of particulate matter below
dangerous levels.

EPA has concluded that in the case of vinyl chloride where
permanent regulatory control of a continuing problem is possible,
that control is preferable to Section 303. Additicnally, using Section
303 could be cumbersame since injunctions may have to be obtained in
each U. S. District Court that has a source of vinyl chloride within its
Jjurisdiction.

2.2.4 Standards under Section 109--National Ambient Air Quality
Standards (NAAQS)

The purpose of air quality standards is to control air pollutants
which have an adverse effect on public health and welfare and which
are present in the ambient air due to numerous or diverse stationary
or mobile sources. Primary standards are set at levels requisite
to protect the public health, allowing an adequate margin of safety.
Secondary standards are set at levels requisite to protect the public
welfare from any known or anticipated adverse effects.

Section 109 is usually used to control a pollutant whose presence
in the ambient air is ubiquitous. Vinyl chloride is emitted from
ethylene dichloride-vinyl chloride plants, polyvinyl chloride plants,

polyvinyl chloride fabricating olants, and a few miscellaneous sources.
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Lerentable convoniealions of v1ﬁyi ciioride have not yet been Touna in
the ambient air except in the vicinity of these scurces.

Establishing a national ambient air quality standard (NAADS)
for vinyl chloride would set into motion preparation of State implementation
nlans (SIP)} for each of the 247 air quality contrel regions (AQCR's) to
demonstrate attainment and maintenance of the standard. This is a
complex process and is not generally considered the optimum regulatory
approach for situations involving a limited number of source categories.
The time required to implement the NAAQS/SIP process is estimated to be
6 months for setting a standard plus 13 months to develop and approve
the SIP's. Compliance with the standards must be within 3 to 5 years
after the SIP's are approved.

EPA concluded that Section 109 is not the most suitable
alternative for controlling vinyl chloride because vinyl chioride
is a Jocalized problem and because the NAAQS/SIP process is time-consuming
and complex, and requires considerable State and Federal resources.
Furthermore, Section 109 does not provide the expedited means of control
which Congress meant to be used for a hazardous air pollutant.

2.2.4.1 Section 109--Existing National Ambient Air Quality
Standard for Nonmethane Hydrocarbons

There exists a NAAQS for nonmethane hydrocarbons which possibly
could be used as an indirect regulatory mechanism for controlling vinyl
chloride. Howaver, the hydrocarbon standard is clearly intended as a
guide to achieving the NAAQS for photochaznical oxidants. 40 CFR

51.14(c)(4) provides that the degree of total hydrocarbon emission
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reduction necessary for attainment and maintenance of the NAAQS for
photnchemical oxidants will also be adequate for the attainment of the

NAAQS for hydrocarbons. States now have approved control strategies for

hydrocarbon/oxidants and are progressing toward fulfilling the require-

merts of their respective strategies. To change the SIP's, EPA would
have to present findings that the plans are inadequate and would have to
require resubmittal of the plans. This would reopen a full review of
the hydrocarbon/oxidant control strategies, including the transportation
control plans. Hydrocarbon/oxidant strategies have focused on area-wide
hydrocarbon emissions and it would be difficult to justify singling out
vinyl chloride sources for control. Vinyl chloride is less photochemically
reactive than many other petrochemicals and does not contribute signi-
ficantly to total urban hydrocarbon emissions.

Moreover, the hydrocarbon standard regulates only the
6-9 a.m. concentrations of nonmethane hydrocarbons. During the
remaining 21 hours of the day, control of vinyl chloride emissions
could not be required under existing SIP's. Since the NAAQS jis for
hydrocarbons in general, there is no way to require States to regulate
vinyl chloride in particular. For the above reasons, control of vinyl
chioride under the existing NAAQS for hydrocarbons would not be appropriate
or effective,

2.2.5 Standards under Section 1171--Standards of Performance for
New Stationary Sources (SPNSS)

Standards of performance for new stationary sources apply to

categories of sources that emit pollutants which may cause or contribute
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to the endangzraent of public health or welfare. llow sources are
contrelled urder Section 111(b) and existing sources, under Section
111(d). [Scction 117(h) standards can be established for pollutants
already regulated under the authority of sections 109 or 112, whereas
section 111{d) standards cannot.] Such standards reflect the use of the

best system of emission reduction (considering cost) which has been

adequately demonstrated for the affected source. The level of control

set by EPA need not be related directly to the adverse effecls of the
air pollutant.

The standard setting process begins by Tisting in the FEDERAL
REGISTER categories of sources for which the Agency intends to set
standards of performance. Within 120 days after listing, standards
for these sources must be proposed and public comments solicited.
Within the next 90 days the Administrator must consider the public
comments and promulgate the standards. Any new source which
commences construction after the proposal of the standard must comply.

To control existing sources emitting health-related pollutants
under Section 111(d), the Agency proposes and promulgates emission
guidelines that describe the degree of emission control achievable with
best demonstrated control systems, considering costs. Also, proposed
and promulgated is the time within which EPA believes that compliance
with such emission quidelines can be achieved. Within 9 months after
promulgation of the emission guidelines, the individual States must
submit a plan for implementing emission standards for existing sources
of the pollutant (in this case, vinyl chioridol. After the plons are

recetved, FUA Was A ranths to errvovs op dirsnnreve the nlans and, i
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a State plan is unacceptablie, two months more to promulgate EPA regulations.

To be unoroved, State plans nust contain emission standards at least as
stringent as the EPA emission guideline. However, in cases where
existing sources would incur severe economic hardship or would risk
closure if forced to comply with the emission guidelines, less stringent
State standards could be approved. Furthermore, a State could issue a
variance allowing the source to continue operations without full compliance
with a standard.

As noted above, the use of section 111 would require the use
of best demonstrated control technology, taking ¢.~t into account.

The best available systems for controlling vinyl chloride emissions

have been used within existing ethylene dichloride-vinyl chloride and
polyvinyl chloride plants. Since those control systems appear to be
economically feasible, emission standards reflecting the use of best
available control technology would be required under section 111 and

would achieve considerable emission reduction at both ethylene dichloride-
vinyl chloride and polyvinyl chloride plants. However, consideration of
costs could result in lower levels of emission reduction being required

at some individual existing plants.

After very close examination, EPA concluded that section 111 is not
the best mechanism for controlling vinyl chloride. Specifically, the
Tength of time required under section 111(d)}, the possibility of
differing levels of control from State to State, State-granted
variances that may be based only on cost considerations, and standard
development as a State rather than a Federal process were all features

that made section 111 unacceptable for vinyl chioride.
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Standards undur Section 1172--Hational Dwission Standards

2.2.G
for Hazardous Air Pnllutants (HESHAP)

Section 1172 was incorporated in tne Clean Air Act to control

pollutants which, in the Administrator's judament, may cause, or contribute

to, an increase in mortality or an increase in serious irreversible, or

fmissijon standards should be set

incapacitating reversible, illness.

at levels that provide an ample margin of safety to protect the public

Emission

health from the atmospheric emissions of the pollutant.

standards under section 112 apply to all new and existing sources

of the pollutant.

To set a standard under section 112, EPA must Tist vinyl chloride

Within 180 days

as a hazardous pollutant in the FEDERAL REGISTER.

of the listing, the Administrator must propose a national emission

standard which, in his judgment, adequately protects public health.

Within 30 days, the Administrator must give notice of a public

hearing to be held to examine his judgment that the pollutant is

hazardous. Allowance must also be made for comments on the proposed

standard from the public and scientific and industrial communities. The

Administrator can withdraw a pollutant from the hazardous Tist only

if he finds, on the basis of information presented at ti-e public

hearing, that the pollutant clearly is not hazardous. Otherwise, the

Administrator must promulgate a standard within 180 days of the

proposal. Section 112 does not require that in setting a standard the

Administrator consider available control technology or economic

impact. Howaver, [PA must, from tiwe to time, issue information

on control technology.
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2.2.6.1 Vinyl Chloride as a Hzzardous Poliutant

In deciding whether section 112 would be an appropriate regulatory
strategy for vinyl chloride, it had to be determined whether vinyl chloride
meets the specifications of a hazardous air pollutant as defined in the
Act. "Hazardous air poallutant” is defined in section 112 as "an air
pollutant ... which in the judgment of the Administrator may cause, or
contribute to, an increase in mortality or an increase in serious
irreversible, or incapacitating reversible, illness.”

Vinyl chloride appears to be such a hazardous air pollutant.
As noted earlier in this chapter (section 2.2.1.1), data taken from
animal experiments and occupational exposure studies have strongly
indicated that vinyl chloride causes or contributes to angiosarcoma,
other cancers, and noncarcinogenic disorders in people with occupational
exposure and in animals with experimental exposure to vinyl chloride.
Reasonable extrapolations from these findings cause concern that present
ambient levels of vinyl chloride may cause or contribute to the same or
similar disorders. Data obtained in the spring of 1974 from plants that
produce or process vinyl chloride indicate that approximately 100
million kg of vinyl chloride are emitted to the atmosphere annually.

The majority of these emissions are from ethylene dichloride-vinyl

chloride and polyvinyl chloride plants. Approximately 4.6 million

people live within a five mile radius of where these plants are

1ocated.4 There are no dose-response data, and thus no absolute

proof of adverse effects, at the concentrations of vinyl chloride found
in the ambient air. However, for carcinogens there may be no atmospheric
concentration which poses absolutely no public health risk. Also,
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data from studies of occupational exposure indicate that there is

a latency period as Tong as 20 years between initial exposure to
vinyl chloride and occurrence of disease. This Tatency period could
possibly be longer for low levels of exposure. Production of
polyvinyl chloride did not begin to operate on a large scale until
relatively recently. Only about 10 of the approximately 40 polyvinyl
chloride plants are 20 years old or older, and the oldest one is

40 years old. These considerations led to the conclusion that EPA
should take action now to reduce exposure levels to vinyl chloride
before retrospective evidence of risk is allowed to show itself. By
taking steps now to reduce emissions, EPA will be able to reduce
substantially the risk that severe illness and death will occur in the
future as a result of present and prolonged community exposure to
vinyl chloride.

EPA's conclusions are supported by The Evaluation of Environmental

Carcinogens which was completed on April 22, 1970, by the Ad Hoc
Committee on the fvaluation of Low Levels of Environmental Chemical
Carcinogens. The Ad Hoc Committee was formed in response to a request
by the Deputy Assistant Secretary for Health and Scientific Affairs of
the Department of Health, Education, and Welfare (HEW). The Committee
was to review the problems relating to the evaluation of low levels of
environmental chemical carcinogens, to consider the scientific bases on
which such evaluations can be made, and to advise the Department of HEW

on the implications of such evaluations. The report to HEW includes the

. . . 4
following conclusions and recommendations:
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(1) "Any substance which is shown conclusively to cause turiors
in anirals should he considered carcinogenic and therefore a potential
cencey hazard for man."

(2) "Because the latent period in human carcinogenesis is so long,
epidemiologic evidence develops only over periods of 15 to 20 years.
Timely decisions to exclude materials from uses involving exposure
to man, therefore, must be based solely on adequately conducted animal
bioassays. Retrospective human evidence of risk must not be allowed

to show itself before controlling action is taken. Chemicals should

be subjected to scientific scrutiny rather than civen individual

rights; they must bc censidered potentially guilty unless and until
proven innocent."

(3) "No chemical substance should be assumed safe for human
consumption without proper negative lifetime biological assays of
adequate size. The minimum requirements for carcinogenesis bioassays
should provide for adequate number of animals of at least two species
and both sexes with adequate controls, subjected for their lifetime
to the administration of a suitable dose range, including the
highest tolerated dose, of the test material by rates of administration
that include those by which man is exposed."

(4) "No level of exposure to a chemical carcinogen should be
considered toxicologically insignificant for man. For carcinogenic
agents a safe level for man cannot be established by application of our
present knowledge. The concept of 'socially acceptable risk' represents

a more realistic notion."
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Several courd decisions also support [PA's decision.  In

fnviconmental Defense fund, Inc. v. LDevironmental Protection Agency, 510

F.ed 1292 (D. C. Cir, 1975), which guestioned the protecticn of the

manufacture and sale of aldrin and dieldrin, Judge Leventhal recognized

(1) consideration of the long latency period in cancer, (2) the finding

that the concept of threshold level has no practical significance for
carcinogens, and (3) the extrapolation to humans from animal test data,
as valid grounds for EPA's decision-making. See also Envircnmental

Defense Fund, Inc. v. Ruckelshaus, 142 U. S. App. D. C. 74, 439 F. 2d

584 (1971) on animal test data. Furthermore, in the preamble to the
October 1974 0SHA regulation for vinyl chloride, The Evaluation of

Environmental Carcinogens was cited as partial support for the level of

the standard. This regulation was upheld by the U. S. Court of Appeals

for the Second Circuit in the case of Society of the Plastics Industry

v. Occupational Safety and Health Administration, 509 F. 2d 1309 (1975),

cert. den, sub nom. Firestone Plastics Co. v. U. S. Department of Labor,

43 U. S, L. W. 3623 (1975). In its decision, the Court of Appeals
stated that much of 0SHA's evidence for the regulation was based on
animal exposure to vinyl chloride, with only indirect human evidence,
but that

...nevertheless, it remains the duty of 0OSHA to protect

the working man, and to act even in circumstances where

existing methodology or rescarch is deficient.

The panel also stated that the evidence on vinyl chloride's
dangers was "quite sufficient" to merit OSHA's regulations.

2.3 Setting an Emission Limit

A concuryent iscue before FOY was what Tevel of encasion control

coultd or ~hmudd b o d v
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Pl U the sedinistr tor :h?i] sat an emission standard "at th: Tevel
videh in ais Judgrent provices an acple margin of safety tn proiect the
public health from such hazardous air pollutants.”  The preblem presented
was how this provision should be interpreted when dealing with an
a.perent non-threshold pollutant that is hazardous at some level. The
Lz "non-threshold pollutant” refers to a substance which creates a
risk of adverse health effects at all ambient Tevels (other than zero).
An “apparent non-threshold pollutant" is, quite simply, a substance
which, on the basis of available information, appears to be a non-
threshold pollutant. An apparent non-threshold pcllutant may be known
to be "hazardous" within the definition of section 112 at some levels,
and create a risk to public heaith at all Jevels. Vinyl chloride is
such a pollutant. It clearly causes angiosarcoma, other cancers, and
noncarcinogenic disorders in animals which have been experirentally
exposed to vinyl chloride and in people with occupational exposure.
However, an emission standard for vinyl chloride cannot be established
below a threshold level of effects because, as noted above, no dose-
response data are available for the concentrations of vinyl chloride
found in the ambient air. Further, it is EPA's position that for a
carcinogen it should be assumed, in the absence of strong evidence to
the contrary, that there is no ambient concentration that poses absolutely
no public health risk. The issue is how far the level of such pollutants
should be reduced to provide "an ample margin of safety."

2.3.1 The Alternative of Prohibiting Viny! Chloride Emissions

EPA considerad that section)12 might be interpreted to require a
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complete profiibition of enissions af sy apparent non-threshold pollutant.
Thiv zero enission Viaitation vould be the onlv enicsion standard which
T

i ta offer aheolute safety frow anbient exposure.  fstablishing zero

crigston 1imits would in effect ban dovestic vinyl chloride and polyvinyl
chloride production because ethylene dichloride-vinyl chloride and
polyvinyl chloride plants could not comply with zero emission limits
using currently feasible control technology.

2,.3.1.1 Direct Impact.’

The direct impact of banning vinyl chloride and polyvinyl
chloride production would be on the producing companies and their
employees and in the regions in which these companies are located.

Twenty-eight companies would be directly impacted. Howeve-, the Tack

of detailed financial information for privately-held companies and of

profit data about vinyl chloride and polyvinyl chloride output for
publicly-held comparies make an assessment of probable company

failure difficult.

For 27 companies, however, EPA approximated dependency on vinyl
chloride and polyvinyl chloride production by comparing estimated
vinyl chloride and polyvinyl chloride sales to total sales. In
doing this, EPA recognized that the estimated percentage of vinyl
chloride and polyvinyl chloride sales is not necessarily the same as the
estimated percentage of profits. Based on sales information, three of
the 27 companies are judged to be highly dependent upon vinyl chloride
and polyvinyl chloride production. The three companies are all
polyvinyl chloride fabricators as well as producers. ‘ith a ban on
vinyil chleride and pelyvinvl chloride reduction, all theee wonld

arobably Fui10 For the oas Fivo Toe 0ol L LTow Gia apre unade: ]t e
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Flec s T T T eecsible.

Vinn wine Y oectavide coianicay ady Laerefore, ban
ot Lion woul s have arove offeces on o emplovient. Direct erpio
insacts on & pEr plant basis are nnt kaown, but estimates of totzad
oonlaumant are available. According to these estimates, there are
anpeoxinately 940 people employed in vinyl chloride production and & )
people in polyvinyl chloride production. Thus, over 6599 people would lose
their jobs as a result of prohibiting vinyl chloride emissions.

Although many skills used in vinyl chloride and polyvinyl chloride
production are readily transferrable to other industries, the extent
that this transfer would occur is not known. At any rate, transfer
would not be inmediate.

For ethylene dichloride-vinyl chloride plants, immediate regional
impacts of a ban would be felt primarily in the areas of southeastern
Texas and southern Louisiana where 14 of the 17 plants are located. 1In
certain instances, vinyl chloride output goes to other regions as well.
For polyvinyl chloride plants, the immediate impacts would be more
dispersed geographically. Although some polyvinyl chloride plants are
located in the southeastern Texas-southern Louisiana area, most
are located in Delaware, New Jersey, New York, and Massachusetts. In
all of these areas, multiplier impacts in terms of decreased output,
unemployment, and lowered income could be expected.

2.3.1.2 Indirect Impacts

The indirect impacts of prohibiting emissions (and thereby

banning vinyl chloride and polyvinyl chloride production) would te felt
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prifarily by e watecial suppliers {cthylene diciiocidz producers) and
by product ouwput receivers (polyvinyl chloride fahricators). There are
11 firms producing ethylene dichloride at 17 plants. About &0 percent
of their ethylene dichloride output goes to vinyl chloride and polyvinyl
chleride plants. With one exception (Vulcan Materials), all companies
also produce either vinyT chloride or polyvinyl chloride or both,
Because much ethylene dichloride output appears captive, the impact of
lost ethylene dichloride revenues has probably been counted in terms of
Tost vinyl chloride and polyvinyl chloride sales. Vulcan Materials
would not be expected to fail in the event of a ban, because it does not
rely heavily on ethylene dichloride sales.

The Chemical Economics Handbook estimates the number of polyvinyl

chloride fabricating plants to be 8,000.6 It is not known how many of
the 8,000 are independent or how many are affiliated with larger com-
panies. The economic viability of the fabricator has not been analyzed.
However, the more dependent these companies are upon vinyl chloride and
polyvinyl chloride input, the more likely is the possibility of failure.
There are no estimates of domestic ethylene dichloride employment
and, therefore, no determination of potential impact. For polyvinyl
chloride fabrication, total direct and indirect employment loss with
no transfer of jobs or raw material substitutes is estimated by
Arthur D. Little, Inc. to be 1.7 to 2.2 million jobs.7 This estimate
includes not only persons employed by fabricating plants, but also persons
employed in utilization of the fabricated products, such as auto and
construction workers. The estiiate avwunts tu cver 1 porcent of the

1972 letov force.
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fearly all athylene dichloride production occurs in coutheastern
Texas «ng sputhorn bouisiana.  Since mast vinyl chloride production
cocurs here and sone polyvinyl chioride nroduction occurs here as well,
this area could conceivably be hard hit. This is especially true if the
affected resources could not be transferred to other uses in the area.

£1though no location maps for fabricating plants have been developed,
the number of, and the wide variety of outputs from, polyvinyl chloride
fabricators suggests no geographic concentration. If there are any
clusters of plants, they are probably in metropolitan areas.

2.3.1.3 Substitutes for Polyvinyl Chloride

According to one estimate, substitutes for polyvinyl chloride exist
for approximately 85 percent (by weight) of present polyvinyl chloride
uses.8 It is believed that prices of substitutes would generally be
higher than polyvinyl chloride prices and would result in higher
consumer prices for finished goods. Industry representatives have indicated
that, although known substitutes exist for most polyvinyl chloride uses,
they do not feel that substitutes exist in sufficient quantities to fill
immediately the void which would be created by banning vinyl chloride
and polyvinyl chloride production. In effect, they say that there would
not be sufficient substitutes for poiyvinyl chloride products for approx-
imately two year5.7

Even if substitutes for polyvinyl chloride were readily available,
they would not necessarily have some of the desirable characteristics
of polyvinyl chloride. For example, one of the desirable properties
of polyvinyl chloride fabricated products is nonflawvmability; most of

the proposed substitutes do not have this property and would require

2-23

COLORITE 008417



additional processing to achieve it. Furthermore, the potentially

adverse health and environmental impacts from substitutes have not
been thoroughly studied, and, therefore, it is not known whether
they would pose an even greater environmental hazard than vinyl
chloride.

As an alternative to substitution, there exists the possibility
of importing polyvinyl chloride resins for final fabrication by U. S.
industry. Although the U. S. has imported very little polyvinyl
chloride in the past [18 million kilograms (4 million pounds) in
19727, imports in 1973 increased significantly to 28.8 million
kilograms (64 million pounds).6 Excess foreign polyvinyl chioride
capacity remained. At the end of 1973, excess polyvinyl chloride resin
capacity outside the United States was about 1237.5 million kilograms
per year. But there is no assurance that raw materials would be available
so that foreign producers could operate at 100 percent capacity in the
future. Nor would there be any assurance that U. S. polyvinyl chloride
resin users would receive the additional supplies.

2.3.1.4 Conclusions

Complete prohibition of all vinyl chloride emissions would
require closure of vinyl chloride and polyvinyl chloride production
because there is no technology to achieve a zero emission limitation and
development of such technology is not foreseen. Banning production
of viny! chloride and polyvinyl chloride would have a negative impact on
the producing companies, especially on the three or four companies

which according to EPA's evaluation are highly dependent on sales of
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vin; 1 chioride and polyvinyl <aloride and might therefore be expocted to
201 if vinyl chloride end polyvine? chloride production were banned.
Tnere would be an cven greater impact on unemployment at the approxi-
rately £,000 fabricalion plants which depend at least partially on
rolyvinyl chloride as a raw material. This impact would persist
.niass and until these plants could adapt their equipment to
manufacturing substitutes. With regard to the consumer, there are
substitutes for about &5 percent by weight of the uses of polyvinyl
chloride, but these substitutes would generally not be available for at
least two years, would generally be more expensive .han polyvinyl
chloride products, and would not necessarily have some of the desirable
characteristics, such as nonflammability, of polyvinyl chloride. In
view of (1) the beneficial uses of vinyl chloride products for which
desirable substitutes are not readily available, (2) the potential
adverse health and environmental impacts from substitutes which have not
been thoroughly studied, (3) the number of employees (particularly
in fabrication industries) who would become at least temporarily
unemployed, and (4) the availability of control technology which is
capable of substantially reducing emissions of vinyl chloride into the
atmosphere, EPA concluded that setting zero emission limits would be
neither desirable nor necessary.

2.3.2 The Alternative of Best Available Control Technology

An alternative interpretation of sectlion 112 is that it authorizes
setting emission standards that require emissicon reduction to the
Towest level achievable by use of the hest availahle control technology
in cases involving apparent non-thrashold pollutants, vhere complete
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emission prohibition would result in widespread industry closure and

£PA has determined that the cost of such closure would be grossly <:;

disproportionate to the benefits of removing the risk that would remain

after imposition of the best available control technology. EPA

recognizes that consideration of technology in standard setting

is not explicitly provided for under section 112. Congress never

discussed the particular problem associated with apparent non-

The Administrator, however, believes that

threshold pollutants.

Congress did not intend to impose the costs associated with complete

The

emission prohibition in every case involving such a pollutant.

best available control technology approach will produce the most

stringent regulation of hazardous air pollutants short of requiring a

This interpretation of section 112

complete prohibition in all cases.

This approach was used in the

has been adopted for vinyl chloride.

case of asbestos, but has never been judicially tested. The

purpose of the proposed standard is thus to minimize risk to public

health by establishing an emission standard which will reduce emissions

to the Tevel attainable with best available control systems. An emis-

sion standard based on best available control technology will result in

different tota) emission levels and different ambient air concentrations

at different plants due to variations in plant sizes and configurations.

However, it will further the protection of public health by minimizing

the health risks to the people living in the vicinity of these plants

and to any additional people who are exposed as a result of new construction.
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2.4 Selection of Source Categories

There are four scurce categories of vinyl chloride emissicns:
ethylene dicrloride-vinyl chioride plants, polyvinyl chloride plants,
polyvinyl chloride fabricating plants, and miscellanecous sources.

In devcloping the proposed standard, EPA evaluated or is evaluating

311 four s;ources.9

2.4.1 Ethylene DichToride-Vinyl Chloride Plants

According to EPA estimates, 17 ethylene dichloride-viny1 chloride
plants were responsible for about 11 million kg (24.2 miilion pounds) of
vinyl chloride emissions in 1974. This constituted 11 percent of total
emissions from all sources. (See Table 2-1.) These plants are
second to polyvinyl chloride plants as being the largest source
category of emissions.

2.4.2 Polyvinyl Chloride Plants

There are about 41 existing polyvinyl chloride plants which are
responsible for approximately 85 percent of the total nationwide emissions
of vinyl chloride. In 1974, these emissions were 85 million kg (187
million pounds). (See Table 2-1.} Information on the source categories
of vinyl chloride covered by the proposed standard, including polyvinyl
chloride plants, is presented in more detail in the remainder of this
document.

2.4.3 Polyvinyl Chloride Fabricating Plants

There are about 8,000 polyvinyl chloride fabricating plants
emitting (in 1974) approximately 0.6 million kg/yr (1.3 million lb/yr)
of vinyl chloride. (See Table 2-1.) A wmonitoring program conducted by
EPA at five fabricoting plants indicated that ambient concentrations
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Table 2-1

Fstimated Vinyl Chloride Emissions in the U. $.-1974

Source _ Number_of Plants

Ethylene Dichloride-
Vinyl Chloride
Plants

Polyvinyl Chloride
Plants

Polyvinyl Chloride
Fabricating Plants

Miscellanegus Sources

Estimated Vinyl Chloride Percent of Total
Emissions - 1974 Estimated Emissions

(1,000 Ka/yr) .. 1978

17 11,000

85,000

600
~3,000

Total

99,600
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arcund the perimeter of these plants are almost negligible. At three of '

the plants, no vinyl chloride was detected, and, where it was found, the

highest concentration was & parts ner billion {ppb).
10

According to an Arthur 0. Little repcrt, the major emphasis

in 1974 on limiting vinyl chloride emissions at fabricating plants

was concentrated on reduction of vinyl chloride monomer content in

plant air in order to minimize risk to plant workers. Manufacturers l

believed that the most practical way to 1limit emissions both inside and

outside the plant was to reduce the monomer content in the incoming

As far as can be determined, all vinyl chloricde emissions from

resin.

the fabricating plants are due to residual vinyl chloride in the

Consequently,

raw materials coming from the polyvinyl chloride plants,

vinyl chloride emissions from fabricating plants will be minimized

indirectly as polyvinyl chloride plants, in response to the proposed

standard, reduce vinyl chloride in these raw materials from as high as

For the foregoing reasons, EPA has

1000 ppm to less than 10 ppm.

concluded that no standard for fabricating plants is necessary at

the present time.

2.4.4 Miscellaneous Sources of Vinyl Chloride

For purposes of EPA action, sources of vinyl chloride emissions,

other than ethylene dichloride-vinyl chloride plants, polyvinyl

chloride plants, and polyvinyl chloride fabricating plants, are

0f a number of miscellaneous

classified as miscellaneous sources.

sources of vinyl chloride emissions, two major categories have been

identified. The first category includes those plants that use vinyl

chloride as a chemical intermediate for the production of 1,1,1-

Trichloroethane (1,1,1-TCE)} and 1,1,2-Trichloroethane (1,1,2-TCE)
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and for the production of other special chemicals, e.g. certain

pesticides, including endrin. The percent of total emissions of (:?

vinyl chloride attributable to those plants is not known. Some

emission controls have bcen reported by 1,1,1-TCE and 1,7,2-TCE

production plants integrated with ethylene dichloride-vinyl chloride

plants. The extent and effectiveness of these controls, however, is

unknown at the present time. Of the two plants manufacturing special

chemicals, one already vents gases to a thermal oxidizer; information on

the emission controls of the other is not yet available.

The second category of miscellaneous sources includes those

plants that produce vinyl chloride as a by-product. Known to be in

this category are three plants manufacturing ethylene amines from

ethylene dichloride and one plant manufacturing ethylene imine from

gethylene dichloride. An ADL study,ll however, notes the possibility

that some industrial processes involving by-product vinyl chloride

emissions have not been identified. Total emissions from the sources

in this category are not known.

Information on the use of emission controls was unavailable for two

of the plants. Of the other two, one reported the burning of vinyl

chloride in a flare tower as well as the current construction of

an incineration facility with a scrubbgr. The remaining plant reported

current construction for incineration as an interim control and plans

for a solvent adsorption system as the permanent control. The

reduction in vinyl chloride emissions that will be achieved by these

controls is unknown,
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According to the L[PA data, miscellaneous sources of vinyl

chluride emissions accounted for about 3 percent of the total estimated

(See Table 2-1.) EPA is continuing

1974 erdissions from all sources.

its research on vinyl chicride emissions from miscellaneous sources.

nithough the proposed standard does not include these sources, there is

a possibility that EPA will conclude that regulations for them should

be preposed at a later date.

2.5 Conclusions

Based on the findings of health studies (section 2.2.1.1), EPA

has concluded that vinyi chloride, a carcinogen, i: a hazardous pollutant

A careful study of regulatory

and that, as such, it must he regulated now.

options (section 2.2) indicated that section 112 of the Clean Air Act--

National Emission Standards for Hazardous Air Pollutants (NESHAP)-- is

the most effective mechanism for regulating vinyl chloride.

EPA determined that the use of best available control technology

is the proper interpretation of section 112 for regulating an apparent

non-threshold pollutant, such as vinyl chloride, where complete

emission prohibition would result in widespread industry closure and

where the Administrator has determined that the cost of such closure

would be grossly disproportionate to the benefits to be achieved by

completely prohibiting emissions.

Based on data available on emission levels, process equipment,

control technology, and costs of control technology, LPA concluded

that the proposed standard should cover ethylene dichloride-vinyl

chloride and polyvinyl chloride plants. As noted above, future

action by EPA to control vinyl chloride emissions from miscellaneous

sources may be found necessary.
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The proposed standard for polyvinyl chloride plants covers
any plant where vinyl chloride alone or in combination with other
materials is polymerized into polyvinyl chloride. Thus, the
proposed standard includes plants which produce homopolymers in which
vinyl chloride is the only polymerized constituent and/or copolymers,
terpolymers, or any other polymers in which other raw materials in
addition to vinyl chloride are polymerized. EPA considered exempting
from the proposed standard plants (six of the approximately 41 existing
plants) which produce a polymer in which vinyl chloride is less than
50 percent of the raw material polymerized. EPA decided not to exempt
these plants from the proposed standard because the total vinyl
chloride emissions from a plant are more a function of the total quantity
of vinyl chloride processed in the plant than the percent vinyl chloride
contained in the resin. Furthermore, available data indicate that the
processing equipment in these six plants is the same as in the plants
producing resins with higher percentages of vinyl chloride, so that the
same control technology can be applied and separate standards are not
required.

Ethylene dichloride and vinyl chloride are typically produced at
one plant. However, the proposed standard covers plants that produce
one and not the other as well as plants that produce both. The
definition of ethylene dichloride plants contained in the proposed
standard 1imits the applicability of the proposed standard to the
production of ethylene dichloride by oxychlorination of ethylene.
Available data indicate that there are no vinyl chloride emissions from
direct chlorination of ethylene.
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3. THE ETHYLENE DICHLORIDE-VINYL CHLORIDE AND POLYVINYL CHLORIDE INDUSTRIES

3.1 GENERAL

This chapter will discuss the production of vinyl chloride monomer
and the associated industries, ethylene dichloride and polyvinyl chloride

production. Ethylene dichloride is an important segment of the viny]

chloride monomer industry in that, in 1974, 92 percent of vinyl chloride monomer

production capacity was based on the pyrolysis of etiaylene dichloride. The
other 8 percent was based on the addition of hydrogen chloride to acetylene.
The 1974 procuction amounted to 2.6 billion kilograms of vinyl chloride.

In 1975 polyviny) chloride resins were produced by 23 companies at
41 plants by one or more of four processes--suspension, emulsion, bulk,
and solution.

Tables 3-1, 3-2, and 3-3 list the producing companies and indicate
the locations and the capacities of the three industries discussed.
Associated maps 3-1, 3-2, and 3-3 show the location of each of the plants.
Table 3-4 shows the producers of each type of polyvinyl chloride resin.

The near term (i.e. next 2 to 3 years) outlook for the vinyl chloride
and polyvinyl chloride industry is uncertain. There has been a dramatic
turnaround in the vital statistics of the total thermoplastic/thermoset
sector of the plastics industry of which polyvinyl chloride is a part. In
1973 resin sales increased 12 percent over the 1972 level; production was
up 10 percent.]4 Future demand and capacity assumptions at that time

yielded forecasts of improved operating rates and higher profits. However,
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at the end of 1874, Society of Piastics Industry data revealed total resin
production up & percent but sales were up only 1.7 percent. Such data are
not consistent with projections of improved operaling rates and higher
profits. It is difficuit to make an assessment of the near term vinyl
chioride outlook with data specific to a much broader industry class.

Chapter 7, Economic Impact, contains an in-depth look at the industry

structure and projects the impact of various market influences on the

industry.
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3.2 DESCRIPTION OF THE PROCESS

! The nurpose of this section is to provide a nrocess descrintion and

to identifv each source of erission in different tvnes of nolvvinvl chloride,

vinyl chloride, and ethylene dichloride plants. The emission sources are

In addition, a discussion

described in terms of stream vaolumes and composition,

of the cause of emission is presented.

3.2.1 Ethylene Dichloride-Vinyl Chloride Production

Vinyl chloride is oroduced in the United States by two methods, which are

The first, accounting for 8 percent

distinguished by the starting materials.

of the total vinyl chloride capacity is the acetyirs2~hydrogen chloride

method. The second method, accounting for 92 percent of the total, is the

ethylene dichloride (dichloroethane) process. For a discussion of the chemical

and physical properties of vinyl chloride, see Scientific and Technical

Assessment Report of Vinyl Chloride and Polyvinyl Caloride, a document prepared by

FPA's Qffice of Research and Development.

3.2.17.1 Acetylene-Hydrogen Chloride Process -

Only two plants in the United States use this method of producing vinyl

chloride which consists of the addition of hydrogen chloride to acetylene in a

reactor. The acetylene path to vinyl chloride can be described as follows:

CH = CH + HCI ~ CHy = CHCI

The reaction is catalyzed in a large reactor by mercuric chloride on an

Figure 3-1 shows a simplified

activated carbon base at 85-1410C (185-2850fF).

Vinyl chloride is produced in the

flow diagram for the acetylene preccess.

The purification is accomplished

reactor and purified in subsequent co]umns.6

by scrubbing with water or solvent to remove unreacted hydrogen chloride and

acetylene. The vinyl chloride is transferred to storage and the material scrubbed

As of August 1, 1975,

from the process is incinerated or otherwise treated.

neither of these plants were operating.
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..2.1.2 tthylene Dichligride Process -

The principal process currently used to produce vinyl chloride 1is
dehydrochlorination (removal of hydrogen chloride) of dry ethylene dichloride.
The ethylene dichloride path can be described as follows:

CHZC1CH261 -+ CH2 = CHC1 + HC1

Typically, vinyl chloride producers will return the hydrogen chloride

by-product of this process back to a system which makes more ethylene

dichloride. This process is called the oxychlorination process and with

vinyl chloride production via ethylene dichloride “cracking", the two are

known as the balanced process (see figures 3-2 and 2-4). A1l olants differ

in their exact configurations but the process can be described generally
as follows:

Ethylene is directly chlorinated with chlorine in a catalytic reactor
to produce ethylene dichloride. The material is transferred to a finishing
column after being cooled by water and brine condensers. HNoncondensable gases
are separated in the finishing column and vented to the atmosphere after
being scrubbed with water or aromatic solvent to recover ethylene dichloride
and remove hydrogen chloride.

The organic liquid product from the reactor is purified in a finishing
column to produce pure ethylene dichloride. Impurities, including other
chlorinated hvdrocarbons, are sent to disoosa1.7

No emissions of vinyl chloride have been reported from the direct
chlorination process.

The ethylene dichloride is transferred to a cracking furnace operating
at approximately 510°C (950°F), where vinyl chloride is produced. The furnace

is packed with a catalyst such as pumice, or charceal. The yield to viny!
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chloride is 94 to 97 percent., The hot effluent gases are auenched and
partially condensed by direct contact with cold ethylene dichloride in a
quench tower (see figure 3-3).

The separation of hydrogen chloride and product ourification are
aenerally accomplished in additional operations described below. Each
producer has minor modifications in this process, but typically the following
would be included. Hydrogen chloride is recovered and recycled to an oxychlorination
plant which chlorinates ethylene with tihe chiorine in the hydrogen chioride.
Because of the entrajnment of some vinyl chloride in the hydrogen chloride
recycle process, and the generation of vinyl chloride in the process, some
viny] chloride emissions occur from the oxvchlorination reactor.

The ethylene dichloride produced from the oxychlorination process is
transferred to finishing columns for purification as described abave in
the direct chlorination step. As there is still some vinyl chloride in the
system, some emissions of vinyl chloride occur from the ethylene dichloride
finishing c#lumns. The purified ethylene dichloride is used to produce:
more vinyl chloride in the cracking plant.

Vinyl chloride is purified in finishino columns which vent some vinyl
chloride. The product is transferred to a product storage facility (usually
large spheres) before shipment by nineline or tank car.

The ethyleng dichloride and vinyl chloride finishing column vents

are sometimes referred to in this document as the purification processes.

Typically, the total vinyl chioride emissions from these vents are 0.29 kg/100 kg

(1b VCM/100 1b VCM) produced. The oxychlorination vent has reported vinyl

chloride emissions of 0.0364 kg/100 kg (1b VCM/100 1b VCM) produced.8
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cthylenc dicatords - vinyl caleride plonts 2150 have funitive emissions
waien include pup and valve uissicns, transfer losses, inpronoss wastelater c:a
losses, loading o-ceration Tosses, and semnle flask losces.

There are spocial nroblems involved with using a material balance
to determine the fugitive loss of vinyl chloride from a vinyl chloride plant.
The percentage fugitive Toss frem a vinyl chlaride nlant is smaller than the
percentage fugitive loss from a polyvinyl chloride plant. For this reason
it is necessary to measure all streams more carefully to determine the
exact amount of fugitive emission. However, there are several gas streams
into and out of these plants which are not measured as accurately as the
1iquid and solid streams into and out of a polyvinyl chloride nlant. These
streams include the qaseous chlorine and ethylene feedstocks. For this reason
material balance values for fugitive emissions from vinyl chloride nlants
are less accurate than material balances values for fugitive emissions from
polyvinyl chloride plants.

The total fugitive emissions reported in table 3-10 were estimated by
individual vinyl chloride operating companies in June of 1974.9 These
estimates are based on material balance or emission values {found in the

Titerature) for various sources.

3.2.2 Polyvinyl Chloride Production

Polvvinyl chloride is produced by four types of nrocesses in the United
States. Three of these are batch processes: susoension nolymerization, which
accounts for 78 nercent of 1973 plant capacity; dispersion or emulsion
polymerization accounting for 12 rercent; and bulk {(mass) oolymerization which
accounts for € rercent. The soiution or solvent rolveerization nrocess is

a continuoys o ooess used by one o0oany and aceounts for 3 percent of United

“a

Stites poty. inyl ohloride capaciov.
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3.2.2.1 Suspension Polymerization -

— .

Fiqure 3-5 presents a simnlified flow diagram for the susrension

rrocess. This is bv far the most cormon nrocess used to manufacture nolyvinvl
chloride resins (78 percent of the total U. S. capacity). The orocess involves
the mixina of a weiahed amount of vinvl chloride in & metered amount of

water, catalyst and suspending agents. The ingredients are mixed in a

clean, alass or stainless steel lined, reactor. A steam jet or vacuum pump

is used to remove some of the air filling the reactor. The amount of air

left depends on the absolute rressure after evacuation. The reacteor is

jacketed to provide steam heat or witer cooling as necessary to control

the reaction which takes place. The catalyst initiates the reaction and

the suspending agent is used to keep vinvl chloride droplets small and dispersed.

Agitation is supplied to the "slurrv" beina formed in the reactor bv an agitator

located in the bottom of the vessel. The nolymerization reaction continues
in the slurryv dronlets to 85 to 90 percent comnletion which requires
approximately six hours. The 10 to 15 percent unreacted vinyl chloride
is present in the vapor space of the reactor, is dissolved in the water,
or is dissolved (or trapped in) the polyvinyl granule itself. The reactors
are generally 11,340 to 22,680 liters (3000 to 6000 gallon) kettles and the
tynical plant may have from 12 to 18 reactors. Reactors built within the
Tast three years in new plants are generally much larger (56,660 to 103,200
Titers or 15,000 to 35,000 gallons) and fewer in number (4 to 8) than the
older existing reactors.

Some of the unreacted vinyl chloride in the reactor is removed from
the batch by vacuum and transferred to a monomer recovery system consisting
of compressors and condensers. The vinvl chloride is recovered to a holdino
tank for recycling. Noncondensable cases { such as the reactor air described
above) accumulate in the recovery svstem and must be vented. The venting

3-11
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may be minual or autoematic and periodic or continuous denending on the
svete desien and oressure.  “ith the venting of these oates, some vinvi
chloride s relecsed. This i1s referred tc as Source Area D in ficure 3-5
(Suspension Flow Diagram) and in table 3-6 (Surmarv of Emissions).

Fach reactor is eocuinned with a "manhole", which is a hatch allowing
citry into the vessel, The entry is necessary to clean the scale that is
left on the walls of the reactors after the slurry batch has been transferred
(usually pumped to another holdino tank). The scale must be removed to
insure the auality of the resin subsecuently produced will be maintained.

The removal is done by hich oressure water spray, bv nerscnnel who enter

the vessel and chip the scale away, or bv a combinat.on of these two methods.

When the hatch is opened the monomer which has not been removed bv
the vacuum recovery system and which is still in the gas phase is released
by purging the reactor with steam or air. This is referred to as the "Reactor
Opening Loss" and is Source Area B in table 3-6 and figure 3-5.
The cleaning of the reactors typically takes place every two to six batches
(one to three days) for about three hours. The completion of this cleaning
and the closing of the reactor marks the comnletion of the reactor cvcle,

The polymerization of vinyl chloride usually takes place at a
oressure of about 5.1 to 6.8 atmospheres and the polyvinyl chloride
reactors are protected from overpressure and catastrophic rupture
by safety valves or a combination of rupture discs and safety valves. Because
of eauipment failure, power failure, or ooerator error, run-away reactions
.occasionally occur in the reactors. These excursions are generally stopped
by releasing the pressure and venting to stacks by either automatic rressure
relief valves or manual ventino. The reason for the venting is to protect

the vessel from overpressure. This vent contains a large amount and a high

3-13
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Source Area B in

figure 3-5 and table 3-6 describes this emission.
From the reactor, the batch can be transferred into a second vessel for
further processina. In several nlants. the slurry leaving the reactor

is numned to a stripmer. A stripper is a kettle similar to the reactor in

which vinyl chloride is "stripped” from the slurry by apolving heat and/or
vacuum to the reactor contents for a period of time. Some plants perform
this step in the reactor, but most producers do not wish to "tie uo" the
reactors with the time consuming nrocess {(1-4 hours) since it can
reduce the production rate. Heat is applied by steam jacketing or by direct
introduction of steam into the slurry. The vent gases from the stripper are
transferred to the monomer recovery system as described above.

In some plants, the stripper is opened to the atmosphere following the
vacuum step of stripping in order to vent the vessel and transfer the batch
to a tank where the various batches can be blended (the slurry blend tank).
This results in some vinyl chloride emissions. In other plants the vinyl
chloride which was stripped from the polymer is released to the atmosphere.
Seventeen plants reported vinyl chloride emissions associated with the stripping
operation varied between zero and 0.5 kg/100 kg (1bs/100 1bs) of PVC produced.2
Source Area € describes this emission pgint on figure 3-% and table 3-6.

When stripping is ccmplete, the batch is transferved to the slurry blend
tanks where varicus batches are blended tcgether to form a more uniform
product. These large tanks (which typically hnid three to four batches) are

L

generally cpen o tne atuocphers.  As fhe slurry is mived, pesidual menoser

in the siurry i relcased. This <viution (Saurce fAvaea 0 waries Aoty rew
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Thirty plants

rr rlant to nlant depending on the effectiveness of stripping.

reported Josses of between 0.01 and 0.7 kg/100 kg (1bs/100 1bs) of PVC
3

produced (see table 3-6 and figure 3-5.)

From the blend tank the slurry is usually pumped to a centrifuge where

Emissions of vinyl chloride

as much watee as possible is removed (source Area F).

The water is generally transferred

can take place from the centrifuge casing.

to a treatment area before being disposed of or recycled (see section 4-10 of

Vinyl chloride emissions occur from this water and water from

chapter 4).

floor cleaning, etc. It

other sources within the plant, e.q., reactor cleaning,

is reported that the concentration of vinyl chloride ronomer from typical

suspension polyvinyl chloride plant water streams before treatment ranges from

less than 1 ppm to nearly 2000 ppm.H Tne wet polyvinyl chloride cake from the

centrifuge is dropped to a hot air dryer, usually a rotary dryer, where the

remaining water is removed. In the dryer most of the vinyl chloride remaining

in the resin is released. This vinyl chloride is exhausted from the dryer

baghouses or cyclones and is represented by Source Area G in table 3-5 and

figure 3-5. The dried, solid, polyvinyl chloride particles (resin) are

From this point the resin is transferred

collected by bag collectors or cyclones.
The residual vinyl chloride monomer

to storage or bagyging areas (Source Area G).

in the resin is released in all sources downstream of the stripping operation.

These sources are the slurry blend tanks, centrifuges, dryers, and the bulk

polyvinyl chloride resin storage areas. The sum of the emissions from all these

sources is due entirely to the vinyl chloride content of the polyvinyl chloride

resin leaving the strippers.

and silos, bulkloading operations, bagging machines

The dryers, storage bins

and resin transfer operations are all potential sources of particulate polyvinyl

<J chloride emissions. When the preoduct resin is transferred by air to any of the
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Phoe canWiar efr strodm ¢ oftel 2 comnvge of

gbove areas, o5 soearation from
particulate emis 198, (:;

Finally, therz are emicsions wiich are unaccounted for in all ciher scurce

estimates. These losses are called fugitive emissions and are the most difficult

to guantify. Fugitive emissions as discussed here include emissiuns from (1)

the loading, unloading, sampling and storage of vinyl c¢hloride, (Source Area A)

(2) pumps, comprezsor, and agitator seals, (3) pipe and equipment flanges and

manhole cover sea:s, (4) the opening of equipment for inspection and maintenance,

(5) leaking pressure relief valves, (6) sampling for laboratory analysis,

(7) vinyl chloride dissolved in process water exposed to the atmosphere, and

The data presently available do not

(8) manual venting of equipment.

permit an estimate to be made of the magnitude of the vinyl chloride

Emissions

emission attributable to most of these categories individually.

from source area 4 are estimated and presented in Tables 4-8

and 4-9 . Emissions from source area 7 are detailed in table 3-11. The

fugitive emission factor reported in tabie 3-11 was determined by averaging

individual operating company data from June of 1974.4 The specific emission

factors given in tables 4-8 and 4-9 were derived from data given to EPA in

telephone c:on\.'ersatticmss.]2’]3 Table 3-11 was given to [PA in a plant visit.

An instantaneous value for the magnitude of the fugitive emissions at any

Average values over a period of

one time is virtually impossible to determine.
In a

time can most accurately be determined by conducting material balances.

polyvinyl chloride plant, if the amount of vinyl chleride in the product is

deducted from ihe amount of vinyl cnloride fed, the difference will be the total

gas and solid loss from the system. Sciz amcunt of this total loss can be

Jiste polvvingl coluride colid can be collected and weighed

measured accuratoaly.

and the vinyl Jhiieyide 0 Lhe ¢ao wond sireams to the avoosphere 2nd the waste
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Jater otreams can be measurcd. IF the known {or accountable) loss is deducted

corr the total loss, the difference is the fugitive (or unaccountable) loss.

while it is possible that appreciable amounts of the losses reported here represent
solid losses, solid loss is more easily detected and measured than vinyl chloride
1oss. Mest polyvinyl chloride producers assume that the unaccounted for loss in

polyvinyl chloride plants consists primarily of vinyl chloride vapor emiticd to

the atmosphere.

The use of material balance to determine fugitive losses has several dis-

advantages. The accuracy of the loss determination depends on the accuracy of the

measurements made. If the vinyl chloride raw materizl and the polyvinyl chloride
product are weighed with an accuracy of + 1/2 percent then the calculated fugitive
loss may be as much as 1 percent high or 1 percent low (the loss would be 1 percent
higher than actual if the raw material measurement were 1/2 percent higher than
actual and the product measurement were 1/2 percent lower than actual). An
accuracy of 1/2 percent is about the best that can be expected using existing
measurement techniques. Over a period of time high and low readings tend to
balance each other, and the accuracy of loss determination increases as the

time period over which the balance is made and as the number of readings

increases. It is therefore difficult to make accurate balances over short
periods. As an example, if an operational upset in a polyvinyl chloride plant
causes an instantaneous emission of two thousand pounds of vinyl chloride it

would not be possible to determine the time of the emission or the amount of

the emission using this method. There is also an accounting problem associated
with using rmaterial balances to determine loss. A1l waste polyvinyl chloride

must be collected and weighed accurately and the viny)l chloride and polyvinyl

chloride in all vents from the plant must be determined.

3-17
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The tetal Tuitive zeiscinns "opdeted in tabio Dot w2 dattovinod
by individu«i paleving) cnloride oparating companies in June of 1274,
Sccause these amissions were determined using different procedures they
are not all exactly comparable, In many cases the material balances were
based on engineering estimates because the necessary plant data had not been
collected. In those plants where the major emission sources had been
identified and measured, the reported unaccountable Toss would be less than
in those plants where these sources had not been measured. Some planis that
had not measured the amount of scrap polyvinyl chloride produced estimated
the amount.

Not all polyvinyl chloride plants weigh all vinyl chloride cars into
and out of the plant. Some plants receive vinyl chloride by pipe line and
the amount received is calculated by tank level or integrated flow measurements.
Other polyvinyl chloride plants weigh all vinyl chloride received but operate
several processes from one vinyl chloride storage area. Although the total
amount of vinyl chloride used can be determined accurately the amount used by each
process can only be estimated. This limitation is important in plants
which produce two types of resin (dispersion and suspension, for instance).
The storage area may be common to the two plants and accurate data on the
monomer received by each plant is difficult to obtain.

The production of polyvinyl chloride conolymers, which are polymers
derived from two monomers such as vinyl chloride and vinvl acetate, differs
from polyvinyl chloride homopolymer production in two respects. At least one
producer by-passes the recovery system in vinyl acetate-vinyl chloride copolymer
production because the vinyl acctate can form acetic acid in the system and cauce
corrosion proble~s. Nther producers recycle both back to the »rocess. One

producer indicates thut stripning is rore difficult in conolymer production.
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3.2.2.2 Siengrsien (Siulsion) Polweevization -

Aosianlified flow dizaram for a -vnical dissersion nojvrerization
nlant is nresented in fiaure 3-6. Tiis nrocess is hasically verv sirilar
“0 the susvension process in that the batch reactor rrocesses liauid

vinyl chloride dispersed in a water svstem. The difference is that more soap

is added Lo the slurry to stabilize the monomer dronlets and form aaglomerates.

Emulsion resins can be polvmerized at Tower temneratures and faster than
suspension resins. The equipment used to produce emulsion resins is almost
identical to suspension resin equipment,

Emulsion resins are more sensitive to heat and shear stresses than
suspension resins and the resin particle if subjected to heat and shear may
be changed in ways that make it unsuitable for use.

The main eauipment difference tetween the two resins is the tyoe
drver used. Since the particle sizes obtained by dispersion polymerizatior
are much smaller than those obtained by susoension, spray drvers, which

ensure the maintenance of the small particle size, are aenerally used. These

dryers have much higher air velumes than the rotary, flash and fluidized
bed dryers used for suspension resin production.

Latex resins are produced by the disnersion process. The production
of these resins is similar to dispersion resins except that more soap
is added to the recipe and the product is sold without dryina.

Emissions from the sources within the dispersion nlant are outlired
in table 3-7 which lists all sources within the plant and characterizes
emissions on a ka/100 kg (1b VCM/100 1b) PYC produced basis.

3.2.2.3 Bulk Polymerization -

A bulk process flow sheet is shown in figure 3-7. The process consists

of making "seed” poiyvinyl chloride frow liquid vinyl chloride in a reactor

sirilar fo that described in the susronsion wrocess. Conversion of vinyl

3-18
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Figure 3-7
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chloride "¢ rolyviny: chloride 1o only 7 to 12 mercent.  The susconsion
4 4

of polyv nvl wilurids in vinvl chieride 1iouid is then transferred to a {:}

Targer resctor, horizontal as onnosed to the vertical susoension resin

reactors, alcng with more liquid vinvl chloride and more initiator. The

The nolymerization

agitator is ruch more rugged and the agitation is harsher.

is carried out to 85-90 vercent completion with steam/water jacketing controlling

the temperature.

As with suspension resins, the remaining monomer is removed by vacuum

As there is no water

to be returned to storace via the recovery system.

or water vapor involved, however, it is possible to use very low temperature

condensers in the recovery system (-35°C or -31°F as ooposed to 7°C or

44 .6°F in suspension and dispersion recoverv). The second reactor, called

a post polymerization or pooo reactor, must be cleaned after everyv batch.

The first reactor, called a prepolymerization or orepo vessel, does not

require cleaning as freouently.

Since there is no water in this nrocess, there are no drver or inprocess

wastewater emissions of vinyl chloride. However emissions equivalent to

emissions from the dryer in suspension and dispersion processes take place

in all operations "downstream" of the popo reactors including pneumatic
p p g

transfer, screeners, and hulk storage. Emissions are described in table

3-8,

3.2.2.4 Solvent Polymerization -

Only one comoany manufactures nolyvinyl chloride bv the solvent

process in this country. Most resins produced by this process are copolymers

of polyvinyl chloride (75-90 percent) and polvvinvl acetate (1N-25 nercent).

The basic rrocess as shown in ficure 3-8 consists of a mixture of the solvent,

most generally n-butane, and the cosonuiers, vinyl chleoride and vinyl acetate,

O
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heing cherced continuously to a reactor aluna with the anpropriate amount of
initiator. Slurry is continususlv drawn off and the polvvinvl chloride filtered
from the slurry. The filter cake is dried by flash evaporation and the recovercd
monorners and solvent returned to the system. The polyvinyl chloride resin
is remarkably pure as no emylsifier or susvending agents are reauired. The
cost is higher than other processes and so is limited to those products
that justify & higher cost.

Because the orocess is continuous, emissions from the reactor area are
refatively low. There are indications that the resin is easily stripped of vinyl
chloride and thus downstream emissions are kept Tow also, Emissions are

described in table 3-9.

3.2.3 Summary

This section has described the emissions from nine (9) major vinyl chloride
sources within polyvinyl chloride plants. The magnitude of the emissions are
dependent upon the size and age of the plant and the tyve of resin which
is produced. These nine sources are as follows:

a) Fugitive emissions. The fugitive emissions can be broken down into

seven major areas discussed in the text,

b} Reactor opening loss

c) Stripper losses

d) Monomer recovery svstem

e) Slurry blend tanks
) Centrifuges
g) Dryers
h) Bagging and bulk resin storage areas

i) Safetv relief valve discharaes from recctors
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Tables 3-6 throuqh'3—9 have summarized the emissions from the Tour pal.
tvoce of resin nrncesses.  Those fiqures were derived by averaaing emission
facicrs aiven by individual nolvvinvl c¢hloride procucers in rosnonse to a
May 30, 1974, reauest for information made by the Office of Air Ouality Planning
and Standards under authority of Scction 114 of the Clean Air Act.

Also, the four major sources within vinyl chloride plants were
discussed. These sources are:

a) Fugitive emissions

b) Ethylene dichloride purification

c) Vinyl chloride purification

d) Oxychlorination vents

The emissions from these sources are summarized in table 3-9 of this

chapter.

Not included in this study are the emissions from polyvinyl chloride

compounders and fabricators, which account for less than one half of one

percent of the national vinyl chloride emissions. Reference 10 gives a
complete description of these two industries and their emissions. Also
not included are miscellaneous sources such as aerpsols, pesticides, other
processes which use vinyl chloride as a chemical intermediate, processes
which produce vinyl chloride as a by-product, and transfer operation of
vinyl chloride outside of ecthylene dichioride - viny] chloride or polyvinyl

chloride plants.
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neferences for Descrintion ef the Process

1. Thirty-six plants reported this emission (aenerally knovn as the reactor

safety valve veleise) durina sorina, 1974 9n response 10 & rocuest

See Ref. 4,

for information under section 114 of the 1970 Clean Air Act.

Seventeen plants reported this emission which is termed the "stripner

loss" durinag soring, 1974 in response to a renuest for information

See Ref. 4,

under section 114 of the 1970 Clean Air Act.

A1l reporting suspension, dispersion, and solution producers reported this

emission (thirty-nine plants in total) during spring, 1974 in response

to a request for information under section 114 of the 1970 Clean Air Act.

See Ref. 4. The emission point is usually called the slurry blend tank

loss.

Complied from "In-depth Study of Polyvinyl Chloride Production", draft

document prepared for the Environmental Protection Agency bv Houdrv

Division of Air Products and Chemicals, December 6, 1974.

A11 producers reported this emission known as fugitive or unaccounted

losses during soring, 1974 in response to a request for information

under section 114 of the 1970 Clean Air Act.

"In-depth Study of Vinvl Chloride Production," draft document prepared

for the Environmental Protection Agency by Houdiv Division of Air

Products and Chemicals, December 1974.

“Engineering and Cost Study of Air Pollution Control for the Petrochemical

Industry Yolume 3: Ethylene Dichloride Manufacture by Oxychlorination,”

prepared for the Environmental Protection Agency by Houdry Division of

Air Products and Chemicals, November 1974,

Reference 6.

Reference 6.
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"Vinyl Chdoride Mofuker En3 . s57ovs From the Polyvinyl Chlorice Processing

Industries,” prepared for the U.5. Cnvironmental Protection Agency by

A. D. Little, Inc., ifay, 1975,

Farmer, Jack R. and Goodwin, Don R., Trip Note, “Goodrich, Henry, 111inois

Plant Inspection," April &, 1975.

Telephone conversation with Mr. Jim Mullins, Senior Engineer, Shell 011

Company, April 8, 1975.

Telephone conversation with Mr. John Barr, Technical Manager, Air Products

and Chemicals, April 9, 1975,
McGraw Hill Publish Company, Modern Plastic Decouber, 1974, p. 18.
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Table 3-1

Producing Comoznies, Plant Locations. and Capacities - Ethylene Dichloride

Praducing Cempany

Allied Chemical Co.

B. F. Goodrich Co.
Continental 011 Co.
Diamond Shamrock Corp.

Dow Chemical Co.
Ethyl Corp.
Pittsburgh Plate
Glass Co.

Shell 0i1 Co.

Stauffer Chemical Co,

Union Carbide Corp.

Vulcan

TOTAL

Plant Location

Raton Rouge, Louisiana
Calvert City, Kentucky
Lake Charles, Louisiana
Deer Park, Texas
Freeport, Texas

Oyster Creek, Texas

Plaquemine, Louisiana

Baton Rouge, Louisiana
Houston, Texas

Guayanilla, Puerto Rico
Lake Charles, Louisiana

Deer Park, Texas
Norco, La.

Long Beach, California

Taft, Louisiana
Texas City, Texas

Geismar, Louisiana

December, 1974 Capacity
(Mi1lions of
KiTograms/Year)

525

250
120

380
455

545
530

135

70
70

110
5,605

SOURCE: Chemical Economics Handbook, Stanford Research Institute, Menlo Park,

Calitfornia, february, 1975, pp. 648.5052Q-648.50531.
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Producirn Cempanios, Plant Lecatiens, and Canacities - Vinvl Chloride

Froducing Company

Aliied Chemical Corp.
B. F. Goodrich Co.
Continental Qi1 Co.

Dow Chemical Co.

Ethyl Corp.

Monochem, Inc.*

Pittsburgh Plate
Glass Co.

Shell Qi1 Co.

Stauffer Chemical Co.

Tenneco, Inc.*

TOTAL

Plant Location

Geismar, Louisiana
Calvert City, Kentucky
Westlake, Louisiana
Freeport, Texas

Oyster Creek, Texas

Plaquemine, Louisiana

Baton Rouge, Louisiana
Houston, Texas

Geismar, Louisiana

Guayanilia, Puerto Rico
Lake Charles, Louisiana

Deer Park, Texas
Norco, Louisiana

Long Beach, California

Houston, Texas

June, 1974 Capacity
(Millions of
Kilograms/Year)

155
455
330

80
320
155

120
70

135

225
135

410
320

75
115

3,100

SOURCES: Phone conversation with Chemical Marketina Reperter, June, 1974,

PRt Bl il ieg

and non-confidential data supplied by industry under Section 114
of the Clean Air Act.

*Vinyl chloride is produced at these plants by the additinn of hydrogen

chloride to acetylene.

)
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Table _3_—_3_

Producine Cormpanies. Plant Locations, and Canacitiecs - PVC Resins

Producing Company

Air Products, Inc.

B. F. Goodrich Co.

Borden, Inc.

Continental 0i1 Co.

Diamond Shamrock Corp.

Dow Chemical Co.
Ethyl Corp.

Firestone Tire Co.

General Tire Co.]
Georgia-Pacific Corp.

Goodyear Tire Co.

Great American Chemi-
cal Corp.

Jennat Corporation4

Keysor-tentury Lorp.

Monsanto Co.2

Plant Location

Calvert City, Kentucky
Pensacolz, Florida

Avon lLake, Ohio

Henry, I1linois

Long Beach, California
Louisville, Kentucky
Pedricktown, New Jersey

I1liopolis, I11linois
Leominster, Massachusetts

Aberdeen, Mississippi
Oklahoma City, Oklahoma

Delaware City, Delaware
Deer Park, Texas

Midland, Michigan
Baton Rouge, Louisiana

Perryville, Maryland
Pottstown, Pennsylvania

Ashtabula, Ohio
Plaquemine, Louisiana

Niagara Falls, New York
Ptaquemine, Louisiana

Fitchburg, Massachusetts

Torrance, California
Tucker, Georgia
Somerset, few Jersey
Saugus, California

Springfield, Massachusetts

May, 1975 Capacity
(*i1lions of
Kiloarams/Year)

60
35
120
100
50
65
65

65
80

120
100

45
125

45
80

105
75

b5
100

45
50

30
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Table 2-3 (Con't)

Producing Corpanies, Plant Locations, and Capacities - PVC Resins

May, 1975 Capacity
(Millions of

Producing Company Plant Location Kilograms/Year)
Occidental Petroleum Corp. Burlington, Hew Jersey 75
Hicksville, New York 7
Pantasote Co. Passaic, New Jersey 1 25
Point Pleasant, W. Va. 45
Robintech, Inc. Painesville, Ohio 115
Shintech, Inc.3 Freeport, Texas 100
Stauffer Chemical Co. Delaware City, Delawavc 80
Long Beach, California 70
"Tenneco Chemicals, Inc. Burlington, New Jersey 75
) Flemington, New Jersey 30
Pasadena, Texas ) 110
Union Carbide Corp. South Charleston, W. Va. 25
Texas City, Texas 135
Uniroyal, Inc. Painesville, Ohio 50
TOTAL 2,609

1Pantasote‘s Point Pleasant, West Virginia plant is 50% owned by
ZGeneraT Tire Company

Due to close in 1975

Joint venture of Robintech and Shin-etsu Chemical Co. of Tokyo

Hiholly owned subsidiary of Union Carbide Corporation

SOURCES: 1) Chemical Marketing Reporter, May 20, 1974.
2) Wodern Plastics, January, 1975, p. 58.
3) Non confidential data supplied by industry under Section 114
of the Clean Air Act.

NOTES:

3-33
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Air Products

B. F. Goodrich

Borden

Continental 0il
Diamond Shamrock

Dow Chemical

Ethyl Corporation
Firestone

General Tire
Georgia~Pacific
Goodyear

Great American Chemical
Keysor-Century
Monsanto

Occidental Petroleum
Pantasote Co.
Robintech Inc,
Shintech

Stauffer Chemical Co.

Tenneco Chemicals Inc.

Table 3-4

PVC Producers by Prcce s

SUsp EMUL BULK SOLN
Yes No No No
Yes Yes Yes No
Yes No No No
Yes No No No
Yes Yes No No
No Yes No No
Yes Yes Ne Ko
Yes Yes No No
Yes No No No
Yes No No No
Yes No Yes No
Yes No No No
Yes No No No
Yes Yes No No
Yes No Yes No
Yes No No No
Yes No No No
Yes No No No
Yes Yes No No
Yes Yes No No
3-35
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Table 3-2 (Con't)

PVC Producers by Process

SusP EMUL BULK SOLK

Union Carbide Yes Yes Yes Yes

Uniroyal Inc. Yas Yes No Ho

NOTE: N.A. = not available

SOURCE: Non confidential data supplied by industry under Section 114
of the Clean Air Act.
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Table 3-5
VINYL CHLORIDE EMISSIONS
£rR CTHYLETE DICHLARIDL-VINYL CUHLCRIDE

VCH Emissions kg/100 kg

Source (1b VCM/100 1b) VCM

Fugitive 1218
EHC Finishing Column .05
VEM Finishing Column .24
Oxychlorination Process .0364
Process Water .0007

TOTAL fZZ?E

3-37
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VINYL CHLORIDE ENMISSTCHS

Table 3-%

FOR_ SUSPENSTON POLYVINYL CRLORIDE PROCESS

Source

Stream 1.D.
on Simplified
Flow Diagram 4-]

VCM Emissions kg/100 kg
(1b VCM/100 1b) PVC

Fugitive Emissions
Reactor Upening Loss
Stripper Loss

Monomer Recovery Vent
Slurry Blend Tank
Centrifuge Vent

Dryer Exhaust

Silo Storage

Bagger Area

Bulk Loading Operations
Reactor Safety Valve Vents
Process Water

TOTAL

1.50
0.14
0.32
0.48
0.42

0.13

0.70
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Table 3-7
VINYL CHLORIDD EMISSIO

1TSS
FOR DISPERSION POLTVINYL CHLURIDE PROCESS

Stream I1.D.
qn Simplified VCM Emissions kg/100 kg
Source Flow Diagram 4-2 (15 VCM/100 1b) PVC

Fugitive Emissions 1.13
Reactor Openinag Loss 0.15
Stripper Loss 1.23
Monomer Recovery Yent 0.50
Slurry Blend Tank 0.34
Dryer Exhaust

Silo Storage

Bagger Area

Bulk Loading Cperations

Reactor Safety Valve Vents

Process Water
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Table 3-8
VINYL CHLORIDE EMISSIONS

FOR BULK POLYVINYL CHLORIDE FOLYMERIZATICN

Stream [.D.
on Simplified VCM Emissions kg/100 kg
Source Flow Diagram §-3 (1b VCM/100 1b) PVC

Fugitive Emissions 0.48
Reactor Openina Loss 0.08
Monomer Recovery Vent

Reactor Safety Vaive Vents

Silo Storage

Bagger Area

Bulk Loading QOperations

Process Water
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Table 3-9
VINYL CHLORTL:__LI_._I:'STH|

FOR SOLVENT ¢ f“' VVINYL CHLORIGL PCLYMERIZATION

Stream 1.D.
on Simplified VCM Emissions kg/100 kg
Source Flow Diagram 4-4 (b VCM/100 1b) PVC

Fugitive Emissions 0.03
Reactor Openina Loss : 0.50 7\
Stripper Loss 0.05
Monomer Recovery Vent 0.3
Dryer Exhaust

Silo Storage

Bagger Area

Bulk Loading Operations

Reactor Safety Valve Vents

Process Water
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Company

Tabie 3-14

SUMMARY CF FUGITIVE EMISSIONS~

Process

1/

2/
VCM Emissions® kg/100 kg

(1b_VCM/100 1b) PVC Produced

A

Suspension

0.88

B

Suspension

- 1.82%

Suspension

.782/ )

Suspension

68/

Suspension

542/

Suspension

502/

Suspension

224/

Suspension

042/

Suspension

.72%/ ]

Suspension

.54

Suspension

.01

Suspension

.63

Suspension

.59

Suspension

.7

Suspension Copolymer

.27

Suspension Resin Avg.

.52

Copolyper Disversion

.05

Homopolymer Dispersicon

.16

J-1

Dispersion

.02

¢

K-2

Dispersion

.08

Dispersion

K-3

K-4

Dispersion

Dispersion

S P SEPEENE N S—— ——

i Dispersion Resin Ao,

.60
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Table 3-TJ(cont.)
SLIMARY OF FUGITIVE EMISSIONS

VCM Emissicns ka/100 rj

loTnary jhﬁlant Process E (1b VCM/100 1b) PVC Procuced
L } L-1 Latex 0.22
Z j 1| Latex 1.9
itz | Latex s
T T Latex Resin Average e '
N N-1 Bulk 0.47
0 0-1 Bulk 0.82
P P-1 Bulk 2.25
T [ Butk Resin Average I
Q Q-1 Solution 0.025
o i _gggﬁtion Resin Average 0.025 -
R R-1 | Vinyl Chioride by 0.0038%/
Ethylene Dichloride
s S-1 | vinyl Chloride by 0.0152%
Ethylene Dichloride Path
——_ EDC Path Average - ) 0.00955747
T T-1 Vinyl Chloride by 0.151
Acetylene Path
| acetylene path Average | 0.151 -

a1 data compiled by Houdry Division of Air Froducts and Chemicals and
Environmental Protection Agency from responses to section 114 requests.

g-/These companies estimated a 50% vinyl chloride monomer - 50% polyvinyl
chloride particulate breakdown of fugitive emissions at their plants. In

the judgment of the Envircnnental Protection Agency, that breakdown is not
realistic. The particulate is considered as a small part of fugitive emissions.
In order to be consistent with other submittals, the particulate portion of

the reported loss was assuned to be vinyl chloride.

3 . . C s

—/All figures ¢iven Lere were calculated by a material balance. Plants which used
other methods of fugitive emission estimates (i.e.. observation, emissicn

factors) were not included in this table.

47
+/ . . . . .
~ These figures do not include loading and unlozding operation loss

es
Tnclus-on of icse Yesses the fugitive emission factor is .05 kg/100 hg
(Tb VL /700 1b} vem.

3-473
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Table 3-11

¥Yinyl Chloride Monomer Content in Streams Discharging to Sewer

Sources

Source
Jescription

Average
Flow

F]ow]

Type

Average
VCM Conc.

Total VCM
Lost per day

1

100 Seal Water
{Primarily Sus-
cension)
400 Seal Water
(Primarily Dis-
persion)

HRC Water

Suspension

Dispersion

Yacuum Jet MWater

Recycle Tanks

noof Stack Yater

Concentrator
(Dispersion)

Fluid Bed Dryer
{Suspension)

2.0 gpm

3.5 gpm

300 Gal/chg.

2000 Gal/
chg.

25 gpm
200 gal./
shift

100 Gal./
Day

130 gpm

65 gpm

Inter-
mittent

Inter-
mittent

Inter-
mittent
Inter-
mittent
Continuous

Inter-
mittent

Continuous

Continuous

794 opm

660 ppm

.06

Based on 1000 ppm
Reduction and 15
apm feed

11 ppm

.2 1b,
.15 1b.

.13 b,

9.4 1b,

negiigible

199 1b.

7

09 1b.
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4. CONTROL TECHNOLOGY

This chapter addresses the control techniques that can be applied and
the emission reductions that can be achieved for each of the sources of
vinyl chloride emissions identified in chapter 3.

The control techniques that can be applied to -educe vinyl chloride
emissions fall intu Lhe following general categories:

1. Add-on type control systems such as sorbers, refrigeration systems
or incinerators which reduce emissions from captive or point sources.

2. The reduction of emissions from pumps, compressors, and valves
through the installation of effective seals on rotating or reciprocating
shafts or by enclosing the equipment.

3. The reduction of emissions from pumps, valves, flanges, vessels,
transfer operations, piping and other processing equipment during maintenance
and inspection by adopting appropriate operating and maintenance procedures.

4. Reducing emissions by altering the manufacturing process such as
adding improved stripping capacity to reduce the emissions from the slurry
blend tanks, centrifuges, dryers, and storage silos by reducing the vinyl
chloride content of the polyvinyl chloride resin.

The control techniques described under items 1-3 above are generally

applicable to both polyvinyl aind ethyiene dichloride-vinyl chloride plants an i
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will ve discussed as sucn below. In addition the principle of each control
tecnnique is descrived, specific ewmission points in tie rpolyvinyl chloride and Cig
etnylene dicnloride-vinyl caloride plants wnere the control technique is or is not
applicable are pointed out, and factors such as high gas volumes and hign temper-
atures that may 1imit the applicability or effectiveness of the control technijue
are addressed. Emphasis is placed on jdentifying the emission level the
control device can achieve by incorporating good engineering design and
operating practice.

Process changes and other control technigues that are specific to an
individual process are discussed in separate sections that describe the
individual process.

ot discussed in this chapter are those control methods which the EPA
considered to be, at best, too underdeveloped to be considered candidates for best
available control technology. The relatively new laboratory étud%es on ozonization
and oxyphotolysis, for example, are omitted. (Both methods are used to oxidize
vinyl chloride monomer into less toxic substances). Undemonstrated methods such
as polyvinyl chloride dryer air recycle and silo stripping and adsorption were
also not discussed in detail.

Included in this chapter are those data which were accumulated during the
course of EPA's investigation which show the capability of specific control
devices or techniques to remove vinyl chloride from process streams. These

data are included in section 4.11.
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Toe ogperiy of @ surface to refain molecules of a fluid which has
Conteclon the wyurfoce 15 knoun as zfsorption.  This phenomenon permits gases,
liguias. or solids, even at small concentrations, to be selectively removed

oro captured from gaseous streans with specific materials known as adsorbents.

Ti= ooztoeial adsorbed is called the adsorbate.] The ethylene dichloride-vinyl
chloride and polyvinyl chloride ranufacturers and tie vendors of adsorption resins
and activatea carbon have recently been experimenting with two adsorbents
(activalad carbon and polymeric or resin adsorbents) for the removal of

vinyl chloride from certain process streams in bol" nulyvinyl chloride and
ethylene dichloride-vinyl chloride plants. A discussion of the advantages and

problems associated with the application of these two adsorbents follows.

4.1.1 Carbon Adsorption

Activated carbon is used to remove organic compounds from gaseous streams
because, unlike other adsorbents, such as chemisorbents and silica gel which
have an affinity for a highly reactive functional group in the adsorbate
molecule or for moisture, carbon preferentially adsorbs organic materials.
This fact gives carbon an advantage over other adsorbents in streams containing
water and in streams in which all the adsorbed organics can be recycled to
the process. Carbon adsorption systems presently in commercial and industrial
use are oriented toward "air purification" and "solvent recovery." In
gither application, the gas streain is passed through a granular activated
carbon bed.  The organic {adsorbate) gas or vapor is retained by the carbon
and the purified stream passcs through. When the carbon bed has reached iis
copacity to retain vaver (saluraticn), the gas mixlure flow s stopped or
divertad to a systoem conteining fresh carcbun while the collected organic
vapers are rewoved (desoctad) Ceom L oLrent carton or the carbon bed is

ropie ol

COLORITE 008473



For many industrial applications, it is economically expedient to
desorb, and thus regenerate, the saturated carbon for further use. The
absorbate is generally resoved by heating the carbon. This regencration
is accomplished by passing a hot gas through the carbon bed. Saturated
steam is the usual source of heat and is sufficient to strip mest types of
organic vapors. The steam and desorbed organic compound(s) are then
condensed by cooling. The water and organic material can be separated by decanta-
tion or distillation., After the adsorbate is stripped, the carbon is not only
hot, but saturated with water, (if steam is used or the pollutant stream
contains water). Cocling and drying are usually done by blowing pollutant-
free ambient air or inert gases, such as hot nitrogen, through the carbon
bed.

Adsorption has been used in applications where profitable solvent
recovery is possible, i.e. where the value of the recovered solvent will
pay the cost to install and operate the adsorption system.

Generally speaking, activated carbon systems are not economical when
Targe volumes of gases that contain low concentrations of organic compounds
have to be treated. The larger the gas volume, the larger the carbon bed
that is required. This not only increases the investment cost but the
increased quantity of steam or heat that is required to regenerate the
carbon bed increases operating costs. Similarly, for a given gas velume,
the quantity of removed solvent will vary in direct proportioa to the
concentration of the organic material in the gas stream being treated.

The interest has heen, in the past, on solveant vapor caoncentrations
well above 700 ppm as this level represents the profit-loss breakeven

. . 2 N . .
concentration for many organics.” However, it is thecoretically possible
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to apply the principles of carbon adscrption to lower stream concent
At Teast one printing company has useo carbon adsorption systems on st
concentration averages as low as 400-1C00 ppm for the collection of tolu
from rotogravure and flexographic presses.3 Another company collects ethanol
in concentrations ranging from 200-505 ppm at 2040 cubic meters per minute
{(72,C00 acfin) with an outlet concentration of 8-10 ppm.4

While carbon adsorption nas not been applied on nigh volume sources
[with volumes up to (72,000 acfm) 2040 cubic meters/min] in the vinyl chloride
industries, primarily because of economics, at least one polyvinyl chloride
manufacturer s currently operating a carbon adsorption unit on relatively
high concentration streams.]o The industry has ques.ioned the applicability
of carbon adsorption in the control of vinyl chloride monomer because of the
possibility of polymerization on the bed which would plug the bed and
necessitate its replacement. The company's pilot study indicated that this
did not take place after 28 cycles of saturation, desorption and drying.5 One
vendor of activated carbon stated that their own studies did not show any
evidence of polymerization on the carbon bed after 15 cyc1e5.6’7

The polyvinyl chloride manufacturer mentioned above has since operated

the carbon adsorption unit on full plant scale for gver 7000 gxglgglo with an

outlet concentration of less than 10 ppm vinyl chloride monomer.
The unit is used to collect vinyl chloride from a imonomer recovery
system vent and a slurry blend tank vent. These two streams have
relatively high coacentrations of vinyl chloride (cn the order of 100,000-
300,000 ppm), low stream volumes (less than 1.7 cubic meters/minute or
60 scfm total), and Tow tempcrature (approximately 10°C oy 50°F).5
The cost of applying carbon adserption to control emissions from the
dryers ond bulk siorage silos in polyvinyl chloride plants will depend on the
-
A
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bed 1ife. Bed life is particulariy important for these applications due to
the large quantities of carbon that are required and some developient work
411 be required to quantify this parameter. The available data do not
conclusively establish the bed 1ife of carbon for all streams. Based on
data from one design company and the above nentioned manufacturer's data, an

outlet concentration lower than 10 ppm could be expected for most streams.g’]O

In ethylene dichloride-vinyl chloride plants, carbon adsorption could
be readily applied to the small gas volumes associated with the vinyl chloride
and ethylene dichloride distillation columns., Some development work would
be required to determine the costs that would be associated with treating the
oxychlorination vent, A number of different organics would be captured by the
system and, with the possible exception of the vinyl chloride distillation column,
recycling of these organics would not be practical. Therefore, it would be
necessary to dispose of the captured vinyl chloride by incineration or other
means.

The optimum source for application of carbon adsorptien given the present
state of the art is high concentration, low volume, low temperature streams
(generally, adsorption is more efficient at lower temperatures) such as
polyvinyl chloride plant monomer recovery systems, closed polyvinyl chloride
slurry blend tanks containing nitrogen or other inerts in the vapor space,
and vinyl chloride storage areas. Table 4-3 shows emission reductions possible
for various sources in both ethylene dichloride-vinyl chloride and polyvinyl

chloride plants with application of carbon adsorption.

One design company has examined the limitations of carbon adsorption
as applied to streams such as polyvinyl chlaride dryer exhausts, which
have large volumes of air with low concentrations of vinyl chloride. The

company suggests that the concentration of vinyl chloride in the strcam can be

3
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increasod by recyciing the exnaust air through the dryer.8 The method is
not deannstratad as of this date.

[n order to give an ide2a of the size of the adsorption unit required
for a typical application of carbon adsorption the following description is
offernd.  The paraneters which delermine the required size of an efficient
caruon adsorption unit are varied. Effluent concentrations, strecam volume,
particuiate matter and water, corrosion problems, and temperature are all
variables which make nearly cvery application unique. In addition to
stream cnaracteristic variations, there are at least three different types
of adsorber designs, each with its own special design requirements., For the
(60 scfm) application described above on the polyviryl chloride plant noncrer
recovery system and slurry blend tank, the unit consists of 2-four foot inside
diameter vertical beds with a packed height of 10 feet. Activated carbon
is a coked bituminous coal. The adsorption unit itself is skid mounted.5

Section 4.12 ~ Data Demonstrating Capability of Sclected Control

Techniques discusses and evaluates this carbon adsorption unit. The section
also includes data from one vendor of activated carbon which would be of benefit in
evaluating adsorption systemsused to control vinyl chloride menomer emissions.

4.1.2 Resin Adsorption

The mechanism of adsorption on a resin or polymeric adsorbent is the

same as on activated carbon except that the resin has a higher affinity
2

for the specific organic material being removed.” Tnis special affinity

gives resin adsorbents an advantage over carbon on streams containing a

multitude of organic materials.

Resin adsorption has historically been attractive beceuse of the vesin's

resistance to oxidation on the bed. Carbon beds lack this resistance

due to carbon's flammability. This is an ioportant <afcty considoraticn in
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streams containing oxygen. Producers of resin adsorbents claim that the
capacity of resin to retain organics is higher than carbon? but resins give
up the materials more readily than carbon on desorption. This would indicate
that resin adsorption units could be constructed with smaller bed sizes.

A producer of polymeric adsorbents claims that other advantages of the
resins are that they have greater resistance to water adsorption (the adsorption
of water can "blind” the bed), and are mechanically stronger than carbon.
Dusting (a pulverized condition of the carbon) does not occur as readily on

these resin materials.11

Programs for development of a resin adsorbent for vinyl chloride have
just recently been undertaken. Data to define the effectiveness or costs
of the polymeric adsorbents to treat streams containing vinyl chloride ave

presently not available.
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Referances for Adsorpiion
1. Air pollution Enginogring Minual, Danieison, J. A. (ED.). U. S. Environ-
Lental frotection Agency, OALPS, Research Triangle Park, K. C., [PA
Publication No. AP-40. 1973. 987 p.
2. Package Sorption Device Sysiem Study, MSA Research Corporation for
0ffice of Research and Monitoring, U. S. Environmental Protection Agency,
Washington, D. C., EPA Publication No. R2-73-202. April 1973.
3. Harvin, Richard L., "A Modern Design Solvent Recovery Plant," Technical
Report for the 70th National Meeting of the American Institute of
Chemical Engineers, September 1971.
4. Conversation with Mr. William R. Meyer, Environmental Project Managar,
Vulcan-Cincinnati, Inc., February 19, 1975,
5. Letter with attachments from W. P. Anderson, Tenneco Chemical Company, ——
to Don R. Goodwin, EPA, October 18, 1974. |
6. Letter with attachments from William D. Faulkner, Calgon Corporation,
to Stanley T. Cuffe, EPA, Qctober 18, 1974.
7. Letter with attachments from William D. Lovett, Calgon Corporation
to Stanley T. Cuffe, EPA, December 19, 1974.
8. Letter with attachments from R. W. Alexis, Chemical Design, Inc., to
Don R. Goodwin, EPA, December 6, 1974,
9. Letter from James S. Clovis, Rohm and Haas Company, to Leslie Evans,
EPA, November 20, 1974,
10. Letter with attachments from W. P. Anderson, Tenneco Chemical Company, ~—
to Leslie B, Evans, ggﬂl_ﬁgz_lgzmj9]5.

11. Conversation with Marvin Hurwitz, Steven Rock, Chester Fox, and John

Thonpson, Rohm & Haas Company, July 13, 1975,

COLORITE 008479




4.2 TUCINERATION

Vinyl chleride can be combusted with oxygen to form nydrogen chloride,
carbon dioxide and water.

CH, = CHCY + 2 1/2 0, ~ 2 €0, + H20 + HCI

Because there is sufficient hydrogen in the vinyl chloride molecule to
combine with the chlorine to form hydrogen chloride 1ittle free chlorine
should be formed. The efficiency of the oxidation of vinyl chloride depends
primarily on the temperature obtained and the residence time in the combustion
device. In general chlorine does inhibit the oxidation reaction and even in
low concentrations may cause higher temperatures and longer residence times
to be needed for complete destruction of po]]utants.] Little data is available
on the temperature or residence time required to destroy vinyl chloride and
therefore some additional testing might be required prior to the design of a
combustion device to 1andle such wastes. The information available, however,
indicates that the vinyl chloride content of a gas stream can be reduced to
less than 10 ppm by incineration in a steam boiler.® Tables 4.3 and 4.4
show how effectively incineration could reduce the emissions from various
sources in ethylene dichloride-vinyl chloride and poiyvinyl chloride plants.

Vinyl chloride can be combusted in a flare, a direct-flame afterburner,
a catalytic afterburner, or a boiler, and combustion is generally applicable
to all sources in ethylene dichloride-vinyl coloride and polyvinyl chloride plants.
The choice of device will depend on the heat value of the stream, the amount of
gas to be combusted and whether or not any steam produced could be used in the plant.

A fiare can and is being used to combust small vinyl chloride streams
or intermittent emissions such as would occur during a plant upset.2

Flares are already in existence in meny petrochemical complexes and most
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vinyl ¢hloride plants are locat2d in or near these complexes. However, the
yse of ¢ flare to oxidize vinvl chleride has several disadvantages. The
nydrogen chloride produced by the oxidation of vinyl chloride in the flare
cannol be controlled and therefore the flare may not be acceptable as a
long term solution. In addition there are large dilute gas streams present
in both ethylene dichloride-vinyl chloride and polyvinyl chloride plants that
cannot support combustion. Therefore natural gas or other fuel must be added
to achieve combustion and all the heat produced is wasted. Due to the presence
of the open flame, flares must be installed away from the plant or they require
a considerable area in the plant for safe install:tion.

A direct-flame afterburner’ (or vapor incinerator) can be used to combust
offgas streams from ethylene dichloride-vinyl chloride and polyvinyl chloride
plants. These afterburners consist of a refractory lined chamber fitted with one

or more natural gas burners at the inlet end. The efficiency of this type of

afterburner is determined by its temperature, One source estimates that a tempera-

ture of 981°C (18000F) would be required.3 Another source estimates that a
temperature of 981°C (1800°F) and residence time of two seconds would be
necessary for essentially complete combustion.4 Unlike flares, afterburners

can be designed to recover the heat present in the combustion gases. This is
important when large volumes of dilute gases that will not support combustion
(such as the dryer exit gas in a polyvinyl chloride plant) are burned with the
supplemental fuel required to achieve combustion. Heat exchange can be used

to reduce the amount of fuel required or the exit gas from the incinerator can

be used to generate steam in a boiler. The combustion gas exiting from the heat
exchanger or boiler can tiien be scrubbed with water or caustic solution to remove

the hydrogen chloride to form dilute hydrochloric acid or a sodium chloride
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solytion. For each kilogram of vinyl chloride combusted 0.58 kilograms

of hydrogen cnloride are produced or 0.93 kilograms of sodium chloride if
sodium hydroxide is used for neutralization. The disadvantage of using direct-
flame afterburners fitted with hydrogen chloride scrubbers for the control of
vinyl chloride emissions in ethylene dichloride-vinyl chloride and solyvinyl
chloride plants js that the large gas streams such as the dryer and storage
silo exhaust in the polyvinyl chloride plants will not support combustion and
large amounts of natural gas or other fuel will be required. In many instances
control of the oxychlorination process in the ethylene dichloride-vinyl chloride
plant will also require supplemental fuel. In addition they ave expensive to
build because of the corrosibn problem caused by the hydrogen chloride in the
burner and in the scrubber.

Direct-flame afterburners of the type described which burn chlorinated
hydrocarbons are presently in operation in at least seven locations in the
United States. Some of these burners combust a gas stream, some combust a
liquid stream of chlorinated hydrocarbons and some combust a combination of

the two.3‘5

None of these installations, however, combust gas streams as large
as the effluent from the oxychlorination process or the polyvinyl chloride dryer
exit gas stream; and none of these installations recover heat by steam generation.
Vinyl chloride may be combusted in a catalytic afterburner. The catalyst
changes the rate of oxidation and permits the reaction to occur at a somewhat
lower temperature than in a direct-flame afterburner. The primary advantage
of catalytic afterburners is that less fuel would be required to combust
dilute (low Btu) gas. The primary disadvantage is the higher cost of the
afterburner. One catalytic afterburner of the type described is presently in
operation in the United States.3 A production size unit is beina constructed for
one oxychlorinaticn process. A pilot unit has been operating on the same

plant for months.8
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The fireboxes of steam boilers can be used to incinerate gaseous streams
containing vinyl chloride. 1t should be possible for plants operating steam
boilers near viny! chloride sources to use large dilute streams, such as
the dryer exit stream, as combustion air in the boiler. Such an approach
would not significantly change the plants fuel requirements. This technique
could be used with existing boilers or in new plants.

There are several disadvantages. There is a potential corrosion
problem in the firebox because of the hydrogen chloride produced, and careful

design is required. It has been found that the effluent stream is especially

corrosive at temperatures either above 3160C (60COF), or below the hydrogen é

chloride dew point. In order to maintain steam coils within the non-corrosive
temperature range 19 atmosphere saturated steam is generated in the boiler and
effluent gases are exhausted at 288°C (5500F). Adequate instrumentation is required
to see that the tube wall temperatures do not exceed 316°C (600°F) or go below
2040C (4000F). It is also necessary to purge chlorinated compounds from the system
prior to furnace shutdown. > v

There are presently two steam bailers in the United States being used
to incinerate gaseous vinyl chloride streams. One of these has been tested
by the Environmental Protection Agency and a summary of the test is presented
in section 4.12. In this installation a concentrated hydrocarbon stream
containing 1 to 18 percent vinyl chloride is used with supplemental natural
gas and combustion air to generate about 3400 kg (7500 pounds) an hour of
18 atmosphere steam. The boiler is a fire tube Bixon marine type which has
been modified to burn chlorinated hydrocarbens. (The exact nature of the
modification is confident}a]). The exit of the boiler is scrubbed in a

packed column with a waste water stream from the plant that has a pH of 11,

During the test the exit from the boiler contained an average of 4 ppm vinyl

-
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chloride for a removal efficiency of 99 percent.6 Although a previous boiler
lasted for only five years, the present boiler has been in operation for
three years and the service factor has been 98 per percent.
The second steam boiler in the United States burning chlorinated
waste material has had some corrosion problems which now seem to be
corrected.3
A B. F. Goodrich licensee in Rotterdam, Holland, uses a thermal
incinerator and a carbon steel boiler for heat recovery on a mixed stream
that includes the emissions from the Qxychlorination pfocess from their balanced
300,000 metric tons per year ethylene dichloride-vinyl chloride plant. Although
no details are available on the boiler service factor the unit has been in
operation without difficulty for more than two and one-half years. The boiler
flue gas is not scrubbed to remove hydrogen ch]oride.7
Although several boilers burning chlorinated hydrocarbons have been in
operation for several years the long term reliability of this type of boiler
has not been completely demonstrated. In some cases operators may choose to

have two boilers with one on standby for use if the first is shut down.
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References for Incineration

1.
2.

Afterburner System Study, £PA Contract THSD 71-3.
Letter with attachments from R. E. Van Ingen, Shell Chemical Company

to Don R. Goodwin, EPA, July 5, 1974.

Engineering and Cost Study of Air Pollution Control for the Petrochemical

Industry Volume 3: Ethylene Dichloride Manufacture by Oxychlorination,

EPA 4501 3-73-006-c, +ovember 1974,

Shell Chemical Perresentatives Conversation with LPA. Curham. N.C..
April, 1975.

Chemical Week Magazine, April 19, 1972, p. 37.

Vinyl Chloride Testing Conducted at the American Chemical Company, Carson,

California, EPA Contract 68-02-1400, Task No. 8, Scott Environmental
Techrology, Inc., EMB Project Report Number 75-VCL-2

Willard Bixby (B. F. Goodrich) conversation with Leslie B. Evans,
February 14, 1975,

Diamond Shamrock representatives conversation with EPA, Durham, N.C.

April 14, 1975.
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4.3 SOLVENT ABSORPTION

Absorption is the process whereby one or more soluble comuonents of a
gas mixture are dissclved into a relatively nonvclative liquid solvent.

From an air pollution standpoint, absorption is useful as a metheod of
reducing or eliminating the discharge of air comtaminants to the atmosphere,
while possibly yielding profits to the user.

The design of gas absorption equipment is intended to provide maximum
contact between the gas and liquid solvent to insure interphase diffusion
between the materials. There are otner factors which influence the absorption
rate, such as solubility of the gas in the particular solvent and the degree
of chemical reaction, but these factors are characteristic of the constituents
involved and are more or less independent of the equipment used. While
such parameters as system temperature and pressure do affect the efficiency
of the devices, the primary design parameter of absorption devices is the
solvent surface exposure.1

There are a number of ways to accomplish contact between the gas and
liquid. Packed towe}s, spray towers or spray chambers, and venturi scrubbers
are devices which dispense liquid solvent into the gas stream. Tray towers
and vessels with sparging equipment are examples of equipwent that use gas
dispersion.

Packed towers are filled with a packing material having a large
surface-to-volume ratio; the packing is wetted by the absorbent to provide
a large surface area of liquid for continuous contacting of gas. Spray towers
disperse the 1liquid solvent in the form of a spray and pass the gas through
the spray. Venturi scrubbers contact the gas and the absorbent in the
throat of a venturi nozzle. Tray towers, or bubble plate colurns, induce

contact by means of a number of plates or trays arranged so that the gas is
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gispersed through a layer of soivent on cach plate. The number of plates
required depends upon the difficulty of the mass transfer operation and
the degree of separation cesired.

The cormon absorbents for organic vapors are water, mineral oil,
nonvolatile hydrocarbon oils, and aguecus solutions (e.g. sodium carbonate
or sodjum h_ydroxide).2 While it is possible to use any of a number of
aliphatic, aromatic or chlorinated solvents in the scrubbers,3 the types of
solvents which are currently used to control vinyl chloride emissions include
ethylene dich]oride,4 acetone,s and the petroleum based hydrocarbon "Carnea

3 The main considerations

01]“.6 Trichloroethane has been used in the past.
in choosing a solvent include:
a. A high solubility for vinyl chloride and a low solubility for
air and water.
b. Low volatility to minimize losses during handling.
c. The solvent should be non-toxic, non-corrosive and non-flammable
and should not constitute an explosion hazard.
d. A low cost solvent is necessary for economic reasons.
e. The solvent should either be easy to dispose of or be regenerab]e.7
After the gas has been scrubbed with a solvent in the absorber unit,
the vinyl chloride is recovered from the enriched solvent by applying
heat and vacuum. The vinyl chloride qas is then transferred to a monomer
recovery system.6
t least three polyvinyl chloride producers currently use solvent
absorbers in their plants. This equipment was put on emission points some

4,5,6

years ago for economic reasons. Other units scheduled for installation

in the near future are being installed because of the low costs of this

particular contrel technique for specific source control. Current application
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of absorption is restricted to the monomer recovery system vent and storage
area noncondensable gas vents in polyvinyl chloride plants. Two companies
are planning to install units on storage area, distillation column, and
Joading operation noncondensable gas vents in ethyTene dichloride-vinyl caloride
D]ants_s’g A11 of taese streams are 1igh concentration, low volume sources.
Another source in the polyvinyl chloride plant, in addition to the
two areas mentioned above, which could be controlled by absorption is the
slurry blend tank. The application of absorption in the vinyl chloride
industry is currently limited to the control of transfer and storage areas.
Table 4-3 gives a summary of sources, stream descriptions and expected
reductions with application of sclvent absorption.
It is possible to design an absorber for any of the sources listed
above for very nigh efficiencies on the order of 9%+ percent.
A packed tower, was installed in 1950 to recover vinyl chloride from
the vent gases of a process stream off the synthesizing of vinyl chloride
from acetylene and hydrogen chloride. The system was later adapted to serve
solely as a vent gas scrubber following a condensing system. The solvent
used is ethylene dichloride at a 152 liters (40 gallons) per minute circulation
rate through the absorber. The inert volume through the scrubber is 3.54
cubic meters per minute (125 scfm). The unit operates with an efficiency of
99+ percent for am exit vinyl chloride concentration of 15 ppm and exit
emission of 9.1 grams/hr (0.02 1b/hr).4

Section 4.12 Data Cemnonstrating Capability of Selected Control Techniques,

includes a discussion of this absorber and evaluates its effectiveness in
reducing emissions.
The factors which limit the use of absorption include concentration,

volume, and temperature of the pollutant stream. To a great extent, each

4-18

COLORITE 008488




of these Timits can be oveécome by engincering design (i.e., increasing

tre number of contact trays and cooling the gas streams before entry into

tne apsorber), Practically, nowever, the rccovery efficiency of control
decreases with decreasing concentration and volume and increasing temperature.
For this reason, certain streams within polyvinyl chloride and ethylene
dichloride-vinyl chloride plants are better controlled with other methods,
These streams include polyvinyl chloride dryers and ethylene dichloride-

vinyl chloride oxychlorination vents.
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References for Solvent Absorption
Air Pollution Engireering Manual, Danielson, J. A. (Ed), U. S. Environ- €:’
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4.4 RETRIGERATION

Refrigeration systems are not tne most effective means of reducing
vinyl chloride emissions but they can be used in conjunction with other
control eguipment such as carbon adsorbers and solvent absorbers to reduce
the load on these systems by condensing the bulk of the vinyl chloride and
water, thus reducing the gas volume that has to be treated. The cooler gas
temperature also improves the performance of both these devices.

Many organic compounds, because of their relatively high boiling
points, can be removed from gas streams by simple condensation. Surface
condensers which reduce temperatures through cooli.; are generally used
in the vinyl chloride industry. In these devices, vinyl chloride vapor
condenses on the outside surfaces of tubes through which the cocling medium,
usually water, flows. The condensed vapor film drains to storage or disposal.
Other coolants used in the industry include Freonlé propane, and propylene,

The effectiveness of refrigeration systems to reduce vinyl chloride
emissions increases with decreasing temperature and increasing pressure.
Reduction of vinyl chloride emissions by refrigeration is limited by the
sharply increased costs associated with cooling and compressing the gas and
by freezing if water is present in the gas. Usual design pressure and
temperature are 4.4 atmospheres and 70C (450F). A condenser operating
at such conditions would emit a stream containing 50 percent vinyl chloride.
Lowering the temperature to -260C (-159F) and raising the pressure to 5.8
atmospheres would decrease the vinyl chloride content in the exit stream to
10 volume percent.]

The amount of jnerts which have to be released from a particular system

is the primary controlling factor of vinyl chloride emissions. Because the

l-/Dupont Trademark
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ratio of vinyl chloride to inerts is constant for a set of condenser
conditions, the vinyl chloride emission is dependent on the amount of inerts
in the system. A vent condenser would emit a stream of 50 percent vinyl
chloride if it operated at 4.4 atmospheres and 79C (450F). The 50 percent
vinyl chloride content is constant for that condenser. By reducing the voluwe
of inerts the volume of vinyl chloride emitted is reduced. The quantity of
inerts in the recovery system is a limiting factor to the effectiveness of

control by refrigeration.

Currently, refrigeration is extensively used in monomer recovery systems
in polyvinyl chloride plants. At least 25 plants report using such systems;
most were installed for economic reason5.6 One producer claims that vinyl
acetate is not desirable in condenser systems because of the material's
conversion to acetic acid. The corrosive nature of the acid prompts the
producer to "by-pass" the recovery system when copolymers of vinyl acetate
and vinyl chloride are being vented.2

Both ethylene dichloride-vinyl chloride and polyvinyl chloride producers
report the use of refrigerated vent condensers on monomer transfer operations.
It is also possible to apply refrigeration to ethylene dichloride and vinyl
chloride distillation columns in ethylene dichloride-vinyl chloride plants.

In summary, refrigeration is not the most effective means of controlling
emissions but can be used in conjunction with carbon adsorption and solvent
absorption to reduce the capital and operating costs of these devices.5 For

streams in polyvinyl chloride and ethylene dichloride-vinyl chloride plants,

well designed refrigeration units can reduce the polyvinyl chloride concentration

in the gas stream from 500,000 to 100,000 ppm. These figures are based on

equilibrium data for vinyl chioride in a vent stream.1
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References for Refrigeration

1. "Ceuilibrium Concentration of Vinyl Chloride in Vent Gas," submitted
by 0. F. Goodrich Chemical Cowpany.

2. Yleebero, Charles F., EPA, Trip Report, "Polyvinyl Chleride Production
at Fivestone Plastics Company in Pottstown, Pennsylvania," September 23,
1974,

3. Letter with attachments from C. J. Kleinert, Firestone Plastics Company,
to Don R. Gogdwin, EPA, November 8, 1974.

4. Letter with attachments from R. H. Gerlach, Conoco Chemicals, to Don R.
Goodwin, EPA, June 7, 1974.

5. Letter with attachments from W. P. Anderson, Tenneco Chemical Company,
to Don R. Goodwin, EPA, October 18fw122£:

6. "In-depth Study of Palyvinyl Chloride Production," draft document prepared
for the Environmental Protection Agency by Houdry Division of Air Products

and Chemicals, December 6, 1974,
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4.5 CONTROL OF FUGITIVE EMISSIONS

Fugitive emissions as described here include emissions that occur from
pressure relief valves, pumps, compressors and agitator seals, from loading
and unloading monomer, valve stems, flanges and sampling for laboralory
analysis.

In an average polyvinyl chloride plant there may be as many as 600
points at which there is a significant possibility of leakage. As previously
explained in chapter 3, these fugitive or unaccountable losses represent the
most significant source of emissions in polyvinyl chloride plants. The

techniques that are discussed below to reduce fugitive emissions can be

applied to both ethylene dichloride-vinyl chloride and polyvinyl chloride plants.

Rapid detection of a leak so that it can be quickly repaired is an
important facet of reducing fugitive emissions. Large vinyl chloride leaks
can be visually detec:ed by the frosting which occurs at the discharge
because of the cooling effect of gas expansion or by the odor of vinyl
chloride. Small leaks can be detected quickly by several methods. A fixed
multipoint gas chromatograph, analyzer and recorder can be used to periodically
sample the vinyl chloride content of the ambient plant air at as many as 100

! The recorder can be fitted with an alarm to alert

points within a plant.
the operator of high vinyl chloride levels. When a high level is detected

in a specific section of the plant the exact location of the leak can be
determined by the use of a portable flame fonization type hydrocarbon sensing
device (or sniffer). Although this instrument may respond to hydrocarbons

other than vinyl chloride, it is adequate for this job. After the leak has

been found it can be promptly repaired.
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A Lecond method of detecting small leaks (wnhich can be used in
conjunction with the netnod cutlined above) is to check each possible

Jeak point with a pertable detecter on & regular basis. FEach potential

leak poinl would be assignea a nurber and the vinyl chloride (or hydrccarbon)
level at that point recorded on a routine basis. After a period of time

it will be possible to tell from the recorded levels which pieces of

~guipment are leak prone. These may reguire special maintenance or replace-

3

ment, as appropriate.

A third method of leak prevention that can be used is to hydrostatically
test piping, flanges, vessels, manholes, and other process equipment after
construction, maintenance or inspection.4 A1l thr~o of the methods above
are now in use in some polyvinyl chloride and ethylene dichloride-vinyl
chloride plants. -

Certain equipment in ethylene dichloride-vinyl chloride and polyvinyl
chloride plants can be modified or changed to prevent vinyl chloride loss.
Single mechanical seals are presently used on most vinyl chloride pumps
today. The seal faces on single seal pumps are lubricated by a slight outward
flow of vinyl! chloride between the stationary and rotary faces. This flow
can be eliminated by using a double seal pump in which an environmentally
acceptable fluid such as ethylene dichloride is maintained, at a pressure
greater than exists in the pump, between the two seals. Any leakage at the
vinyl chloride face is intc the pump, not out of the pump.

| The loss from mechanical rotary seals can also be eliminated by using
completely enclosed or "canned" pumps. There are no seals in these pumps and
tne pumped fluid circulates through the motor itself and lubricates the motor and
cump bearings. Pumps with magnet to magnet drive and no seals may be even more

suitable,

Pumps with reciprocating shafts can be equipped wilh double outboard seals

with the chamber betwoon the two scals vented ond centeolled.

Every flanged vip~ joint is a potential leak source and wolded connections

- A
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can be used when possible. In the past, companies have avoided welded pipe

because it is more difficult to disassemble for cleaning or maintenance.

This factor is of concern to ethylene dichloride-vinyl chloride and polyvinyl

chloride producers as polymerization can occur in piping during upset conditions.
When a process stream or vessel containing vinyl chloride is sampled for

analysis the sample flask can be purged back to the process stream rather

than to the atmosphere. The sample connections are placed so that the

vinyl chloride flows from the process into one end of the sample flask and
from the other end of the sample flask back into the process at a second
point which is at a lower pressure. Each end of the sample flask is attached
to the sample point with quick-connect couplings. The flask valves and the
process valves are opened to purge a fresh sample from the process stream
through tne flask and back to the process stream. Once the flask is purged
and filled, the process valves and the flask valves are closed, The short
sections of pipe between the flask and process valves can then be purged

with inert gas to a monomer recovery system or to a control device.

When vinyl chloride is loaded or unloaded into or from railroad tank
cars (or barges) the usual method consists of connecting a hose to the top
and one to the bottom of the car. The bottom hose is used to transfer the
Jigquid vinyl chloride, the other hose equalizes the pressure between the
vepor space in the tank car and the storage tank, When any part of the loading
line (hoses, valves, coupling) is disconnected the material left in that part
may be lost to the atmosphere. This source of emissions can be controlled by
purging with nitrogen to an incinerator, boiler, or other control device or by
using the compressor system to evacuate the line,

An additional loss may occur during car filling. Most vinyl chloride
producers measure the level in vinyl chloride cars with a "slip qauge."

A vertical tube open at both ends is fitted thorough a packing gland in the

tank car teop and is “siipped” down into the car until the emission from
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the top end of the tube changes from gas to liquid. The position of the

- bottcr ¢f the tube at this point indicates the liquid level. At least ]
one vinyl <hlevide nreducer nas roduced the emissions frem this source by
collecting the emissions from the top end of the "slip gauge" and recovering
the vinyl chloride in a reccvery system.3 When this method is used a sonic
detector3 or magnetic device5 can be used to tell when liguid is flowing
from the tube.

All pressure vessels in ethylene dichloride-vinyl chloride and polyvinyl 4
chloride plants must be equipped with safety discharge valves which are designed |
to relieve the pressuré from the vessel in case of 1 operating upset., Because of
their design characteristics these valves are more apt to leak than gate or
plug valves. Also, if the valve is unseated by over pressure, it may Aot
reseat properly and a large leak may result. These leaks are difficult to
detect because the valve discharge is usually elevated and not readily
accessible for detection with a portable sniffer. This emission can be
prevented by installing a rupture disk between the vessel and the safety
valve with a pressure gauge between the valve and rupture disk. Any
pressure buildup between the disk and the valve will indicate rupture disk

failure which can then be replaced. Rupture disks used for this purpose

are designed to burst at a fixed pressure. If the disk does leak the
pressure gauge will indicate this and the disk can be changed before the !

safety valve unseats. [f the rupture disk is blown out by high pressure

the safety valve will reseat after the pressure has returned to a safe

Tevel and prevent the entire loss (to atmosphere) of the vessel contents.3

Vinyl chloride enissions resulting fron excessive pressure can be controlled

by connecting the relief valve discharye to a flare or other contrel device.
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This technique is being applied to large relief valves on very large polymeri-
zation reactors of a new polyvinyl chloride plant.7 c;,

In ost suspension polyvinyl caloride plants the slurry from the reactor
is screened to remove lumps. In some older plants this screening is done in
an open box. If the slurry has not been well stripped there will be considerable
emissions from this device (just as there are from the slurry blend tanks).
Other plants use inline screens which must be disassembled for cleaning.
Modern plants use an inline ”de]umper”_yhich breaks up the lumps with a
propeller type device. These devices ég not require freguent maintenance
and can be retrofitied into existing plants.

Vinyl cnloride may also be lost to the eir when process equipment is
vented so that the equipment may be removed for maintenance or entered for
inspection. It has been the practice in some plants to "valve off"
nr "Rlock of f" thr ecuipment and then simply vent the vinyl
chloride that is contuined in the eouipment between the closed or
blocked valves to the atmosphere. At least one plant now has complete
recovery systems which cover all major pieces of equipment.4 Before the
equipment is opened it is attached to a monomer recovery system, perhaps with
a flexible coupling, and the vinyl chloride is blown out of or purged from the
equipment. For larger equipment water or steam can be used to displace all
the vinyl cnhloride present to the monomer recovery system.

It is difficult to estimate the emission reduction that typical polyvinyl

chloride plants will be able to achieve using the methods described in this

section. It is expected that fugitive emissions could Le reduced by 90 percent.
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“able 3-10 shiows the individual fugitive emissions reported in response

to the EPA section 114 yequest of ™ay 30, 1974.

References for Fugitive Emission Controls

[

Kleeberg, Charles F., LPA, Trip Report, "Tenneco, Burlington, N.J., -
Plant Inspection," September 23, 1974, p. 3.

Letter with attachments from F. F. Hoy, Plant Manager, Firestone

Plastics Company, Perryville, Maryland, to Don R. Goodwin, EPA,

June 7, 1974,

Letter from R. E. Van Ingen, Manager, Manufactur’ing Environmental
Conservation Department, Shell Qi1 Company, to Don R. Goodwin, EPA,
December 6, 1974.

Letter with attachments from J. R. Mudd, Plant Manager, General Tire

and Rubber Company, Ashtabula, Ohio, to Don R. Goodwin, EPA, June 17, 1974.
Letter from K, H. Qelfke, Jr., Manager, EDC and Derivatives, Dow

Chemical, U.S.A., to Don R. Goodwin, EPA, June 12, 1974.

Letter with attachments from J. R. Mudd, Plant Manager, General Tire

& Rubber Company, Ashtabula, Ohio, to Interested Persons, August 13, 1974.
Letter with attachments from W. P. Anderson Tenneco Chemical Company, [

to Leslie B. Evans, EPA, May 13, 1975.
‘-—“"'""‘-——-.-._-.......,.,.\ [T
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4.6 RELIEF VALVE DISCHARGE

The polymerization of palyvinyl chlorigie usually takes place in
batch reactors at a pressure of about 6‘1;%é§;atm05pheres. The
polyvinyl chloride reactors are protected from overpressure and
catastrophic rupture by safety valves or a combination of rupture
discs and safety valves. Occasionally vinyl chloride will be vented
through the reactor safety valves because of operator error, power
failure or equipment failure. Safety discharges tend ta occur more
often in older plants which is probably due to the larger number of
smaller reactors and the less sophisticated instrumentation found in the
older plants. Information submitted to EPA indicates the number of reactor
discharges per plant varies between ore and twenty per year. Several
plants reported less than one discharge per year. The amount of
discharge is usually not measured accurately but typically 2260 kg
(5,000 pounds) of vinyl chloride might be vented in five to ten minutes.]

Potential problems can be quickly detected by instrumenting each
reactor with temperature or pressure alarms to alert the operator to
upset conditions. Once alerted the operator can use the following
procedures to eliminate pressure relief valve discnarges.

A gasholder can be installed that is designed to hold all the vinyl
chloride contained in an entire reactor batch, then the batch can be
vented to the gasholder either automaticaliy or manually. When an
energency power outage occurs there is a danger of multiple reactor
discharges and the gasholder may not be large enough to accept all the
vinyl chloride vented. In such cases a chemical solutien which inhibits
the polymerization reaction (referred to in the industry as shortstop)

can be injected into the reactor to stop the reaction and prevent

4-30

COLORITE 008500




+
-

pressure build-up. The inhibitor sclution system can Le built 1n so tha
it can be operated 1nstantaneously, either automatically or warually.
Reactor emissions during power outages can be prevented by equipping
gach reactor with a hydraulic system to enable the cperator to manually
inject the shortstop material. In addition, an emergency electrical
sunerator can be used to keep esseniial equipment in operation until
power is restored and will permit the plant to be shut down in a safe
and orderly manper.

A combination of proper instrumentation to detect upset conditions,
gasholder, and automatic inhibitor solution syste. can eliminate vinyl
chloride Tost from this source in existing plants.

Discharges similar to the reactor safety valve loss can occur elsewhere
in ethylene dichloride-vinyl chloride and polyvinyl chloride plants.
Pressure vessels in general are equipped with such safety features. Some
of the contrel techniques described above can be used on all pressure

vessels,

References for Safety Valve Discharge
1. Preliminary Report with attachments, from M. E. Eisenhour, Union

Carbide Corporation, Texas City, Texas, to U.S. EPA, June 7, 1974.
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4.7 GASHOLDER AND PURGE WATER SYSTEM

A gasholder and reactor purge water system can be used together to
significantly reduce emissions from susnension and dispersion nolyvinvl
chloride plants. Bulk polvvinyl chloride plants operate with dry, water
free, reactors; and if water were introduced into these reactors it would
be necessary to install elaborate drying equipment. For this reason other
control systems are more appropriate for these plants. Bulk plants can
reduce reactor entry purge emissions by reducing reactor openings, by
using a better vacuum to remove more of the vinyl chloride before the ourge
or by using add-on control equipment on the purge exit. Solution polyvinyl
chloride plants are continuous and do not use batch reactors so the reactor
nurge would not be applicable. However, both bulk and solution plants
could use gasholders to reduce both fugitive and safety valve discharge
emissions.

A gasholder and rcactor purge water system will reduce emissions from
reactor gpenings, from reactor safety valve discharges, from the vinyl
chloride recovery system, and from fugitive emission sources,

Although each of the devices might be used separately they are more effective
and efficient in combination and they will be discussed that wav here. To
understand the operation of these systems it is necessary to understand

a "typical" reactor ooerating cycle using a separate stripper equivped with
refrigeration (13°C or 45°F gas exit) in the monomer recovery system,

water cleaning, and an occasional tank entry for manual cleaning. See

section 4.8 for a discussion of stripping, section 4.4' for a discussion of

the refrigerated vent used on a typical nlant, and section 4.9 for a discussion

of water cleaning.
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The cycle starts with a clean empty reactor which is full of air.
Tne z cunt of water that is reouired for the nolvmerization reaction is
added to the reactor and a steam jet or vacuum oumn is used to remove
seme of the air. The amount of air ieft depends on the absolute nrecsure
after evacuation.

The vinyl chloride and other chemicals are then added to the reactor
and the reaction takes nlace for about six hours. At the comoletion of
the reaction step the batch is discharged to a second vessel called a
dump tank or stripoer. In the strioper the unreacted gaseous vinvl chloride
is removed bv heat and vacuum and comrressed and cooled to a liquid in the
vinyl chloride recovery system. The air which was initially left in the
reactor before the vinyi chloride addition step (plus any air present in
the stripper when the batch is dropped) cannot be condensed and must be
vented from the system through the vent condenser to prevent system overpressure.
The refrigerated vent condenser removes some of the vinyl chloride from the
air stream before it is vented but the ratio of air to vinyl chloride is
determined by temperature and pressure at the exit of the condenser, A
typical chilled water vent condenser operating at 13°C (45°F) exit gas
temperature and 4.4 atmospheres will emit a gas stream containing 50 volume
percent air. (See 4.4 Refrigeration.) The vinyl chloride emissions are
therefore directly related to the total gas volume that must be vented from
the system in order to prevent the excessive pressure that results from inert
gas accumulation, The air that is present in the reactor after cleaning ends
up in the monomer recovery system and therefore increases the volume of gas
that must be vented from the system.

After the batch is discharged from the reactor to the stripper the

reactor rerains full of vinyl chloride gas. In a typical plant some of this
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vinyl chloride is recovered by a compressor which discharges to the vinvl
chloride recovery system. The amount of vinyl chloride aas Teft in the

reactor depends on the absolute pressure after evacuation. Typical nractice

is to reduce the pressure to 127 millimeters (5 inches) of mercurv absolute
which will leave aoproximatelv 10 ka (22 nounds) of vinyl chloride in a

18,900 liters (5000 gallon) reactor. A vent valve is onened, the vacuum
relieved, and the vinyl chloride remainina in the reactor is discharaed to

the atmosphere by steam jet or blower. The cuantitv of vinvl chloride remaining
in the reactor after evacuation is therefore normally discharaed or purged

to the atmosphere. This emission is called the reactor opening loss and the
average emissions from this source, 0.46 kg VCM/100 kg (1b VCH/100 1b) PVC 75
oroduced, is shown in table 3{5; foffga;;ension plants. The mahho]e is

opened and the reactor washed with water. If it is necessary to enter the
reactor for cleaning, additional air purging mav be conducted to remove any
remaining traces of vinyl chloride. The reactor manhole is closec and the
reaction cycle is complete. Solution plants use a cortinuous nrocess and

do not have an eouivalent emission.

A gasholder and purge water svstem controls emissions from the tvpical
plant cycle described above by reducing the reactor opening loss -
because all the vinyl chloride left in the reactor after the batch is
discharged is displaced (or purged) to the gasholder. In addition, the
emission from the vent cnndenser is reduced because there is less air left
in the system before the reactor is charged. This air, as described above,
increases the volume of gas that must be vented from the ronomer recovery
system. These points are discussed below.

khen a gasholder and purge water system is uscd to control cmissions

from the recactor, the cycle starts with a clean cmoty reactor vhich is
¥ ! 3 R
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full of air. The air is disp]aced to the atmosphere by filling the rea
completely full of water. The water is then used to nressurize the reac
and all flanges are checked for leaks. The reactor manhole flange is a

freauent source of leaks in most plants and this source of fuaitive emissions
is also eliminated when this tcchnique is used. /- A T
Yinvl chloride vapor is now used to disvlace thé’water froﬁ the reactor
and no air is permitted to enter. The bottom reactor valve is closed, the
rest of the vinyl chloride, the water, and the other chemicals are charged
and the reaction takes nlace. After the reaction is complete the batch is
discharged to a strioper. As previouslv exnlained, because there was no
air left in the reactor before the reaction began 1ne monomer recovery
system emissions will be reduced since there will be jess air to be vented
through the vent condenser. The average vent condenser loss reported by
all susoension plants was 0.48 ka/100 kg {1b VCM/100 1b) PVC oroduced.
(See chapter 3, table 3-5).  The one plant using a gasholder and purge water
system reports a loss from this source of 0.02 kg VCM/100 kg (b VCM/100 1b)
PVC produced.]
The reactor which contains (mostlyv) vinyl chloride vanor after the
batch has been discharged is now completely filled with hot water to
disnlace or purge all of the residual vinvt chloride vanors from the reactor
to the aashelder. This reduces the reactor purge emission which occurs at
this place in the cycle. The one plant using a gasholder and purge water
system reports a loss from this scurce of 0.16 kg (0.35 vounds) of vinyl
chloride per reactor onening for a 15,100 liter (4000 aallon) reactor.
This is eauivalent to 0.2 ka {0.44 nounds) of vinyl chloride for a 18,900

Titer (5000 gallon) reactor.

The reactor manhole is opened as the water is drained from the reactor.
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Air is oulled into the reactor so the small amount of vinyvl chleyide
remaining is not emitted to the room. The reactor is then cleaned as
reayired. If reactor entry is required the small amount of vinv] chloride
remaining in the reactor is vented to atimosnhere with a flexible ventilation
hose that is dropped into the reactor through the open manhole.

The gasholder also helos to prevent reactor safety valve discharges
which sometimes occur because of onerator error or equipment malfunction.
When the operator sees that the nolvmerization reaction is proceeding too
fast and the pressure is above normal he can manualiv vent the reactor to
the gasholder. The gasholder can be sized to hold all the vinyl chloride
present in one complete batch. A more comnlete descrintion of this system

is oiven in Section 4.6, Safety Valve Discharges.

The gasholder also acts as a surqge tank between the nlant and the
vinyl chloride recovery system. The gasholder can accept and hold a
short term hiah volume surae of vinyl chloride which would normally overload
the recovery system.

The gasholder also is used to prevent fugitive emissions from other
sources in the olant.2 The relief valves from compressors can be vented
to the holder as can rupture disks and relief valves for certain pressure
vessels other than the reactors. The gasholder can also be used to vent
tanks, pumos, lines, weigh scales, condensers, knockout pots, etc., before
thev are opened for maintenance or during equioment inspection. This use

is covered in Section 4.5, Fugitive Emissions.

There are disadvantages to the gasholder purqge water svstem. The
cycle time per batch must be increased to allow time for the reactor water
purges. A aasholder sized to hold the charae from a tveical 18,900 liter
(5000 agallon) reactor will have a canacity of 2630 cubic meters (02,000

cubic feet) which will reouire 2 relativelyv laroe nlot of Tand.
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Neferences for Gasholder and Purge Nater System

1. Letter with attach.ents from J. . tudd, Plant Manager, General
Tire and Rubber Company. Ashtabula, Ohio, to Don R. Goodwin, EPA,
June 17, 1974.

Letter with attachrents from J. R. Mudd, Plant HManager, General Tire

(%)

& RubLer Company, Ashtabula, Ohio, to Don R. Goodwin, EPA,

Qctober 29, 1974.
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4.8 IMPROVED STRIPPING

Slurry Stripping

After the completion of polymerization in a typical suspension,
dispersion, or bulk process, approximately 10 to 15 percent of the original
vinyl chloride monomer charge remains unreacted.1 This vinyl chloride is
present in the vapor space in the top of the reactor, is dissolved in the
water (in suspension and dispersion processes) or is dissolved (or trapped in)
the polyvinyl chloride granule itself. In the past, some part of this vinyl
chloride has usually been recovered and recycled to the process, but the

amount recovered was based on economic considerations alone. At the end of

the polymerization step most of the gaseous vinyl chloride present in the

vapor space can be removed simply by venting the reactor to a recovery system.
The vinyl chloride remaining in the water or in the polyvinyl chloride granules
can be recovered by a process known as stripping. In this step heat and
vacuum are used to drive off the volatile vinyl chloride from the reactor
contents. The vinyl chloride that is driven off is then seat to the

monomer recovery system where it is condensed to liquid by a combination of
pressure and cooling and returned to vinyl chloride storage for reuse,

Most of the residual vinyl chloride trapped in the polyvinyl chloride
particle is emitted to the air as the granules move through the process from
the reacter to the slurry blend tank, centrifuge, dryer, and storage.

Although technology exists to control the emissions from these individual
points, and this technology is discussed in other sections of this chapter,
an alternate method of control would be the reduction of the residual vinyl
cnloride content in the resin through optimization of the stripper aperation.
This will reduce substantially the emissions from the slurry blend tank, the

centrifuge, the dryer and the bulk storage silos. The effectiveness of
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stripping depends on the type of resin and the design of the stripping g
system. Resin stripping also enables the polyvinyl chloride procucer to
recover and recycle some of the vinyl chloride that would otherwise be
emitted tc the atmosphere.

The amount of vinyl chloride remaining in the polyvinyl chloride
particles after the stripping operation depends primarily on the particle
size and porosity, the temperature and vacuum used, and the retention time
in the stripper. If the particles formed in the reactor are small and porous
and a higher temperature is used for stripping the reduction in the residual

monomer of the resin will be greater.

Tne equipment that is presently used for stripping is shown in the
flow diagram figure 3-1. In this diagram the stripper is shown as a separate
vessel, which fs the usual case, although in some plants the stripping step
is carried out in the reactor under vacuum. In either case the vacuum is
generally applied with a reciprocating or water seal compressor which also
compresses the "stripped" vinyl chloride to a liquid in a series of after-
coolers and condensers in the monomer recovery system. The liquid vinyl
chloride is returned to the system and reused. X

As previously explained, most of the vinyl chioride that is retained

in the resin after leaving the reactor or stripper will eventually be emitted

to the atmosphere from the slurry blend tank, the centrifuge, dryer, or
storage silos. However the specific gquantity of vinyl chloride that will be
emitted from each one of these processing steps will vary with the retention
time and temperature maintained in the slurry blend tank, dryer, and storage
silo and with the particular type of resin. These factors vary consiﬁerab]y
from plant to plant and within a given plant. As a result it is more

practical to consider the total emissions from these sources rather than

4-39

COLORITE 008509




the individual emissions from each source.
Tnere is considerable variation in the efficiency of stripping at the
various plants within the industry. In fact a few plants do not recover
any of the vinyl chloride remaining at the end of the polymerization step
and others only recover that part that can be recovered without the use of
vacuum {as of May 1, 1975). fiost companies now have development work under way
to improve the efficiency of their stripping operations. Increasing the temperature,
reducing the pressure (increasing vacuum) and increasing the duration of
the stripping operation (residence time) favor removal of the vinyl chloride
from the resin. Increasing the temperature is the most effective technique
for reducing the vinyl chloride content of the resin. This method uses steam
which may be applied to the outside jacket of the polymerization kettle
or introduced directly into the bottom of the stripper. The disadvantage
of this method is that some resins are sensitive to heat and there may be
product degradation. Increasing the time of the stripping step is also
effective in reducing the vinyl chloride content. This also reguires
additional steam and there may be a loss of production if additional
stripper capacity is not provided to make up for the time lost during stripping.
Typically an “improved" stripping operation would take place at 77°C
(170°F) at 392-458 millimeters (15-18 inches) of mercury vacuum absolute for
10 to 20 minutes.z’3 Some manufacturers are also investigating the possibility
of changing the resin recipe and/or reaction conditions to produce a resin
whose properties are more amenable to monomer removal by stripping. When
this method is used it may be necessary to test the modified resin in the
compounding and fabricating equipment to make sure that no significant
changes have occurred in the resin which makes it unsuitable for use.

Whatever method of reducing the monomer content of the resin is used, it is
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(ikely tnat procedures for each resin grade will have to be develope
senarately.  Sorie nolyvinyl chloride producers are phasing out grades or
resin that are verv difficult to strip well.

Information presently available indicates that copolymer suspension
resins and dispersion resins are more difficult to strip than other resin
tyoes.4’5f§’9’10 Copolvmer suspension resins are apt to be more difficult
to strip because these resins form granules which are less porous which make
it more difficult for the vinyl chloride to escape from the particle.
Dispersion resins are difficult to strin because the heat required for the
stripping step in some way destroys the soap film separating the resin
narticles causina the particles to coagulate. Dispersion resins have
commercial value because of their small particle size. Coagulation destroys
this property.

The figqures for "Uncontrolled Emissions" in table 4-3 show the average
emissions from suspension plants reported in reply to the EPA section 114
request of May 30, 1974. The uncontrolied average emissions from all four
types of polyvinyl chloride processes are shown in tables 3-6, 3-7, 3-8
and 3-9.  For the most part these data represent economic recovery levels
rather than optimum pollution control levels.

The result of improved stripping on the residual vinyl chloride content
of the four types of palyvinyl chloride resins is presented in section 4.11.
Although additional development work-wi11 be reauired to perfect improved
stripping, the data obtained so far indicate that all types of resins can
be stripped to 400 ppm or lower except dispersion resins. The data indicate
that 2000 ppm represents the current lower 1imit of the technology for dispersion
resins. The figures for "Achievable Emission Levels" in table 4-3 show the effect

of this improved stripping on the emissions from an average suspension plant. If~

4-4]

COLORITE 008511




imoroved stripping is not ovossible the operators have the options of installing
either carbon adsorbers or incinerators on the slurrv blend tanks, centrifuge,

dryer, and storace silos. See chapter 4, sections 4.1 and 4.2.

Commercial stripping in the United States is presently done batch-
wise from the stripper kettle or from the reactor itself. Other stripping
methods are under development which may increase the efficiency of the
stripping or decrease the cost of the stripping step.7 One of the most
promising methods would be the use of countercurrent multistage column
stripping. A diagram of this process is given in figure 4-1. The rate of
vinyl chloride stripping is proportional to the difference between the
amount of vinyl chloride in the resin and the amount of vinyl chloride in
the water surrounding the resin particle. The primary advantage of multistage
contacting is that this driving force is maximized because the resin leaving
the column is contacted with water which contains no vinyl ch]om‘de.9 In
batch stripping the resin is surrounded by water that is partly saturated
with vinyl chloride during most of the stripping step.

If improved stripping is used to control emissions from the slurry
blend tank, centrifuge, dryer, and storage silo (rather than individual

control devices on each source) then the vinyl chloride content of the final

product resin should be less. This is an advantage to compounders and
fabricators because it reduces the amount of vinyl chloride which can be
released during processing. If the average stripped suspension resin has a
vinyl chloride contemt of 400 ppm out of the stripper and 50 ppm out of the
dryer then the maximum emission factor possible during storage, compounding

and fabrication is 0.005 kg VC/100 kg {1b VCM/100 1b) PVC.
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g

In surmary, imnroved stripping is a nreferred method of emission
control because it makes the use of other more expensive methods of control
unnecessary; it recovers vinyl chloride for reuse; and it reduces the

residual monomer content of the finished resin product.
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References for Improved Stripning

i, 7. Tepster D, Spell, Inc., Economic lipact Studies of the zffects of
Proposed OSKHA Standards for Vinyl Chloride, September 27, 1974,
Exhibit A-7, p. 2.

2. Letter from J. R. Mudd, Plant Manager, General Tire and Rubber Company,

Ashtabula, Ohio, to Don R. Goodwin, EPA, October 29, 1974. f

3. Letter from W. C. Holbrook, Manager, Environmental Control Engineering,
B. F. Goodrich Chemical Company, to Don R, Goodwin, EPA, November 15,
1974.

4. Reference 3, p. 4 and 6.

5. Reference 2, p. 2.‘

6. Letter from W. P. Anderson, Director, Environmental Sciences, Tenneco .. _.
Chemical Company, to Don R. Goodwin, EPA, October 18, 1974.

7. Reference 3, pp. 16 and 17. o

8. C. D. Callihan and E. McLaughlin, Vinyl Chloride Removal from Polyvinvl

Chloride, Louisiana State University, Baton Rouge, Louisiana, February i
1975. :

9. See tables 4-4 and 4-5.
10. Society of the Plastics Industry, "Comments on the Draft Document - "Standard i
Support - Environmental Impact Statement,” presented at the NAPCTAC meeting, é

Washington, D.C., March 25, 1975,
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4.9 2ACTOR SPRiIlLG LulS CONTRGLS

Each time a reactor is opened for maintenance, cleaning, or inspection
soile vinyl chloride escapes to the atmosphere. Traditionally in polyvinyl
chloride plants it has been necessary to open reactors after the completion
of every reaction to clean the kettle walls of polyvinyl chloridc build-up
accumulated during the course of polymerization. Each reactor, or polykettle,
has a hatch which is opened and entered by a worker who scrapes and washes
the reactor walls with a cleaning agent. This cleaning takes place after
the polyvinyl chloride slurry has been transferred to another part of the
process and after most of the vinyl chloride monomer has been removed by
vacuum or by displacing it to the monomer recovery system by filling the
reactor with water,

The vacuum does not remove all of the monomer left in the reactor
and in the polyvinyl chloride resin on the reactor walls. A blower and
flexible ventilaticn hose are usually used to clear the reactor of this
monomer after the reactor is opened. The amount of monomer emitted is
dependent on the size of the reactors, the effectiveness of the vacuum, the

rype of resin produced, and the incidental effectiveness of other contral

techniques such as water purge systems or improved stripping in the polykettles

themselves (see sections 4.7 and 4.8) to remove the monomer. Bulk plants can
reduce emissions from this source by a more effective vacuum system relieved by
an inert gas, such as nitrogen. With each successive vacuum/purge release,
more vinyl chloride is removed.

It is possible to reduce the number of reactor openings and in turn reduce
the monomer that escapes. High pressure water sprays could be inserted through
a gland in the reactor to clean the kettle walls. This method could allow the

reactors to stay closed for four to eight batches,
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Jew plants are using a coibination of recipe reformylation and reactor
cesiyn to minimize scale formation. In Tnis case, the cleaning agent is
nart of the reactisn ingredients. New nlants are claiming 80-87 batches
bztween openings and there are plans by one plant to decrease the frequency
tn cne opening per 200 batches.]
At Teast one plant is experimenting with circulating an organic
solvent through the reactors to dissolve any solids which remain in the
reactor after the batch is completed. A heated salvent such as tetrahydrofuran
or ethylene dichloride is pumped into the reactor and agitated for some
period of time until the solid scale is broken up »nd dissolved. The mixture
is then distilled to separate the solvent, vinyl caloride and polyvinyl
chloride. The solids are reclaimed or discarded, the monomer is recovered
and the solvent is recycled. The frequency of opening the reactors is
reduced to one opening per 40-60 batches with this system.2
There is some economic incentive to installing solvent cleaning systems
in order to reduce the personnel requirements for reactor cleaning. Recent
Occupational Safety and Health Administration's (0SHA) regulations concerning
the safety of personnel involved in cleaning the reactors has given further
impetus to utilization of solvent cleaning. The more significant benefits
of this technique toward a reduction of air pollution have been outlined by
a company which is currently experimenting with the method in its 20-year
old polyvinyl chloride plant to eliminate reactor openings with the exception
of equipment malfunction. These benefits are: ‘
a. Eliminates fugitive vinyl chloride leaks due to opening the poly- I
kettle.
b. Eliminates emissions from handling, in the open atmcsphere, poly-

kettle cleanings and scrapings, as these typically contain high
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Jevels of residual viny} chloride.

[l

Polykettle openings and closings can be eliminated and therefore
the polykettles can be made tighter and more leak proof using
permanent opening and closing fittings.2
There are, however, some problems with reformulation and solvent
cleaning. The method of reformulation reported by two new polyvinyl chloride
plants may be practical only when the reactor is designed to accomodate
the new recipes. The high pH of the new recipes require stainless steel
reactors.3 Without extensive retrofitting, older plants may be unable to
change recipes.
There are some emissions of the solvent used in the solvent cleaning
technique during regeneration and eventual reactor openings. The solvents
used are pollutants in themselves and some are expensive. Losses have not
been quantified but have been estimated at 4.56 kg (10 1b) per reactor cleaning.
Nearly all of the losses are Jost to the plants inprocess wastewater.3
The advantage of the solvent cleaning system is that it reduces the
frequency the reactor has to be opened for cleaning which in turn reduces
the vinyl chloride emissions. If the frequency of purges is reduced from
one every batch to one every 80 batches, then the controlled emissions is
1/80 of the uncontrolled. This would mean a reduction from .14 to 0.0018
kg VCM/100 kg (1b VCM/100 1b) PVC produced.
The indirect benefit of solvent cleaning is that as reactor entries are
decreased, the amount of inerts in the recovery system decrease which
decreases the vinyl chloride emissions from the noncondensable vent purge
in the monomer recovery system. (See section 4.4 of chapter 4). It is

difficult to quantify this reduction as inarts can enter the recovery system

from a number of other sources.
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Caleranreg for Neactor _'Cc',’fﬂ{,(j Loss Controls

Letter with attacnuznts from Ralpi Ferrell, Conoce Chemical Co.,

to Jon R. Goodwin, EPA, Movember 19, 1974,

Letter wich attachments from J. R. Mudd, General Tire and Rubber

Company to Don R. Goodwin, EPA, June 17, 1974.
Conversation with H. E. Jewett, General Tire and Rubber Company,

(%]

Ashtabula, Ohio, February 20, 1975.
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4.10 EMISSIONS AND CONTROL TECHNIQUES FOR INPROCESS WASTEWATER

Vinyl chloride can be contained in the inprocess wastewater from a polyviny]
chloride plant or an ethylene dichloride-vinyl chloride plant. Based on the
solubility of vinyl chloride in water at 38°C (100°F) and one atmosphere, the
inprocess wastewater entering the treatment ponds from either plant can contain
as much as 1.33 milligrams of vinyl chioride per gram of water (1.33 1b VCM/1000
1b water).!

In a polyvinyl chloride plant, the sources of the inprocess wastewater are the
reactors, centrifuges, water seals in the compressors, floor and sewer drains.
vinyl chloride recovery system, and decanter blowdown. Vinyl chloride may be
present in any of these wastewater streams. The averade wastewater flow rate fror
a polyvinyl chloride plant is about 15.3 liters/ka (1.84 gallons per pound)
of product.2’3’4’5’6’8 The actual vinyl chloride content of the wastewater
stream entering the treatment ponds is reportedly between 0.0005 and 0.05
milligram per gram of water (1b/1000 1b)4’9 with an average of about 0.016
milligram per gram (1b/1000 1b) of water. Theldiécharge from the centrifuges
accounts for about 56 percent of the viny]l chloride in the total in-process
wastewater. Three plants report that the vinyl chloride content of the effluent
4,9

Teaving the treatment ponds is zero (nondetectable). One plant reports

finding 21.5 ppm vinyl chloride in untreated wastewater and 0 ppm in treated

effluent. It has not been determined what causes this reduction in the vinyl chloride

content during treatment. These plants havé biological and aeration(mechanical or

natural treatment ponds. There are three possibilities to cause this reduction:

1) the vinyl chloride is biologically or chemically reduced, 2} the vinyl
chloride is absorbed in the resin which settles out, or 3) the vinyl chloride
is released to the atmosphere durinag aeration. It is assumed, however, that all

the vinyl chloride in the wastewater is released to the atmosphere in the
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treatment nonds, Therefore, based on an averaas of 0.016 milligrams of

vinvl chlorize per gram of water discherce (1b/1000 1b water) it is estimated
that 0,025 kilograms of vinyl chloride are released from the treatment ponds
at a typical polyvinyl chloride plant per 100 kilograms of product (0.025
1b/100 1b). However, hased on the potential maximum vinyl chloride content

of 1.33 milligrams per gram of water, 2.04 kg of vinyl chloride could be
released per 100 kg product.

In a balanced ethylene dichloride-vinyl chloride plant, the sources of the waste-

watapr are the scrubbino systems for hydrogen chloride separation from crude EDC,

by-product washing from certain purification process-~s, and miscellaneocus watar wash

The inprocess wastewater flow rate is about 2.08 liters per
10,11

floor drains.
kilogram (0.25 gallons per pound) of product. The actual vinyl chloride

content of this\wastewater stream entering the treatment pond is reportedly about

0.0034 milligram per gram of water (0.0007 kg per 100 kg of pr‘oduct).10 The

wastewater is stripped prior to entering the ponds to recover organics. The

vinyl chloride content of the effluent Teaving the treatment ponds is reportedly
)'10

zero {nondetectable Yastewater treatment is similar to that in a polyvinyl

chloride plant. As with the polyvinyl chloride plants, it is assumed that all
the vinyl chloride in the‘wastewater is released to the atmosphere resulting in
an emission rate of about 0.0007 kg of vinyl chloride per 100 kg of product.
(.0007 1b/100 1b). However, based on the potential maximum vinyl chloride
content of 1.33 milligrams per gram of water, 0.28 kg of vinyl chloride could
be released per 100 kg of product.

Based on solubility data], it is estimated that essentially all the vinyl

.

chloride in the wastewater would te released to the atmosphere. In the presence

of a large amount of pure air, the partial pressure of vinyl chloride would he

extremely small causing the solubility of vinyl chloride in the water to be
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essentially zero. It appears from reported data4’9 that the retention time of

an wactewacer treatment systsm is sufficient to allow all the vinyl chloride
to be released prior to discharge. This may he due to evaporation. Vinyl
chloride, with a density of 0.9834 at -20°C, is expected to rise to the surface
of the water.

This emission source can be controlled bv stripping out the vinyl chloride
in a stripping column prior to the treatment ponds. The vent gases from the
stripper containing the stripped vinyl chloride can then be returned
to the process or treated in the plant vinyl chloride control system. The
principal way of stripping is steam stripping. A high temperature of the inprocess
wastewater will facilitate st}ipping, since less steam will be required for
heating the water to the boiling point. Stripping can be performed in
multistage (multiple trays) columns with a large countercurrent flow of
steam, or in batch tanks. Countercurrent operation gives an advantage
because the partial pressure of vinyl chloride in the steam entering the bottom
of the column is zero. This establishes the maximum driving force for vinyl
chloride removal. In a batch operation, steam could he sparged into the stripper
providing the heat and agitation necessary for vinyl chloride removal. In
either case, mixing is essential for good stripping.

In surmary, according to the lTiterature it has been demonstrated]’12 that vinyl
chloride monomer concentrations in wastewater can be reduced by increasing
vacuum and temperature. With the proper vacuum and temperature any given
vinyl chloride concentration can be achieved using the stripping techniques

described above.
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Srances

The Splubility of vinvl Chleride in Polyvinyl Chloride, Serecs, A. R.

4.C.S. Polymer Repnrints, 1974, 2, 0. 197.

Personal communication with Dave Francke, Air Products and Chemicals,
Inc., Escambia, Florida, November 25, 1974.

Personal communication with Bob Luckan, Air Products and Chemicals,

Inc., Calvert City, Kentucky, November 25, 1974.

Letter with attachments from R. N. Wheeler, Jr., Union Carbide Corporation
fo Don R. Goodwin, EPA, June 26, 1974.

Perscnal communication with Doug MeVhorter B F. Goodrich, January 28, 1975.
Personal communication with Jay Harpring, Contiaental 0il1 Comoanv,

January 30, 1975.

Personal communication with Joe Mudd, General Tire, January 30, 1975.
Letter with attachments from John T. Barr, Air Products and Chemicals,
Inc., to Leslie B. Evans, EPA, June 24, 1974.

Letter from R. E. Van Ingen, Shell 01l Company, to Leslie B. Evans, EPA,
January 31, 1975.

Development Document for Effluent Limitation Guidelines and New Source

Performance Standards for the Major Organic Product Segment of the

Organic Chemicals Manufacturing, EPA, April 1974.

Robert Bellamy {Houdry Division of Air Products and Chemicals). Telephone
conversation with John Christiano (EPA) on February 6, 1975.

Vinyl Chloride Removal from Polyvinyl Chloride, Cailihan, C. D., and

McLaughlin, E., Report for EPA, July 1975, p. 45.
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4.11 PARTICULATE CONTROL

Polyvinyl chloride particulate emissions are essentially the product
resin from polyvinyl chloride plants which is lost from process equipment,
such as dryers, storage bins and silos, bulk loading operations and baggers,
and from resin transfer equipment. Polyvinyl chloride product {s air
corveyed through dryers and collected in fabric filters or centrifuqal
separators. The resin is then air conveyed to silos or baaging operations.
Particulate can be emitted with the air exhaust from any of these points.

Particulate (resin) collection devices used in the industrv include
centrifugal separators and fabric filters. These devices are used either
separately, in stages, or in combination and are used primarily to separate
the resin from conveying or drying air. The efficiency of the devices
corresponds to economic recovery levels and is not necessarily designed for
maximum particulate reduction. Table 4-11 lists the different devices used
on each facility and subcategorizes the facility where necessary. For
instance, it can be seen that four types of dryers are used at polyvinyl
chloride plants. Rotary, flash, and fluidized bed dryers are used in the
suspension process and spray dryers are used in the dispersion process.

The drying chamber in the spray dryers is shaped like a centrifugal

separator and serves as a primary product collector to remove larger size
resin particles. Therefore, the dryer exhaust from the dispersion process
contains very fine particles, which makes it necessary to treat the exhaust
gases from spray dryers with fabric filters. Fabric filters have also been
utilized to treat the exhaust gases from storage Bins, bulkloading operations,
and bagging machines.

The control devices used on these sources of particulate emissions

are discussed below. Particulate emissions from these devices for each
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“acitity arn presentec in Tabie 4-11. Desiqgn zoilection efficiencies of
‘nnze collectors are generally high in order te minimize less of product,
reported outlet loadings indicate that these collectors generally operate
near their desian efficiencies.

The particulate (resin) bteing collected is generally about 44 microns
in size. This large size makes the resin relatively easy to collect in
gither centrifugal separator or fabric filter. A control device designed
for high collection efficiency (99.9 percent) can achieve emission levels of
less than 0.0001 kg/kg of product. [8 kg/hr (17.6 1b/hr) from a 68 million
kg product/year plant (150 million 1b product/year p ant)].

4.11.1 Centrifugal Separators Applied in the Polyvinyl Chloride Industry

Centrifugal separators utilize centrifugal and gravitational forces
for separation of the resins from the conveying air. The resin laden
air enters the separator tangentially which subjects the resins to the
separating forces. The centrifugal force drives the dust particles to the
collector wall, gravitation drives the concentrated resin downward to the
cone outlet, and the resin is discharged into a collection hopper while
the cleaned gas flows upward in an inner vortex to the gas outlet tube.

The separators utilized in the industry may be installed in single
or multiple arrangements in parallel or in series. Separators are generally
suitable for separating solid particles in size ranging from 3 to 200
microns. The size of the resins being collected except from a spray

dryer is generally over 44 microns. Based on industrial responses to the

May 30, 1974, letter transmitted from EPA to the management of companies producing

polyvinyl chloride, under the authority of section 114 of the Clean Air Act,

collection efficiencies of the centrifugal separator used in the industry

4-55

COLORITE 008525



4.12 DATA DEMONSTRATING CAPABILITY OF SELECTED CONTROL TECHNIQUES

The purpose of this section is to present the available data which
describe the status of control techniques discussed previously. These
data come from emission tests, control equipment vendor studies and pilot
studies by polyvinyl chloride producers, The data /i1l be outlined and a

discussion will be made of important points where necessary.

4.12.1 Stripping

In response to a request made under section 1}4 of the Clean Air
Act, a number of producers gave information on stripping dispersion and
suspension resins in April 1975. Table 4-5 shows each plant's April, 1975
and projected status of dispersion resin stripping. Table 4-6 shows similar
information for the current stripping success of several producers making
suspension resins.

... Data shown in_sections 4.12.1.1 through 4.12.1.3 were given to EPA in the
Fall of 1974 in,resbonse to section 114 requests. They show the stripping
conditions which were used at that time to achieve certain residual vinyl
chloride levels in the polymer resin. - o
4.12.1.1 Company Al-

The values below were obtained by direct steam stripping at 770C
(1700F) at 380 to 457 millimeters (15 to 18") of mercury vacuum for 10-20

minutes.
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Suspension Resins Avg. pom Emission
VCM out Avg. pom factor

astTi PPM VCH of stripper  out of ka “CM/
Cell Clacs Prod. __into stripper (dry basis) dryer 100 ka PYC
6PT-26250 5 (40-60) x 103 3,050 308 0.27
GP2-16340 5 (40-60) x 10° 2,050 162 0.18
GP3-15340 13 (50-70) x 10° 1,200 104 0.n9
GPE;1534O 35 (60-90) x 103 1,050 95 0.09
GP6-15343 24 (90-120) x 10° 950 82 0.08
GPT-14443 0 (80-100) x 10° 600/ 25 0.06
GP2-14443 ] (80-100) x 107 550 16 0.06
GP3-1543 1 (80-100) x 10° 500 21 0.05
GP5-15433 5 (90-110) x 10° 450 15 0.05
6P6-15433 9 (100-140) x 10° 450 18 0.05
Copolymers
C11-8500 1 (40-60) x 10° 2,100 280 0.18
C17-3500 1 (90-110) «x ]03 1,000 95 0.09
l-/ASTM cell class is standard definition of resin. ASTM-D-1755
g/Based on limited data (Less than three samnles).

This company plans to install secondary strippers to further reduce
the residual vinyl chloride content shown above by increasing the stripping
temperature to as high as 85°C (185°F) and the residence time to one hcur.

4.12.1.2 Company 82-
The values below were obtained by conventional steam strioping at the

conditions shown. Values are for 1973 and 1974,

o gu
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LusfEns un Pesing
1973 | 1974
2/) N
5 Time Temp. vacuum 2vCMY! Time  Temp. Vacuum RVCHY |
Cell Class  (min.) (°C.) ("Hg) (prm; i{min.) (°C.) ("Ha)  (pom)
5P6-15443 40 70 15 8,500 | 45  8n 13 2,700
6P5-15443
3P5-15543 ; 0 75 15 8,500 | 45 80 13 2,400
694-16043 J
GP-3 15343 .y
} 45 80 13 10,000 | 45 80 13 2,000 |
GP-1 16243 |
Copolymer 30 50 15 10,000 | 30 350 15 10,000

l-/Im;:nf*ovemem: in RVCM achieved by changing recipe to obtain more porous resin.

Y/ Rvem - Residual Vinyl Chloride Monomer

Emulsion Resins

1973 1974
Time Temp. Vacuum RVCMg/ Time Temp. Vacuum RVCMg/
(min.) (°C.) (" Hg) (ppm) |(min.) (°C.) (" Ha) (ppm)
Dispersion MAY 60 20 7,000 | NA 65 18 5,500
Latex nmY 65 22 80| NA 60 15 8003/

l-/Stripping is continuous
= RVCM - Residual Vinyl Chloride Monomer

§-/Equih'brium has been reached. Further reduction of vacuum and increase in
temperature will not achieve reduced RVCM.

further RVCM reductions.

4-59

New technology is required for

COLORITE 008528




Bulk Resins

1973 1974

Time  Temp. Vacuum RVCMl/ Time  Temp. Vacuum RVCMl/

ST (min.) (°C.) (" Ha) (pom) |(min.) (°C.} (" Hg) (onm)

6p2-16243 | 120 70 20 3,000 | 150 75 25 300/
5p2-49243 .
6P3-4943 _/

Yevew - Residual Vinyl Chloride Monomer
e
Z/Function of both increased stripping and increased VCM polymerization conversion

Company B is now experimenting with an improved method of stripning
which improves the efficiency of monomer removal from the polvmer, and
for porous particles will reduce monomer to Tow levels (< 100 ppm). The
process uses a continuous countercurrent steam strioping column. The followina
is their own description of the system.

"The slurry will be fed to the top of a stripping column and allowed
to trickle downward countercurrent to a flow of steam ascending the column.
Mixed vapors of steam and monomer will be condensed and allowed to flow into
a decanter. Monomer can be drawn off and reused in the process. The aaueous
layer will be returned to the top of the column so that its monomer content
may be added to the overhead stream, with excess water flowing out of the
bottom of the column with the slurry.

The process has been used to date for only a few of the many recipes
represanted in [Company B] production. The column is very effective for
those resins composed of porous particles. For these resins it is expected
that residual monomer levels substantially below 100 ppm, and in some cases
iess than 10 ppm, can be achieved. For non-porous resins less complete

reroval of monemer can be achieved."
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4,12.7.2 Torpany C©7-

The = dats are based o0 Dioited n1int evserience in implementing
Research 2rd Developuent recommendations,  The reduction in vinyl chloride
has be=n zcnieved by increasing thermal input, vacuum, time, or combinatians
of tnese parameters during the imonomer recovary step.

Suspension Resins 1874 -~ Residual Vinyl Chloride Monomer

Homopolymer Homopolymer Copolymer
Low M.W. High M.W. All

Into dryer 500 ppm 200-300 100-150
Out of dryer 100 ppm 100 50
Dryer emission 0.04 0.91°7 0.0075
factor Tb VCM/

100 1b PVC
Dispersionl/ 1974 - Residual Vinyl Chloride Monomer
Into dryer 8,000-22,000 ppm
Qut of dryer 15-50 ppm
Dryer emission 1.50
factor 1b VCM/

100 1b PVC

l-7wacher~ process

4.12.2 Carbon Adsorption

4.12.2.1 Vendor Data4—

One vendor of activated carbon has submitted data from Taboratory studies
on the control of vinyl chloride by earbon adsorption. The conclusions of
the studies were: activated carbon readily absorbs vinyl chloride in
concentrations ranging from 50 parts per million (ppm) to over 30 percent by
volume (300,000 ppm); one hundred percent removal of vinyl chloride is technically
feasible using dual beds of activated carbon; activated carbon saturated with

vinyl chloride can be regenerated in-place using either steam or hot nitroaen to
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desorb the vinyl chloride; and after 15 cycles of oparation (saturation,
desorption, a' i deying), no polymerization of vinyl chloride had occurred
on the bed.

The following data were developed by this vendor in their study of the
applicability of carbon adsorption to vinyl chloride recovery. The discussion
and data are from the company's Bulletin 23-200.

"Cyclic Test Results

The data in table I represent the results of tests
conducted to determine the adsorption and desorption
characteristics of activated carbon for a proposed VCM
recovery system. A‘nitrogen stream containing 1 percent
by volume VCM was passed through a 4.5-inch deep bed of
Pittsburgh Type PBL 6x16 mesh activated carbon at ambient
temperature and pressure at a flow of 30 feet per minute
(fpm) until VCM breakthrough occurred. At this point,
the VCM was desorbed by passing either steam or nitrogen
at 300°F through the carbon bed. The system was operated
for fifteen cycles-using steam as the regenerant for the
first ten cycles and hot nitrogen for the last five.

As the data in table I indicate, no less in adsorp-

tive capacity was‘obéerved over the entire 15 cycles of
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T

The “iactuations +n capacity resultad from

operaiion.

varialions in the 1 nz-cent Voo Flow and, in some cases,

fron incomplete water remcval from the carbon Tolicwing

regeneration.
On the basis of analyses of the carbon conducted
prior to and following the test, it was concluded that

VCM had not polymerized in the carbon bed (table II).

VCM Breakthrough Studies

A series of tests conducted to compare the VCM
breakthrough capacities of various grades of 2ctivated
carbon under conditions of interest to VCM and PVC
manufacturers indicates that fine-pore, high $urface
area carbons such as Pittsburgh Type BPL and Type PCB
are the most efficient; and, that fine mesh size carbons
produced longer break times and steeper breakthrough
curves {figures 1 and 2). Using a gas chromatograph
with a sensitivity of 25 ppm, no VCM was observed in the
effluent air prior to breakthrough.

Tests were also conducted to determine minimum
breakthrough characteristics for Pittsburgh Type PCB
12x30 and Type BPL 12x30. The results of these tests,
using a Flame Ionization Detector with a sensitivity
of 0.1 ppm VCM are depicted in figure 3 and figure 4.

On the basis of these breakthrough studies, it was
concluded that activated carbon can remove essentially

100 percent of VCM in air until breakthrough occurs, at
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which time over 90 paercent of the carbon bed is saturated
with VCM vapor.

jsing the data generated during thiis series of
tests, figure 5 was developed using a computer correlation
to cetermine the adsorptive capacity of Pittsburgh Type
PCB 12x30 as a function of VCM concentration. MNote that
even in concentrations as low as 10 ppm, Type PCB carbon's
capacity for VCM is 1 percent by weight. The adsorptive
capacity of Pittsburgh Type BPL 12x30 as a function of

VCM concentration is depicted in figure 6."

TABLE I
"CYCLIC ADSORPTION OF
1% VINYL CHLORIDE ON BPL 6x16

Cycle % Adsorbed--Wt.

1 12.1

3 9.7

5 11.9

7 12.4

9 9.9

n 11.8

13 12.3

15 12.3

TABLE II
CARBON ANALYSIS
Virgin Aftar Test

Apparent Density, g/cc  0.4599 0.501
CCly No. 64.1 63.2
Iodine No. 1113 1106

These studies indicate that a stream containing 50 pom vinyl chloride
passing through a 3.5 inch deep bed of activated carbon at 73 feet per
minute will leave the adsorber at Tess than 10 opm vinyl chloride for
2 hours and 20 minutes of operation. The carbon used was a Pittsburgh

Type PCB 12x30. (See figure 3).
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Fiauvzs 5 and 6 can be used to calcuiate the amount of carbon necessary
for 2 given stream. As an ¢ 2mple, a typical rotary system on a palyvinyl
chloride suspansion plant can be described as follows:

170 ppm vinyl chloride on exhaust stream

0.63 kg/100 kg (1b/100 1b) product emission factor

66°C (150°F) exhaust temperature

8150 kg (18,000 1b) PYC/hr oproduced

The amount of vinyl chloride vented in this stream can be calculated
from the above data.

.63 1b VCM/100 1b PVC x 18,000 1b PVC produced/hr = 114 1b VCM/hr

The partial pressure is directly related to the .inyl chloride
content of the stream,

170 ppm x 14.7 psia = 25 x 10™% psia

Using this caTculated partial pressure of 25 x 10-4 psia on the
abscissa of figure 6 and following the line it is represented by vertically
to 150°F will give a bed capacity of 0.5% on the ordinate of the fiaure.

.005 = 1b VCM coltected/1b carbon in the bed

The capacity must be halved because of the high moisture content of the

stream.7

114 1b VCM/hr
- .N025

1b carbon required for this drver stream =

= 45,600 1b carbon/hr needed
Assuming a breakthrough time of three hours and 2 carbon beds needed7,
this indicates that 124,000 ka (273,600 pounds) of carbon is needed for this source.

4.12.2.2 Polyvinyl Chloride Production Data’-

One producer of polyvinyl chloride has installed a carbon adsorption
unit on a new polyvinyl chioride plant in Pasadena, Texas. This system will
treat the gaseous discharges from the slurry blend tanks and the monomer

recovery system. In three runs of their pilot study, no polymerization of
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sl onloride was fouad oo the carbon bed.  The runs were mace for 19,21,
and 20 oyel=s on a stream containing 29 mol nercent vinyl chloride 71

01 percent air. The nominal velocity of the treated stream was 3.84

seters per minute (29 feet per minute) at ambient temoerature (2i°C or 70°F)

and oressure. Data submitted by the company from one run is given in table

§-7.
On May 13, 1975, the company reported9 that the production scale unit
had gone through more than 700 regeneration cycles since going on stream

January 31, 1975. The vinyl chloride monomer content in the exit stream

was still below 10 ppm.
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4.12.3 Incineratior
fn otober 7, 8, and 9, 1974 the Environmental Protection Agency with

Tno Ul
_ontt Sesearch Laboratories tested a steam beiler which used chlorinated
hydracarbon as part of the system's fuel. The steam boiler at the time
was burning a combination of twentv one vent streams from the ethylene
dichloride, ethyl chloride, and vinyl chloride plants (see figure 9-1).
The streams consisted mostly of chlorinated hydrocarbans but the exact
flow or composition of each of the twenty one vents was not determined.
The oxychlorination vent waé not incinerated.

The total vent to the boiler was measured and sampled (at 1). The
flow rate ranged from 0.425 to 1.7 drv cubic meters per minute (15 to 60
DSCFM), the percent vinyl chloride in the stream varied from 1.3 percent to
4.0 percent and about 36.8 cubic meters per minute (1300 SCFM) of combustion
air was used.

The incinerator-boiler was a modified Dixon Firetube (6.1 x 1.8 meters
or 20' x 6') rated at 4536 kg of steam per hour (10,000 pounds of steam
an hour) at 18 atmospheres. During this test the steaming rate was set at
3830 kg/hr (7,500 1bs/hr). As the heat content of the waste gas went up
and down, natural gas was added automatically to maintain this steaming
rate. It was, therefore, possible to detect major changes in the composition

of the vent gas by observing the natural gas valve position and the draft

air valve position.

The flue gas from the fire box entered a gas scrubber to remove the
HCY. The scrubber was a packed column, 137 cm (54 inches) in diameter and
12.2 merers {40 feet) high, The hot gas was cooled in a quench section of
the scrubber by city water sprayed into the gas stream.

The scrubbing water for the column was taken from a waste water sump.
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A Jevel control device maintain a level in the sump by regulating the
water to the top of the scrubber. During the test the average pH of waste
water was 11.0.

The flue gas was sampled after the fire box (point 2) and after the
scrubber (point 3). The gas flow was measured at point 3. The vinyl chloride
concentration after the fire box (for six runs) averaged 4 ppm. The water
into and out of the scrubber was analyzed and no vinyl chloride was found.

The data from the six runs indicate that the incinerator was about

99% efficient in combusting vinyl chloride.

4.12.4 Solvent Absorption

One company has submitted information on a solvent absorption unit
in use at one of their polyvinyl chloride plants. The following 1s their
ovin description of the system:

“The vent gas absorption system used at the Louisville plant was
installed in 1950 to recover residual vinyl chloride in-vent gases from a
process of synthesizing vinyl chloride from acetylene and hydrogen chloride.
The process was later adapted to serve solely as a vent gas scrubber following
a low temperature monomer condensing system.

Inerts from the low temperature (-469C or -509F) condensing system
are compressed to 2.36 atmospheres in a liquid sealed compressor using
ethylene dicnloride as the sealing liquid. The gases are fed into the
bottom of an absorption column and pass upward countercurrent to liquid
ethylene dichloride flowing downward over [2.54 c¢cm {1") berl] saddles as
packing. Unabsorbed gases are cooled in a refrigerated vent condenser to

r~~ove solvent before being vented from the system.
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The « Tuas dichicrice with disselved mone ¢r is sent to o distillation
cotumn where w07 mer 15 sueioned from the folvent and returned ¢ the lo-
teoerature condaensing system.  The stripoed solvarn. is cooied and returncd
to tha absorption column for reuse.”

Operating data from the company indicates that the ethylene dichloride
sclvert used (circulating at 150 liters or 40 galions per minute) is capable

of controlling emissions to 15 ppm. This is equivalent to 99.9+% efficiency

or .01 kg (.02 1b) VCM/hr. The stream is 9.0 standard cubic meters/min. (125 SCFM).

4.12.5 Purge Water System

The following calculation for the reactor strip.er OpeQﬁng loss was derived

from data submitted by one producer on their water purge/gasholder system.

According to this submitta11, the company . . . " does use a purge water

system which forces the monomer from the reactor prior to cleaning and
purges it to the gasholder. The average amount of VCM left in the reactor

after purging to the gasholder is 8,000 ppm in the vapor." ,
. IS A ”
Data Used: W d% ,f"’/&/;/

4,000 gal. reactor Air = .808 1b./cu. ft, at 25°C
7.48 gal./cu. ft, VCM con. 0.800% or
3.5 batches between cleaning N0.008 VCM/1b. air = 8000 ppm

10,000 1%./bazch .63177 2 // e
Calculation: |
4000 gal. .
748 gaT./cu. T, - 035 cu. ft.
(835 cu. ft.) (.0808 Tb. air/cu. ft.) = 43.2 1b. air in reactor
. 17 7(.008 1b. MVC/1b. air) (43.2 Tb. air) = 0.35 1b. VCM/opening /_

.35 1b. VCM/openin - :
: _ opE%TE§ = .00001 Tb. VCM/1b. PVC
ey
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4.12.6 Process Equipment Purge

The data in tables 4.8 and 4.9 show the relationship between equipment
size, frequency of purges, and approximate purging emissions when purged to

atmospheric pressure for both vinyl chloride monomer and polyvinyl chloride

plants. The number of purges are based on estimates of two operating companies.

The effect of purging to an assumed level is also shown.

4.12.7 Oxychlorination Process Emissions

Data on the oxychlorination process were requested in a letter written
under section 114 on April 2, 1975. The data were compiled to compare the
emission rates from each of the oxychlorination plants in the U.S. Table
4-10 shows these data. =
4.12.8 Bulk Polyvinyl Cnloride Plants

Bulk polyvinyl chloride plants, which can not accept water in the reactors,

can purge the reactors by vacuum. The following calculation shows how this

e

vacuum purge can be used to attain the level shown by water_purge _in section

Postpolymerization reaction

Given: 565 ft3 in reactor
15,000 Tb_ of resin are produced per batch
40 1b/ft3 - tapped bulk density of PVC
Attainable vacuum = 650 mm Hg

a) Calculate the volume of the gas:

15000 1b,
LR YR

= 375 ft3
565 ft3 in reactor-375 ft3 of resin = 190 ft3 of gas
b) Pounds remaining after 3 evacuations to 650 mm Hg

62.5 16 110 _ 110 _ 110

3, 62.5_ 1o
130 FL° X 3557513 X 750 X 780 X 760

} On 2 fnunds per 100 pounds basis

1

88 L VO arter evacuation 0.0006 Tb VCM -

T ‘_fw';m b YCH ]-O—O—-—TB—F;\V—,CT
LOOOS kg VO
W00 kg eve 4-72
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Coterono D for Data to -uwtitzooi.ce Lhe Standard

1. tetter with at<cachments Tro~ ). R, Jlwdd, Gengral Tire and Rubb .
to Lo R. Goolw n, EPA, Dcrcher 29, 1974,

2. letter with attachiments from . (. Holbrook, B. F. Goodrich Chemical
Company, to Don R, Goodwin, EPA, November 15, 1974.

3. Lletter with attachments from W. P. Anderson, Tenneco Chemicals, to

Don R. Goodwin, EPA, October 18, 1974. " S

4, "Calgon Bulletin 23-200," Calgon Corporation, Subsidiary of Merck

-and Company ,~Ing.e— = -
5. Reference 3.
6; Reference 2. - —m—
7. Conversation with R. N. Wheeler, Union Carbide Corporation, South
Charleston, West Virginia, February 25, 1975.
8. Conversation with William Loyett,. Calgon Corporation, February.2, 1975, -

"9, “Letter with atfachments from4.—P<-Anderson, Tenneco Chemicals,-to Leslie e

B. Evans, EPA, May 13, 1975.
B _"___—H““‘m.._
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4,13 Control Techniques Summary

This chapter has examined the control techniques which can be

applied to control vinyl chloride emissions from each source of

emissions in ethylene dichloride-vinyl chloride and polyvinyl chiorice manufacturing

facilities. Emphasis has been placed on identifying the best available

control technology for each source of emissions and the emission levels

that can be achieved by applying this technology. The following

discussion summarizes the associated emission levels for each source of

emissions in the ethylene dichloride-vinyl chloride and polyvinyl chloride plants.
The emissions from pump, compressor, and agitator seals can be

controlled by installing double mechanical seals and maintaining ;

liquid between the seals at sufficient pressure to cause the liquid to

leak into the pump should the seal fail.
Vinyl chloride that is present in equipment that is to be opened

for maintenance or inspection can be vented to é conffo] device by purging

the equipment with an inert gas such as nitroéen or displacing the

contents with water before it is opened.

The emissions occurring during loading and unloading from the
Toading area lines can be controlled by purging the lines to a control
device such as an incinerator or carbon adsorption unit, The emissions
from sTip qauges can also be vented to a control device.

Emissions from leaking pressure relief valves can be reduced by
installing leak proof rupture discs upstream of the relief valve.

Emissions resulting from sampling for laboratory analysis can be
Ariuvally eliminated by letting the gas that is to he sampied flow
tirough the sa.ole 7

rask to a lower pressure point in the process.

*oosarple flask can then be blocked off and any vinyl chloride that
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nbe . ol to a control device before

#71

. L= Tlasw s ramgved.

ey Tugitive scurces within both ethylena dichloride-vinyl chloride and

poi..:nyl chloride plants can be monitored with a formal program of leak
det:. tun and repair. Tne detection can be accemplished with both fixed
poi-: and portable monitoring devices.

+inyl chloride can be stripped from the inprocess wastewater and
tra~:-erred to a control device such as an incinerator or adsorber.

¢inyl chioride that is present in the polymerization reactors can
be displaced ta the monomer recovery system for reuse by filling the
reacTir with water béfOre it is opened for cleaning, maintenance or
inspsition.

"he need to open the reactors for cleaning can be reduced by
clear'ng the reactor while it is closed with high pressure water sprays,

circi’ating an organic solvent through the reactor to dissolve any solids

that nay have accumulated and by a combination of recipe reformulation and

react:r design to reduce scale formation.

“Iglymerization reactor safety valve discharges can be avoided by
instrumenting each reactor with a pressure or temperature alarm to alert
the courator to take appropriate action. This could include venting

the =ractor contents to a gasholder where the vinyl chloride can be

recy: =d or injecting certain chemicals into the reactor to stop the

reac- - and prevent further pressure build-up. During power failure these

cher ..'s could be added manually by hydraulic injection systems.
o1 chloride that is present in all captive or point sources in

the = .~er and polymer plants can be controlled by adsorption on

COLORITE 008544




activated carbaon, by absorption in an organic solvent, or by incineration.
Each of these technigues can reduce the vinyl chloride content of the
gas being treated to less than 10 ppm.

Control levels equivalent to the "add-on" devices discussed above
can be achieved in certain point sources in the polyvinyl chloride plant
by stripping the slurry leaving the reactors of the residual, unreacted
vinyl chloride. These sources, which are downstream of the stripper,
include the slurry blend tanks, the centrifuges, the dryers, and the bulk

resin storage areas.

e e -
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Table 4-1. SOURCE DESCRIPTION FOR TYPICAL POLYVINYL CHLORIDE PLA&]'I
68 mm kg/year (150 mm 1b/year)
- Emissions

o ; kg VCM/
“’i;/y" ume Gas vCH 100 kg PVC

SCMM~ ACMM Temp. Concentration {1b vCM/ ke /ny

Eilssion Source (SCFM) {ACFM) °c _(°F) ppmy 100 1b PVC) (b/br} |

Fugftive

a} Transfer bperations N.A.-/ N.A. Ambient 100% Total for Total

b) Safety relief valves N.A. N.A. Ambient 100% all fugitive | for

c) Pumps, comoressors, N.A. N.A. Ambient 100% emissions fugitive
agitator seals = 1.53 emissions

d) Sarpling for lab. N.A. N.A, Ambient 100% (1.53) - 24 5
analysis -

B ‘ : (275)

e} Opening eqguipment N.A. N.A. Ambient 100% -//V
for inspection & 7 .
maintenance

fJ'Udng? pumps % steam A N.A. Ambient 100% >(i ;

g} Inprocess wastewater Al N.A. Ambient 100% ;#{

h, Leaks at ftanges, A N.A. Ambient 100%
seals, etc, W

Reactor and stripper 7

Tosses SN
a) Safety relief H.A. N.A. 65 5 N.A. 0.20 16.3 )
150} {.2) (38) /
;..r{ * . -
b} Reactor opening 56.6 65.0 65.5 1200 ;*\ 0.46 \ I 37.6 ~
(2000} {2300) (150) } (.46) (83)
max.

T.Fugitive caissions ore

not broken dewn by -ou
on section 114 respnns
Total Tigees™ e2timnina
by matoct o Salancs.

2.a.Losses from Safety

Relief Vaives are 2270
4540 kg (5000-10,009 1t
YCM in a 5-10 minute
pericd.

.b.Gas volume assumes th

steam jets are used to
remove YCM from rcactor

AL - Not Applicable

yrical Dispersion Plant - 13.6 mm kg/yr (30 mm 1b/yr);

tendard cubjc meters per minute.

typical bulk plant - 45.4 mm kg/yr {100 mm 1b/yr).
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woie 31 {continued).

SOURCE DESCRIPTION FOR TYPICAL
68 mm kg/year (150 mm ib/year

!
iOLYVINYL CHLORIDE PLANT

T ! i Emissions
kg VCH/
Gas _Volume Gas VM 100 kg PVC
SCMM ACMM Temp, Concentration (1b VCM/ kg/hr
CANslun Source (SCFM} (ACFM) °C (°F ppmy 100 1b PVC) (1b/hr} ___Comments
CRGBICT PRy .935 .85 -7 500,000 .48 39 3.For other types of resi
(33) {30} {20) {.48) {86) emission factors {kg ¥C
100 kg PYC) range from
(solution) to 0.5
(dispersion).
. Jdurey blead tank 103 109 38 2,000 .42 34.4 4.No slurry blend tank in
(3636) {3842} (100) (.42} (76) bulk process. Uncontro
slurry emissions are ve,
by fans to atmosphere fi
safety purposes.
LT g N.A. N.A. 38 N.A. A3 10.4 5.No centrifuaes in bulk
(100) {.13) {23) latex processes.
3 1430 1640 £5.5 214 .63 51 6.Air volumes are higher
(50,400) |(58,000) (150) (.63) (113) | dispersion process (215
ACMM or 76,000 ACFM)
because of use of spray
dryers. Emissions much
higher in dispersion
; process (2.41 kg YCM/1(M
i PYC)Y. Mo dryver in bulk
i | latex processes.
“iarage siles 522 522 38 i 67.5 I .07 5.9 7.Storage silo air volume
{18,450} !(19,4590) (100} E .07} {13) be much lower than this
TOTAL EMISSIONS 3.92 319
(3.92) {705)
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- - Emissions - T
! ka VCH/
Gas Volume Ras - VCM 100 ka VCM
SCPM 27T~ ACMM Temn. Cancentration | (1b vCM/ ka/hr
Emission Source {SCFM) (ACFM) °C_(°F) pomy 100 1b VCM)| {1b/hr) ____Comments
1. Fugitive H. A.lf N.A, HoA. Total = Total = | 1. Sources are the samp e P
1221 44 nlant. {See tahle 4.1
{97}y Toral fuoitive emiccion
estimated bv materin)
balance.

1. Light Ends 2.8-4.5 3-4.8 38 42,700 .05 18 2. Knovn as ethylene dichlne
Vents (1n0-160)! {(1n5-170) (100) (40) finishina cnlumn vent.

. Finishing | 2.8 3.5 38 99+% 0.24 a7 1. Known as vinvl chloridg
Column {100} {122) (100} {191) finishina column vent.
Oxvchlorination 227-368 227-368 5-38
Yent (8,000~ (8,000~ (40-100) 163 0.036 13

‘ 13,000} 13,000) | {29}
Total 4479 i62
as {357) _

IN.A. - iot Applicable.
/CHM = Cubic meters ner minute

'
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. Control Devices

include solvent
absorbers, carbon
adsorption, and
incineration--each
capable of control

bPouble mechanical
seals {1l.c.) are

pressure hetween

Table 4-3. CONTROL TECHIIQUES A (ICADLE TO POLYVINYL CHLORIDE PLANTS
. TYPICAL SIZE 68 mnyikgfyear (150 mm 1b/year)
e e UicantroTleg ™ | " Mehievable™ "7~ =
' Emissions " Emission Levels
' kg VCM/ kg VCM/
. 100 kg PVC D0 kg PVC
Applicable {1b VCi/ kg/hr 1b VCM/ kg/hr
Emission Source Control Techniques [100 Th.PVC)| (1b/hr} 100 1b PVC) {{1b/hr) Comments
Fugitive TotaTI Total
|
4. ¢rarsfer Operations{Purge to Control For For ‘
Loading & UnioadingDevice ' :
b. Safety Relief Valve{Rupture Discs AT Al
Leaks & Oischarges [Flare . 4 : o
C. Pump§, Compressors (Double Mechanical Fugitive |Fugitive to 10 ppm.
L Agitator Seals Seals Emission  |Emission
d, Sampling for Purge Sample Flasks \ 0.16 13
Laboratory Analysis|Back to Process Sources= |Sources={ (0.16) (29) equipped with
e. Cpening Equipment |Displace Gas to 1.53 125 tiquid under
for Maintenance & |Contrc] Device (1.53) {275)
; the seals.
Inspection
f. Vacuum Pumps & Yented to Control
Steam Jets Device .
B !
g. liiprocess WastewaterStrip VCM and Vent
to Control Device
h. Leaks at Flanges, lMu]tipoint Fixed &
Seals, etc. Portable Monitoring
Devices
. Reactor & Stripper
Losses
a. Safety Relijef Shortstop, Gasholder 0.2 16.3 &
Valve o {0.2) (36) (0)
b. Reactor Openings Displace Gas to Gas- .46~ /! 37.6 -001 0
holder (0.46{}& (83) {0.001) S
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Tsble 4-3(cont.) CONTROL TECHRIQ
TYPICAL SIZE 68
[ o

[
1

|

T

!

f

i H
UES APPLICABLE TO POLYVINYL CHLORIDE >LAMN:S
kg/year (150 mm 1b/year)

Uncontrolied Achievable ‘
Emissions Emission tevels |
kg VCH/ ] kg VCM/
100 kg PYC 100 Kg PYC
Applicable (1b vcM/ kg/hr | {1b VCM/ kg/hr
Emission Source Control Techniques ]100 b PVC) |(ib/hr)]100 b PVC)i{1b/hr) Comments
. Monomer Recovery Reduce Inerts .48 39 001 4]
Sys tem i (0.48) {ae) | (0lo01)
Solvent Absorber 4001 0
{0.001)
Larbon Adsorber .001 0
{0.001)
. Slurry Blend Tanks Improved Stripping 0.42 34 013 1
(0.42) {76} (0.013) (2)
Carbon Adsorption . 0 0
Solvent Abscrpticn i% 0 0
i
Incineration ii 0 o -
I [
Centri fuge Improved Stripping 0.13 10.4 0.004 0.5
(0.13) {23) {0.004) {1}
Carbon Adserption p . .0 0
Solvent Absorption j 0
Incineration ]
, . Represents
. Dryers Improved Stripping 0.63 51 .02 1.8 o
(0.63) (113) | (0.02) (4) et eauire-
ents for controi
Carbon Adsorpticn .02 1.8 of dryer and bulk
(0.02) (4} storage
Incineration .02 1.8
(0.02) (4}
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Table 4-3(cont.) CONTROL TECHNIQUES' APPLICABLE TO POLYVINYL CHLORIDE PLANTS
TYPICAL SIZE 68 mm kg/year (150 mm 1b/year)

|
|

Unoontralled “Achievable T o
" _Emissions Emission Levels
kg VCW/ kg VCM/
100 kg PVC 100 kg PVC
Applicable (1b VeM/ | kg/hr | (b VEM/ | kg/hr
Emission Source Control Techniques {100 1b PYC)! (Ib/hr) 100 1b PVC) {ib/hr)t Comnents
7. Storage Silos Improved Stripping L07 5.9 .002 .18
(0.07) (13) (0.002) {0.4)
Carbon Adsorption .002 18
(0.002) (0.4)
Incineration .002 .18
{0.002) (0.4)
Silo Stripping .002 .18
(0.002) (0.4)

1/1nc]udes slturry blend tank and vent condenser together.
g-/Dryers and storage silos grouped together.

ngost of improved stripping in dryer column includes stripping cost for control of siurry Flend tanks, centrifuge,
dryer, and bulk storage.

ﬁ-/Direct operating costs.




Table 4-4. CONTROL TECHNIQUES APPLICABLE ETHYLE!E DIC'LSRIDE-TO VILYL CILORIDE PLATS

TYPICAL SIZE 316 mm kg/yr (700 mm tb/yr}

Uncontrolled Achievabie 1 T T e A

i Emissions Emission Levels
kq VCH/ ko VCM/
. 100 ka YCM 1NN ka VCM
Applicable {1b, vCM/ kashr  1{1b vCM/ kq/hr
Emission Source |[Control Techniaues _ 100 1b VEM)E {Ib/hr) |10n 1h YCM) {Th/hr) _Lomments
. Fugitive Monitoring Total . 1. Seurces and Conte o
-012 44 .012 4.|4 Are Same o4 ll'f(:
(97) {.012) (9.47) nlants (scr fahle
! 5-3).
| }
Sample Flask :
Control
Rupture Disks ,
B . Canned Pumps ! ;
: |
« 2. Licht £nds Incineration .05 18 000 | 0 2. Incineratirn is
Vents (40) (.000) E canable of acid-0”
. [ to 10 nom,
Q L . . .
O 3. Finishing Incineration .24 87 .000 Q
E; Column Vents ;(191) {.000) f
o o : ?
o 4 GOxychlnrina- ' Incineration .036 c 13 002 ws 1
H tion vent | | 1(29) | (.002) (2)
f
c | |
pd .
v o)
n
n
N

oy A . - T e s ! I R
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Table 4~5, APRIL 1975 STATUS QF DISPERSION RESIN STRIPPING NIfH PROJECTION OF FUTURE CAPABILITIESL/
!

Current RVCMgf {ppm) . Prajected RYCM {ppm) Time to Implement

After Stripper In Product After Stripper Controls Needed to Meet Projected Levels
30,000 1-3 20,000 6 months

50,000 5 10,000 5 months

20,000 5-15 4000-6000 48 months

1500-4000 - - -

5,000 ~1-10 . 6000 12-18 months

13,000-18,000 10 [ 30 months

500-1000 42 months

2000-10,000 25 , '%,000,. S PPN < D .11 11D

T ‘400 ___i_;L_____,ﬁ,__,”,_-ﬁ_“~__ﬂﬁ\months
14,000-18,000 5-30 | 1200 30 months

2000 <1 -

; |
(

Y From responses to lMarch 31, }975, section ]]4'ﬁequest
2/ |

I [
RVCHM = Residua) Vinyl Chleride Monomer i !

£69800 HALIN¥OIOD




APRIL 1275 SiTUs

/
P OSUSPENSION RESIN STEIPPINGL

flumber of Suspension % of Suspension R VCM
Company Resin Grades Lg?esin Production (pom)
]
n 2 - 60 2000-4000
40 4000-6000
g &/ - 190 20005000
C 5 Grades 100 <400
D - 80 400
20 500-700
3 13-Grades—~- - 86.8 0-50%/
5.4 100
3.8 500
3.2 1000
.8 4900
F 15 Grades 100 <400
G 4 Homopolymer 6 1500
14 2500
80 100
4 Copolymer 16 300
84 400
H 4 Grades 100 2000-10,000
I - 38 400
9 600
25 800
5 1800
15 3600
8 4000

B T ST

N AL A Y e 1 o

TN

LAYy

1

E/Based on data from responses to 3/31/75 section 114 request.

g/All suspension resins to be reduced to <400 ppm R VCM by 7/75.
—/Some values are speculative until improved stripping is installed.

4-85
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TABLE 1-7
ADSORPTION OF RECOVERED VINYL CHLORIDE MONGMER
ON ACTIVATED CARBCN
fouipment- Steel pipe, 1.61" ID packed with Pittsburah Type BPL 4 x 10 mesh

activated carbon manufactured by the Calgon Corporation, Pittsburgh, Pa.
Packed height of bed 5'2".

Experimental Conditions- Vinyl Chloride Monomer recovered from a oilot
plant polymerization reactor having a gas composition of 22 mol mercent
YCM and 71 mol percent air was fed to the activated carbon bed at a nominal
velocity of 29 feet per minute at ambient temperature {70°F)and pressure.

Time Direction
Step {Min.) of Flow

Ldsorption 20-30(1) Downward
Steam Desorption (20 psiz 0.6 1b/min) 45-120 Upward
Nitrogen Drying (250°F), (0.3 CFM) 60 Downward

Cycle Number Bed Capacity {1bs. VCM/100 1b Carbon) Steam Dasorption
Steo (min.}

45
45
70
45
75
75
75
78
100
100
110
120
120
120
120

19.
15.
18.
15,
18.
18.
17.
18.
14.
18.
12.
11.

9.

6.

8.

= SO MRS O  Ls (ON ~— N =

(1)

Time varied since adsorption step terminated
when VCM breakthrough occurred.

Carbon Analysis- After 28 cycles the used carbon was removed from the unit

and examined. There was no visible evidence of PYC on the carbon or change

in carbon color. The carbon was extracted with THF and the extract gave

0.06 weight p2ercent liquid which on analvsis nroved to be a phenolic comoound,
however, no PVC was found to be present. Unusad carbon extracted with THF
vialds 0.06 weight percent of liquid of similar type as the used carbon.
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Table 4-8

Kilograms per Year of VCM fmitted Ouring Equipment Purge For Typical 316 mm ka/yr {700 mm 1b/yr) EDC-VIM Plart

Class oflf

Times Pur'gedlfr Total Purges]
Each Per Year Per Year

Total Gallons
of Equipment
Purged Per Year

ta (pounds) vend!
emitted per year
100% ¥CH at

760 mm YHg absolute

_Cquipment
punps

small heat
exchnangers

condensers &
accomulators

distillatian
colamns

70,000 gallon
run down tank

10,000,000 pound
storage

than 25 gallons {

996800 HLIYOTOD

1 1/2 18
1

g-/Equtpnent reduced to atmospheric pressure before opening.

ment purged before opening so that when equipment 1s opened
at Standard temperature and pressure} or 2X of

500
500

5000

50000

23000

666000

LFN

2.0 {19.8)
5 {11.0)
50 (110}
00 (1099}
230 (506}

6665 (14682)

7459 (1e427)

!nfornation cutmitted by Jim Mullins, Shell Chemical, in telephone conversation with Leslie Evans, April 8, 1375,

‘}In’
Kg {nounds) ¥oa
emitted por
wWith an asse

equipnent pu e
3.4 17.5)

4.5 (10,15

133.3 (293.7)

the vinyl chloride emitted to the atmosphere shail be no more
the volume purged (at STP), whichever is larger.




Table 4-9
Kitograms per Year of ¥CM Emitted During Equipment Purge From Typical 68 mm kg/yr (150 mm lofyr) PYC Plant

Ka {pounds} veue/ Ka (pounds) veud!
S1aroof 1 1y 1/ 7, Total fallons emftted per year eritted per year
Equipment Class of- Pleces of Times Purged Total Purges of Cquipment 100% ¥CM at with an assuoed

Gallens Equipment Equipment Each Par Year Per Year Purged Per Year 760 mm Hg ahsolute equipment purae

pumps 10 1 10 500 500 5.0 {11) 1.9 (4.2}

axchangers 3 3,000 79,5 {175.2} & 3 (3.4])
vent goadensers 1 1,000

recovery systems k| 4,500

Sy
g s

we1gh tanks 1 2 10,000 249.4 (549.4) 2.8 [6.7)
recovered VCM tanks 15,000 e

La0C- 50500 hone

£1,200 and 130,705 gallon 50,000 498 .9 UDQB.B! 9.8 (21.9)
“p storage 832.8 {1834.4)

——

lﬂrrScate':l up to 150 nm pounds per year plant from information submitted by John Barr, Atr Products and Chemicals,
in telephore conversation with Leslie Evans, April 9, 1375,

2; .
“Equip.ent redaced to atmaspheric pressure before opening

E’Equ‘lp:rent purged before opening 5o that when equipment is opened the vinyl chloride emitted to the atmesphere shail
ze no more than 25 gallons {at standard temperature and pressure} or 2% of the volume purged {at STP), whichever is largec.

L9S800 FALIYOTOD




TAOLE 4-14,

OXYCHLORINAT(ON PROCESS VENT DESCRIPTION

Heat wvalue, o
EDL plant capacit kg YCM/hr | kg YCM/100 kg EDC | kcal/SCH Yolume flow,
Company | 307 kafyr [1bfyr{ ?1h/hr) {1b/100 1b) {Btu/sCF) SCMM {SCFM} ppm Techrnology Controel
5 ap 200} 0.32 (n.74}) 0.003 {n.003) -- 2nn (7,000) 16 B.F. Goodrich None
Fluid Oed
L 3% 47 (7R.R4) 6.81 {1.8) 0.02 {0.02 365 {41} 29 {1,023) 187 Stauffer Fixed Hone
: Bed,air
N 7I5 (E13) 33 (74} 0.106 {0.106) -- 321 {11,260) | 670 range [Stauffer Fixed Sccond stage E12 B
(1974} 35-iged,air somet e
9,800
il 1301623 3.54 (1.2} 0.06065 {0.0065) 172 (19.3%]131 (4,598) 27 B.F. Goodrich Catalytin incinorat. s 21%.l
Flurd Bed,air plant 1n aperstiun’
£ 465 (1,%00] 46 {103} n.077 (0.077) -- 159 {5,570) 1,770 Uow, oxygen, in [RCtre s atian wasle MLas biiler
before 10/75 1975 2 yntiarl sCrubb et wator and
caustiv, 10475
- F 134 {298} 1.7 {3.8) 0.0112 {0.0112}% 187 (1) 181 {7,337) 60 Ethyl Fluid Bed, Hone
i air
3 G 210 (48] 6.2 (13,713 0.0235 (0.0235) 258 {29) 454 {15,300} 47 B.F. Goodrich Abscrber
Fluid Bed, air
H a5 {2n0) 2.6 (5.9} n.0235 (n.N235} 294 (33) 197 {6,900) 42 R.F. Goodrich Absorber
\Fluid Bed, air .

I 97 (216} 9.5 {21.2) 0.09 {0.09) 6,349 (713) 18,7 {304} 7,000 {PPG Fluid Bed Oxy- | Incineration, nu hoat wo-
befare in- gen and Ethylene covery, water scrit
cineration recycle

D r 184 {432 .- .- .- - - PPG Fluid Bed Oxy- Planred 9775

gen and Ethylene
recycle

K 106 (580) 9.0 (20} 0.523 [D.023) 200 {22.5)] 346 (12,125} 170 Stauffer Fized Bed, { Second stage {1,

ar

L 66 (68N 9.0 {20} n.023 {0.023) 200 {22.5)| 346 {12,125) 170 Stauffer Fixed Bed, |Second stage Cl,, late 1975

air

M 112 (250) 0.3 - 0.83 0.0024-0.0047 62 MM 106 {3,500) 20 - 30 Yulcan Fixed Bed, air None

(0.7 - 1.4) {0.0024-0.0047) (7 M)

859800 HALIFOTOD

1Enrvtces other units and therefore requires supplemental fuel. Engineering study under way on recgvery of HC1 and heating value.

en scparate Incinerator witnout heat recovery prowvides for back up. 2000 1b/hr gas required for primary incinerator.

3nest:;n of production wnit under way.
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Teble 4-11

Particulate Sources

Control
Technigue

POLYVINYL CHLORIDE PARTICULATE EMISSION FACTORS

Controlled
Emissions
ka/ko PyCl

A,

Dryer

a) Rotarv

b} Flash

c) Fluidized
Bed

d) Spray

Storaaqe

a) bins

b) silos

Bagging Machine
Bulk Loading

Resin Transfer
Points

Centrifugal separator
Fabric filter

Centrifugal separator
Fabric filter

Centrifuoal separator

Fabric filter

Fabric filter

Centrifugal separator
Fabric filter

Fabric filter
Fabric filter
Centrifugal separator
Fabric filter

Centrifugal separator
& Fabric filter

1Obtained from averaging reported particulate emission rates

from industrial responses to the May 30, 1974, letter transmitted
from Mr. Don R. Goodwin (EPA) under the authority of Section 114
of the Clean Air Act to the management of companies producing
palyvinyl chioride,

COLORITE
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The alternative control levels presented are realistic
alternatives and represent areas of potential controversy. There
are other types of alternatives which could have been presented, but
which are not because they obviously do not meet the criteria for
hest available control technology. For example, alternative control
levels could have been presented for each of the multiple emission
sources in ethylene dichloride-vinyl chloride and polyvinyl chloride
plants. The end result would be a large number of alternatives, most of
which could not be considered serijously as candidates for a sténdard
based on best available control technology. Additional alternatives
could have been presented with each representing requlation of a differ-
ent number of emission sources, i.e., the first alternative could consist
of regulation of the largest emission source, the second alternative
could consist of regulation of that one and the next to the largest
“emission source, etc. The alternatives are not presented in this way,

because there are control technologies which have been used for each of

B the types of emission sources in ethylene dichloride-vinyl chloride and

polyvinyl chloride plants and regulation of only some of the emission
sources was determined to be less than best available control technology.
Although alternatives representing regulation of'individua1"emission
sources are not presented as such, Chapter 8 (Tables 8-1 and 8-2) does
provide information on emissions from each emission source before and
after installation of control, and Chapter 7 provides information on
costs for control of each emission source.

5-2
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There are conceivable alterna‘ives representing more stringent
Jevels 0° control than thos=s included in this chaptar. Thase alternatives
are not presented because they represent technology which clearly does
not meet the criteria for best available control technology. Also,
their impacts cannot be quantified since they are not being used any-

where and therefore no data are available on them. First, there are

technologies which are currently being researched or for which research

is planned, but which have not been used commercially. For example,
ozonization and oxyphotolysis are two methods being developed to

oxidize vinyl ch1oride into less toxic substance,. Secondly, there

are emission points for which double control measures could achieve a
small increment in emission reduction at a disproportionately high cost.
For example, two carbon adsorption units could be installed in series so
that the second carbon adsorption unit could be used to collect any

- _—

emissions from the first carbon adsorption unit dﬁr%ng breakthrough,

AThird1y:-é_Baﬁg{;_éou1d be placed around an industrial comp{ex and all
the air from the complex could be vented fﬁrough an enormous control
device.

- The alternatives presented in this chapter for each source
category type represent the same level of control for all emission
sources except one. The impacts, however, are evaluated for an entire
plant. This way of presenting impacts tends to reduce the relative
differences in the impacts between the alternative control levels.

For example, if the emission source in question represents 10
percent of the total emissions, a fifty percent change in emissions

5-3
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from that source woyld represent anly a tive percent charge in total

sy,

emissions from the plant.

.1 Ethyiene Dichloride-Vinyl Chloride Plants

CEl

The sources of vinyl chloride emissions within typical ethylene
dichloride-vinyl chloride plants and their relative contributions to

total uncontrolled emissions are shown below:

Emission Source Percent of Tatal Uncantrolled .
Emissions at the Average Plant :
(1) Fugitive Emission Sources 27
(2) Ethylene Dichloride Purification 1
(3) Vinyl Chloride Formation and Purification 54
(4) Oxychlorination Reactor 8 1
160

The alternative control levels for ethylene dichloride-vinyl

chloride plants differ in the degree to which the oxychlorination
reactor is controlled. The reasons there was some question in

se]ect1ng an em1ss101 Timit for the oxych]or1nat1on reactor

based on the established criteria for "best ava11ab1e control technology

for the oxychlor1nat1on reactor, are d1scussed in the f0110w1ng
paragraphs.
The fugitive emission contrals which would be reguired in

ethylene dichloride- v1ny1 ch10r1de p]ants are the same for a]l a]ternat1ve

g a— z

e e e e T~ . M ra 4 —ee —

control levels. Data obtained from the 1ndustry 1nd1cate that several
plants have controlled fugitive emissions to the degree required by the

proposed standard through containment, capture, and ducting of the

oy

enmissions tc a control system and through early leak detection and
repair.  The lavel of control required by all alternatives for ethylene

5-4
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dichloride purification and vinyl chlorids formation and purificaticn
nas been attained by at least one existing clant thrcugn incineration.
Incireration is also an applicable control wethod for the oxy-
chlorinaticn reactor. The oxychlorination reactor, however, has a large
volume, low hydrocarbon concentration affluent gas stream, and relatively
large quantities of fuel would hbe required for its combustion compared
with combustion of the other two point sources of emissions. At
most ethylene dichloride-vinyl chloride plants the oxychlorination
reactor represents a relatively small source of emissions. Due to
process variables, howeQer, there is a wide rangs in the reported
emissions from the oxychlorination reactor at the various plants from
0.5 to 46.3 kg/hr (1.2 to 103 1b/hr). Thus, at a few plants the
oxychlorination reactor emissions are relatively large.

Thus, the first criterion for "best available control technology"

was in question in salecting an emission limit for the oxychlorination

reactor; i.e., are the energy costs of the control technology which

i W A - - 4 o meas
i EP

would be required é;bssiy disproportionafe to the emission reduction
which would be achieved? Three alternative contfo] levels were
identified for the oxychlorination reactor as follows:

1. Require no contrel of the oxychlorination reactor.

2. Establish the level of the standard for the oxychlorination
reactor so that it can be met through control of process variables.

In effect, only the plants with the relatively large emissions would

have to institute controls.

COLORITE 008564




3. FEstablish the level of the standard for the oxychlorination
reactor so that all plants would have to install imcineration or
equivalent add-on control.

The environmental, energy and cost impacts of these alternatives
are presented in detail in Chapters 6 and 7, respectively.

5.2 Polyvinyl Chloride Plants

Alternative control levels for polyvinyl chloride plants are
presented only for plants manufacturing dispersion resins. Dispersion
resin manufacture constitutes 13 percent of total polyvinyl chloride

production. The sources of vinyl chloride emissions within typical

polyvinyl chloride dispersion plants and their relative contributions

to total uncontrolled emissions are shown below:

Emission Source Percent of Total Uncontrolled
Emissions at an Average Plant

— -« —-~{1) Fugitive Emission Sources 19

(2) Reactor Opening | R~
.oz 3)_.Relief Valve Discharge . 4
(4) Stripper e 20
—-__-(5). Monomer. Recovery System 8
"7 1{6) Sources Following the Stripper (slurry blerd
tanks, concentrators, dryers, bulk storage, etc.) 46
100

(Emission sources within other types of polyvinyl chloride plants are

generally the same as those listed above for dispersion plants.

The relative magnitude of emissions from each source in the other types
of polyvinyl chloride plants can be found in Chapter 3.)

The alternative control levels for polyvinyl chloride dispersion
plants differ only in the degree of control required for the process
equipment following the stripper. For the other emission points listed
above, the degree of control required by all the alternative

5-6
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control Yevels for dispersion piants is the same as that required

for the gther types of poai,s/inyl chloride plants. In regard to the
other emission sources, data indicate that several plants have demon-
strated control of fugitive emissions through containment, capture, and
ducting of the emissions to a control system, and early leak detection
and repair. At least one plant has demonstrated effective control hy
using water to displace vinyl chloride from a piece of equipment, such
as a reactor, to a control system before opening that piece of equipment
to the atmosphere. Several plants have demonstrated that reactor relief
discharges, which cause short-term peak emissions, can essentially be
etiminated by measures such as injecting chemicals to stop a reaction

or manually venting gases to a recovery system. Plants commonly

recover the vinyl chloride emissions from strippers in a monomer
recovery system. Carbon adsorption has been demonstrated as an

effective add-on control system for application to the-monomer recovery

system. A1l of these control measures meet the established criteria

for "best available control technology" without any_quéstion. The

reasons there was some question in selecting an emission 1limit for the

sources following the stripper in dispersion plants based on the established

¢riteria for best available control technology, and therefore the
reasons alternative control Tevels are presented for these sources,
are discussed in the following paragraphs.

The emissions from the process equipment following the stripper

in polyvinyl chloride piants can be controlled in two ways: {1) dnstallation

of add-on control devices such as incinerators or (2) stripping the
vinyl chioride fror the polyvinyl chloride resin before the resin is

COLORITE 008566
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pros-ssed.  Under proper conditions, stripping can achieve the same
degree of emission reduction as add-on control devices and is much
Jess energy consuming and expensive.

Strippina technolocy has been used commercially at polyvinyl
chloride plants in the past, but the technology has been designed
to perform only to the extent necessary to recover raw materials

for economic purposes rather than for emission reduction; i.e.,

the_temperature, retention time, and the vacuum that have been applied

are consistent with the economic recovery of vinyl chloride. Mare
v e Togently, as_a result of the October 4, 1974, OSHA standard, polyvinyl
chloride resin producers have been developing stripping technology to
further reduce the vinyl chloride content in resins during the stripping
operation in order to reduce in-plant emissions and to satisfy fabricator
demands for resins which have low concentrations—of vinyl chloride and
- .. . -thus.do_not_cause the fabricators to.be in violation_of_ the OSHA standard.
Based on information supplied to EPA by individual companies which have
devoted time and resources to further develop stripping, it appears that
technology is currently available to strip the majority of resins except
- dispersion-resins-to-400 ppm or lower..--This same degree of control is
achievable through add-on control devices.
Technology to strip residual vinyl chloride monomer from
dispersion resins has not been developed to the same degree as
for other resins for several reasons. First, information submitted
to EPA under section 114 of the Act indicates that dispersion resins are

5-8
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rors Aiffieyit to strio with conventional techniques than other resins,

racause *re nigher temperatures which can be applied te other resins

destroy tnz stability of dispersion resins and thus the quality of the
product.  Polyvinyl chloride producers have devoted more research and
Zevelopment time to improving conventional stripping for other
~-—— —ra2vipns than-to developing new.technology-for-dispersion .resins, because
dispersion resins represent only 13 percent of the total production.
Furthermore, the incentive to improve stripping to satisfy fabricator
demands for low-monomer content product does not exist for dispersion
resins, because the product has always been low i- monomer_content as a
result of loss of almost all of the residual monomer to the atmosphere
during the drying operation which occurs after stripping. In general,
the loss in drying dispersion resins is proportionately higher than in
- drying other resins. Based on this information, it appeared that
—best-available -control-technology for dispersion resins may not be
the same as for other resins.
EPA therefore attempted to determine tne.degree .of.stripping
which could be accomplished for dispersion resins by best control

technology. Section 112 requires_existing_plants to comply with a

standard within 90 days of promulgation, but it provides for waivers

of up to two years (two and a half years from proposal) for control

if "steps will be taken during the period of waiver to assure that

the health of persons will be protected from imminent endangerment."
EPA therefore endeavored to determine the degree of control technology

Zo2nt tnat is likely ovar the next two and a half years. iUnder

5-9
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the authority of section 114 of the Act, EPA requested information from
the ten companies that manufacture dispersion resins regarding the
degree to which these resins can be stripped with technology

developed in the next two and a half years. Two of the companies

do not plan to make dispersion resins in the future., Two of the
companies responded that they could not reach levels below 6,000

ppm. However, some companies have devoted more time and resources

to improve the effectiveness of stripping as an emission control measure
than other companies. Three of the companies, which appeared to have
devoted more time to research and development of stripping technology
for dispersion resins, reported that they would be able to strip all
resin grades to levels of 2,000 ppm or lower. One of these companies

is already stripping each of its resin grades to this level and another

e - —— — —_— e e ——— e e e ————— o

of the compan1es is stripping some of its resin qrades to th1s Tevel.

A fourth company, which did not make any pred1ct1ons, is also str1pp1ng

some of its resin grades to a Tevel of 2,000 ppm Thé pred1ct1ons of

e ———— e s - e s

the other two compan1es ranged between 4,000 and 6,000 ppm depend1nq

on the resin type One company pred1cted that it would be able to strip

dispersion resins down to 400 ppm in four years. Add-on control devices

~are capable of reducing emissions down to a level eqhiva]ent to stripping

to 2,000 ppm. Add on control devices cannot reduce tota] mass emissions

from the equipment following the stripper in dispersion plants as low
as they can in the manufacture of other resins, because in general

these devices are capable of reducing the vinyl chloride concentration
in an 2,1% ges stream to essentially the same concentration regardless

of the laval of the incoming concentration. DBecause of the type of
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dryér which 1s used in disﬁﬁ?sion plants, the gas stream ¢going into the
,corgrol device at these plints would be much more diluted than at other
e "

-~

p1arts

Thus, the f1rst;lr1teﬁ1oh For "best available control technology"
was -in question in- se1ect1ng an emission limit for the soprces following

the stripper in*dispersion plants; i.e., what degree of control which
"

has ‘been in use 1n one or more plants would be general]y adaptab1e for

use at the plants SUbJECt to the standard with1n the tlme a1lowed for

compliance under sectign 112. Add-on controls are currently available

for tée plants to use. However, since they would have large energy and
economic impacts, improved stripping technology is the preferred method
“of contro] Therafore, the question which rema1ned was;u£>t degree of

strvppvng technology is available for the pTants to useaf’It should be

—_— R — - o~

noted that contro1 by str1pping d1ffers from control by 1qc1neratlon or

other add -on dev1ces, 1n that w1th str1pp1ng it cannot beufssumed that

i = J__ ——

because one plant is stripping to 2000 ppm, that this techno]ogy can;

necesga};ﬁymhe read;T;Ttransferred to other p1ants Str1pé1ng tech-

no1ogy has to be developed exper1menta11y on an 1nd1V1dua1§bas1s for the

hnany resins.. Based oh_th1s 1nfonnation “three . alternativeicontro1
levels were identified {or the sources following the str1pper in dis-
persion polyvinyl ch1or1de plants as follows:
(1) Establish the level of the standard so that it is
representative of stripping technolqgy that is current1y avgilabln
for all gradas of dispension resins @t @14 piants. Essgﬁt?allx,
this would be equivalent to requiring no control of the ém1ss1ons from

sources following the st tripper.
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(2} FEstablish the level of the standard so that it is
representative of stripping technology which has been achieved by one
plant for all resin grades and by fwo plants for some resin grades,
and is judged to be available for the remaining plants in two and
a half years. This same degree of control can be attained with
presently available add-on controls.
(3) Establish the level of the standard so that dispersion
resins would have to be stripped to the same level as other resins.
One company has predicted it can reach this level in four years.
Add-on control technology is presently not available to attain this
B same degree of control. -
The secondary environmental impacts do not differ much among the
three alternatives presented above for dispersion resin plants, and
the cost and energy impacts for one of the alternatives_are not well-
. azzergefined ~—Therefore;—as—opposed -to—the -oxychlorination -process;=- - s

mraemee. - - . fOr which the first set of alternatives was.presented.in. this chapter,

T —RSerondary -envirgnmantal- and—energy._impacts were-not-a major part of

- —the dedi§{om making process in selecting one of the three dlternatives
as an emission limit for dispersion resin plants. Thus, the selection
of an emission 1imit for dispersion resin plants involved primarily

e avrg=technical =decision -based on- the-availability of-stripping-technology. - _ et
However, the environmental and cost impacts of these alternatives using
both improved stripping and add-on controls are presented in detail in
Chapters 6 and 7, respectively.
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6. ENVIRONMENTAL IMPACTS OF THE ALTERNATIVE CONTROL LEVELS

The purpose of this chaptér s *35 identify, quantify, and
evaluate the positive and negative environmental impacts of the
alternative control levels presented in Chapter 5 for ethylene
dichloride-vinyl chioride and polyvinyl chloride dispersion plants,
For polyvinyl chloride plants other than those making dispersion
resins, there are no alternative control Tevels and the impacts
of the control level of the proposed standard are presented. It
should be noted that other types of alternatives and their impacts

et e

are discussed in other chapters. Alternative reaulatory strategies

are discussed in Chapter 2. These include settinj no standards, setting
standards under other authorities (instead of section 112) of the
Clean Air Act, prohibiting all emissions of vinyl chloride, setting

standards for source categories in addition to ethylene dichloride~

vinyl chloride and polyvinyl chloride plants, etc. Alternative control
systems (gglvent absorptioﬁ, incineratibﬁ;néfzfjmaré_idéﬁfified in

Chapter 4. Alternative ways of writing and enforcing_thé_ﬁevel of the

proposed standard and other pollutants considered for regulation
are discussed in Chapter 8.
Identified in Chapter 4 are eight or more control systems

which can be used to reduce vinyl chloride emissions in ethy]ené dichloride-

vinyl chloride and polyvinyl chloride plants. As described in Chapter 3,
there are a number of emission points both in ethylene dichioride-vinyl
chloride and polyvinyl :hlur-ide plants, each of which can be controlled
by one of several ccontrol systems described in Chapter 4. In addition,
there are four or wore tynes of processes in the polyvinyl chloride
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industry, and these process types vary with regard to the number of
emission points and the control systems which are applicable. Due to
the complexity of the situation created by the variety of emission
points and control systems, this section is divided into two parts.
The first part describes the secondary environmental impacts of
individual control systems. (The primary impact, or the reduction
in viny! thloride emissions, for each control system is described in
‘Chapter 4.) The second part describes the primary and secdidaFy -
environmental <dmpacts which would result- from model plants using a
“selected combination of control meaSuires to attain-the-altermative -
control levels (for ethylene dichloride-vinyl chloride and polyvinyl
chloride dispersion plants) or the level of the proposed standard

(for other types of polyvinyl chloride plants). The second part also

compares the incremental quantities of pollutants generated and

energy consumed as the result of applying-tontrol-measures with the

" Tquantities of pollutants generated and energy consumed by -unregulated
plants.
6.1 Secondary Environmental Impacts of Individual Control Systems
The secondary environmental impacts which have been identified
for individual control systems applied to ethylene dichloride-vinyl
chloride and polyvinyl chloride plants are identified in Table 6-1.
For the fugitive emission control techniques the secondary
impacts are relatively minor. These include incroased electric power
usage for monitoring systems and increased fuel consumption for
steam to be used in stripping vinyl cnloride from process water.
The quantities of en2rgy used depend on the typa and size of plant
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where he equipment is employed. Also, the proposed standard specifies

thet all captured fugitive esissions must be recovered in a monomer
try systes or controlled to a level of 10 ppm by incineration,
carbgn adsorption, solvent absorption, or equivalent. If the

captured fug1r1ve emissions were ducted to a control system, there

would be the add1t1ona1 secondary impacts wh1ch are 1dent1f1ed

for édch of these systems.

e The. secondarymenulroamental_1mpacis of the gasbﬂlﬂﬁtlﬂﬁLQ,.Qﬁﬁge

e e syﬁiem;ﬁgﬁd “t0 coanQT“EmT§S1onS _from-operming; Of polyv1ny1 ch10r1de )

D e TR R b LDl Sarmme - S ——= s o

—w—vﬁJant reé“iorﬁ ncT“Eé.Jnc_Eﬁsed Yfﬁiﬁ:l&ﬁg@f“Hg;lg§g§§§§§§§§zgg -

quantity of v1ny1 “¢hioride reTeaséd into the inprocess wastewater,

“and relatively minor increases in energy consumption. The:

requlations for re11ef va]ve dlscharges could cause some increased

s A =t - - o
8 -, —— = Ay — s —. - TR T T T e

'ii“fLJ“W“*”'”'““"“ “Eﬁﬁﬁﬁ%éﬁﬁﬁiwmnﬁﬁﬂmﬁﬂfﬁ:umIJWSﬂmcmon."

TP UWEY TOT S U

A T T -
__In process equ1pment Use of refr1geratlon_as ES conrno] t cﬁnlque -

LT R TR T D 4 B Rt AT T WA o T o vl o e ey 7T

T T e —

w%ﬁez;pgggifﬁSmsome1;neneasedﬁaaekgymdbniumnilon,“ i

“"‘“"‘—*“““"'“*Reattor soTvent | c1ean1ng WIth' tefrahydrﬁfbran_iTHﬁé Tan_ _ ;_w

L e

conceivab1y_ébuse use small quantities of <olvent to be released into——

the afmos_here, a]though th]S has not been quant1f1ed A]%o,

some ]oss of so1vent to water has bheen reported by one p]ant

{4.54 kg/batch)]4 and some incremental increase in energy consumption

would be expected. This control technique is used by plants primarily

to reduce employee exposure to vinyl chloride by eliminating the necessity

for employees »=movirs by hand unvanted hardened resin from reactors

Setvieen batchoes.  The solid mar -rial is wevaraced Mram the solvent in
distillation colume ubsequent to :cactor cleaniag and is sold
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" TABLE 6-1. SECONDARY ENVIRONMENTAL TMPACTS OF INDIVIDUAL CONTAML SYSTEMS

SECONDARY ENYLRONMENTAL IMPACTS

CONTROL . .
SYSTEMS AIR JHPACT WATER_ IMPACT] SOLID WASTE IMPACT o o
FJGLTIVE EMISSTON'

CONTROLS fmonitoring

system and water
stripper

Increased power

GASHOLDER/WATER
PURGL SYSTEM

RCLTEE WALVE

Tacreased water consumption
and increased vinyl chloride
in the tnprocess wastewater.

and_fucl consumitinn

Increasad nmwer can-

COMTROLS

sunption e

Increased power
consumption

REFRIGERATION

REACTOR

v

Increased power
consump tion

SOLVEST
CLEANING

Smaly amounts of sol-
vent may be released
te atmosphere.

Some of the solvent may be dis-
tharged to the inprocess
wastewater.

l

'

The solvent is recycled, The
ampunt of solid material col-
lected is the stme whether

a reactor is hand-cleaned or
solvent-cleaned,

Increased power
consurpl don

THPROYED SLURRY
STRIPPING

Increased water usage for
steam, and Increéased vinyl
chloride, in the. inprocess
wastewater, ' '

Tncreased Tuel
consurotion for
steam

SOLVENT
ABSOHPT [N

small smounts of sol-
vent may be released
to atmosphere.

T
|
¥

|
L
i :
T

The sotvent {s recyclad, The
vinyl chlaride {5 stripped out
and recover. ',

Increased power
consumpt ion

[
ALSURPT ION

Increased water usage for

steam degarptiont and.

increased viny) phloride

in the inlpml:ess wastewater.
1 N

The carbon §s continuously de~
sorbed and reuged but it s
estimated that'it may have to

+

tncreased fuel
consumption
lncreased oower
consymntion

INCIRERATION
{WITHOUT SCRUBBER)

Hydrogeh chloride;
nitrogen oxides |

~ 5
bd |

be replaced evéz 1 to 3 years,
At ) §

1

Increased fuel
consumpt jon

[HCINERATION
{WITH WATER
SCHUBBER}

Hydrogea chiovide;
nitrogen oxides

b

Increased water usage;
increased vinyd chloride
1n {nprocess wastewater;
hydrogen chloride in water
decreases ph to approxi-
mately ¥.

Increased power
consumptian
[acreased fuel
consumation

1

Most of the fugitive em{ssion contrels {except the two indicated) in themselves have no Impacts.

However, 1f captured fugitive emissinng

are transferred to a control device instead of being recovered, the contral of captured figitive emissions wil) have the impacts already
1{sted for the various control devices.

R it gl o

frae r

R il




Lolvens ivigper and recovered

5
Liin

The seconlary e
I povier consyoption, iner:znsed wacer censumption, increased

fuel consumption to convert th2 watar to steam for desorption, and

possibly increased nuantities of vinvl chloride released into the

inprocess wastewater. A1t 1ough the ccrbon in an adsorption bed is

continually desorbed and recyc]ed Lhere may a]so be some solid

waste impact from using carbon adsor0t1on The only available

infornation on carbon adsorption in the ethylene dicnloride-vinyl
chloride and pol.vinyl chlorida industries is from pilot studies

and from one unit which was recantly installed (1975) at a polyvinyl

memeirbopide splantandlimRanie it 15 unknown at Ln1s time. wﬁat the. -
R e Ny B e P -

e

bed- }1fe*o+~fﬂe~eafbaﬂ-ﬁﬁed 3R adsorpt1on app11ed at these plants

| e =

will be or wietier=thozc: raxbgn w&l] “be- regenerub1e; If polymerization

T T ey s

occurs on +ne LdYbOn rnﬂ-p*+yﬁer“tou#d pe burned off and the carbon’

recyclea. I naracteristics of tha carbon such as tne-1arge fUrface~
to-volume ratis, which .. e it desirable for adscrption ave destroyed,
however, it must be reptaIi?T Tt~Tspossible -that the carbon in
adserptice devices will have o L coplaced every 1 to 3 years.

In this cas2, "he tsxd 237 © ouid probably be igken to 2 land-fild
for disposal. Cemull oaiso e Duvnzd dnoa boiler as 2 Tow sulfur

PRGR mrh.

oride amissions.
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or discarded in a 1andfill just as it would be if the reacturs were
hand-cleancd. “he solvent is rec.cled. Therefore, there is no
positive or negative impact of reactor solvent cleaning on solid

waste Jisposal,

The secondary environmental impacts from using improved slurry

stripuing include increased water usage for steam, increased vinyl
chloride released into the inprocess wastewater, and increased fuel
consumption to convert the water into steam. Primary stripping,
which is already used by most plants and consists of raising the
temperature of the stripping operation to 75°C (167°F), requires

3,000 ~4,000 kilograms of steam per 10,000 kilogiams of product.

Improved stripping, which would be used as an abatement technique
and consists of maintaining the stripping operation at 75°C (167°F),
is expected to require an additional 1,500 -2,000 kilograms of steam
per 10,000 kilograms of product. The steam used for stripping is
condensed and discharged as wastewater. The amount of vinyl chloride
released into the inprocess wastewater is expected to be proportional to
the amount of steam used, and thus would be increased by improved
stripping. If the steam is used in a jacket surrounding the stripper
instead of being sparged through the stripper contents, it would not
be expected to increase the viny1'ch1oride released into the inprocess
wastewater since it would not come into contact with resin or vinyl
chloride.

Solvent absorption used to control emissions such as from
menomer racovary systems in polyvinyl chloride plants would cause an

increase in oower consumption. The vinyl chloride collected in the
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(1 ta gEsinced oul Tnoy solvens stripops and recovared
i

.o - T ) A, Ayt e
PR D SR S cas ",;)-1 T WA hp g ELOY AN v, EG on8 d0500PLian
R - - - ot A" AT 14 PUEAE SR I | T+ - &
N T DS S0 2 - I N otid concaivapily se 1ost to tha

Annospness, 210hugh tnis nas aoa been guantifiad,
The ool v angironmantd’ Tanarts of carhon adsorption include

increased powg consus.iion, facrzasad water ceasumption, increased

fuel conswaption to convert the water to steam for desorpiion, and

possibly increased quantities of vinyl chloride réleased into the
inprocess wastewater. Although the carbon in an adsorption bed is
continually desorbed and recycled, there may also!be some solid

waste impact from using carbon adsorption. The only available
information oa carbon adsorption in the ethy1ene-Qich1oride—viny1
cnloride and polyvinyl chloride industries is from pilot studies

and from one unit which was recently installed (1?75) at a polyvinyl
chloride plant. Therefore, it is unknown at this‘time what the

bed-Tife of the carbon used in adsocption app]iediat these plants

i1l be or whet“»» the carben will bo regenerab]e) If polymerization
occurs on the carton, the polymer could be burned off and the carbon |
recycled. If characteristics c¢f the carbon, sucn as the large surface-~ |
to-volume ritio. which ma'ns it desirable for adsofption are destroyed,
however, it must be replaced. It is possible thaf the carbon in

adsorption Jooices will have ‘o be replaced every 1 to 3 years.

In this case, tra used carbhon wiuld pieb2bly be thken to 2 land-fill

for dispasal. It couid also 02 “urned in a boiler as a low suifw

| N - L P, - 2. -t PR i ‘-.“‘ t - s
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The major secondary environmental imtacts identified for control
Ly incineraiion are hydrogen chloride emissions and increased enerqy
consumption. Hydrogen chloride is generated when chlorinated hydro-
carbons are incinerated. At the present time, only a few plants incin-
srate chlorinated hydrocarbons, and in most cases this involves incin-
eration of liquid waste materials at ethylene dichloride-vinyl chloride
plants. When incineration is practiced to control vinyl chloride
emissions, 0.58 kilogram of hydrogen chloride is produced for each
ki]ogram of vinyl chloride combusted. Depending on the type of polyviny]l
chloride process, the amount of hydrogen chloride generated ranges
between 0.68 and 1.97 kilcgrams per 100 kilograms of polyvinyl chloride
resin produced. From a typical ethylene dichloride-vinyl chloride plant,
incineration would produce approximately 1.11 kilograms of hydrogen
chloride per 100 kilograms of vinyl chloride produced. A large prop-
ortion (90 percent) of the hydrogen chloride from an ethylene dichloride-
vinyl chloride plant incinerating the emissions from all point sources
within the plant would be produced from combustion of the chlorinated
hydrocarbons other than vinyl chloride present in the gas streams.
Typically, as described in Chapter 4, the hydrogen chloride emissions
generated by the incinerator are scrubbed with water or caustic; however,
EPA has no regulations for hydrogen chloride which force the use of an
absorption unit for this purpose. Therefore, later sections in this
chapter quantify emissions of hydrogen chloride with and without scrubber
control. Using a scrubber to control the hydrogen chloride emissions
increases water usage and increases nower consumption. If a caustic
scrubber is not usad or the nydrogen chloride is not recovered from the
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Ouantifiz? in the following paragraphs are tne primary and seconda
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the alternative control Tlevals idantiified ;n Chagrer 5 {Far ethylzna

dichloride-viayl chloride and polyvinyl chlorida dispersion pla:is)

1

and ‘2 level of the priposad standa:s

-
I

{ mar iypes of polyvinyl

s

o3

caloride nlants). For each of the conirol laveis, a comdination
¢f the control systems iwontified in Tanlse -1 nas
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6.2.1 Primary Environmental Imnacts

The purposa of this section is to quantify the dagiree to which
each control ievel raduces mass emissions of vinyl chloride and
ambient concentrations of vinyl chioride.

6.2.1.1 HMass Emissions
i
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TABLE §-2. Y¥INYL CHLORIDE MASS EMISSION REDUCTION'+Z+?

1OrL PLATS
iS00}
Fthylene 1*chloride -
wieyd CRlocdsde Plot - vy
[10B WY Lgfyr gr
0 uferd

“revlens Mchloride -

v T e cade Tlant-d arge
[ L YT PR Y T 4

LI6T 1 Thier)

Fobvstnyl Chioride
Swspension - Dispersfon
Plant - Avg
(4% M4 ka/yr or 100
obfyr -
1 M kqfyr or X MM
thiyr)

#niwinyl Chiloride
Luvwnsion - Dispersion
Piant - La+ge
{112 MM kgfyr ar 250 WM
Ihive -
45 MM kndyr o 100 M
Tiyr ]

Polywbiyl Thiloride Susponsie
Flant - vy

(7L M b gtyr or

157 ij}-r}

Patyeiuyt Chloride
Suspension Plant - Large
129 "M hafyr or
LRI I TR

Polyvlngl Chlard e
e Flant ~ fwg,
[=5 't Lepfyr ur
IEL N R
Pelyviny]l Chteride
Bulk Flant - Large

[T7 131 knfyr or
170 1% ko ypr)

Polyvingl Mloride
Sotubion Tlant - jAvg
{129 baser or

HECRS)

THECALLATED

ALTERIATIVE T

Irissions -

pafir {itsir)

176 {332}

328 {re3)

122 (71e}

89¢ (1928}

33e {235)

e (1S

13¢ (201}

230 (512)

24 (53}

Emissions~

| raine fLbgne)

Percent Emissicn
Meduction

Emisglons -
Fainr fLbgired

Percent Imisslon
Beduction

19 (42}

35 {78}

&0 [133)

19 {421}

b

Bl - total plant
[42 - dispersion
process only)

B1 - total plant
[£2 - dispersinn
process onty)

w2y

T - total plant
195 - disprrsion
process oely)

% - total Flant
{95 - dispersion
nrocess anty)

5 {12}

0§23}

TP (28}

i€ {an)

Pleematlye 110

Furvend

Emissinnn -
FofHr tLbfi, Tmlsslgr redugtinn
I

86 Laal 1o
[T TR

e s

YO - tatal plant
(7 - e
prociss il

1L'ureguhtee! emissions based on data submitted to EPA in the spring of 1974,

2!he reduction 1n fugitive smissions cannct ba quantified and Is bated oo judgment.
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The alternative control levels for ethylene dichloride-vinyl
rnlaride plants represent three different degrees of emission
reduction for the oxychlorination reactor: (1) no control,

(2) controlling process variables, and (3) control by incineration or
equivalent. The alternatives range in the degree to which they reduce
emissions from the entire model plant from 90 to 97 percent. The range
is relatively small because the oxychlorination reactor represents

only about 8 percent of the total emissions at an average plant.

The alternative control levels for the polyvinyl chloride dis-
persion plant represent three different degrees of emission reduction
for the emission sources which follow the stripping operation in
the flow of materials through the plant: (1) stripping to a level
which has currently been achieved for all grades of all dispersion
resins at all plants (2) stripping to a level which in EPA's judgment
will be available for all grades of dispersion resins within the
maximum time allowed for compiiance, and (3) stripping to the same
level a; required for other resins. Because dispersion resins are
typically produced at plants which also produce other types of resins,
the emission rates presented in Table 6-2 for the alternative control
levels are actually from a model combination suspension-dispersion
plant. Since there are no alternative control levels for the production
of other types of resins, each of the alternative conirol levels for the
combination plant represents a 95 parcent emission reduction in the
suspension part of the plant. The emission reduction for the dispersion
part of the plant ranges Trom 52 to 97 percent, depending on the alternative
contral level. The variation in cmissions due to the alternative
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control lavels for the dispersion part of the plant would cause the
reduction in emissions froi: the cumbination plant ‘o range between &1
and 96 percent. Alternative Il would result in a 55 percent reduction
in emissions from the dispersion part of the plant and from the combination
nlant.

As stated before, there are no alternative control levels for

_ the production of polyvinyl chloride resins other than dispersion

resins. Therefore, Table 6-2 presents the emission reductions which

would be achieved by the proposed standard for these other types of
resins. The emission reduétion‘;;_;g—;;;cént orﬁgiégter in all cases.
For both etnylene dichloride-vinyl chloride and polyvinyl
chloride plants, it is assumed that the alternative contro) levels/
proposed standard would reduce fugitive emissions by 90 percent. The

actual reduction in fugitive emissions which would be achieved cannot

- i iy Sk e 4 s aa ek et

be quantified. However, it appears reasonable to assume that the

application of best available control technology for each known

fugitive emission source would achieve a 90 percent reduction in
Emissioﬁgi;”m

6.2.1.2 Ambient Concentrations

Diffusion model calculations were applied ta the mass emission
rates in Table 6-2 to determine the impact of the alternative control
levels (fcr ethylene dichloride~vinyl chloride and polyvinyl chloride
dispersion plants) and the proposed standard (for polyvinyl chloride

1 those making disparsion resins) oa ambient concentrations

of vinyl chloride in the vicinity of average-sized and large modal plants.
For purposes of ccwnarison, diffusion modeling was alsa used to
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calculate ambient concentrations of vinyl chloride resulting from
unrequlated emissions. The ambient concentrations were calculated in
terms of five-minute averages, 24-hour averages, and annual averages.
The expected ambient concentraticns of vinyl chloride in the vicinity
of unregulated and regulated plants can be found in Tables 6-3, 6-4,
and 6-5.

Versions C8M3D and C5MCL of a diffusion model were used for
calculating the estimated concentrations presented in this report.
C8M3D was. used for the annual and 24 hour estimates, and is based
upon the sector-averaging technique of the EPA Air Quality Display
Model; this technique utilizes the univariate Gaussian distribution
in each of 16 sectors (22.5 degrees each) around the horizon.

{5MCL, used for the 5 minute estimates, is program C8M3D with only a
few programming changes which provide concentrations appropriate

to the bivariate_Gaussian distribution. The models were used in the
modes which simulate a rural environment consisting of relatively
flat land, i

Fach facility evaluated, be it an average or large plant, is
assumed to cover a 100 square meter area. Fugitive losses are
assumed to occur homogeneously over this area at 6 meters above ground.
A1l point-source emissions (e.g., dryer vents, etc.) are
assigned to one location at the center of the facility, although
a stack height is assigned to each such source.

Briggs' buoyant plume rise formulae are available as a
subroutine in tha computer programs. These formulae are used in
cases when the analyst determines that significant plume rise might
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TABLE 6-3. REDUCTIONS IN YINYL CHLO#IDE AMBIENT CONCENTRATIONS -
ESTIMATED BY DIFFUSION MODELING - 5-MINUTC AVERAGE HAIIMA]

MODEL PLANTS AMBIENT_AIR CONCENTRATIONS (5-MINUTE AVERAGE MAXIMA - PPM)
{SIZE} BAMPARL D — - R
UHIREGULATED ALTERBATIVE 1 MTERNMATIVE 11/ ¢y pumann FLTEPNPTIZE 111
¥inyl Chloride Plant - Avg. 8.7 2.12 1.5 5.3t

{315 1M kgfyr or
700 11 Ibfyr)

Vinyl Chloride Plant- Large 16 3.92 2.8 r o7
{500 1N bgfyr ar
1300 MM Tu/yr) |

Polyvinyl Chloride Suspension - 71003 Ja 5.3 2.6
Dispersion Plant Avg,;
{54 # kafyr or 120711 1bfyr -
14 MM ka/yr or 30 MM 1bjyr)

Polyvingl Chioride Suspensian - 74003 89 ’ 12 6.1
Dispersion Plant - Large {112 M4
T okglyr or 250 MM 1b/yr/45 MM kgfyr
S or 190 MM Ib/yr} .

Polyvinyl Chloride Suspension 7100° - 6.2 -
Plant - Avg.

(68 HH1 kqg/yr or

158 &l ib/yr)

Polyvinyl Chleride Suspension 75003 - 14.0 -
Ptant - Large !

{15% I'M kgfyr or -

350 11 1h/yr) ; |

IThe plants were evaluated for neutral, slightly stable, and moderately stable atmospheric conditions. A wind sneed of 4.5 mps was
used. Roceptors were assumed to he located at 80 m intervals from the center of the plant. Effective helght of enissions ~as at
stack height. Fugitive emissions were treated as 100 x 100 m area sources at & m abnve ground. Other sources were all treated as
point sources, located at the center of the area source.

685800 JALIFOTOD

2The emissions for Alternative I are based on the piant with the largest emission factor for the oxychlorinatfon process. This is
the one plant which would have to install additiocnal control to attain Alternative Il control level.

31t was assumed that 2,250 kg {5000 1b} of ¥inyl chloride were released to the atmosphere during the S-minute period from a reactor
ratief valve discharge.
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TABLE 6-4. REDUCTIONS IN VINYL CHLORIDE AMBIENT CONCENTRATIONS - ESTIMATED BY DIFFUSION MODELING - 24-HOUR AVERAGE

FAXIMA]

HADEL PLANTS AMBIENT AIR CONCENTRATIANS (24-HOUR AVEPAGE MAXIMA - pph)

(stzc) "“ UTRECULATED ACTERRATIVE T PLTERIFTIVE 11/PROPNSED STARDARD ALTERHATIVE TIT
. . 0.122 9.094
¥iny) Cnloride Plant - Avg. 0.97 ’ . b.a94
{313 '™ kofyr or
700 K Tbfyr)
vinyl Chloride Plant - large 1.8 l 0.222 0.17 0.17
{590 iM kg/yr or
1300 1 1b/yr) )
Polyviny? Chioride Suspension - o 1.7 . n.2e n.ze
Disnarsion Plant - Avg, (54 MM
kg,'yr or 120 MM 1b/yr/14 MM kafyr
or 30 MM 1btyr)
Polyvinyl Chlorlde Suspension - 27 4.0 h.e6 n.51
Dispersion Plant - Large {112 MM
kg/yr or 250 MM 1b/yr/45 MM kg/yr
or 100 MM Tb/yr)
i i
Polywingl Chloride Suspension 0 - 6.30 ’
Plant - Avg, v
{68 1M kg/yr or )
150 MM Th/yr) ; '
Polyvinyl Ciloride Suspension 23 - 0.70

Plant - Large ' . !
{159 ¥t Fgfyr or P
350 M1 I0Svr)

'
’

¥

1The plafts were evaluated for neytral, stightly stahle, and mdderately stahle atmospheric conditions. £ wind speed of 0.5 mps
were assumed to Le located at 80-m Intervals from the center of the plant, Effective height uf emissions was at stack height.

et s -

uas used. Peceptors
Fugitive erisnions

vere treated as 100x100 n, area sources at 6 m above ground. Other sources are all ireated as point sources, located at the center of the arcd scurce.

2The emissions for Atternative I
t are based on the plant with the largest emissfon factor for the axychlorinatic i
which would have to install additional control to attain A]ternstivg 11 control level. a " Process. This

is the one plant




TABLE 6-5. REDUCTIONS IM VINYL CHLORIDE AMBIENT COMCENTRATIONS - ESTIMATEN CY DIFFUSINN DONDELING -
ANMUAL AVERAGE MAXIMAY

7 i} 3 A - PPM
CAUCL PLANTS AMBIENT AIR CONCENTRATIONS (ANNUAL AVEPAGF MAXINHA - PPM)

Plant - Large
{199 !IM ha/yr or
350 " Ib/yr)

............................................................................... . = = e e = e = A e e e A ek AR E ... —-——

(S12E) UNREGULATED ALTERNMATIVE 1 ALTERKATIVE 1176700 50D ALTERNATIVE 111
Yinyl Chloride Plant - Avg, 0.17 2 0.016 i
(318 1 kg/yr or 06.019 n.o1s
700 1M 1b/yr)
Viny! Chloride Plant - Large 0.32 0.0352 0.030 0 028
{590 M kg/yr or .
1300 M4 1b/yr)
Polyvinyl Chloride Suspension . 0.60 0.10 7.038 0,077
Dispersion Plant - Avg. (54 MM )
kg/yr or 120 WM 1b/fyr/14 MM kg/yr
or 3 M Tb/yr) :
: .
. L Polyvinyl Cliloride Suspension .. 1.4 0.24 0.090 0.088
0 3 “*  Dispersion Plant - Large {112 i™
O 3 kg/yr or 260 MM 1b/yr/45 MM kg/yr
E; : or 107 MY 1b/yr)
A 3 ! '
H 3 Polyvinyl Chloride Suspension 0.7% - 0.051 -
H Plant - fug. '
M ¢ (68 !t1 3 q/yr or . L _
o3 150 141 1b/yr) - ! G A 't
gg : Polyvinyl Chloride Suspension 1.8 s - 0,12 -
U-l L
00 |
~ 3

e plants uere evaluated using meteorological data from Houston, Texas. Receptors were assumed to be Jocated at 80 m Intervals from the

center of the plant. Effective height of emissions was the stack height. Fugitive emissions were treated as 100 x 100 m arca sources
at 6 it above ground. Qther sources are all treated as point sources, located at the center of the area source. :

The emfssions for Alternative I are based on the plant with the Jargest emission factor for the oxychJorination process. This is the one
plant which would have to install additional control to attain Alternative II control Tevel,




occur. Otherwise, the stack height usually was used as the
pffective haight of emission, in one case, a non-buoyant jet
nlume was assiyned a fixed, non-zero plume rise.

The meteorological and source variables required for executing
the programs are as follows: |

(a) Wind direction, wind speed, and atmospheric stability
for the meteorological condition(s) to be evaluated.

(b} Source variables

(1) Stack height (height of emission).

(2) Effluent temperature and effluent volume flow raté; or
effluent temperature, effluent velocity, and stack diameter or
an assigned fixed plume rise.

(3) Afternoon mixing depth (assigned a value of 1500 meters

in these analyses; hence, reflection is negligible).- --- -

(8) Source coordinates (in units of the programmed—grid sygfem).

{5) Width of sguare area source (a value of 0.0 deneotes point

sources).

(6) Emission rate.

(7) Half-life pollutant (assumed infinite for vinyl chloride and
hydrogen chloride). )

(8) Various program-control parameters.

A total of at least 119 data records {(i.e., 119 Tines or 119
punched cards) are required for each job on the computer. About
300 computer jobs were required for this task. Listing the input
data would thus reguive about 600 pages; therafcre, thay cannot be

incliuded in this report,
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Table 6-6 presents tne compounding effects of a cluster of plants H

M

within 5000 meters of each other on ambient concentrations of vinyl
chloride. The plant cluster used fér the modeling is patterned on a

real plant cluster, and consists of one polyvinyl chloride and three
ethylene dichloride-vinyl chloride plants. A map showing the relationship

of these four plants to each other and the distances among them is shown

ST arT—

in Figure 6-1. The two cases presented in Table 6-6 differ only in the

sizes of plants used in the model. In the first case, the plant sizes i

approximate the sizes of the plants in the real plant cluster. The
polyvinyl chloride plant has a production rate of 122 million kg/yr (270

million 1b/yr) and the three ethylene dichloride-vinyl chloride plants

have production rates of 68 million kg/yr (150 million 1b/yr), 118

million kg/yr (260 mi]]ioﬁ 1b/yr), and 375 million kg/yr (825 million ¢
1b/yr). In the second case, the plant sizes are ‘the same as the ;
= "TTodel Pplants used for the calculations in Tables 6-3; 6-4,7and 6-5.
- There are two average-sized and one large model ethylenedichloride-
vinyl chloride plants and cne large model polyvinyl chloride combination
- . -suspension-dispersion plant. For all cases, ambient concentrations f

were calculated on the basis of unregulated and regulated emissions.

The purpose of doing the diffusion model calculations for the

plant cluster was to illustrate the degree to which locating plants
in close proximity to each other would increase the projected

maximum concentration of vinyl chloride in the vicinity of any one

-

plant. To achieve this purpose, it was unnecessary and unduly time-
consuming to do the diffusion model calculations for all the
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T.sle %5-6. VINYL CHLORIDE AMBIENT CONCENTRATIONS - CLUSTER OF FOUR ETHYLENE DICHLORIDE -
VINYL CHLORIDE AND POLYVINYL CHLORIDE PLANTS! - 5 MIKUTE, 24-HOUR AND ANNUAL AVERAGE i o
UNREGULATED AND REGULATED g
i ' i

i | .

I

i o )
SITUATION VINYL CHLORIDE CORCENTRATICH - ppm

]
k

5- hin. Average Flax. | 24-Hour Average Max. ﬁﬁhﬁh]‘ﬂv}f}ﬁﬁ"‘%}_ﬁ_
f

!
UKREGULATED 71002 11.0 0.61

CCETING THE ﬁ
PAOPOSED .3
<TANDARD

8.0%

UNREGULATED 76002

BEOTING THE
FRGPOSED 3. ; . n.ngn
STANDARD

e S USSP

]The sizes and relationships of these plants are shown in Figure 6-1 for Case I and in Fiaure 6-2 for (.o

“It was assuied that 2,250 kg (5000 1b) of vinyl chloride vere released to the athosphere during the S-minute
from a reactor relief vaive discharge. I t

065800 HILIYOTOD
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2 vem (375 Mm warye)

Figure 6-1. Map of four plant cluster - Case I.

YEM (318 MM kg/yr)

oy
.

——
e

VEM (313 MM kg/yr)

~
‘d VECM {590 MM kg/yr)

Figure 6-2. Map of {our plant cluster - Case11.
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alternatives. Thus, calculations for the regulatad emissions

.ore done only for Alternative 11 for ethylene dichloride plants,
Alternative IT for polyvinyl chloride dispersion resin manufacture,
and the proposed standard for polyvinyl chloride suspension resin
manufacture.

A1l of the values in Tables 6-3 through 6-6 represent the point
of maximum concentration. In other words, if ambjent samplers were
placed so that they covered all of the ground space around a plant,
the numbers in the tables represent the sampler location with the
highest concentration which would be measured. In calculating the
ambient concentrations, realistic "worst case" meteorological conditions
were used. In order to determine the worst case meteorological con-
ditions for the 5-minute and 24-hour averaging times the modeling
calculations were conducted for each situation using different atmospheric
stability conditions. Thase included neutral, slightly-stable, and
moderately stable. A wind speed of 0.5 mps was used in all cases. For
the annual averaging time, actual meteorological data from Houston,
Texas were used.

For both ethylene dichloride-vinyl chloride and polyvinyl chloride
plants, fugitive emissions comprise a significant proportion of the
total emissions. The relative contributions of an area source and a
point source to the maximum ambiant concentration can vary considerably,
depending on the stabjlity class, the averaging time, and the point
source plume rise used for a given case. An area source among point
sources may dcri~ate ambient annual and 24-hour maximum cencentrations,
L4% be a minor contributor to the 5-minute waximum concentration, even
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though emissions do not change. This is due to the plane geometry of
"‘ the diffusion of emissions from the source as viewed from the receptor,

and due to the increasing variability of meteorological conditions as

time increases.

As explained in Chapter 2, there is no known threshold level

of effects for vinyl chloride. The Occupational Safety and Health

Administration promulgated a standard of 1 ppm (8-hour average) and

5 ppm (15-minute average) for worker exposure, but this standard is not

based on a threshold level of effects. Since there is no yardstick

against which to compare the ambient modeling results in Tables 6-3

_____ R

through 6-6, only the relative magnitude of the rcsults when compared

with each other is discussed here.
In comparing the ambient concentrations for the different
—alternative control levels, it is important to-remember that the numbers
in the tabTeés represént the maximum concentrations only. ~The relative
T T difference between the ambient congentrations-for.two given—alternatives e
= 7" “may begreater or less at the point of maximum concentration than at
some other point at a different distance from the source. The alter-
native control levels for ethylene dichloride-vinyl chloride plants,

-- for -example,-differ only in the degree to which one of several emission
poifits is controlled. The relative difference in the maximum ambient
concentrations for the alternative control levels therefore depends on
how much that particular emission point contributes to the maximum
concentration. If the meteorological conditions selected to cbtain the
maximum concentration are such that the area source (fugitive emissions)
is a much greater contributor to the maximum concentration than are the
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noint sources, a change in the emissions from the one point source may
rars little difference in the maximum ambient concentration. It would
te expected, however, to make a difference in the concentrations found
at some other distances from the plant.

In reviewing the results for the alternative control levels for
ethylene dichioride-vinyl chloride plants, it is found that there is
a greater difference between the 24-hour average maximum ambient
concentrations for Alternatives I and II than for Alternatives II and
III. The opposite is true for the 5-minute average maximum ambient
concentrations. The emissions used in the model for Alternative 1 are
based on the emission factor for the oxychlorination reactor at the one
plant which would have to implement substantial control for that
process to attain the emission level of Alternative II. In other words,

the djfference in the concentrations for Alternatives T and II {s that
" difference which would occurtfgzzgiﬁjF%He plant 7F ATternative II

e r———— B - e

were adopted as the proposed standard for the oxychlorination reactor.

"This is because the other plants are already essertially attaiming
the emission level required by Alternative II for the oxychlorination
reactor. Requiring all plants to control the oxychlorination reactor

to the level achievable by incineration (Alternative III) would result

s

in Tower 5-minute average maximum ambient cdncentrations bdt_@du1d make

Tittle difference in the maximum 24-hour average ambient concentrations.
In reviewing the results for the alternative control

levels for polyvinyl chloride combination suspension-dispersion

plants, it is found that there is a much larger difference between

the maximum concentrations for Alternatives I and II than for
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Alternatives II and [II. Requiring that emissions from the sources
following the stripping operation for dispersion resins be reduced

to a Jevel equivalent to stripping to 2000 ppm (Alternative I1) would
achieve a twenty-fold improvement in the maximum 24-hour average

ambient concentration at an average plant (from 4.0 to 0.29ppm) compared
with requ;fiﬁg no control of the sources following the stripping
operation (Alternative I). In cumparison, requiring that emissions from

the sources following the stripping operation for dispersion resins be

reduced to the level of the proposed standard for other resins [equivalent

to stripping to 400 ppm (Alternative 111)] would result in a relatively

small additional reduction in the ambient concentration at an average
plant (from 0.29 to 0.22 ppm 24-hour average). For polyvinyl chloride
suspension plants, the proposed standard would also achieve a twenty-fold
improvement in the 24-hour average maximum concentration (from 10 to
0.30 ppm). oo

In Table 6-6 the maximum ambient concentrations calculated
for the plant cluster occur in the vicinity of the polyvinyl chloride
plant in both cases, because it is the largest:source .of emissions
in the cluster. The data in the table indicate that the maximum
ambient concentration for a model polyvinyl chloride plant is not
significantly increased when that plant is located in this particular
pilant cluster with three ethylene dichloride-vinyl chleride plants.
This does not necessarily mean, however, that the average ambient
concentrations at other locations around the plants would not be
increased by the effect of the cluster. It also does not necessarily
mean that the maximum concentration for either type of plant would not
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be increased by angther type of cluster such as one containing four

large polyvinyl chloride plants,

6.2.1.3 Possible Transformations in Ambient Air'

No results on the reactions and rates of disappearance of vinyl
chloride from the ambient atmosphere are available at present. Limited
Taboratory studies on the stability and persistence of vinyl chloride
in air have, however, been completed.

Vinyl chloride vapor concentrations in containers of various
materials appear to be essentially constant over periods of many
days. The peak absorption of vinyl chloride in the ultraviolet
region is far below the solar cutoff (around 290 rm), so that
vinyl chloride would not undergo reaction in-sunlight in the
absence of other reactive chemical species. When irradiated with
simulated solar radiation in the presence of nitrogen oxides
(nitric oxide and nitrogen dioxide), vinyl chloride in the parts
per million concentration range does react to form a variety of
products. The reaction products identified include ozone, nitrogen
dioxide, carbon monoxide, formaldehyde, formic acid, formyl
chloride, and hydrogen chloride.

Although vinyl chloride should disappear significantly in
travel%ng over Yonger distances, the conversions anticipated within
a few kilometers downwind of emission sources would be small. No
mechanism is presently known for removal of vinyl chloride from the
air at night. Biological sinks, such as microbiological removal
in soil, may be of significance in depletion of vinyl chioride
over long time periods, but such sinks would not be expected to be
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important in terms of urban scale transport of vinyl chloride.
Thus, for a first approximation, viryl chicride in the immediate
vicinity of vinyl chloride emission sources can be considered a
stable pollutant. The usual meteorological dispersion equations
can thus be applied to approximate concentrations in the vicinity
of emission sources. Because of strong nocturnal inversions
during the fall and winter, build-up of vinyl chloride from emission
sources might be of particular concern during such periods. There
are, however, no data on this.

6.2.2 Secondary Environmental Impacts

The secondary environmental impacts, or the environmental impacts
resylting from use of the control systems to attain the level of the
proposed standard and alternative control levels, are discussed
in the following paragraphs. Two factors should be remembered when

reviewing this section.

First, the secondary impacts for ethylene dichloride-vinyl

chloride plants attaining the level of control of Alternative II

are not presented because they would vary for individual plants,
depending on the type of control used for the oxychlorination reactor.
For individual plants, control of the oxychlorination reactor to attain
the emission level of Alternative Il could range from no control to a
process change to incineration. Therefore, the secondary impacts

for Alternative Il could range between that of Alternative I, which
represents no control of the oxychlorination reactor, to that of
Alternative III, which represents incineration of the emissions
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From tnhe oxychlorination reactor. 0Oata are unavailable on the

se=condary impacts of controlling process variables, but they are
e«ouzcted to be negligible. Most existing plants can attain the
Alternative Il control level without additional control of the
oxychlorination reactor; however, one existing plant would possibly
have to use incineration.

Second, there are two types of control technology which polyvinyl
chloride plants can use to achieve the second alternative control
Tevel for polyvinyl chloride dispersion resins and the proposed
standard for the other types of polyvinyl chloride resins: (1) improved
stripping and (2) add-on controls such as incineration. Environmental
impacts are presented for both types of control technology. The
improved stripping option is sometimes referred to as Case A and the
incineration option is sometimes referred to as Case B. Case A and
Case B are equivalent in terms of the level of control achieved, and
thus have the same primary impact.

6.2.2.1 Air Impact

The major secondary air impact of the control equipment which
could be used to meet the proposed standard and alternative control
levels for vinyl chloride is the production of hydrogen chloride from
control By incineration.

Hydrogen chloride is a hygroscopic, colorless gas with a strong,
pungent, and irritating odor. Because of its high solubility in

water, the gas fumes in moist air. An aqueous solution of hydrogen
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chloride is called hydrochloric acid. Emissions of hydrogen chloride
are readiiy converted to hydrochleric coid fumes and droplets in
air or when inhaled into the lungs. The strong dehydrating properties

of hydrogen chloride can result in serious burns of the skin or mucous

. Sy . . 2
membranes. Hydrochloric acid is extremely corrosive to most materials.

Inhalation of hydrochloric acid causes coughing and choking, as
well as inflammation and ulceration of the upper respiratory tract.
Irritation of the eye membranes is another effect, and exposure to
high concentrations can cause clouding of the cornea. The teeth can
also be affected, and erosion may result. Hydro,c chloride and
hydrochloric acid are also phytotoxicants that damage the leaves
of a great variety of plants. Several episodes of plant damage
from hydrochloric acid emissions have been reported. Mists of
hydrochloric acid are not as dangerous to humans as hydrogen
chloride gas, because the acid has no strong dehydration effect
on the tissues.2

The Timited studies available on hydrogen chloride health
effects pertain to occupational exposure, and indicate that no
organic damage results from exposures equal to or above 7,000 1g/m3
(5 ppm). The American Conference of Governmental Industrial Hygienists
(ACGIH) has adopted a ceiling level of 5 ppm as the threshold concen-
tration for hydrogen chloride for an 8-hour day, 5-day week.2

The National Academy of Sciences (NAS) has recommended some gquide-
Tine ambient concentrations for hydrogen chloride for short term public

exposures, or those exposures "occurring at predictable times and
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arising from single or, occasionally, repeated events." The recommended
stort-term public limits are 6,000 ;g/m3 for 10 minutes, 3000 _Lg/m3 for
30 minutes, 3000 ',g/m3 for one hour daily, and 1000 1g/m3 for five
hours/day, three to four days/month. These levels are time-weighted

averages; excursions above these levels are 1ikely to produce objectionable

odors and/or irritation.23

West Germany has established 5 ppm as the permissible work-station
concentration and also an ambient air quality standard of 0.5 ppm
(approximately 700 ;g/mB) of hydrogen chloride for a 30-

minute mean average, with a maximum of 1.0 ppm (1,400 xg/mg)2

Russia has established 15 ;g/m3 (0.009 ppm) as a 24-hour
maximum average for ambieni air concentrations of hydrogen chloride
and a maximum of 50 ;g/m3 of hydrogen chloride (0.03 ppm) for a single
exposure. The standard for a 24-hour average is below the concentrations
which might cause rellexive reaction of the sensory organs. Czechoslovakia
has established a maximum ambient air concentration of 28 ;g/m3, with
a one-time exposure maximum of 98 1g/m3.2

6.2.2.1.1 Mass Emissions

Tables 6-7, 6-8, and 6-9 provide information on the emissions
of hydrogen chloride that would occur if incineration (without
subsequent scrubbing) is used to control vinyl chloride emissions
from ethylene dichloride-vinyl chloride plants and polyvinyl
chloride plants. Table 6-7 contains emission factors for individual
sources within ethylene dichloride-vinyl chloride plants and the

various types of polyvinyl c¢cnloride plants. These emission factors
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TABLE 6-7. EMISSION FACTORS FOR HYDROGEN CHLORIDE RESULTING FROM INCINERATION OF LMISSION
POINTS IN ETHYLENE DICHLORIDE-VINYL CHLORIDE (EDC-YCM) AND POLYVINYL CHLORIDE (PVC) PLANTS

Emission Points Hydrogen Chloride Emissions - KG/100 KG Product
Suspensicn Dispersion Bulk Solution EDC-vCM
PVC PVC PVC PVC

Monomer Recdvery System 0.273 0.284 0.853 0.176

Slurry Blend Tank 0.239 0.193 -- -- --

Dryer 0.398 1.370 -- 0.472 --

Buik Storage 0.057 0.097 0.1 -- --

7 .
fol
Popo Blowers -- -- 0.019 -- --
Screeners
Grinders

)
Q
A EDC and VCM e —_— - - 0.648%1
8 Purification Processes .
.
B Oxychlorination Reactor  -- == =T 0T 0.421%1
o
Q Transfer Points 0.028 0.028 0.028 0.028 0.0468*1
N
o
[

*]Inc1udes HCL from chlorinated hydrocarbons in the gas stream besides vinyl chloride,
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TABLE 6-8. YDROGENW CHLORIDE MASS EMISSIONS FkuM MODEL ETHYLENME DICHLORIDE-VINYL CHLNRINE PLANTS USING

INCINERATION TO ATTAIN T!E ALTERNATIVE CONTROL LEVELS

EMISSIONS KG/HR {LB/HR)

AVERAGE PLANT LARGE PLANT
{318 MM kg/yr or (590 MM kg/yr or
700 MM Th/yr) 1300 MM Ib/yr)}
WITHOUT SCRUBBER WITH SCRUBBER! WITHOUT SCRUBBER WITH SCRUBBER!
ALTERNATIVES CONTROL CONTROL | CONTROL CONTROL i

I 275 (608) 5.5 (12,2} 511 (1129) 10.2 (72.8)
112
I1I 442 (976) 8.8 (19.5) 821 (1813) 16.4 {36.3)

VAssumes the scrubber has a control efficiency of 98 percent.

2pata for Alternative II are not presented because the hydrogen chloride emissions from incineration to
attain the emission level of Alternative II would vary for individual plants, depending on the type of

control system used for the oxychlorination process.

For individual plants, control of the oxychlorination

process to attain the emission level of Alternative II could range from nc control to a process change

to incineration.

Therefore, the hydrogen chloride emissions for Alternative Il could range between

that of Aiternative I, which represents no control of the oxychlorination process, to that of Alternative III,

which represents incineration of the emissions from the oxychlorination process.

Most existing plants can

attain Alternative II control lTevel without controiling the oxychiorination process; however, one plant

would possibly have to use incineration.
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TABLE 6-9. HYDROGEN CHLORIDE MASS EMISSIONS FROM MODEL POLYVINYL
CHLORIDE PLANTS USING INCINERATION TO CONTROL A MAXIMUM NUMBER
OF EMISSION POINTS

Emissions, kg/hr (1b/hr) _
Without scrubber With scrubber
Model plants control controll

Polyvinyl chloride suspension 77 (170) 1.8 (4.0)
plant -avg.
(68 MM kg/yr)
(150 MM Tb/yr)

Polyvinyl chloride suspension 181 (398)
plant - large
(159 MM kg/yr)
(350 M 1b/yr)

Polyvinyl chloride combination 1.9 (4.1)
suspension dispersion plant - avg.
(54 MM kg/yr or 120 MM 1b/yr)
(14 MM kg/yr or 30 1b/yr)

Polyvinyl chloride combination 206 (453)
suspension dispersion plant - large
(136 MM kg/yr or 300 MM 1b/yr)
(23 MM kg/yr or 50 MM 1b/yr)

----Polyvinyl chloride bulk plant - avg. 53 (117) 1.0 (2.3)
— (45 MM kg/yr)
(100 MM 1b/yr)

Polyvinyl chloride bulk plant - large 90 (1799) 1.8 (3.9)
(77 MM kg/yr) '
(170 MM 1b/yr)

Polyvinyl chloride solution plant 9 (19) 0.18(0.4)
(only one) -
(11 MM kq/yr)
(24 MM 1b/yr)

]Assumes the scrubber has a control efficiency of 98 percent.
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care used tu calculate the total mass emissions found in Tables 6-8 and

s.q9. Table 6-8 gives the hydrogen chloride emissions from an average-

cized and a large model ethylene dichloride-vinyl chloride plant attaining
each of the alternative control levels by using incineration. Table

6-9 gives the hydrogen chloride emissions from model polyvinyl chloride
plants attaining the proposed standard by using incineration to control
emissions from the maximum number of emission points where it could

be appropriately applied. For dispersion resin manufacture, hydrogen
chloride emissions when using incineration to meet the Alternative II
control level are shown. Incineration would not be needed to attain
Alternative I and could not be used (at least at the present time) to
attain Alternative III. At ethylene dichloride~-vinyl chloride plants,
there are other chlorinated hydrocarbons in effluent gas streams besides
vinyl chloride, such as ethylene dichloride and ethyl chloride, which
would also be converted to hydrogen chloride in the incinerator. These
are included in the factors in Table-6-7 and in the calculated emission
rates in Tables 6-8 and 6-9.

Not included in the mass emission rates in Table 6-8 is the
hydrogen chloride which is already emitted from the process equipment
in ethylene dichioride-vinyl chloride plants without incineration
control. This equipment includes the oxychloéination process, vinyl
chloride distillation column, ethylene dichloride reaction vessel,
ethylene dichloride recovery unit, storage tanks, and ethylene dichloride
washing. Based on estimatas submitted by one plant,zo which uses the
Stauffer process and controls the hydrogen chloride emissions
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foom all the process equipment listed above except the ethylene
dichloride washing, there would be 17 kilograms (39 pounds) per
hour in addition to the emissions shown in Table €-8 for the 318
million kilograms per year ethylene dichloride-vinyl chloride plant
and 26 kilograms (81 pounds) per hour in addition to the emissions

shown for the 590 million kilograms per year ethylene dichloride-

vinyl chloride plant. If an ethylene dichloride-vinyl chloride

plant incinerates chlorinated hydrocarbon wastes, there would be
additional hydrogen chloride emissions. One average-sized ethylene
dichloride-vinyl chloride plant reported an emission'rate of about 1
kilogram (2 pounds) per hour from incineration of liquid chlorinated
hydrocarbon wastes with 99.9 percent efficient scrubber control.21

6.2.2.1.2 Ambient Concentrations

The mass emissions of hydrogen chloride in Tables 6-8 and
6-9 were used in diffusion modeling to calculate the maximum
ambient concentrations of hydrogen chloride which would occur in the
vicinity of the model plants using incineration to control vinyl
chloride emissions. The maximum ambient concentrations in the
vicinity of model ethylene dichloride-vinyl chloride plants attaining
the alternative control levels are in Table 6-10. The maximum
concentrations in the vicinity of model polyvinyl chloride plants
attaining the proposed standard (or the Alternative II control level
in the case of dispersion resin manufactura) are in Table 6-11.

In the case of the ethylene dichloride-vinyl chioride plants,
the hydrogen chloride emissions from a plant attaining the
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éfHQLéNE'éICHLOR.\:INYL CHLORIDE PL

ESTIMATED BY

DIFFUSTION MODELING

AVTS -

ALTERNATIVE
CONTROL LEVEL

[AMBIENT AIR CONCEN

TRATIONS - yg/m3

PLANT SIZE

}

WITHOUT SUBSEQUENT SCRUBBING

WITH SUBSEQUENT SCRUBBING

5-MINUTE AVERAGE

24-HOUR AVERAGE

5-MINUTE AVERAGE

24-HOUR AVERAGE

AVERAGE

50 ,000°

6,6002

1,5002

)
230

LARGE

73,0002

7,6002

2,8002

4302

AVERAGE

3,000°

270°

1,700°

220¢

LARGE

3,2003

2803

2,400°

250°

. 1 -
]The plants were evaluated for moderately unstable wind speeds. Receptors are assumed to be located at 80-m

intervals from the center of the plant. ATlifources are point sources.

o
% 2The wind speed is 0.5 mps .

3The wind speed is 4.0 mps.

4 Data for Alternative II are not presenfed becduse the hydrogen chloride emissions resulting

o
1

from control systems used to attain the emissi@n level of Alternative II would varv for
individual plants, depending on the type of control system used for the oxychlorination

process.

For individual plants, contrel of the oxychlorination process to attain the

emission level of Alternative II could range from no control to a process change to incineration.
Therefore, the ambient coweentrations of hydrogen chloride for Alternative II couid range
between that of Alternative I, which represents no control of the oxychlorination process,

to that of Alternative III, which represents incineration of the emissions from the oxychlori-
nation process.
controlling the oxychlorination process; however,
incineration.

Most existing ptants can attain Atternative II control level without

one plant would possibly have to use




TABLE 6-11. HYDROGE# CHLORIDE AMBIENT CONCENTRATIONS FROM INCINERATION
OF VINYL CHLORIDE EiISSIONS AT POLYVINYL CHLORIDE PLANTS -
ESTIMATED BY DIFFUSION MODELING!

Ambient air concentrations, pg/m3

Without scrubber With scrubber
control control

Model plant S~-minute | 24-hour 5-minute 24~hour
(size) average® | average3 average average

o o 4

Polyvinyl chloride suspension 230 9.2 25 2.0
plant - average -
(68 M kg/yr)

(150 MM Tb/yr)

Polyvinyl chloride suspension
plant - large
(159 MM kg/yr)
(350 MM 1b/yr)

Polyvinyl chloride suspension-
dispersion plant - average
(54 MM kg/yr or 120 MM 1b/yr)
(14 MM kg/yr or 30 MM 1b/yr)

Polyvinyl chloride suspension-
dispersion plant - large
(136 MM kg/yr or 300 MM 1b/yr)
(23 MM kg/yr or 50 MM 1b/yr)

Palyvinyl chloride bulk plant -
average
(45 MM kg/yr)
(100 MM 1b/yr)

Polyvinyl chloride bulk plant -
large
(77 MM kg/yr)
(170 MM 1b/yr)

Polyvinyl chloride solution
plant
(11 MM kg/yr)
(24 MM 1b/yr)

1 .

Raceptors are assumed to be located at 80-m intervals from the center of the plant.
Effective height of emissions is at stack haight. A1l sources are point sources.
The plants were evaluated for very unstable atmospheric conditions; the wind

speed was 3 mps.

The plants were evaluated for moderately unstable atmoscheric conditions: the wind
speed was 4 mps, except for bulk arnd ~olution plants controlled for which the wind
speed was 1 mos.
4The plants vare evaluated for very unstable atmospheric conditions; the wind spead
was 1 mps.
5 " -

The plants were evaluated for very unstabie atmospheric conditions; the wind

speed was 4 mps.

The plants were evaluated for very unstahle atmospheric conditions; the wind speed
was 0.5 mps. )
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Sirernative 1 control level are only ahout 60 percent of the hydrogen
chloride emissions from a plant attaining the Alternative III

control level. The maximum ambient concentrations are higher,

however, for the model plant attaining the Alternative I control level.
This is due to the fact that Alternative III, unlike Alternative I,
includes incineration of emissions from the oxychlorination reactor.

The oxychlorination reactor has a large volume gas stream. The large

gas volume in Alternative III would cause a much higher plume rise and

greater diffusion of emissions before they reached ground level than
would occur in the case of Alternative 1.

EPA does not have a standard for public exposure to ambient con-
centrations of hydrogen chloride, and thus no yardstick with
which to compare the projected 5-minute and 24-hour maxima in
Tables 6-10 and 6-11. The values in the tables can be compared
with the ACGIN adopted ceiling for occupational exposure, the
NAS guidelines for short-term exposure, and the West German,
Russian, and Czechoslovakian standards cited previously. It
should be noted, however, that the value of such comparisons is Timited
by the fact that these standards and guidelines all have different
averaging times and that their averaging times do not necessarily
correspond with those of the values in the tables. It should
also be noted that the values in the tables do not include the
hydrogen chloride which is already emitted from process equipment
in ethylene dichlioride-vinyl chloride plants.
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The values for Alternative I in Table 6-10 (without scrubber
control) for ethylene dichloride-vinyl chloride plants show that
the projected 5-minute average maxima far exceed all of the standards
and guidelines for both occupational and ambient exposure. The maximum
24-hour averages are approximately the same as the ACGIH adopted
ceiling level for occupational exposure (7000 1g/m3, 8-hour average)
and one of the NAS guidelines for short term-exposure (6000 19/63,
16-minute average). The S-minute average maxima for Alternative III
are lower than those for Alternative I, and are approximately the same
as tﬁe NAS guideline for a short-term exposure of one hour (3000 1g/m3).
The 24-hour average maxima for Alternative IIT aic also lower than those
for Alternative I and are below all recommended guidelines and
standards except for the Russian and Czechoslovakian 24-hour average
standards (15 ;g/m3 and 28 1g/m3, respectively).

The values for polyvinyl chloride plants (without scrubber control)
in Table 6-11 show that the 5-minute average maxima are below all
the recommended guidelines and standards for short-term exposure
except for the Russian and Czechoslovakian standards. The same applies
to the 24-hour average maxima when comparing them with the recaommended
guidelines and standards for long-term exposure.

6.2.2.1.3 Technology Available to Abate Hydrogen Chloride Emissions

The principal technique for controlling hydrogen chloride in
an exhaust gas is absorption (scrubbing). Hydrogen chloride readily

absorbs in water which provides a suitable scrubbing medium. There are

6-37

COLORITE 008609




many types of scrubbers (absorbers) that can be used. Among these

are packed columns, spray columns, venturi scrubbers, and jet
scrubbers, The operation of these scrubbers is essentially the

same. That is, hydrogen chloride bearing gas is introduced in

one end of the scrubber, and the gas is counter-currently contacted

by the absorbing medium, usually water. Weak acid may be used

instead of, or with, water. The part of the scrubber which comes

into contact with the gas must be constructed of an acid-alkali proof
material. In general, non-metallic materials should be used, such

as stoneware, ceramics, carbon and graphite, and plastics or fiberglass
reinforced plastics, if the temperature is low enough. For high temp-
eratures, rubber-lined steel, protected with carbon brick set

in furan cement, or carbon steel coated with epoxy and high~grade
nickel alloy brick, are excellent forms of construction.3’4

Effectiveness

If pure water is the absorbing fluid, hydrogen chloride can be

5,6 1f weak acid is

absorbed with almost 100 percent efficiency.
used, the efficiency will range from 85 to 99+ percent, depending

upon the weak acid concentration and subsequent hydrogen chloride

vapor pressure.5 The hydrogen chloride emission levels which can

be achieved for vinyl chloride and polyvinyl chloride plants using
scrubbers to control the incinerator effluent are presented in

Tables 6-8 and 6-9 for the various model plants. Tables 6-10 and
6-11 present the maximum 5-minute average ambient concentrations

and the maximum 24-hour average ambient concentrations of hydrogen
chloride which are estimated by diffusion modeling to result from the
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emission levels for incinerator-scrubber control presented in Tables 6-8
and 6-9. The ambient concentrations for Alternative I are again higher
than for Alternative III for the same reasans discussed in section
6.2.2.1.2.

The values in Tables 6-10 and 6-11 can be compared with the
guidelines and standards cited before. Again, however, the limitation
with regard to the different averaging times and the fact that the
values do not include hydrogen chloride emissions from process
equipment in ethylene dichloride-vinyl chloride plants should be
noted. The values for ethylene dichloride-vinyl chloride plants in
Table 6-10 (with scrybber'contro]) show that even though the 5-minute
average maxima for Alternative I are higher than those for Alternative
111, they are in the same range. They are above all the guidelines and
standards for short-term exposure except for the NAS gquidelines for
exposure for 10 minutes, 30 minutes, and 60 minutes-(6,000, 3,000, and
3,000 1g/m3, respectively). The 24-hour average maxima for Alternative
I are again higher than those for Alternative III, but in the same
range. They are both below the ACGIH ceiling, the NAS guidalines, and
the West German standard, but above the Russian and Czechoslovakian
standards. The values for polyvinyl chloride plants (with scrubber

control) in Table 6-11 show that the 5-minute average maxima are

. generally below all guidelines and standards for short-term exposure

except for the Russian standard in four out of seven cases. The 24-hour
average maxima, on the other hand, are below all guidelines and standards

for Tong-term exposure.
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Costs of Control

Lotailed information on the costs of incinerator-caustic scrubber
control of model plants is contained in Chapter 7. The total capital
cost of a scrubber for the model plants would be approximately half of
the total operating cost of the incinerator-scrubber unit.

6.2.2.2 Water Impact

6.2.2.2.1 Increased Water Consumption

Table 6-12 lists the incremental increases in water consumption
by model ethylene dichloride-vinyl chloride plants using incinerator -
scrubbers to control vinyl chloride emissions to attain the alternative
control Tlevels. Table 6-13 Tists the incremental increases in water

consumption by model polyvinyl chloride plants using either improved

stripping or incinerator-scrubbers to meet the praposed standard (or

Alternative II in the case of dispersion resin manufacture). In the
case of the improved stripping option, an increase in water consumption
would be caused by the water purge system for reactors, carbon adsorption
for the monomer recovery system, and improved stripping for the sources
following the stripper. In the case of the incineration option, an
increase in water consumption would be caused by the water purge

system for reactors and the incinerator-scrubber system for the
monomer recovery system and the sources following the stripper.
Alternatives I and IIl are not shown for dispersion resin manufacture.
Alternative I would cause the same increase in water consumption as

the improved stripping option for Alternative II, but would include
only the water consumption for the water purge and the carbon
adsorption unit. Alternative [II would be essentially the same as

the improved stripping option for Alterrnative [I, but may require
additional water for steam for stripping. The gquantities of
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TABLE 6-12. INCREASED WATER CONSUMPTION BY MODEL ETHYLENE DICHLORIDE-VINYL CHLORIDE
PLANTS USING AN TNCINERATOR-SCRUBBER TO ATTAIN THE ALTERNATIVE CONTROL LEVELS

. 2
Base Water Consumption ALTERNATIVE 1 ALTERNATIVE 11 | A IERNATIVE 111
MM 17yr (gai/yr) WATER CONSUMPTION PERCENT WATER F PERCENT
i . MM 1/YR INCREASE IN CONSUMPTION| INCREASE [N
MONLL PLANTS {GAL/YR} WATER MM 1/YR WATER
CONSUMPTION {GAL/YR} | CONSUMPTION
AVERAGE-STZED
PLANT
{318 MM XG/YR OR 2653 3.6 (0.96) 0.1% 121132 4,52
700 MM LB/YR) {700} 21(32)
LARGE PLAMNT
(590 MM £U/YR OR 4927 6.7 {(1.8) 0.1%
4 1300 MM L5/YR) {1300) 224(59) 4.5
E=

1Based on 8.31 1/kg product {1 qal/1b) reported to be used at two vinyl chloride p]ants.]3

2 Data for Alternative I1 are not presented because the water consumption resulting
from control systems used to attain the emission level of Alternative Il would vary for
individual plants, depending on the type of control system used for the oxychlorination
process. For individual nlants, control of the oxychlorination process to attain the
emission level of Alternative.ll could range from no control to 2 process change to incineration.
Therefore, the water consunption for Alternative 11 could range .
between that of Alternative !, which represents nc control of the oxychlorination process,
to that of Alternative IlI, which represents incineration of the emissions from the oxychlori-
nation process. Most existing plants can attain Alternative IT control level without -
contralling the oxychlorination process; however, one plant would possibly have to use
incineration.
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M EL_PLANTS

TABLE 6-13. IHCREASED WATCR CONSUMPTION DY MODEL POLYVINYL CHLORIDE PLANTS USING ¥ARIOUS CONTROL SYSTYHY,
TO ATTAIN THE PROPOSED STANUARD/ALTERWATIVE 11 (GISPERSION PLANTS)

SASE WATER
COHSUMPTION
MH Vfyr [(HM qalfyr])

CASE A {IMPROVED STRIPPIKG OPTINN)

CASE_ B {THCINLRATOR-SCRUBHER (P I1ON)

WATER CONSUMPTION
MM 1/yr (MM galfyr)

PERCENT THCREASE IR
HATER _CONSUMPTION

WATER CONSUNPTION PERCENT IKCHTAST
MM 17y (MM gal/yr} TN WATER CONSIEPTIOH

SUSPOHSTON PLANT - AVG.
{GA M4 kg/yr or
157 M% Thiyr]

SUSPEKSION PLANT - LARGE
{158 MM kgiyr or
350 MM 1b/yr)

DISPERSTON PLAMT - AVG.
[14 MM kgfvr or
an M4 1bfyr}

DISPERSTON PLANT - LARGE
{45 MM kg/yr or
100 KM 1bfyr)

BILK PLANT - AVG.
{45 M kgfyr or
100 M4 1bfyr)

BULK PLANT - LARGE
{77 MM kgfyr or
170 MM tb/yr}

jnas {276}

244n (644)]

209 (553"

597 (184)1

3

114 (3m)

183 {50) ¢

140 {37} [reactor

water purge 7%
27 (7) [slurry

stripping

6.8 (2.8} Iwater

stripping
2.3 (0.6 [carbon

adsorption

326 {86) [reactor
water purge]

63 {16} [slurry
stripping]

16 (4.2) ?water
str1np1n2]

5.3 {1.4)
adsorption

LA e} [inTALT

28 (7.5 [reactor
water purge

43 {13) [slurry
stripping]

1.4 [0.36? [water
stripping]

1.5 {6.1)3 [carbon
adsarption

TR (Z3Y

Ecarbon

93 [25) [reactor
water purge]
163 (43? {shurry
stripping

4.6 {1.2) [water
strippin

1.5 (0.4} Ecarbon
adsorption

Heqligible [sturry
stripping

5.6 (1.4} [water
strippin

1.5 [n.4} Ecarhon
adsorntion

7Y (1) ToTALY

Nealigtbte [slurry
stripping

9.5 {2.5} [water
str1ppin3}

2.6 (n.7)3 [carbon

e L

140 {37) [reactor
water purge

a44n {116} ?in:inera-
-tor-scrubber]

A7 (#3) [water

SRl —

641

326 (86} [reactor
water purge]

1nza {270} [incinera-
tor-scrubber}

203 (54} [water
strippin

28 (7.5} [reactor
water purge

44n {116} ?incinera-
tor-scrubbar]

18 [4.7) [water

SRS —
HE 2B, TOTA

93 {25) (reactor
water ourge]

1965 (386} [incinera-
tor-scrubber]

&0 (16) [water

stripeina}
TEla‘?ié?] TOTAL

121 {32} Tincinera-
tor-scrubber]

5.6 {1.59} [water
strieping _
T266 3,47 TOTAL

2n5 (54) lincinera-
tor-scrubber]

9.5 [2.5) [water
strinping

£.5 (56,57 TOTAL

1Based on 15.35 }./kg product {1.84 gal/1b). the average of water consumption rates reported to be used at seven pnlyvi%yl chloride plants
The range in rates of water consumption by these seven plants was fron 4.0 tn 45 }./kq {0.48 to 5.5 gal/ib), 10-12,14-1

Based on data fron one piant,

3 .
For the purpose of a rough approximation, data from oue p1ant?5 were used and a Hnear relationship between water consumed and production
rate was assumed.




water consumed by base model ethylene dichloride-vinyl chloride
and polyvinyl chloride plants are also included in Tables 6-12 and
6-13 to give some perspective. The fiqures for the base plants
represent the average values reported by two ethylene dichloride-
vinyl chloride p]ants,]3 seven polyvinyl chloride suspension and

10,11,12,14,15,16,17

dispersion plants and one polyvinyl chloride bulk

plant.24 There was a wide range of values reported by the polyvinyl
chloride suspension and dispersion plants, from 4.0 to 45 1/kg product
(0.48 to 5.5 gal/ib).

6.2.2.2.2 WVastewater from the Control Process

The two water pollutants generated or increased as the
result of the application of controls identified in Chapter 4 are

vinyl chloride and hydrogen chloride.

Vinyl Chloride--Amount Generated

Small increases in the quantities of vinyl chloride released
TntopladtTinprocess wastewater would result from using the water purge
system for polyvinyl chloride reactors, scrubbers for control of hydrogen
chloride emissions from incineration, carbon adsorption (the desorption
process), and improved slurry stripping. Table 6-14 presents the
quantities of vinyl chloride which would be released into the
-inprocess wastewater at model ethylene dichloride-vinyl chloride plants

using incinerator-scrubbers and at model polyvinyl chloride suspension

plants using the water purge system, incinerator-scrubbers and/or

carbon adsorption to control vinyl chloride emissions. For purposes of
comparison, Table 6-14 also shows the quantity of vinyl chloride
reported to be released into the wastewater from base model plants in

the past with no EPA regulations in effect. The figures for the
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TABLE 6-14. QUANTITIES OFf VIHYL CHLORIDE RELEASED INTO THE PLAMT INPROCESS WASTEWATER BY SYSTEMS
WHICH CAN BE USED TO MEET THE PROPOSED STANDARD/ALTERNATIVE 11 CONTROL LEVEL {DISPERSION PLANTS)

¥inyl Chloride ¥inyl Chloride Viny! Chloride Yinel Chlorid»
“pdel Plants Released Into Released into Released into Released nto
Water from a Hater from Hiter Water from Incinerator Hater from e
Base Plant Purge System Scrubber System _Carbon Adsorptian>
¥iav} Chloride Plant -Avg. ) o
{318 M1t kg/yr} 2,227 kgtyr N 3 0.64 kg/yr h
{700 1w b/yr) {4,900 1btyr) {1.4 1b/yr)
Yinyl Chloride Plant-Large 1 o3
{590 MM ka/yr) 4,131 k?/yr 3 1.2 kgtyr I
11300 9 b/yr) {9,100 tb/yr) KA {2.6 1bfyr) N
Polyvinygl Chloride
Suspersion Plant -Avg. 7 Y -
{68 i kg/yr) 6,810 kg/yr 42,000 kgfyr 2.0 kgfyr 1,070
{150 15 Tb/yr} {15,000 1b/yr) (92,000 1b/yr) {4.5 \b/yr} e
Polywinyl Ch1oridﬁ
Suspension Plant -Large . N
(159 14t kg/er) 15,890 kg/yr ° 98,000 kg/yr 4.8 kgiyr 31,00
{350 M4 Ib/yr) (35,000 18/yr) (215,000 1b/yr) {(10.5 1b/yr) .

1Basud an lass of winyl chloride into the plant process water at one vinyl chloride plant - G.N007 kg wvinyl
chloride/100 kg product (0.0007 15/100 1h).13 This plant uses a waste water stripper.

2 .
“Based on average loss of vinyl chloride into the piant process water at three polyvinyl chloride plants - 0.01 kf winy}
chloride /100 kg product {0.01 1b/i00 ib). The range of the three plants was from 0.00022 to 0.027 kg viny) chloride/109

4

kg procuct.
Aot applicable.

4 : . .
Gased on data from one p%gnt which indicate that the concentration of winyl chloride in the water from the water
purge systcw is 300 ppm.

The vilues for carbon adsorption are based on the assumption that the steam from descsptinn is condensed in the
rORGTG T KecGyery system, and that the condensed steam would be saturated with vinyl chloride at 70°F and 50 psiqg,
sbsolute. The values for carbon adsorption, and in fact for the water purge and incinerator scrubber are not
directlvy comparable to the values for the base plant. The values for the base plant were likely to he measured
af;cr the Inprocess wastewater was exposed to the atmosphere, and thus under atmospheric conditions of temperature
and pressure.

5

6The figures presented assume that carbon adsorption 15 used for the monomer recovery system only.




base ethylene dichloride-vinyl chloride plants represent one
plant respon'se]3 and the figures for the base polyvinyl chloride
plants represent the average of three plant responses.]4’]5’]6

Technology Available to Prevent Pollution

Studies indicate that any vinyl chloride released into the water,
even though it may be measurable in the plant wastewater, is not measurable
downstreain.22 studies were recently conducted by the EPA Environmental
Re§garch Laboratory-in Athens, Georgia, to determine the pathways by

which vinyl chloride is lost from aquatic systems. Bacterial

degradation of vinyl chloride was found to be ne_ ligible, and vinyl

chloride did not affect bacterial growth under test conditions. No
sorption to bacteria, algae or fungi could be detected. Data are
not yet availabTle on sorption to inorganic particulate. Equilibrium
approximations suggest that under poor transfer conditions sorption
to inorganic particulate may be significant.

1 it is estimated that essentially all

Based on solubility data,
the vinyl chloride in the inprocess wastewater would be released to
the atmosphere. In the presence of a large amount of pure air, the
partial pressure of vinyl! chloride would be extremely small causing
the solubility of vinyl chloride in the water to be essentially zero.
It appears from reported data (see Chapter 4, section 4.10) that the
retention time of a wastewater treatment system is sufficient to allow
all the vinyl chloride to be released prior to discharge. This may
be due to evaporation. Vinyl chloride, with a density of 0.9834

at 20°C, is expected to rise to the surface of the water.

Vinyl chloride emissions into the water and subsequently into the
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2ip can be preventad by a water steinnor.  The technolouy 0f water
Stripping is described in detail in Chapter 4, section 4.10 and

involves application of heat or vacuum to remove vinyl chloride from the
wastewater. The vinyl chloride which is removed can subsequently

be transferred to a monomer recovery system or to a control device.

Cost of Control Technology

Information on the cost of water strippers can be found in

Chapter 7.

Hydrogen Chloride--Amount Generated

Table 6-15 quantifieswthe water reject rate from a scrubber
and the amount of hydrogen chloride which would be released into
the wastewater for the model ethylene dichloride-vinyl chloride plants
using incinerator-scrubbers to meet the various alternative control
levels. The same information is provided in Table 6-16 for model
polyvinyl chloride plants using incinerator-scrubbers (Case B -
the incineration option) to attain the Alternative II control level
in the case of dispersion resin manufacture and the proposed standard
in the case of manufacture of other resins. Incineratcr-scrubbers
would not be used to attain the Alternative I control level and could
not (at least at the present time) be used to attain the Alternative III
control level in the manufacture of dispersion resins.

For ethylene dichloride-vinyl chloride plants, the hydrogen
chioride whicn would be relsased into the wastewater due to incineration
of tae chleeinat i nydrocachsas ~iher than inyl caloride in the

sigent st 3 oty dincluded ia 7 s casculations in Tabie 6-09.
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TABLE 6-15. INFORMATION ON WATER EFFLUENT FROM INCINERATOR-SCRUBBER SYSTEMS
AT MODEL ETHYLENE DICHLORIDE-VINYL CHLORIDE PLANTS ATTAINING
THE ALTERNATIVE CONTROL LEVELS

____Water Effluent

Model Plant Water Reject HC1 Collected? | pH HCT % Qut Caustic Needed

Alternative Size Effluent Rate kg/hr(ib/hr)} To Neutralize
Tpm {gal/min) ka/hr  {1b/hr)

Average-Sized 8 {2) 269 (596) 296 {656)
Planr

(316 MM kgfyr or
700 oM 1b/yr)

Large Plant
{59 MM kg/yr or
1300 MM ib/yr) . 501 (1106) 551 {1217}

Average-Sized 258 (67) 433 (956) . 476 {1052)
Plant

(318 MM kg/yr or
700 MM 1b/yr)

Large Plant
{590 MM kg/yr or
1300 MM 1b/yr) 479 (124) 805 {1777) . 885 (1955}

VAssumes 98 percent efficiency

619800 ALIIOTOD

2pata for Alternative I are not presented because the hydrogen chloride emissions from incineration to

attain the emission level of Alternative II would vary for individual plants, depending on the type of

control system used for the oxychlorination process. For individual plants, control of the oxychlorination
process to attain the emission level of Alternative II could range from no control to a process change

to incineration. Therefore, the hydrogen chloride emissions for Alternative II could range between

that of Alternative I, which represents no control of the oxychlorination process, to that of Alternative III,
which represents incineration of the emissions from the oxychlorination process. Most existing plants can
attain Alternative II control level without controlling the oxychiorination process; however, one plant

would possihly have to use incineration.




TABLE 6-16. INFORMATION ON WATER EFFLUENT FROM INCINERATOR-SCRUBBER SYSTEMS AT MODUL
POLYVINYL CHLORIDE PLANTS CONTROLLING A MAXIMUM NUMBER OF EMISSION POIMIS
WITH TNCINERATION

.WATER REJECT HCL COLLECTED 1 WATER EFFLUENT CAOSTIC Jcrorn
EFFLUENT RATE KG/HR (LB/HR) pH HCL % OUT T meTﬁALxu
LPM (GAL/MIN) KG/HR (LR/LE

o e kufvb"uR
130 M4 LB/YR) 934 (242) 75 (167}

sbbi ST PLANT-LARGE
T15U G YR OR :
R ey 2123 (563) 177 (390)

T STRATTON RSO
0 PCES T PLANT-AVG,
t YR OP
A LelYRTE 1683 (436) 91 (200)
1‘1L:i.i?. * L LB/YR)

STRATION 3.1 PrNSTON

’7'\} PLANT - LuRGE ] ] . S
vt \J/ ‘i’R OR JUO
223 K6/YR 3423 (887) 202 (444)

258 (67) 52 {115)

17 i KG/¥R or 436 (113) 88 (195)
70 MM 1B/YR)

2!

Hor

Mg (U/YR GR 76 (20) 8.8 (19) . . 9.7 {21)
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However, not included in the table is the hydrogen chloride
which ray already be released into the wastewater at ethylene
dichloride-vinyl chloride plants using scrubbers to control hydrogen
chloride emissions from process equipment and/or hydrogen chloride
emissions from incinerators used to dispose of liquid chlorinated
hydrocarbon wastes.

The pH of the water effluent from the scrubber resulting from
the hydrogen chloride emissions into the water is also included
in Tables 6-15 and 6-16 for the various model plants. As can be seen
from the table, the hydrogen chloride absorbed would cause the water
leaving the scrubber to have a low pH {about 1.0)}. This acidic effluent
could cause the total plant effluent to have a low pH since the scrubber
effluent would be a sizeable portion of the total effluent stream.

Technology Available to Prevent Pollution

The water effluent guidelines for ethylene dichloride, vinyl
chloride, and polyvinyl chloride plants specify that all new and
existing plants must maintain the pH of water effluent between

6.0 and 9.07°8 (

39 FR 12506 and 39 FR 14678).

In order to meet these.guidelines, the hydrogen chloride from the
scrubber stream could be recovered or neutralized prior to discharge to
the plant effluent system. Generally, the concentration of the recovered
acid would be too low to be sold or recycled. However, further processing
would allow the production of strong acid or anhydrous hydrogen chloride.
Extractive distillation would probably be necessary to accomplish this
additioral concentration. Ethylene dichloride-vinyl chloride plants appear

to be the only ones with wastewater streams where hydrogen chloride

recovery is feasible. If it were recovered at a balanced ethylene

dichloride-vinyl chloride plant, it could be used as a raw material in
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the process. 1hx rydiogen cnloride concentrations of the cffluents
from scrubbers in the different types of polyvinyl c¢hloride plants
are too low (I percent or less) to make hydrogen chloride recovery
fzasible. In these cases, the scrubber effluent can be neutralized
by adding caustic (NaOH) to the water in the scrubber or after it
leaves the scrubber. The amount of caustic needed depends on the
hydrogen chloride concentration of the effluent. Tables 6-15 and

6-16 Tist the amount of caustic needed for neutralization for each

mode] ethylene dichloride-vinyl chloride and polyvinyl chloride plant.

Approximately 1.1 kilograms of caustic are needed to neutralize one

kilogram of hydrogen ch]or{de.

Losts of Technology to Abate Acidic Effluent

The costs of caustic used to neutralize the hydrogen chloride collected
-im the scrubber water are included in the annual direct operating costs
in Chapter 7 for the model ethylene dichloride-vinyl chloride plants
and polyvinyl chloride plants attaining the various control Tevels.
The data used to develop the cost figures in Chapter 7 indicate that
the current cost of caustic is about $0.77/kg ($0.35/1b). The fraction

of the annual direct operating cost attributable to causiic would

vary from plant to plant depending on such factors as the production
rate, volumetric flowrate, and the type of control applied to the
oxychlorination reactor, However, as an example, caustic for model ethylene
dichloride-vinyl chloride plantc attaining the Alternative I control
Tavel would ba 7uaut 3279,000/yr (cr % percent of the annu~l dirvect

Tre cost of caustic for mocel ethlene dichiocide-
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be about S210,000/yr (or about 30 percent of the annual direct
operating cost). The cost of caustic is a simaller fraction of the
total annual direct operating cost for Alternative III than for
Altorpnative 1, because fuel would be a large part ¢f the operatling
cost for Alternative II1.

6.2.2.3 Solid Waste

A typical polyvinyl chloride plant (68 million kg product/yr)
would require 3,450 kg (7,600 1b) of carbon in a carbon adsorption
unit to control the monomer recovery system. As explained in section
6.1, since carbon adsorption has had only limited use in the ethylene
dichloride-vinyl chlorida or polyvinyl chloride industries, the bed-1ife
of the carbon is not known at this time. However, it is judged that the
carbon may have to be replaced every 1 to 3 years, or that the typical
plant using carbon adsorption on its monomer recovery system may have
to discard as much as 3,450 kg of carbon/yr. In comparison, based

8 the

on information obtained from a similar but larger plant,

total solid waste generated by an average-sized plant is estimated
to be 1.8 million kg/yr (2.6 million 1b/yr).

Besides bulk there may be additional problems associated with
disposal of the carbon due to residual vinyl chloride or other con-
taminants collected on the bed. Problems of this nature have not
been qualified or quantified at this time. It is conceivable that the
waste carbon could be burned in a boiler to recover some ofgthe heat
value of the material; however, potential air pollution problems such as
emissions of hydrogen chloride from cambustion of chlorinated hydrocarbons

would exist.
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6.2.7.4 loise and Radiation

L indicated in Table €=1. thz~e are 1o known noise or ruediciion @
impacts associated with the controls.

6.2.2.5 Energy Considerations

In Tables 6-17 and 6-18, incremental energy requirements are
estimated for the model ethylene dichloride-vinyl chloride plants and
polyvinyl chloride dispersion plants attaining the alternative control
levels identified in Chapter 5. In Tables 6-19 and 6-20, incremental
energy requirements are estimated for the model polyvinyl chloride
suspension and bulk plants attaining the control level of the proposed
standard. The energy estimates in these tables are based on the energy
requirements used to calculate the operating costs for various pieces of
equipment in Chapter 7. For ethylene dichloride-vinyl chloride plants,
the energy costs are shown for control by incineration oniy. For
polyvinyl chloride plants, the energy costs are shown for both options
available to the plants for meeting the proposed standard (or Alternative
IT in the case of dispersion resin manufacture). These options are
improved stripping (Case A) and add-on control technology (Case B).
Incineration is the only type of add-on control technolongy for which
energy costs are presented because incineration is the control technique
for which most data are available, it is the most 1ikely type of add-on
control technolagy to be used for many emission sources, and it is
expected to be the most enargy -ansuming type of add-on noatrol technolony,

»
Table 6-2! cemparas the erarqgy cossumnlinn rates at various modal plants

rhh oand it aonteols.
Ac dndica s in The ©oh he T o~) copsuapiion at ethylene
] A
s . s C [ B I - H . H -
Hoslarilo- oyt Shecila alzos usiag ol Dreration oo west the
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TABLY 6-17. INCREASED ENERGY CONSUMPTION - ETHYLENE DICHLORIDE-V1MNY. CHLARIDL
PLANT (318 MM kg VCM/yr) (700 MM 1b VCM/yr) ATTAINING THE ALTERNATIVE CON'ROL LEY |-

RLTERAATIVE 1T o [ ALTERNATIVE 1L, -

FULL )
ENISS TG POTNT POWER CONSUMPTION CONSUMPT 11 POVLE COSUIT T !
{1000 KWH/YR) MM KCAL/YR (100N puH Y PO

(MM BTU/YR) BT Y

. o 2 -
1. Fugitive Emissions 132 none 132° nre

n

2. Point Source Emissiuns
A. EDC Purification ]
C. VCM Furmation and Negligible !

Purification

74,6%7
. Oxychlorination | {256,000}
Process ' |

i

Hegligible3 74,800
(0040,000)

- ——— e - 4

1Data for Alternative II are not presented because the increased energv consumption for attaining the emission level of

Alternative Il would vary for individual plants, depending on the type of control used

for the oxychlorination process. For individual plants, control of the oxychlorination process to attain the erission
Tevel of Alternative Il could range from no control to a process change to incineratton. Therefore, the increased

erergy consumption for Alternative Il could range between that of Alternative I, which represents no control of the oxy-
chlorination process, to that of Alternative III, which represents incineration of the emissions from the oxychlorination
process. HMost existing plants can attain Alternative II control level without controlling the oxychlorination process;
however, one plant would possibly have to use incineration.

2This povter is needed for the multipoint vinyl chloride detector. All other methods used to contain or capture fugitive
emissions consume negligible quantities of energy. It is assumed that any captured fugitive ewissions which are renuired
to be controlled, will be controlled by the incinerator used to control point source emissions. Thus, enerqy consumed
for control of captured fugitive emissions is included in the enerqv consumption fiqures for the point source enissions.

3. e
Effluent stream sustains combustion without auxiliary fuel.



TASLE 5-13,  [N7RCAIED BHERGY C™NLUMPTT M

ALTERNATIVE I LLTEPNSVIVE I

' Fuel

! Power ‘consumption | Power ‘consumption
Emission ; Method consurption M kcal/yr | Hethod consumption ™M keal/yr
of control (1000 kahr/yr) {MM Bty/yr) | of control Y1000 kwhr/yr) :(¥i Btu/yr)

point

! !
Fugitive emi'.s:iicwns1 | L . O
A. Leaks from equipment Multi-point ' 330 None Multi-point 330 i
detector | detector

None

. Inprocess wastewater Water 3000 Water 3000
stripper 1(11,000) (11,000)

Point source erissions 1 i
. Reactor opening Water purge/ Nore [Water purge/ None

gasholder gasholder
. Relijef vaive discharge system systenm

Stripper Carton Carbon 400
Monomer recovary system | adsorpiion adsorption (1400)

Sources following the No ’ : Improved 32,000
stripper (slurry blend |additional jstripzing {126,000)
tanks, dryers, bulk control - , (2000 ppm) !
storage, etc.) l

A |
* f

TOTAL 400 3400 : 1010 35,400
+{12,400) ' , (138,400)

H | N

]It is assumed that any captu—ed fugitive emissions which are required to be controlled will be contralled by the
incinerator or carbon adsorber used to ¢ontrs’ peint source emissions.

~ BTSRRI RPN,
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L

CRLUMIDE PLANT {33 ¥t ka/yr or 33 7' Mo/yr)

ALTESNATIVE 11 (cont'd.)

ALTERNATINEG I

CASE 8

Hethaod
fcontral

Power
, consumption
11000 kknr/yr)

; Fuel

i consumption
M1 keal/yr
{1 By/yr)

:
|

I
!
Uethod
of control

Puner
consumption
{1000 kihr/yr)

Fuel
consumption
M4 kcal/yr
(*21 Btu/yr)

Multi-point
detectar

Water
stripper

diter purge/
sasholder
system

Incineration

Incineration

330

Hone

34,000
(136,000)

None

334,000

‘(1.325,000)

Hulti-point
detector

Water
stripper

Water purge/
gasholder
system

Carbon
adsorption

Improved stripping
(400 ppm)

330

(Data unavailabie,

any plant.)

None

3.000
(11,000)

None

400
(1400)

This level of stripping

has not been demonstrated commercially in

368,000
(1,461,000)

(Data unavariable.

This level of stripping

~ has not been demonstrated comrercially in

{ any piant.])
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Table 6-19.

INCREASED ENERGY CONSUMPTION--SUSPENSION POLYVINYL CHLORIDE PLANT

[68 MM kg/yr (150 MM 1b/yr}] MEETING PROPOSED STANDARD

Eiiecing point

Case A

Case B

Method
of control

Power
consumption,
1000 kWn/yr

Fuel
consumption,
MM KCal/yr
(MM Btu/rr)

Method
of control

Jep emissions]

AL Lacks from equip-
.\I;‘r":t

¢ naprocess waste-

water

1y

POl SouUYce enis-
siens
A. Reactor opening

2o Poiief valve
discharge

. Seripper

J. Fonumer rocov-
Lry oTysiio.

. Sources foi-
Towing stripper
{sturry blend

ks, dryers,
w1k storage,

cte.)

Multipoint
detector
Water strip-
per

Water purge/
gasholder
system
Carbon
adsorption

Improved
stripping

330
1

Total

1,823

None

13,000
{53,000)

None
400
(1,400)

(70,000}

31,400
{124,400)

. Multipoint

detector

i Water strip-
i per

Water purge/

. gasholder

system
Incineration

Incineration

Fower
consumption,
1000 kih/yr

330
132

5,241

|
|
1

[
v
|
1
i
ﬁ
|

Fuel
consumption,
MM KCai/yr
(MM Btu/yr)

Hone

171,000
(681,000}

None

321,000
{1,270,000)

492,000

(1,951,000)

829800 HLIYOTIOD

assumed that any captured fugitive emissions that are required to be controlled will be controlled by
ircinerator or carbon adsorber used to control point source emissions.
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Table 6-20.

[45 MM kg/yr (100 MM 1b/yr)] MEETING PROPOSED STANDARD

INCREASED ENERGY COMSUMPTION--BULK POLYVINYL CHLORIDE PLANT

Emission point

Case A

Casg B

Method
of control

Power
consumption,
1000 kWh/yr

Fuel
consumption,
MM KCal/yr
(MM Btu/yr)

Method
of contrel

1 1000 kith/yr

T T RweY T
consumption,
MM KCal/yr
{MM Btu/yr}

Power
consumption,

1.

I oo ]
Fugitive emissions
A. Leaks from equipment

B. Inprocess Wastewater

Fsint source emissions
i, Reactor opening

ol

B. Relief valve discharge

~

C.  Monomer recovery
sysiem

Sources following
striprer (baggers
bulk, loading bulk
storage, etc.)

Multipoint
detector
Water
stripper

Gasholder
system

Carbon
adsorption

Improved
stripping

330
3

23

tone

1,000
{4,000)

None

400
{1,400)

14,000
{57,000)

Multipoint
detector
Water
stripper

Gasholder
system

Incineration

Incineration

330
3
Hene
53,00¢C

L (210,000)

|
+

Total

1,359

15,400
(62,400)

1,496 54,000

' (214.000)

by the incinerator or carbon absorber used to controel point source emissions.

—— 1 ————————

}It is assumed that any captured fugitive emissions that are required to be controlled will be controiled




TABLE 6-21. COMPARISON OF ENERGY CONSSMPTION BY MODEL PLANTS MITd AND WITHOUT CONTROLS

Model plant
(average size)

Total
hase eneray
usage {fuel),
MM KCal/yr

Type of centrol

Total energy
usage of control
equipment (fuel),

MM KCal/yr

Increase in eneray

consumption as result

of applying controls,
percent

Ethylene dichloride -
vinyl chloride plant
(318 MM kg/yr)
(700 MM 1b/yr)

Ethylene dichloride -
vinyl chloride plant
{318 MM kg/yr)
(700 MM 1b/yr)

Ethylene dichloride -

vinyl chloride plant
{318,MM kg/yrg
(700 MM 1b/yr)

Polyvinyl chloride

suspension plant
(68 MM kg/yr)
(150 MM Tb/yr)

Polyvinyl chloride

suspension plant
(68 MM kg/yr)
(150 MM 1b/yr)

Polyvinyl chloride

dispersion plant
(14 MM kg/yr)
(30 MM 1b/yr)

Polyvinyl chloride

dispersion plant
{14 MM kg/yr)
(30 MM 1b/yr)

Polyvinyl chloride
bulk plant
(45 MM kg/yr)
(100 MM Tb/yr

Polyvinyl chioride
bulk plant
{45 MM kg/yr)
(160 MM 1b/yr)

1,014,3002

1,014,300°

1,014,300°
223,3567
223,350°
44,670

44,6703

33,406"

Using incineration to
attain alternative I
control level

Using 1ncineration to
attain alternative II
control level

to
It

Using incireration
attain alternative
control level

Usina improved strip-
ping to-attain the
proposed standard

Using incineration to
attain the proposed
standard

Using improved strip-
ping to attain alter-
native Il control
Tevel

Using incineration to
attain alternative 1]
control level

Using improved strip-
ping to attair the
proposed standard

LUsing inzineration to
attayn the pronnsed
standard

1,450

Generally the sam
Possibly the same
for one plant

76,050

33,490

458,000

36,160

373,680

16,960

55,770

0.1

e as alternative 1.

as alternative 11

15

223

81

836

50

166

1.
The power usage has bzen convarted *

"
“Based on data submitted Sy o, sl
3Based on data submitte’ hy foue 7o
4

Based on 1977 dath st ited Ly cne

> P
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-

AMternative T control level would be nealigible. To me2t the
(L Klternative 111 control Tevel wi.ld, however, result in an increased
fuel consumption of 74,600 millicn kilocaleries/vr (296,600 million BTU/yr).
This, comhinad with increased power usage (1,272,000 kwh/yr) would
increase energy consumption at a model plant by about 7 percent.

The hicher fuel consumption for Alternative III is due to the

R’ I

relatively large quantity of supplemental fuel which would be required

[EUP——

to support combustion of the relatively large volume, Tow concentration
gas stream from the oxychlorination reactor at ethylene dichloride-vinyl
chloride plants. These plants could possibly reduce this energy impact

to some extent because they are typically located in large petrochemical

complexes. The heat value of both the supplemental fuel and the hydrocarbons
in the waste gas stream could possibly be used as steam in other parts
of  thepetrochemical complex.
As indicated in Table 6-18, the energy consumption at polyvinyl
chloride dispersion plants attaining the Alternative II control level
with improved stripping would be increased over the energy consumption
of plants attaining the Alternative I control level by a factor of 10.
This is due to the fact that Alternative II reguires control of the

sources following the stripper in the flow of process materials through

© T AT T

the plant and Alternative I does not. The sources following the stripper
constitute a substantial portion of the total plant emissions. For
polyvinyl chloride dispersion plants, as for other types of polyvinyl
chloride plants, controlling the sources following the stipper with
incineration (Case 3} -~ather then improved stripping (Case A) would

cause a wuch greater increase in enargy consumption. Since improved

6-59
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' cncineration achieve the same degree of control, the

« rather than £°2 would be in the position of deciding which of

c.peo control techniques would be used. Due to the high costs of energy

consumption which would result from controlling with incineration,

plants would be expected to use improved stripping as the control

technigue instead of incineration. Since the degree of improved stripping

required by Alternative III has not been used at any dispersion plants,

data are not available on the quantity of energy that would be required

to meet this control Tevel.
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7. ECONQMIC IMPACT ANALYSIS
7.1 INDUSTRY ECONOMIC PROFILE

7.1.1 Ethylene Dichloride

Any analysis of the polyvinyl chloride industry must begin with a dis-
cussion of ethylene dichloride because about 80 percent of the ethylene dichlor-
ide produced in the United States gces directly to the production of vinyl
chloride and, ultimately, polyvinyl chioride resits.‘ As a result, the
producers of ethylene dichloride are extremely dependent upon the palyvinyl
chloride resin industry. Domestic demand for ethylene dichloride in 1974
amounted to 4.7 billion ki]ograms.2

7.1.2 Vinyl Chloride

Based upon July, 1975 capacities, an estimated 92 percent of the vinyl
chloride produced in the United States was produced by the pyrolysis of
ethylene dichloride. The other 8 percent was méde by the addition of hydro-
gen chloride to acet_y1ene.3 The 1974 estimated domestic production of vinyl
chloride amounted to 2.6 billion kﬂograms.4

An estimated 97 percent of the vinyl chloride produced in the United States .
is used to produce polyvinyl chloride homopolymer and copolymer resins.5 As a

result, the existence of the vinyl chloride industry hinges on polyvinyl

Recent estimates indicate that approximately 940 workers

chloride production,

7-1
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. are directly engaged in the produciion of vinyl chloride in the United States.

7.1.3 Polyvinyl Chloride

In 1974, estimated production of polyvinyl chloride resins in the United @!’

States amounted to 2.2 billion kilograms, and, at an estimated average unit
sales value of 25.0 cents per pound (55 cents per kilogram), the production
value was approximately 1.2 billion d011ars.7

In 1975, polyvinyl chloride resins were produced by 23 companies, at
41 plants, by one or more of 4 processes--suspension, emulsion, bulk, and

solution,

7.1.4 Vertical Integration and Industry Concentration

Vertical integration is that situation wherein a producer owns not only the -
producing plant but also either a raw material supplier and/or a plant that uses
the producer's product.

There is a limited amount of vertical integration within the polyvinyl
chloride industry frcm the production of ethylene dichloride through the pro-
duction of polyvinyl chloride resin. Five companies produce all three products
(i.e. ethylene dichloride, vinyl chloride, and polyvinyl chloride), while six-
teen companies manufacture only one of the three products. Six firms produce
two of the three products. Table 7-1 illustrates the amount of vertical inte-
gration for the entire industry.

Since plants that produce vinyl chloride also generally produce ethylene
dichloride, plants in the sector of the industry are often times refarred to

as ethylene dichlnride-vinyl chloride plants.
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There is a great deal of concentration in the production of ethylene di-
chloridz-vinyl chloride and polyvinyl chlaride, A few firms in each industry
cccount for much of the total capacity. Vith regard to vinyl chloride produc-
tion, out of a total of 10 firms, 2 account for 41 percent of the industry's
czpacity. The five largest firms account for 78 percent of total industry capa-
citv, In the polyvinyl chloride industry, out of a total of 22 firms, © account
for approximately 47 percent of total industry capacity. The 9 largest firms
account for an estimated 67 percent of total industry capacity. (Figures
derived from Tables 3-2 and 3-3).

7.1.5 Polymerization of Polyvinyl Chloride Resins hy Process

As mentioned earlier, polymerization of polyviayl chloride is achieved by
four processes. Suspension polymerization accounts for 78 percent of domestic
polyvinyl chloride capacity and is practiced by nearly all producers. Emulsion
polymerization accounts for 13 percent of total capactiy and is practiced by 11
companies. Six percent of all polyvinyl chloride resins are produced by 4 -
companies using the bulk polymerization process; and 1 company accounts for
3 percent of the total polyvinyl chloride capacity using the solution process.8

7.1.6 Polyvinyl Chloride Consumption by End Use

Polyvinyl chloride resins are an intermediate product which have a wide
variety of end uses. Polyvinyl chloride resin consumption by general cate-
gories of end use for 1974 is summarized in Table 7-2.

Consumption of polyvinyl chloride increased 10.5 percent annually from
1969 to 1974, The most significant growth categories were building and con-
struction (19.9 percent annually), miscellaneous-mainly credit cards (18.9

rercent annually), and packaging (8.4 percent annualTy.)g

7-3
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1 shg... be ru.ed it tut.l domestic demand for polyvinyl chloride resins
cscreased by 2.2 percent in the period 1973-1974. The major areas in which de-

creases occurred were electrical uses (14.4 percent), building and construction

(6.4 percent), and apparel (4.6 percent).10

Some of the more common uses within each category are:

Building and Construction - pipe, pipe fittings, and conduit; flooring;

siding; windows and other rigid profiles, swimming pool Tliners; lighting;
weatherstripping; rainwater systems.

Household furnishings - furniture upholstery; wall coverings; shower cur-

tains; garden hose; appliances.

Consumer Goods (recreation-and apparel) - phonograph records; footwear;

toys; outerwear; sporting goods; baby pants,

Electrical Uses - coated wire and cable.

Packaging - hardware and pharmaceutical packaging; food packaging; bottles:
coatings.

Transportation - upholstery and seat covers; vinyl tops; auto floormats.
1

Miscellaneous - laminates; medical tubing; credit cards; navelties.

7:1.7 Polyvinyl Chloride Substitutes

Discussions with industry representatives have led to the conclusion that
substitutes exist for a number of present polyvinyl chioride applications.
Although these substitutes do exist, there would be a certain delay in obtaining
adequate quantities of the substitute materials, and prices of the substitutes
would generally be higher than pelyvinyl chloride. Table 7-3 contains a list

of the major polyvinyl chloride uses and pnssible substitute matarials.
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7.1.8 Irc stry Employment
Total direct employment in the vinyl chloride incustry and the polywi-
chloride industry is estimated to be:
Vinyl Chloride 940
Polyvinyl Chloride 5,600
Additionally, it is believed that as many as 2,000,000 jobs are indirectly
12

related to the production of polyvinyl chloride.

7.1.9 Increases in Industry Capacity

Three new polyvinyl chloride plants were started between the fourth quarter

of 1974 ard the second quarter of 1975. These plants (Georgia-Pacific at
“"Plaquemine, Louisiana, Shintech at Freeport, Texas. and Tenneco at Pasadena,
Texas) accounted for additional industry capacity of 310,000,000 kilograms per
year. ODuring the same period of time, however, two polyvinyl chlaoride plants
ceased production (0lin at Assonet, Massachusetts - 70,000,000 kilograms per
year and National Starch at Meredosia, I1linois - 4,500,000 kilograms per

year) so that the net increase in industry capacity was approximately 235,500,000
kilograms per year. This represented a net-increase in industry capacity of
approximately 10 percent.

In addition to the expansions noted above, several companies have indi-
cated that additional increases to industry capacity will be forthcoming.
These expansions, detailed in Table 7-4, would result in additional capacity
of approximately 520,000,000 kilograms, or 20 percent of current industry
capacity. The timing of these expansions is not known with any degree of cer-
tainty and it is possible that some projects could be indefinitely delayed
if the industry believes that future prospects in the polyvinyl chioride

resins market are not promising.
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Announced capacity expansion plans in the ethylene dichloride-vinyl
chioride sector of the industry are currently limited to the construction
of a new plant by Borden, Inc., at Geismar, Louisiana. This plant is expected
to have a capacity of approximately 135,000,000 kilograms per year of vinyl

13 Other ethylene dichloride-vinyl chloride

chloride and be on-stream in 1976.
plants may be constructed if future projected polyvinyl chloride production
volumes are to be attained. One projection indicates that a total of approximate-
1y 300,000,000 kilograms of vinyl chloride capacity will have to be added

in order to satisfy demand in 1980.]4 This means that one more ethylene
dichloride-vinyl chloride plant, in addition to the Borden plant mentioned

above, may be -constructed in the near future.

7.1.10 Product Price Histories

Both vinyl chloride and polyvinyl chloride resin prices had a general
and significant downward trend throughout the 1950's and 1960's as a result
of improving technology and capacity increases. The price of vinyl chloride
has moved from a high of 13.5¢/1b in 1954 to a low of 4.75¢ in the late

15 Since the early 1970's vinyl chloride prices

1960's and early 1970's.

have risen rapidly in response to increased production costs based primarily

on raw material price increases. June, 1975 Tlist prices ranged from 9-12¢/1b.
General purpose suspension process polyvinyl chloride resin listed at 38¢/

16 cince 1963 the trend

1b in 1954 and decreased to a Tow of 10¢/1b in 1968.
has been consistently upward with substantial increases in 1974. June, 1975
1ist prices rarced from 24-28¢/1b.

Both homopolymer and copolymer dispersion grade resins have historically

seanopriced higih~- than suspension grade resins. Distarsion grade prices wara
stible in the ;.riod fren 1980 throuwgh 1971, theugh as with suspansion resins
7-8
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. rn 17 . . . : -
nrices fell from 1950-1980. "7 Recently, dispersion grade prices have risan with

ethylene cichleride, vinyl chloride, and suspension g-ale resin prices. Jure,
1975 list prices ranged frum 34-37¢/1b.

Recent price changes for ethylene dichloride, vinyl chloride, and pcly-
vinyl chloride are shown in Table 7-5.

Actual selling prices are sometimes lower than the list prices as stated
zbove, but the amount of the discount varies due to various factors (supply-
demand relationships, existence of long-term contract commi tments, etc.).

It is not known to what extent discounting is currently being employed in

the industry, if at all.
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7.2. COST ANALYSIS OF ALTERNATIVE EMISSION CONTROL SYSTEMS
7.2.1 Introduction
For each of the various emission control systems identified in Chapter
4 for ethylene dichloride-vinyl chloride and palyvinyl chloride plants, installed
capital and total annualized costs are estimated. This section primarily
deals with the costs for controlling model ethylene dichloride-~vinyl chloride

and polyvinyl chloride plants to achieve various emission levels. Each of

these model plants is of such process configuration and size as to be fairly

representative of a typical existing plant in the industry. Although the

individual plant control costs will vary to a greater or lesser degree from

these model plant costs, this section also presents, in Table 7-6, formulas

that can be used to scale the model plant costs up or down in order to approximate
control costs at an existing installations. Naturally, control costs at

existing installations are quite difficult to estimate without detailed,

plant-by-plant engineering studies. Whereas Table 7-6 is believed to be

representative of control costs in the aggregate, the table is not intended
to provide anything other than general estimates of plant-by-plant control
costs.

The model plant costs ara based on data cbtained from the individual
companies through requests for information under the authority of Section
114 of the Clean Air Act. Cost da"2 has alsoc been available frcm the Industrial

Gas Cleaning Institute (IGCI), who, under an £PA contract, has provided infor-

mation tas~1 on & is from act. 1 vardoes of contral equipsment.  Both sets

of cost data nave Shen used oy CPA in dovelgoning tha modsl plant air pellution |

Lentrol costs, @ Il
|
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Two majcr kinds of costs have been developed perein: installed capital
cets and fotal anpual ot costs. The installed capital cost for each con-
trol elternztive includes the purchased cost of the major equipment and auxiliary
ecuipment ard the cost for site preparation and installation of the equipment,

anc design engineering cost. No attempt has bzen wade to include costs for

or losses during startup.

The total annualized cost is comprised of three categories: the direct
operating cost, the annualized capital charge, and the monomer recovery credit.
Tre first accounts for operating and maintenance costs, such as:

" Labor and materials needed to operate tha control equipment;

* Maintenance labor and materials;

* Utilities, which include fuel, electric power, water, steam, and
inert gas.

The annualized capital charge accounts for depreciation, interest,
administrative overhead, property taxes, and insurance. The depreciation
and interest portion is computed by use of a capital recovery factor, the
value of which depends on the device operating life (5 to 20 years, in this
report) and the interest rate. {An annual interest rate of 10 percent has
been assumed.) Administrative overhead, taxes, and insurance have been fixed

at an additional 2.5 percent of the installed capital cost per year.

The monomer recovery credit accounts for the value of the vinyl chloride

recovered by the control equipment. Herein, a cradit of $.10 per pound of
vinyl chloride has been assumed.
The total annualized cost is then obtained simply by adding the direct

operating ccst, the annualized capital charge, and the monomer recovery credit.
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7.2.7 Cost of Plternative Control Heasures

Four main smission points have been identified for the balancad ethylene
dichloride~-viny) ¢nloride plant, and seven each for the suspension and dispersien
polyvinyl chloride plants (see Tables 7-7 through 7-9). The bulk polyviny]
chloride model plant has four points of emission. (See Table 7-10).

(Since only one solution process polyvinyl chloride plant is currently in
operation, a special model plant has not been developed for the solution
process. Control costs for the plant have been developed, however, and are
included. in the analysis in Section 7.3.) Each of the emission points may,
in turn, be controlled by one or more control measures, so that a number of
control configurations are possible. ]

The data costs identified in this section, however, are thése which would
be incurred by the model plant using a selected combination of control measures
to attain the alternative control levels identified in Chapter 5 for ethylene
dichloride-vinyl chlcride plants and polyvinyl chloride disparsion plants.

For polyvinyl chloride plants not making dispersion resins, thefe are no
alternative contral levels, and costs are shown for model plants using a
selected combination of control measures to attain the level of the proposed
standard. For polyvinyl chloride plants, two types of control can be used

to attain the emission level of Alternative II in the manufacture of dispersion
resins and the emission level of the proposed standard in the manufacture of
the other resins. Costs are presented for both types of control.

7.2.2.1 Ethylene Dicnleride-Vinyl Chlorids Model Plant

Table 7-7 illustrates the balanced ethylare dichloride-viny! chloride model
plant control costs at the two alternative levels of control. Alterpative I

avolves fugizt = c.on rediction and incineratinon of the etnylene dichlcoride

e
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Aorificeiicon and the vingi chleride Jomation and purification procasses.
Caontrol of the oxychlorination process is not jacluced in this altzrnative.
flternative 111 includas incineration of the oxychlorination process in
addition teo fugitive contrecls and incineration of the aforementioned ethylene
dichloride and vinyl cnloride processes. Included among the fugitive emission
radyction measures ars monitoring to detect points of high emissions, installa-
1ion of <ual mechanical pump and compressor seals and rupture disxs, and

various control systems for process sampling and transfer operations. (These

costs are presented on an item-by-item basis in Table 7-11). Costs for stripping

vinyl chloride from inprocess wastewater are not included hecause the existing
plants generally already use water strippers.

As illustrated by Alternative 1 in Table 7-7, control of fugitive emissions
and incineration of ethylene dichloride and vinyl chloride monomer processes will
require a total capital expenditure of $889,000 at the 318 million kg/yr (700
million 1b/yr) model plant. Annualized costs amount to $793,000/yr, or 0.24¢/
kg (0.11¢/1b) of vinyl chloride produced at capacity. In order to control the
oxychlorination process emissions it is necessary to spend an additional $1,014,000
in installed capital and $864,000/yr (0.29¢/kg=0.13¢/1b) in annualized costs.
Total control costs for Alternative 11l then beccmes $1,903,000 in installed
capital and $1,657,000/yr (0.53¢/15=0.24¢/1b) in annualized costs. Overall
control of emissions is approximately 90 percent for Alternative I and 97 percent
for Alternative III,

Note that Alternative II is not considered for the modael plant in Table
7-7. This is so because the increased costs for attaining the emission level
of Alternative Il would vary for individual plants, depending cn the typs of
contenl systen used for the oxychlorination process. For individual plants,
control ™ this process to ettain the Alternative IT lavel could range from no
centro? Lo a process change to incineration, Correspondingly, the control
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'Loqts for Alternative I1 could range between that of Alternative I, which
represents no control of the process, to that of Alternative III, which involves
thermal incineraticn. 1In any case, no definitive cost data has yel been
developed for any oxychlorination control except incineration.

7.2.2.2 Suspension Polyvinyl Chloride Model Plant

As mentioned earlier, two control configurations (each of which corresponds
to the same alternative, an overall control efficiency of 95 percent) have been
applied to the model suspension and bulk polyvinyl chloride plants. One control
option (Case A) is the improved stripping option. This case assumes that the
polyvinyl chloride resin can be stripped to a Tevel of 400 parts per million.

To illustrate the substant1a1 difference between the cost impacts, a second
case (B) has been developed for the suspension and bulk model plants. This
case is the incineration option and is intended to show the approximate
cost level that would be vrealized if incineration were used for vinyl chloride
control at certain em'ssion points.

The suspension process model plant costs are shown in Table 7-8.

The control costs for Case A include various fugitive emission reduction
techniques. These methods include those to control the ethylene dichloride-
vinyl chloride model plant plus water stripping to remove vinyl chloride

from the process water streams in the plant. This system consists of a large
vessel [plus auxilliaries) in which the monomer js flashed from the water
under vacuum by contacting with open staam, followed by separation of the
resultant water vapor from the moncmer by condensation of the water., Following
condensation, the rmonomer is szrf {o th2 plant moncmer vecovery System.

In addition to th:ze fugitive controls, Tasa A invoiy:s the installation of 2

&

PSS
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casholder-purgs vater system to control the reactor opening and relief valve ;

discharge » nssion points. The gasholder is rerely a vapor conservation or
~urge tank, whose function is to collect vinyl chloride moncwar vapors in

air from these points and release them steadiiy to the monomer recovery system,
thereby permitting the system to operate at a steady flow condition rather

an intermittently. The reactor water purge system, which operates in

Yot s < Tae -

conjunction with this gasholder, is a system designed to purge the vinyl
chloride monomer vapor left in the reactors after completion of the reaction
cycle to the gasholder by the introduction of water. Case A also includes the

installation of improved reactor pressure and temperature recorder-controllers,

T At v e

along with an automatic reaction quenching (shori-.topping) system, both of
which would minimize monomer Tosses from relief valve discharges. The new :
recorder-controllers would afford better control of the polymerization i
reaction itself, while the automatic short-stopping system permits the :
plant to quench reactions in the event of an emergency.
Also included in Case A is an improved stripping operation. The improved
T - stripping removes some of the monomer from the reactor products, so that

this vinyl chloride monomer is not emitted further downstream, from the

slurry blend tank, centrifuge dryer, storage silos, inprocess wastewater,

etc., as is presently the case with uncontrolled plants. The cost of installing
--- —such a system is a function primarily of the size and construction parameters. .

of the stripper vessel(s) (usua11y'stain1ess steel tanks), which, in turn,

depend on the weight of material processed or (alternatively) the polyvinyl

chloride production rate. Accordingly, the costs for the model plant have

been scalad directly with production (see Tabla 7-6).
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Control of tre low-volume {epproximately 15 ACFM) stream Frcn the monomer
recovery system with carbon adsorption is also included in Case A. Despite
the low volumetric flowrate, installed capital cost js substantial ($333,000)
hecause even the smallest adscrption unit reguires nearly the same amount of

design effort, fabrication labor, and instrumentation as do the larger devices.

Total installed capital costs for the 68 million kg/yr (150 million 1b/yr)

model suspension process polyvinyl chloride plant are $4,462,000 for Case A.
Annualized costs for the model plant are $1,222,000/yr (1.8¢/kq=0.81¢/1b of
PVC at capacity).

The second control configuration, Case B, includes the same fugitive con-
trols, improved instrumentation, automatic quench system, and gasholder-water
purge system of Case A plus new slurry blend tanks and an incinerator-caustic
scrubber for abating emissions from the slurry blend tank, centrifuge, monomer
recovery system, dryer, and bulk storage and transfer points. The relatively
high volume of these combined streams (about 81,000 ACFM) means a heavy capital
investment for the incineration system, where the high control efficiency speci-
fied (99 percent) requires a substantial direct operating cost, due to the high
amount of fuel necessary to attain this level,

Because the slurry blend tanks currently installed in polyvinyl chloride
plants cannot withstand more than a few ounces of pressure before failing,
it appears that new higher pressure blend tanks would need to be installed,
so that the vent stream from this point could be tied to the incinerator.

The new tanks (costing an estimated $140,000 each) would have a 25,000 gallon
capacity (each) and would be fabricatad fromn uhher-lined carbon steel,

Kote that the Case # and Casz B cests for fugitive rentrols diffze sub-

stantially. This discrepancy axists baeanse, with Case 3, all of the process
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vater In the ptiat (sbout 2,160 Titer/min=570 gal/=in} must be stripped, as
canpared viith only the more concentrated streams (totaling 1€0 liter/min) with
fase A. This is because the more dilute streams are from the centrifuge, which

i one of the sources following the stripper. In Case A, improved stripping
would be used to attain the emission Timit for the sources following the stripper.
In Case B, add-on controls would be used for these sources. Thus, vinyl chloride
emissions from the wastewater from the centrifuge would have to be controlled by
water stiipping in Case B. The increased water loading effects a higher capital
cost and a much higher annualized cost tor Case B water stripping.

For Case B, the total installed capital cost for the suspension process
rodel plant is $6,714,000, an increase of 50 percent over Case A. Annualized
costs for Case B are $5,497,000/yr (8.1¢/kg=3.7¢/1t,, an increase of over 300
percent over Case A. |

7.2.2.3 Dispersion Polyvinyl Chloride Model Plant

Two alternatives are presented here. The first of these includes all the
Case A controls specified for the suspension plant, except improved stripping
to 400 PPM. Instead, it is assumed that the slurry is stripped to about
30,00C PPM which is the stripping level—ctorresponding to the baseline, uncon-
trolled plant. Thus, there are no controls on the slurry biend tank, spray
drier, and bulk storage and transfer points. The costs ($2,295,000 capital;
$803,000/yr annualized) are the lowest, but so is the overall control efficiency
(52 percent). The fugitive control costs for Alternative I are somewhat
higher than those for Alternative II, Case A. The reason is that improved
resin stripping in Alternative II, Case A would reduce the amount of vinyl
chloride in both the resin and the water in which it is contained, so that
additional control would not be requircd for the water from the centrifuge
to attain the emission Timit. In Case B, in the ~bsence of improved resin
strioping, the water from the cenitrifuye as well as the rest of the plant water

vould Pave to be controlled by water stripping to attain the emission limit.
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Cases A cau B for Alternative Il correspond, respectivaly, to improved slurry
Slripping to 2000 PPM and incineration. The kinds of control equipment specified
for Alternative II, Cases A and B, for the model plant are identical to those
already presented for the suspersion plant Cases A and B, respectively. How-
ever, due to differences in process equipment and production capacity (14
million kg/yr for dispersion versus 68 million kg/yr for suspension), the
costs and emission reductions are different. Table 7-9 clearly illustrates
this. Table 7-9 also points out the penalties incurred by dispersion process

plants if improved stripping cannot remove the monomer to an acceptable level

and incineration must be used instead. Annualized costs for Alternative II,

e e e e

" Case B, for example, are 35.9¢/kg (16.3¢/1b) whereas Alternative II, Case A,
has an annualized cost of 9.9¢/kg (4.5¢/1b). Installed capital costs increase
from $3,319,000 for Case A to $5,287,000 for Case B, an increase of nearly
60 percent,

Another Alternative (III) is identified in Chapter 5 for dispersion
plants. This would involve the same control configuration as Alternative
11, Case A, except that the slurry would be stripped to 400 PPM, rather
than 2000 PPM. However, costs for attaining this stripping level are currently
unavailable because this degree of stripping has not been demonstrated commercially
in dispersion resin manufacture. Therefore, Alternative UII does not appear
in Table 7-9.
7.2.2.4 Bulk Polyvinyl Chloride Model Plant

Case A here also involves the same controls as Case A for the suspension
plant, except that because this kind of plant uses no water in its process,
no gasholder~:ater purge systs~ is install=d. Case B, the more stringent

cont-wisa2, posteioies the Case & fuyitive controls and reactor controls plus
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an incireracor-caystic scrubber for the moncmer recovery system and product
transfer and storage points.

The total installed capital cost for the model bulk plant is $1,312,C00
for Case A and $1,606,000 for Case B, an increase of 22 percent. Total
annualized costs increase 70 percent from 2.0¢/kg (0.90¢/1b) for Case A to
3.4¢/kg (1.5¢/1b) for Case B.

7.2.3 Cost-Effectiveness of Vinyl Chloride Controls

Table 7-15 presents the cost-effectiveness of alternative vinyl chloride
control options. This table is based upon emission factors presented in

Chapter 3 of this document plus control costs for control of the model ethylene

dichloride plant and the -model .suspension process ,olyvinyl chloride

plant. The cost-effectiveness of various control options would differ at
individual plants due to variances in emissions and individual control costs
but the cost-effectiveness ratios presented in Table 7-15 are believed to be
generally applicable to existing plants,

The cost-effectiveness relationships in Table 7-15 are based upon esti-
mates of ‘the total annualized costs (including recovery credits) for various -
control techniques. For—example, control of fugitive emissions at the model
ethylene dichloride-vinyl chloride plant would result in controlling 765,000
1b/yr of vinyl chloride emissions at a total annualized cost of $366,000/yr.
This yields a cost-effectiveness ratio for this control option of 0.48, a
ratio that ranks sixth out of ten in terms of overall cost-effectiveness.

The most cost-effective option that has been evaluated, control of the
ronocmer recovery system emissions, is twenty-four times more cost-effective
than thz option of controlling fugitive s~issicns at ethylene dichloride-

vinyl chloride plants.
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7.3 ECONOMIC IMPACT ANALYSIS OF ALTERNATIVE CONTROL SYSTEMS
7.3.17 Introduction

The purpose of this section is to present an evaluation of the anticipated
economic impact of alternative systems for control of vinyl chloride emissions
at ethylene dichloride-vinyl chloride plants and polyvinyl chloride plants.

The impact analysis addresses both new and existing ethylene dichloride-vinyl
chloride plants and polyvinyl chloride plants.

Two different control scenarios were evaluated for new ethylene dichloride-
vinyl chloride plants. These scenarios correspond to Alternative I and Alternative -
I11 for ethylene dichloride-vinyl chloride plants, previously discussed in section
- 7.2. Three control scenarios, corresponding to Alternatives I, II, and III for
ethylene dichloride-vinyl chloride plants were evaluated for existing plants.
Similarly, different control scenarios were developed for new and existing
polyvinyl chloride plants. These scenarios correspond to the polyvinyl
chloride plant control ojtions previously presented in section 7.2.

The basic thrust of the analysis was to determine the impact upon plant
profitability of various control systems. This examination led to other
considerations such as industry-wide price increases resulting from control
expenditures and the availability of capital for investment in control equip-

ment. Estimation of potential plant closures also resulted from this analysis.

In addition to the costs that would be required solely for control of

emissions to the air, consideration has also been given to the cost of compliance
with the EPA water affluent guideline regulations and OSHA regulations. The
approximate costs of ccmplying with the water effluent requlations have been cal-
culated taszd on information recaivad from Effieont Cooidelinas Division of EPA.
These costs have .t bzen analyzed in detail and -.» wreseatzd only to oive a

general estimate of rat the total FPA-gerzcated costs o2 for ha conylang
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cicnloride-vinyl chiorice a2 ¢ polyvinyd ¢ ~ids qncustriss, Uith regard fo
HioCos it Pas bgen sssumed that oo stanivicanc incremental costs over and
the EFFA a2ir emissicn cunirgl costs would be pecessitated by the currard
OSHA regulatiors. It has taen assamed trat the cost of CSHA rezulations could
ba generally approximated by the cost of the fugitive control package that has
Lezn included in thne air emission control cost totals for both ethylene dichloride-
vinyl chnlcride plants and polyvinyl chloride plants. Costs for control of vinyl
chloride emissions to the air that are presented in this sectijon, then, include the
costs that are believed to be required by the OSHA standards.
7.3.2 Discussiaon
The analysis of the impact of alternative cort ol levels at both new and
existing zthylene dichloride-vinyl chloride plants and polyvinyl chloride
plants relies heavily on three main factors. The first of the three factors
is the estimation of the level of profitability at a given plant before any
controls are applied. This estimation is important since the use of a pre-
control profitability Jevel that is too high would tend to underestimate the .
number of potential closures after controls are applied and use of a pre-control
profitability Tevel that is too low would tend to overestimate the number of
closure candidates after control. The determination of pre-cantrol profitability

is reiatively straightforward for new plants but is extremely difficult to achieve

with any degree of accuracy for existing plants. Plant-by-plant variations in a

number of factors make exact determinations of profitabi]ity-at existing plants

almost impossible. Estimates of existing plant profitabilities before controls
rnave been mada, however, but they are intendad to be viewed as general indicators
rather than spacific determinations. A1l estimates of return on invastment for
czristing plants sresepted in this recort have bzen daveloped by EPA based con

general plant parameters that are in the nublic domain. Individual plants
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could conceiveably have different profitability levels than the ones presented
in this analysis depending upon their unique set of operating conditions and
parameters. In general, it is believed that the profitability estimation
methodology is sufficiently accurate to use as a basis to reach general conclu-
sions regarding the impact of various control levels but that caution must be
used when discussing specific plant profitabilities.

The second factor that weighs heavily in the impact analysis is the
estimation of control costs for specific plants. Again, this is relatively
straightforward for new, model plants but is difficult for existing plants.

Generalized cost algorithms have been used to determine control costs at

existing plants-and these algorithms may or may not be applicable to any one ....

specific plant. It is believed that the algorithms can be generally applied
to existing plants, but any estimation of specific plant costs is difficult.
The third factor that is of considerable importance in the impact analysis
is the determination of what actually constitutes adverse economic impact.
Th%g particular determination is the key to the economic impact analysis.
This analysis has used two primary parameters of economic impact, the first
being the 10 percent price increase parameter and the second being the negative
return on investment parameter. Based upon conversations with industry repre-
sentatives it has been assumed that price increases for polyvinyl chloride
resins of up to 10 percent could be accommodated by the industry without
significant 111 effects. Price increases of more than 10 percent, however,
were considered to be condusive to appreciable substitution of other products
for polyvinyl chloride resins and products. HNo attempt has been made to test
the assumphion that a 10 nercent price incrzase vould have minimal {irpact.
tots exc-emely doubtful that sucr a detzraivation could cver b2 made on a

[}

cefore-the-fact hasis with 1oy dagraz of accuracy. It would appear that
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t-o use ¢© & 10 pecrent price increase is a reasonable one, but the exact soint
cubstitutions o Srcoreased imports Locomas 2 siqrificant protler fs
0of conjecture.
second impact parameter that has been used extensively in this

zralysis is the negative (or zero) return on investment parameter. This

.zision rule hypothesized that plant closures would probably occur at the

cost level at which individual plant profitability became zero or negative.
Wnareas this is believed to be a good general parameter to estimate the point
at which plant closures would occur it is important to realize that some
plants would close at some level of profitability that was greater than

zero but still less than that rate which was needed o) management in order

to justify continued operation of the facility. On the other hand, a plant
might be operated at some negative rate of return if the alternative to
operating the plant in such a manner was even less attractive from either
an economic or a non-economic viewpoint. Therefore, it cannot be predicted

" with any degree of certainty at which point a given plant will close. The
use of negative return on investment, however, is prchably the best such indi-
cator if one indicator has to be selected. Whereas the return on investment
concept considers capital requirements in an indirect manner, it does not directly
address the issue of whether or not incremental control capital can be obtained by
a given plant. In general, it can be said that if the post-control return on in-
vestment {s equal to the pre-control return on invasument and the firm is a
relatively large one with secure lines of cradit and favorable cash flows,
then the control capitai will probably be raised given that there are not
other projen T that yield even high- caturns. For any given plant, however,
it 1s not possible to determine that amount of capital that could be raised

at any aiven time. As an exzmple, it will be shown in the analysis of control
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scenaric #2 for cxisiing polyvinyl chloride plants that the total incremental

capital requirements are approximately 20 percent of the current replacement

value of the plants in the industry and that individual plants are estimated

to vary between 10 percent and 38 percent. In this scenario four plants were

listed as potential closure candidates based upon a return on investment

analysis. If these plants did close, then even though the industry average

incremental capital requirement would still be approximately 20 percent the

range at existing plants that remained open would be 10 percent to 26 percent.

There are no valid and acceptable general decision rules that would allow a

decision to be reached regarding the affordability of either percentage.

Some firms that had better alternative investments or Timited access to

funds might find 10 percent unaffordable while some other plant might find

that even 26 percent was easily obtainable. It is possible that firms

that were not identified as closure candidates based upon a return on

investment analysis might possibly close due to lack of capital, but there
“are not valid means of estimating the number of additional closures, if

any, without individual plant data.

7.3.3 Ethylene Dichloride-Vinyl Chloride Plants - Existing Plant Economic Impact
Analysis
7.3.3.1 Existing Ethylene Dichloride Plants

One factor that complicates the analysis of the impact of various control
levels at existing ethylene dichloride-vinyl chloride plants is that there are
four plants in the industry that produce ethylene dichloride but do not produce
vinyl chloride. Two of these plants would probably be required to incur air
emission control costs. The other two plants would not be affected by the
pregosed regulation since thay do v utilize oy oxychiorinztion process.

[n grder to evaluate the impact of various control levels on ethylene
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ichloride-vinyl chleride plants it was necessary to separate these
facilities and first calculate the fimpact of the various centrel levels on
ethylere dicrioride plants cnly. Tnese calculations resulted in an estimated
price increase for ethylene dichloride that would then be passed on to viny]l
chloride plants. The impact of variocus control levels at vinyl chloride
..ants could be coupled with the ethylene dichloride expected price increase
te show the cumulative effect of the various control levels at existing vinyl
chloride plants. _

Costs for control of both air and water emissions are ihcluded. Table
7-16 details the develcopment of the water pollution control costs used in
the analysis. e

Table 7-17 shows the estimated capital costs resulting from imposing
Alternative I or Alternative II control levels at existing ethylene dichloride
plants. These costs include the estimated costs of complying with the water
effluent guideline regulations as well as controlling air emissions. Capital
costs for control of air emissions include only estimated costs for control
of the ethylene dichloride purification process emission point, since this
is the only emission point affected by the proposed regulation. Accordingly,
no fugitive controls are included. Capital costs are estimated based on the
cost algorithms developed earlier in this chapter. HNo attempt has been made
to refine the cost estimates through specific plant contacts. It is conceded
that individual plants could incur control costs that might differ from what
is shown in Table 7-17, but it is believed that the estimates reasonably
represent the level of control costs that would actually be incurred.

Similarly, Table 7-18 shows the escimated annualized costs resuiting from

control Aiczrnative T or Alternative II at existing ethylene dichloride plants.
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©: noted before, nc f£.otive contrci costs are included and the costs shown
are sstirated annualized costs for control of the ethylene dichloride purifi-
cation process emission point only.

In order to estimate the economic impact upon specific plants of the control
costs presented in Table 7-17 and 7-18, it has been necessary to estimate the
individual plant return on investment both before and after control. The
Tevel of return on investment after control and the relative change in this
level from the pre-control level are the bases upon which determinations of
adverse economic impact have been made.

The calculation of the pre-control rate of return on investment is based
upon the assumption that the level of profitability of any existing plant that
produces only ethylene dichloride can be generally estimated by using the
economic parameters developed in Table 7-33 for new ethylene dichloride-
vinyl chloride plants. This approach has a number of shortcomings, such as
the use of new plant economics to estimate existing plant economics and the
use of ethylene dichloride-vinyl chloride plant economics to develop ethylene
dichloride plant economics. The second Timitation was the result of a Tack
of economic data for ethylene dichloride plants. Since generally similar
processes are used for both types of plants, however, and prices and, presumeably,
profit levels are similar in nature, it was felt that the use of ethylene
d1ch10ride-v1ny1 chloride plant economics could reasonably be used to approxi-
mate ethylene dichloride plant economics. Table 7-19 details the assumptions
used to calculate plant profitability levels for existing ethylene dichloride
plants and gives an example of the calculational steps.

Unce the pre-control profitability Jevels haye beaen estimated for

existing ethylene dichloride plants it is then possible to add to these

COLORITE 008658




clants the cstinated additioral capital requirerents for Alicrnative I cr Alter-

native I1 (Table 7-17) ona the additional annualized costs “Tzhie 7-18) ant then
determine the change in prefitability at each plant resulting 7ro™ the esti~ated
control costs. Table 7-20 summarizes the estimated change in profitehility at
existing ethylene dichloride plants as a result of incurring Alternative I or
Alternative I1 control costs. HNote that two separate calculations of post-

control return on investment have been made. One calculation shows the level

of plant profitability if no price increases are assumed. The second calcu-

lation shows the level of profitability if an industry-wide price increase of
0.08¢/1b of ethylene dichloride (0.7 percent of the base price of 12¢/1b) is
“assumed. The price increase was calculated as the 2:ount required by an average
plant to recover the Alternative I or Alternative Il annualized control costs,
both air and water, and also obtain a 15 percent pre-tax return on the incremental
control capital. Tne 15 percent rate of return was chosen to reasonably approximate
the assumed rate of return at a typical existing plant. (Note that Table 7-33 and
Table 7-19 show a pre-tax rate of return of 13.4 percent for the new ethylene
dichloride-vinyl chloride plant that was used to construct the estimated profit-
ability levels at existing ethylene dichloride plants.)

It is expected that the relatively minor ethylene dichloride price increase
of approximately 0.08¢/1b (0.7 percent) will be passed on to ethylene dichloride
consumers. This would mean that the-most serious decrease -in profitability
would be a decrease of 17 percent at the Vulcan/Geismar plant followed by a
decrease of 16 percent at the Diamond Shamrock/Deer Park plant. With the
exception of a 9 percent decrease in estimated profitability at the Ethyl/Houston
olant, all other changas in profilability are either minor decreases, no change
at all, or increases. tio plant is 7crced into a zero profit position, or a net

loss, as 2 result of Alterpative I or Alternative I control costs. For the purpose
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AQF oredicting pos.:ble plant closures the decision rule that was used was that

a plant would rerain open unless its estimated control costs, after allowance for
an industry-average price increase, were equal to or greater than its estimated
pre-cantrol level of profitability. The net result of Alternative I

or Alternative II control costs on existing ethylene dichloride plants,

then, is to increase the price of ethylene dichloride to vinyl chloride plants

and other users of ethylene dichloride and to reduce somewhat the profit-

ability of some of the existing plants in the industry. The minor nature

of the price increase is assumed to result in essentially no decrease in

demand for ethylene dichloride. This conclusion, when coupled with the

conclusion that no existing ethylene dichloride plants will close as a

result of Alternative I or Alternative II controls, leads to the judge-

ment that no significant adverse economic impact will accrue to the ethylene

dichloride industry as a result of Alternative I or Alternative II controls.
Even though it appears that no significant adverse impact will accrue

to the ethylene dichloride industry as a result of Alternative I or Alter-

native Il controls, it is conceivable that capital availability could be a

problem for some plants. It is not possible, howevef, to accurately estimate

the magnitude of the problem. It seems logical to assume that those plants

that experience either no change or an increase in the post-control return

on investment compared to the pre-control return on investment would

probably want to raise the capital for the control devices since the post-

control earnings would either be improved, or at least not decreased, compared

to the pre-control earnings. Convarsely, plants that experience a relative

decrease in profitability way be hasitant to ral 3 tha control canital. So

many Tactors enter into %2 dacisicn o invest mensy ia an existing plant

for pollution cccrol equipment, same of ti. . ,an-financial, that it is
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Cooossible to say with any oo tainty whetngr the management of a given
slant will invest ¢ 2litional capital in control devices even if the plant
would appear to have a better return on investment after control than it
did cefore control. About the only aspect of the issue that seems clear
e tlat the firms that own the various ethylene dichloride plants are

- -=r31ly Targe, integrated petrochemical and chemical companies that
would supposedly have access to sufficient capital to invest in the
additional control eguipment. Whether a firm would actually choose to
invest those funds in control devices, however, cannot be predicted with
any degree of certainty, particularly for those firms that are experiencing
‘post—contro1'decreases in profitability compared to .he pre-control case.
Since the increases in total plant replacement capital has been calculated
to be on the order of 1-4 percent for existing ethylene dichloride plants
complying with Alternative 1 or Alternative II, it would seem that the
magnitude of the additional capital requirement would not prove to be a

significant obstacle to raising the required capital.

A similar analysis was undertaken for evaluation of Alternative 111
controls at existing ethylene dichloride plants. Table 7-21 details the
estimated capital requirements for Alterpnative III controls at existing
ethylene diéh1oride plants and is similar in nature to Table 7-17. Table
7-22, similar to Table 7-18, shows the estimated plant-by-plant annualized
costs resulting from Alternative III controls. Finally, Table 7-23 shows
the estimated change in plant profitability resulting from the impesition of
Alternative [I1 control costs on existing ethylene dichloride plants. In
this case the estimated profizability is even were markedly decreased for

the Diamend Shanrock/Deer Park plant and the Yulcan/Geaismar plant. Return

7-27

COLORITE 008661




on nvestment at the Diamcnd Snamrock/Deer Park facility decreases from an
estimated 3.2 percent before control to 1.9 percent after control aad after

an industry-wide price increase of 0.08¢/1b, a relative decrease of 59 percent.
Similarly, estimated profitability decreas<s by 55 percent for the Vulcan/
Geismar plant. In each case, however, even though the decreases in profit-
ability are sizeable, neither decrease is sufficient to force either plant
into an estimated loss or zero profit position. This leads to the conclusion
that plant closures in the ethylene dichloride industry would not occur even
at the Alternative III level, even though estimated plant profitability at

the two plants mentioned above would be adversely impacted in a seemingly

appreciable manner. Again, the issue of capital availability could be a

problem for some plants, but, as was pointed out in a preceding paragraph,

not enough is known about the factors influencing such investment decisions

to be able to reach any firm conclusions in this area. In the case of Alter-
native III, additional capital requirements at the plant level over an uncon-
trolled facility range up to 8 percent, as opposed to a maximum increase of 4 -
percent for Alternative I or Alternative II. It would secem, however, that

this amount would also not prove to be too large to be raised, given that the
plant owners decided to do so.

7.3.3.2 Existing Vinyl Chlioride Plants

The analysis of the impact of alternative control levels on existing
vinyl chloride plants utilizes a similar methodology to the one uséd in
the existing ethylene dichloride plant analysis. As in the previous analysis,
the emphasis will be upon the esti~atad impact of alternative control costs upon
plant profitability.

Table 7-24 presents the estimatad plant-by-plant incremantal capital

requirements resulting from the irmposition of Alternative I controls, including
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.ater eiiuent costs, at existing vinyl chloride piants. For those vinyl
crioride plants that do rot have ethyienz dichloride plants associated with them
(Mtonochem/Geismar and Tenneco/Houston), the capital requirements include
fugitive cortrols plus incineration of the vinyl chloride formation
and nurification process emission point. For those other vinyl chlorice
cTents that have ethylene dichloride plants associated with them the capital
costs only include fugitive controls. This is because it has been assumed
that the ethylene dichloride purification process emission point and the vinyl
chloride formation and purification procass emission point can both
be contreclied with a single incinerator. This incinerator cost has been
ctarged to the ethylene dichloride plantand has bz.n considered in the
analyses of the impact of the alternative control levels at existing ethylene
dichloride plants.

The estimated plant-by-plant annualized costs resulting from Alternative
" T controls are shown for existing vinyl chloride plants in Table 7-25.
As pointed out in the previous paragraph, all plants with the exception of
Monochem/Geismar and Tenneco/Houston are incurring only fugitive tontrols.
The two aforementionad plants are incurring fugitive costs plus annualized
costs for incineration of the vinyl chloride formation and purification
process emission point. Note that all plants have been assessed a charge
‘corresponding to the estimated industry-wide price increase for ethylene
dichloride of 0.084/1b. This is the same charge that was utilized in the
arevious discussion of the impact of various alternatives on existing ethylene
dichloride plants.

The fmpact of AlL:—=srive I controls on the estimated profitability
a7 existing vinyl chicrida piants is shown in Table 7-26. The calcu~

Tation of the estimated lavel of pre-control profitability at existing vinyl
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chioride plants shown in Table 7-26 utilized the same methodoiogy as the
calcuiz®ion of pre-control profitability at evisting ethylene dichloride plants.
This rethodology .25 detailed in Table 7-19. Note that two post-control profit-
ability levels have been calculated. One shows the estimated return on invest-
ment for a given plant after control if a price increase is not assumed. The
other shows the estimated profitability level that would result if a price
increase sufficient to recover industry-average annualized costs plus a 15
percent pre-tax return on capital is assumed to be passed on to the users of
vinyl chloride. The price increase assumed in Table 7-26 is 0.36¢/1b, or 3 :
percent of the base sales price of 12¢/1b of vinyl chloride. It is expected
that this price increase will be passed on to the users of vinyl chloride.

These users, essentially all of them being polyvinyl chloride producers, are
not expected to appreciably reduce their consumption of vinyl chloride

when faced with the 3 percent price increase. The polyvinyl chloride

producers are expected to attempt to pass along to the fabricators of poly-
vinyl chloride resins the vinyl chloride price increase. This topic will

be discussed in more detail in a subsequent section of this chapter.

Referring to Table 7-26, it is seen that if a price increase of 0.36¢/1b of
vinyl chloride is assumed to be passed forward to the polyvinyl chloride producers
then none of the plants will be placed in a zero profit or a loss position.

Six plants, however, all of them with smaller than average capacitiss, will
suffer a reduction in profitability rangiang from a 6 percent reduction to a

53 percent reduction. No plant closures are anticipated as a result of imposing
Alternative I control costs on the industry since ail plants remain profit-
able, although marginally so in some instances. As noted before in the

secticn dealing with the analysis of alternative control Jevels on existing

athylene dicnloride plants, it is difficult to reach any firm conclusicns
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regarcing tha ‘ssu2 of capital availabiliity for purchase of control equip-
rens far ewizting plants.  Increases in plant czeital zre estimated to vary
tetueszn 8-171 percent of estimated replacement capital for Alternative I
controls, an amount that would not se=m to present a large acquisitional
oroblem particularly since the firms in the vinyl chloride industry are
re-2»31ly the same firms as the firms in the ethylene dicloride industry
and are large concerns with supposedly established lines of credit and
access to capital funds. As pointed out previously, however, a decision
rot to invest in a control device could be made no matter what the ecanomics
of the situation might indicate due to the presence of other considerations.
It should be realized that a combination of jacreased capital require-
ments plus a severe reduction in plant profitability could lead to plant
closures. A plant would rot necessarily have to experience a loss before
the plant owners decided to close it. Even though no closures are expected
to result from the imposition of Alternative I controls on the vinyl chloride
industry, 1t must be realized that the possibility of closures does exist.
The costs of complying with Alternative II controls at existing vinyl
chloride plants has also been evaluated. The resﬁ1ts of this analysis
are only slightly different than the results of the Alternative I analysis
since only one plant incurs a different level of costs for Alternative 11
than for Alternative I. Alternative Il assumes that the one plant will have
to incinerate the oxychlorination process emission point in addition to
controlling fugitive emissions and emissions from the vinyl chloride for-
mation and purification process emission coints. A1l other plants are
3s5s5umed not to incinerate the exychlorination process emission point.
The plant in question way not have to use incineration in ocrder to meet

the proposed standard since less erpensive control options may be avail-
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able. Since the nature and costs of these alternative options are not

PR

known, incineration nas been used as 2 worst-case estimate. g
Table 7-27 details the estimated capital requirements for the Alternative

[T control level, including both air emission control costs and water pollution

control costs. Similarly, Table 7-28 details the annualized costs estimated

for Alternative II cintrols at existing vinyl chloride plants. Finally,

L | o L TR L
H
|

Table 7-29 presents the estimated changes in plant profitability resulting
from Alternative II controls. Note that the only change in this table compared
to Table 7-26 (Alternative I Profitability Summary) is to change’the post-

control profitability levels at one plant. This plant now suffeéé a 15

percent reduction in profitability relative to the base case if Aﬁternative II-
controls are imposed compared to a 9 percent increase in profitability if
Alternative I controls are imposed. (Both calculations assume a price increase
for vinyl chloride of 0.36¢/1b.) A similar conclusion regarding the impact

of Alternative II cont-ols on existing vinyl chloride plants is reached as was
reached in the Alternative | analysis, namely that no closures would result

but that plant profitability would be reduced in some cases. Even though

one plant incurs an estimated replacement plant capital increase of

13 percent for Alternative 11 as opposed to 9 percent for Alternative I, E?

it would not seem that this would pose a significant capital availability Emﬂ

problem. .
Finally, an analysis of Alternative III controls on existing vinyl

chloride plants has bsen evaluated. Table 7-30 details the estimated capital :

costs for this alternative which assumes that all plants having an oxy- :

chlorination process emission point would have to incinerate the emissions.
flot all plants have this emission goint, however, and those that do not

iniur the same costs Tor Alternative III as for Alternative II and Alter-
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1. .3 of the piarts that Pave an oxychlorination process ooiszsion

cokiip ]
stive

r g

“ewoape ayraady incinzrativg Lhe enisiions in order to meet existing
state we3ylations.

The esfimated annualized costs for Alterpative III controls at existing
viryl zhlcride plants, including a charge for higher ethylene dichloride prices
cesuiting firom emission control costs, is presented in Table 7-31. Industry- -
average total costs increase from 0.29¢/1b at the Alternative I level to
0.39¢/1b at the Alternative III level, an increase of 34 percent. . b

Finally, the impact on plant profitability of the Alternative III
controls is shown in Table 7-32. The results are not appreciably different

than shown i the previous-tables-that summarize tnc Alterpative I and

CAlternative II profitability impacts. As before, no plants are forced into

w

a zerp profit or net loss position, assuming that an industry-wide price
increase for vinyl chloride of 0.49¢/1b (4 percent of the base price of
12¢/1b) can be passed on to the vinyl chloride users. This leads to the
conclusion that no plants would close as a result of complying with the

estimated Alternative III costs. Individual plant profitability decreases

LR R Tl S o VA LN R

for six plants, however, ranging from a seemingly minor 2 percent to a
seemingly appreciable 55 percent. Again, the most severe impact is

experienced by the smaller plants. Increases in estimated plant capital for

e
T PN

‘control equipment are approximately 8-16 percent of the estimated plant IR
replacement capital. In general, the larger increases occur at those
plants that alsc incur the greatest decreases in profitability, a factor that

tends to indicate that some closures might occur at the Alternative 111 con-

>
3
1

trol leval., [t is impossihle to state with any certainty, however, that a
certain plant mignt close as a risult of the Alternative III control level,

cut it must be recognized that the possibility of closures does exist at
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this level. The psssibiiity of some plant closures also exists at the
Alternative 1 and Alternative Il levels, however, so it cannot be said

that only a2t the Alternative III control level does the problem of poten-

tial plant closures exist. It is interesting to note that the plants that
were the more severely impacted at the Alternative I/Alternative II level

z.e not necessarily the most severely impacted at the Alternative III control
level. The impact tends to shift to different firms under the Alternative III

scenario instead of just getting worse for the firms impacted in the Alterna-
tive 1 and Alternative Il scenarios. This results from the fact that some

plants do not have an oxychlorination process emission point to-control.

In summary then, it is concluded that the economic impact of the three
alternative control levels for existing vinyl chloride monomer plants that
have been evaluated is primarily to increase monomer prices on the order of
3-4 percent and reduce the profitability level of some plants, generally
the smaller ones, on the order of 2-55 percent. Some other plants, generally
the larger ones, experience increases in profitability on the order of 3-3i
percent as a result of the alternative control strategies. No plants are
expected to close as a result of incurring the alternative control costs, even
though the possibility of some plant closures does exist at all three control
level. The price increase of 3-4 percent appears to be small enough so

that no appreciable reduction in demand for vinyl chloride monomer will occur.
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¢f two altwrnative control levels Fas 0
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ited Tor & modal naw ethylene dichloride-vinyl chloride plant..

2 impact of meeting only the EPA water effluent guideline regulations has
o (oetermined. The results of this analysis are detailed in Table 7-33.
Takle 7-33 shows that a new ethylene dichloride-vinyl chlicride plant would

suffer a decrzase in profitability from 6.7 percent to 5.1 percent as a result

of meeting the water effluent guidelines. A price increase of 0.17¢/1b

of product, or 1.4 percent of the base price of 12¢/1b, would be required

to restore the pre-control profitability level of £.7 percent. Total

investment increases from 4.83¢/1b/yr to 5:17¢/1b/yr as a result of adding

the water effluent controls, an increase of 7 percent.

A new ethylene dichleride-vinyl chloride plant that does not incinerate
the oxychlorination vent is modeled by Alternative I in Table 7-33. This plant
would require a total price increase of 0.29¢/1b in order to maintain the
precontrol profitability level of 6.7 percent, a relative price increase

of 2.4 percent. Total investment increases by 10 percent over the totally

uncontrolled plant. It is important to realize that the above statistics

include the costs of the water effluent guidelines as well as the costs for

control of emissions to the air. The plant that only controlled air emissions

would require a price increase of 0.12¢/1b (1.0 percent) and would experience

a total capital increase of 3 percent.

A new ethylene dichloride-vinyl chloride plant that did incinerate the
sxychlorination vent is modeled by Alternative III in Table 7-33. This plant
would require a price incraases of 0.44¢/1b (3.7 percent) in order to maintain

szcontrol 2rofitability. 7Trtal investment would increase by 13 percent. Again,
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thess statistics include water effluent costs. A plant that only controlled
air emissions would require a price increase of 0.27¢/1b (2.3 percent) to
maintain pre-control profitability. The increase in total investment would
amount to 6 percent if only air emission controls were included.

It is believed that the cost increases associated with either Alternative
I or Alternative III would not prove to be a significant deterrent toc the
construction of new ethylene dichloride-vinyl chloride plants. It would
appear that the costs of both the effluent regulations and the air emission
control requirements at either the Alternative I level or the Alternative III
“level 'could be passed on to the polyvinyl chloride producers. This cost
pass-on would preserve the pre-control profitability level at the new
ethylene dichloride-vinyl chloride plant and the plant owner should have
no disincentive to construct the new plant.

Two factors lead to the conclusion that new ethylene dichloride-vinyl
chloride plants will b2 able to raise prices by an amount sufficient to
maintain pre-control profitability. The first factor is that existing
ethylene dichloride-vinyl chloride plants will also be required to incur
control costs of the same magnitude as those calculated for new plants.

This industry-wide pollution control cost increase will to be reflected in
higher prices for vinyl chloride. A new plant, therefore, will not be at
price disadvantage relative to existing plants.

The second factor leading to the conclusion that vinyl chloride prices
will increase is that substitutes for vinyl chloride exist only for a very small
percentage of the total ond-use applications. Almost all of the winyl chloride
that is produced is usad in the production of polyvinyl chloride. This Tack

of substitute raw materials for the polyvinyl chioride producers means that

they have little choice othzr than to accent nigher vinyl chloride prices and
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then attempt to veflect these higher prices in increased prices to the fabri-

cators of tne resins, and ultimately, the consuming public. Whereas it is

true that large increases in the price of polyvinyl chloride resins could

lead to a decrease in demand for vinyl chloride, it does not appear that

vinyl chloride price increases of even 4 percent or so would be enough to

cause a significant reduction in demand. An increase of 4 percent in the

price of vinyl chloride would translate into an increase of approximately

2 percent in the price of pb]yviny] chloride resins. Discussions with

industry representatives have led to the conclusion that price increases i
for polyvinyl chloride resins of up to 10 percent rould be tolerated without r
significant impact so it would appear that a price .acrease of 4 percent

in vinyl chloride could be ultimately passed on to the fahricators of poly-
vinyl chloride resins with no adverse consequences. This subject of poly-
vinyl chloride price increases will be addressed in more detail in a subse-
quent section of this chapter.

It would not appear that capital availability would be a problem for new
ethylene dichloridé—vinyi chloride plants. The modal plant shown in Tahle 7-33
has a base (uncontrolled) capital requirement of 4.83¢/1b/yr, or $33,810,000.
The capital increase at the Alternative Il1I Tevel to 5.44¢/1b/yr would be an
increase of $4,270,000 or 13 percent. It would seem that if prices could be
raised by an amount sufficient to restore pre-control profitability then it
snould be possible to generate the additional control capital since it would
be earning the same return as the capital that was being used for the uncon-

trolled plant.
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7.3.5 POLYVINYL CHLORIDE PLANTS-EXISTING PLANT ECONOMIC IMPACT ANALYSIS
7.3.5.1 Introduction

In an attempt to estimate the economic impact of alternative control levels
at existing polyvinyl chloride plants four control scenarios have been developed.
Control scenario #1 is the least stringent and assumes that all dispersion process
plants will utilize the Alternative I control system (stripping to 30,000 parts
per million) and that all other plants will utilize Case A controls (improved
stripping). Control scenario #2 assumes that dispersion process plants will
utilize the Alternative II, Case A control system (stripping to 2000 parts per
million) while all other plants utilize Case A (improved stripping) controls.
Control scenario #3 assumes that dispersion process plants utilize the Alternative
11, Case B control system (incineration) and that all other plants will utilize
the Case A (improved stripping) control system. Control scenario #4 is the
most stringent and assumes that dispersion plants will utilize the Alternative 11,
Case B (incineration) system and that all other plants will utilize the Case B
(incineration) control system. In all of the control scenarios it is the cumula-
tive effect of air and water pollution controls at ethylene dichloride plants, vinyl
chloride plants, and polyvinyl chloride plants that is being evaluated. As in
previous sections, the methodology of analysis will emphasize price increases,
plant profitability levels, and incremental capital requirements.

7.3.5.2 Control Scenario #1

This control scenario assumes that all dispersion plants utilize Alternative I
controls (stripping to 30,000 parts per million) and that all other plants utilize
Case A (improved stripping) controls.

Table 7-34 details the estimated plant-by-plant capital requirements for

control scenaric #1. Capital reguirements for air emission control systems at
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codno s copoet Tabie 7-7Y.0 TLo oinmriches, couplad with specific
clint inferran cn ang assumplions recarding process tyses, readior sizes, and
yoaolous ather  coto. @ led to the estimaticn of the air pellution control costs.
The water effiuent control costs at indivicual plants have been estimated

sing the cost information presentad earlier in this report (Table 7-16)

and supplied by the Effluent Guidelines Division of EPA. With regard to the
water pollucion control costs, these costs are included to give only a general
estimate of the magnitude of effluent guidelines compliance costs. No analysis
has been given to these costs since the primary thrust of this report is to
estimate the impacts resulting from various air pz1lulion control systems.
The capital costs shown in Table 7-34 represent an average increase in esti-
mated replacement plant capital for all affected plants of approximate1y_f9
percent. Individual plant incremental capital requirements are estimated to
vary between 9 parcent and 37 percent.

The estimated plant-by-plant annualized costs for control scenario #1 are
shown in Table 7-35. HNote that a charge for vinyl chloride has bsen included

in the cost summary that is the amount necessary to recover industry-average

control costs, both air and water, at existing ethylene dichloride-vinyl chloride

”

plants.

In a manner similar to the methodology previously describad, it has been
possible to estimate the pre-control profitability of existing plants and then
determine the change in profitability due to imposition of emission control costs
on the uncontrolled plant. Thsz methodology for determining the profitability
oo existing polyvinyl chieride plants is idantical to the methedology employed
Trroexisticg ethylere dichloride plants and vinyl chloride plants. [(Refer to

Tabia 7-19).
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It must be emphasized that the profitability levels shown in this section
well as the previous sections cealing with ethylene dichloride plants and 0
ayl chloride plants were derived from generalized financial information
veloped for model plants. These profitability levels are thought to generally
proximate the profitability levels at existing plants.
Table 7-36 presents a summary of the estimated profitability levels P
d changes in profitability resulting from imposition of control scenario #1 E
ntrol costs. Note that the average price increase for this scenario is
15¢/1b. Since approximately 10 percent of the industry sales are of dis-
rsion process resins that sell for about 34¢/1b and the other 90 percent
the sales are at about 24¢/1b, this results in an average price for all . . =} =
les of approximately 25¢/1b. The 2.15¢/1b price increase for scenario #1
an increase of 8.6 percent in this average price.
Examination of Table 7-36 reveals that there are 4 plants (Occidental/
sti'l'le, Jennat/Torrance, Jennat/Tucker, and Jennat/Somerset) that are
aced in an estimated loss position (negative return on investment) after the
‘erage price increase has been passed on to resin users. Another 17 plants
perience a net decrease in return on investment due to the imposition of
ie scenario #1 control costs ranging from 1 percent to 57 percent. The

:maining 20 plants either experience no decrease in profitability or else a

O e v« pmans o)
i
i

:lative net increase in profitability ranging up to 9 percent. It is
stimated that the 4 plants that are placed in the negative profitability
>sition by control scenario #1 would probably be closed unless mitigating
ircumstances not considered in this analysis came into play. These four i
lants represent less than 1 percent of the total industry capacity of

,609,000,000 kg/yr. Based on total polyvinyl chloride industry employment of

7-40 e
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Tie ooriac ncreasae io resin fabricators of 2.18#/%1h (5.9 neccent) resulting

foum oconerdl scerario £1 s astimated to result fnoa peice increase to the
©o.taers of the fabricated products of approximately 1-4 percent. This

endn Y oprice of consumer goods fabricated from polyvinyl chloride

P A K

resins was estirated based on the assumption that the resin cost amounted
to 10-50 percent of the final cost of the fabricated product. Tha remainder

of the Tabricated product cost would be cemprised of fabrication labor,

* TR T LT e Y e

utilities, depreciation, interest, and miscellaneous = ~»head charges. A
resin price increase of 8.6 percent (which translates into a maximum fabri-

cated goods price increase of 4 percent) is not believed to be sufficient to

ERSLUN L

Ao

result in any appreciable substitution cof other products for polyvinyl
chloride fabricated resins or in any appreciable increase in imports of
either polyvinyl chloride resins or fabricated products. This conclusion
is based upon the assumption that a relative price increase of 10 percent

is the maximum price increase that could be passed forward to the fabricators

MR LT RLTE PP EA

of polyvinyl chloride resins and, ultimately, the consuming public before

appreciable reductions in demand for polyvinyl chloride products tock place.

Tnis assumption is based upon conversations with industry representatives.

THE T e O T

It would seem that the 10 percent price increase parameter is a reasonable
one upon wnich to base conclusions of economic impact, but it is granted
tnat a more scphisticated analytical tool would be of much value.

In the event that no price increase for polyvinyl chloride resins
~avld be obtainred, Table 7-35 reveals that one additicnal plant {Xeysor-
Century/Saugus) «would be nla-2d in a ne - .ive profitability pesition and

mignt he subject to clesuce. This would ean that a total of five plants

7-41
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might close if contrel scenario #1 was implemented witoout any price increases
for polyvinyl chlcrizs resins.

7.3.5.3 Control Scenario £2

This control scenario assumes that all dispersion plants utilize Alter-
native 11, Case A controls (stripping to 2000 parts per million) and that all
other plants use Case A (improved stripping) controls.

Table 7-37 shows the estimated capital requirements for all existing
polyvinyl chloride plants for centrol scenario #2. The estimation or these
costs employed the same methodology as described above for control scenario

#1. The capital costs shown in Table 7-37 represent an average replacement

plant capital increase for all affected plants of approximately 20 percent.

Individual plant capital requirements are estimated to vary between 10
percent and 38 percent.

Table 7-38 details the estimated plant-by-plant annualized costs for
control scenario #2. Thase costs, as do the capital costs shown in Table
7-37, include charges for control of water effluent emissions. Table 7-38
also includes a cost pass-on from ethylene dichloride-vinyl chloride plants
to recover costs for control of air and water emissions at these facilities.

Table 7-39 shows the impact on plant profitability of thz costs resulting
from control scenario #2. HNote that in this case the estimated average price
increase for all resins is 2.35¢/1b, or 9.4 percent of the overall average
resin price of 25¢/1b. Table 7-39 shows that the 4 plants that werz placed
in a negative profitability position by control scenario #1 (Occidental/
Hicksville, Jennat/Torrance, Jennat/Tucker, Jennat/Somerset) are also placed
in a negative prof =201lity position " cantrol scenario #2. Tiu=re are no
additional firms nlaced in a negative p.  tability position by this scenario,

assuming an average price increase of T.33/1b. OFf the rzmaining 37 poly-
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in this case the averege orice dncrease to resin fabricators is 2.35¢/1b,
© * neprecent).  fgain assuming that vesin prices make up 10-50 percent of
- ust of tne fabricated nroduct, the price increases to the final

users of the fabricated products is estimated to be on the order of 1-5
percent, an amount not believed to be sufficient to cause significant sub-
stitution or imports. The anticipated plant closures for control scenario
32 are the same as control scenario #1 {Cccidental/Hicksville, Jennat/
Torrance, Jennat/Tucker, and Jennat/Somarset) and would result in a loss
of domastic polyvinyl chloride capacity of less than 1 percent and a loss
of approximately 30 jobs.

As in tihe case a control scenaric #1, one additional plant (Keysor-
Century/Saugus) would be placed in a negative profitability position if
an average price increase was not possible. This would mean that a total
of five plants might close if control scenario #2 was implemented without
any price increases.

7.3.5.4 Control Scenario #3

This control scenaric zssumes that all dispersion plants utilize Alter~
native 11, Case B controls (incineration) and all other plants use Case A
(improved strinoing) controls.

Table 7-40 shows the estimated capital requirements, including water
pollution control capital, for control scenario #3. Once again, the esti-

wation methodalogy was i sane 1 Joocwdbed for control scenario #1. The

L

1

Tabie 7-40 raveesint an average replacement piant

capital costs snown in

canital increasa for all affected plants of approximately 24 percent.
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wi-,1duat replacment plant capital requirensnts are estimated to vary

=+ween 10 percent and 44 percent.

Table 7-41 shows the estimatez annualized costs, including water pollution
ontrol costs, for control scenarioc #3. As in previous scenarjos, a charge for
ir and water pollution control costs at ethylena dichloride-vinyl chloride
1ants has been included.

Table 7-42 details the estimated impact on plant profitability resulting
‘rom control scenario #3. For this case the average resin price increase is
:stimated to be 3.56¢/1b or 14.2 percent of the overall average resin price
»f 25¢/1b. Table 7-42 further indicates that a total of 7 plants (Occidental/
4icksville, Jdennat/Torrance, Jernat/Tucker, Jennat/Somerset, Monsanto/ Springfield,
Jnion Carbide/South Charleston, and Uniroyal/Painesville) would be placed in a
negative profitability position and would be potential closure candidates.

ur of the aforementioned plants were jdentified as potential closure candi-
dates for control scenario #1 and scenario #2. Of the remaining 34 plants,
10 would suffer relative net decreases in profitability of up to 74 percent
while 24 plants would experience relative net increases in profitability
ranging up to 40 percent,

The above discussion assumes that an average price increase of approximately
3.56¢/1b (14.2 percent) will be passed on to resin fabricaters. It will be
recalled from the discussion of the impact of control scenario #1 on existing
polyvinyl chloride plants that a 10 percent price increase was believed to be
the point at which appreciable substitution of ather products for polyviny]
chloride would occur. It i3 possible, then, that a price increase of 14.2
percent would not occur. This ~uld mzzn that all firms would experience lower

nost-control profitability levels than shoun on Table 7-42. Accordingly, some

.1dd1‘tiona1 plant closures might accur depending upon the actual amount of

-4
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Lhe price fnocease,  In this cose, however, iV tho price ingrease sas
Lo 16 pereart rhare veuld 52 one addivitne’ closie candicates in eddition to
4 the 7 mentionzd avove.

In this case the increase in the price of fabricated products would
be 2xpactzd to be on the order of 1-7 percent given that a nzt resin price
irneease of approximately 14 percent covid be effected. A resin prics
incraase of 10 percent is expected to result in an increase te the fabricated
product consumer of 1-5 percent.

The seven plants mentioned above comprise approximately 5 percent of the
total domestic polyvinyl chloride capacity. It is estimated that about 250
jobs would be lost if these plants closad.

Table 7-42 reveals that a total of 13 plants might close if no price
increases for polyvinyl chloride resins could be obtained and control
scenario #3 was implemented. These fourteen plants comprise approximately
18 percent of the total industry capacity and are estimated to employ approxi-
mately 1000 people.

7.3.5.5 Control Scenario #4

This control scenario assumes that all dispersion plants will utilize
Alternative II, Case B (incineration) controls and that all other plants will
utilize Case B (incineration) controls.

Table 7-43 details the estimated capital requirements, including water
pollution control capital, for control scenario #4. The capital costs shown
in Table 7-43 represent an average replacement plant capital increase for
211 afvacted nlants of approximately 29 percent. Individual plant capital
requicenants are estipated to vary betusen 12 percent and 45 parcent.

Toble 7-84 2tails he annualized cost requirements, including a charge

Tar controls at the ethylene dichloride-vinyl chloride plant for this scenario.
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iuain, the methodoiogy used in Tahles 7-43 and 7-44 is identical tuo th= ore

qtilized in the analysis of the preceding :zzenaries.

The estimated impact upon plant profitability resulting from control
scenario #4 is shown in Table 7-45. MNote that in this case the average price
increase has been calculated to be 6.04¢/1b (24.2 percent). Assumirg a price
increase of this magnitude results in 6 plants experiencing a post-control
return on investment that is either zero or negative. These 6 plants
{Occidental/Hicksville, Jennat/Torrance, Jennat/Tucker, Jennat/Somerset, Monsanto/
Springfield, and Union Carbide/South Charleston) would be potential closure
candidates. Of the remaining 35 plants, 13 experience a relative net decrease
in profitability of up to 78 percent as a result of control scenario #4 and 22
plants either experience no net change or else a relative net increase in
profitability of up to 81 percent.

The statistics presented above are based upon a price increase of 24.2
percent. If the actual price increase in the industry was limited to 10
percent for reasons cited previously, it is estimated that 4 more plants
(Diamond Shamrock/Delaware City, Keysor-Centory/Saugus, Pantasote/Passaic,
and Uniroyal/Painesville) would join the 1ist of closure candidates.

The net result of a 24.2 percent jncreass in resin prices would be an
estimated price increase for fabricated products of 2.5-12 percent, an
amount that could conceivably lead to appreciable substitution or increased
imports. It was estimated that 6 plants might close if control scenario #4,
including a 24.2 percent price increass, was implemented. These six plants
accouni for approximately 3 percent of the total industry cepacity are esti-
mated to employ 150 peupie,

if only a 10 parcent price increase was effectad, then thzoretically

Tittle or no substitution or increased imports would occur, but a total of
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T=tis 7-4% dindicates that a total of 30 miants might close if no

"

was2 was obtained and centrol scenario #4 ves implemented. These 30 plant
socount for approximately 58 percent of total industry capacity and are esti-
mated to employ 3200 people.

7.3.6 Pclyvinyl Chloride Plants - Maw Plant Fconcmic Impact Analysis

7.3.6.1 Introduction

The econemic impact of various air emission cont.c. Tevels on new suspension,
dispersion, and bulk process nolyvinyl chloride plants has been evaluated. For
suspension process plants only one level of emission control has been evaluated
but two methods if attaining the emission level are discussed - an improved
slurry stripping systaem and an incineration system, For dispersion process
plants two alternative emission levels are presented, one of which could be
met by a system based on resin stripping to existing levels and the other
could be met by either a system based on stripping to 2000 parts per million
or an incineration system. For bulk process plants only one level of emission

control has been evaluated. As with the suspension process plant either an

R e . T

improved stripping system or an incineration system could be used to attain
the emission control level at tne bulk process plant.

7.3.6.2 New Susoznsicn Process Plants

The results of utilizing various control systems at a typical new sus-
seasicn process polyvinyl cnlor® " plants 5 sihown in Table 7-23. Hote that
thr w1zt d suspersion process nlant genarates a return on investment of

9.8 percent. i rate of return decrzases o 8.2 percent for a plant that
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et e osrton g vzase ~f 1T eroant daothe Tagi o pricg ircrease that could
e mayses roried o Tabcfeziors of polyvinyt chiorids vesing and, uliinai:ly,
the _onsuining public bofure apirzcieble veduetiLes in czmand for polyvinyd
chloride products “sok place. As stated esrlier, this assumption i3 based
can ccaversations with industry resresentatives.

Peferring back to Table 7-46, it is seen that the Case A scenario, which
includes air emicsion control costs and vater eFfluent costs at the suspension
process polyvinyl chloride plant as well as increased vinyl chloride prices cue
to air and water controls at ethylene dichloride-vinyl chloride plants, results
in a price increase of 8.8 sarcent be'ng required *~ maintain the pre-control
profitability level, a level somewhat below the 10 rorcent cut-off level.

The Case B scenario, however, results in a price increase of 21.9 percent,

w211 above the 10 parcent cut-off point. Even if all water effluent costs were
not incurred and no increase in vinyl chloride prices was incurred either, the
resulting costs for the air emission controls alone would result in a price
increase of 19 percent which fs still well above the cut-off point. If it can

be assumed that the fugitive control package used at the model suspension process
plant duplicates the OSHA-required controls then the price increase for EPA-
generated air controls would drop from 19 percent to 16 percent, a level that is
still appreciably higher than the 10 percent cut-off point.

Total plant capital requirements at a typical new suspension process
polyvinyl chloride plant increase by approximately 19 percent as a result of
adding Case A controls. This increase of 19 percent is not believed to be large
enough to deter cosstruction of a aew facility. This conclusion is drawn based
on the a:.umption that prices for polyvinyl chloride will ba raisad by an amouat
sufficient tn o . -zrate fhe cine profit on the incromantal control capital as

Fn

is being earned on the urcosrelled plant - wziial. The naw facility wi11 not
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fom that exic irg nlants will 7o be Tocced to raise pricas Ly approci-

z.2ly 10 percent o any new facility that incurs a price i:crease will be
¢ ceting with existing firms that have also incurred approximately the same
price increase.

In summary, then, it appears that utiiization of the Case A (improved
stripping) control system would not be a deterrent to the construction of
new suspension process polyvinyl chloride plants but that utilization of the
Case B (incineration) control system would seriously deter the constructicn

of any new suspension process plant.

7.3.6.3 New Dispersion Process Plants

The results of utilizing various control systems at a new dispersion
process polyvinyl chloride plant of 14,000,000 kg/yr capacity are shown in
Table 7-47. Note that the uncontrolled plant generates a relatively low return
on investment of 3.1 percent. Imposition of the water effluent costs and the
increased vinyl chloride costs due to controls at the ethylene dichloride-
vinyl chloride plant leads to a reduction in profitability to 2.5 percent
and would require a price increase of 1.7 percent to maintain the pre-control
rrofitability level of 3.1 percent. Total plant capital requirements increase
from 55.75¢/1b/yr to 56.59¢/1b/yr, an increase of 1.5 percent. The model
dispersion plant that utlizes the Alternative I control system (resin
stripping to 30,000 parts per million) plus incurs water effluent costs and
increased vinyl chloride charges experiences a drop in profitability to 0.1
percent 1 no price increase is obtained. A price increase of 11.0 percent

wedld be ragquirad to cosiore the pre-control profitability level of 3.1

percent. Totad) plant canit2l i this case increases by 156 percent. Similarly,
the m32el dizpersiua pians ' the Yltepnasive II, Casa2 A scenario would

AR
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o Alternative iDL Casz2 B osce-.. ic leads to 2 price increase of 52.9 percent
a0 2 total capital increase of 33 percent.

g3+ thne 10 percent price incrzase parameter discussed previously leads
*n the conclucion that & ~ew dispersion process polyvinyl chloride plant of
approximately 14,000,000 kg/yr capacity would not be constructed at either
the Alternative II, Case A control level or the Alternative II, Case B control
level. It is questionable whetier a new dispersion process plant of approxi-
mately 14,000,000 kg/yr capacity would be constructed at the Alternative I
control level. The required price increase to maintair. pre-control profit-
ability at 11.0 percent is admittedly higher than the 10 percent cut-off level,
but only marginally so.

It is altogether possible, however, that new disperison process poly-
vinyl chloride plants of the size modelied in Table 7-47 would not
be constructed in the future even if no pollution control regulations, either
air or water, were applied to them. This is because smaller plants apparently
have marginal profitabilities before any control costs are incurred. It
is 1ikely that larger dispersion process plants would be constructed in
the future, however, due to the fact that economies of scale would make these
facilities more profitable than smaller plants. Table 7-48 details the estimated
effect of econcmies of scale on dispersion process polyvinyl chloride plants by
showing the econcmics of an uncontrolled 45,000,000 kg/yr plant and how
these economics are alterad by imposition of various control systems. HNote

L)

thaw the uncons o1ted 200 st oith a sapacity of 45,070,000 fg/yr has a vaturn

on investment ir che hase {(uncontroiled) case of 7.5 parcent as opposed to
h)

3.1 percent for & 1,000,000 kg e plant. For she lapger plant it s seen

S
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T og-ala puat the peice dnorease to maintain pre-curirol profit-
o tne Alternative 11, Case A option (stripping to 2227 parts per miliicr)
-ant, only marginally atove the 10 parcent cut-off figure. The
Alternative 11, Case B scenario (ircineration) is well above the 10 percent
cut-cif point and would remain so even if all other control costs excep: for
the EPA-generated air emission costs were removed.

It is concluded based upon the information presented in Table 7-47 and 7-48
that new dispersion process plants will be able to comply with all emission control
costs required by the Alternative II, Case A scenario (stripping to 2000 parts
per million), including water pollution control costs, at large dispersion process
plants (approximately 45,000,000 kg/yr capacity or greater) but not at plants
that are appreciably smaller than 45,000,000 kg/yr capacity. Smaller plants,
however, on the order of 14,000,000 kg/yr capacity would probably only be able
to comply with the Alternative I scenario (stripping to 30,000 parts per
million).

Total plant capital costs in the Alternative II, Case A scenario increase
by approximately 14 percent for a plant with a capacity of 45,000,000 kg/yr,
an amount that would not appear to appreciably deter construction of new
facilities since pre-control profitability is expected to be maintained
through price increases. As was pointed out in the preceding section, an
industry-wide price increase of approximately 10 percent will be caused
by the impact of control regulations on existing plants. The new plant,
therefore, will be able to raise prices and generate a pre-control level
of return on 1ts total capital investment, including the incremental control
cinital requiremenz,

in summary, aen, it is concludad that tha impositicon of Alternative
controts (stripping t~ 70,000 parts per million) would probably not be a

walerrent to the _astruction of nev disnersion process polyvinyl chloride
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construction of any new disnersion procass polyvinyl chloride plants.

7.3.G.4 tew Bulk Process Plants

The results of utilizing various control systems on a typical new bulk
or polyvinyl chloride plant are shown in Table 7-49. This plant has a return
on investment for the uncontrolled case of 9.3%. This base plant return on
investment decreases to 7.7 percent for the plant that incurs water pollution
control costs and increased costs for vinyl chlorid:. This case requires a
2.9 percent increase in prices to maintain the pre-control profitability leval
of 9.3 percent., Total plant capital increases from 21.15¢/1b/yr to 21.99¢/1b/yr,
an increase of 4 percent. The plant that then incurs Case A {improved stripping)
control costs in addition to the water effluent costs and the increased vinyl
chloride costs requires a price increase of 7.7 percent to maintain pre-control

profitability and experiences a total plant capital increase of 10 percent.

Similarly, thea plant that incurs Case B (incineration) control costs in addition

to the effluent costs and the increased vinyl chloride costs requires a price
increase of 10.5 percent to maintain pre-control profitability and incurs a
total plant capital increase of 12 percent.

It is concluded, Lésed upon the results shown in Table 7-37 and the
analytical methodology used previcusly, that a significant barrier to the con-
struction of new bulk process poliyvinyl chloride plants would not exist for
Qither the Case A (improvad sirigni 7) control scepario or the Case B {i-cin-
erati.n) control scenzario.  Tien thooy™ b2 price increase rveguiced to meintois
pro-control profitabilis: in the Cas. 3 situadi is marginally higher than

cut-cf® point, it dcas not se2em tg he an appraciable differance.
lj
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7.7 Sumnoery

7.2.74 ichioride-Viayl Chler.os Plants

i

the following is & summary of the sconcmic enaiysis of c«lternative cun-

trol levels at new and existing ethylene dichloride-vinyl chloride plants:

New ethylene dichloride-vinyl chloride plants are judged to be able

to afford either Alternative I controls (no control of the oxychlorina-

tion vent) or Alternative IIl controls (control of the oxychlorination

vent).

Incremental capital requirements for a typical new facility with a

capacity of 318 million kg/yr (700 million 1b/yr) are as follows:

Air
Water
Total

% Increase Qver
Uncontrolled Plant

Incremental Control Capital ($ Millions)

Alt. 1 Alt. 111
$0.9 1.9

2.4 2.4
$3.3 4.3

10%

The price increase required to maintain pre-control return invest-

ment at the typical new facility mentioned above are:

Air
Water
Total

# Incraase Cver Base
Price of 12¢/1h:

Price Increase

Alt. T Alt. 111
0.12¢/1b 0.27
0.17 0.17
0.29 ¢/1b

2.4%
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Tists tha relceva t narameters ronsideret:

&

Control Alilernative

I1

Ferimated Plant Closures:

Net Change in Return on Investment
After Price Increase

Range: 27¢-(17%)  27%-(17%)  27%-(59%)

Industry Averzge: 0 0 (1%)
Increase in Estimated Replace-
ment Plant Capital
Range:
Industry Average:
Industry Total Incremental
Control Capital ($ Millions)
Air Controls:

Water Controls:

Total:

Price Increase Due To:
Air Controls: 0.046¢/1b

Water Controls: .034

Total: .080 ¢/1b

% Increase Cver Base 0.7%
Price of 12¢/1b
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a1l centrol cptizas wichout cignificant adverse zconemic {mpact. The
following tabie Tists the relevant parameters considered:

Control Alternative

I 1 L
Estimated Plant Closures: None None None
et Relative Change in Return
en Investment After Price Increase
Rangs: 9%~ (53%) 9%-(53%) 31%-(55%)
Industry Averagse: 4% 0 4%
Increase in Estimated Replace-
ment Plant Capital
Range: 8-11% 8-13% 8-16%
Industry Average: 8% 9% 11%
Industry Total Incremental
Control Capital ($ Millions)
Air Controls: $8.7 10.3 19.6
Water Controls: 23.0 23.0 23.0
Total: $31.7 33.3 42.6
Price Increase Due to:
Air Controls:| 0.19¢/1b  0.19 0.32
Water Controls:' 0.17 0.17 0.17
Total:! 0.36¢/1b  0.36 0.49
% Increase Cver 2ase 3.0% 3.0% 4.7%

Price of 124/k

-

H - - - -
Tnciudes contirel cost pass-on fras cthylone dichlorida plants.
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Tevels at na 2nd existic =elysinyl chloride plants:

1. Tygical new suspension process polyvingl chloride plants are judged
to be able to afford Case A (improved stripping) controls but unable &

to afford Case B (incineration) controls.

The incremental capital requirements for a new suspension process plant f
with a capacity of 68 million k3/yr (150 million Ib/yr) are as follows: ;
Incremental “ontrol Capital (§ Millions) ;
Case A Case B
Air Controls: 4.4 6.7
Water Controls: 1.3 1.3
Total: 5.7 8.0
% Increase Over 19% 27%

Uncontrolled Plant Capital:

The pricz increase required to maintain pre-control return on investment

at the new suspension process plant is:

Price Increase

e ———— ©

Case A Case B
Afr Controls:' 1.59¢/1b 4.74
Kater ControTs: ] 0.52 _0.52
Total:! 2.11¢/1b 5.26 |
% Increase Quer 8.8% 21.9% ?

Base Price is 24</1b

i ) . , ) , L., .
Incluc:s control cust pass-on Toon etnylena dicnloride-vinyl chlarida

b plant.
7-57
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e millinn wauld preobably not Be g deterveat to the cunstrucsicn of

rew dispersicn process plants except possibly those of very small @HD
capacities. The imposition of Alternative II, Case A controls (strip-

ping to 2,000 parts per million) would prohably not be a deterrent to

the construction of large new plants with capacities of 45 million

kg/yr (100 million 1b/yr) or more. The imposition of Alternative II,

Case B controls (incineration) would probably be a serious deterrent

to the construction of any new dispersion process polyvinyl chloride

plants.

The capital requirements for two sizes of new dispersion plants are as

follows:
14 Million kg/yr (30 Million 1b/yr)
Incremental Control Capital ($ Millions)
Alt. Alt. 11 Alt. 11
T Case A Case B
Air Controls: 2.3 3.4 5.3
Water Controls: 0.2 0.2 0.2
Total: 2.5 3.6 5.5
% Increase Over 15% 21% 33%

Uncontrolled Plant Capital:

45 Million kg/yr (100 Million 1b/yr)
Incremental Control Capital ($ Millions)

Alt. Alt. 11 Alt. II
a1 Case A Case B
Air Ccntrols: $2.8 4.8 12.3
Water Controls: 0.8 _ 0.8 0.3
Total: 3.6 5.6 13.1
% Increase Cvse 8% 14% 34%
Uncontrolled Plant Capital: o
7-52
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A T lion ke/yr (20 Million 1b/yr)
Price Ingrease

Alt. Alt. 11 Att. II

I Case A Case B
Air Controls:| 3.4¢/1b 5.41 17.58
Mater Controls:' 0.40 0.40 0.40
Total:! 3.74¢/1b 5.81 17.98
% Increase Over Base 11.0% 17.0% 52.9%

Price of 34¢/1b

]Inc1udes control cost pass-on from ethylene dichloride-vinyl chloride

plants.

45 Million kg/yr (100 Million 1b/yr)
Price Increase

Alt. Alt. II Alt. II
1 Case A Case B
Air Controls:| 1.624/1b 3.13 13.30
Water Contro1s:'l 0.47 0.47 0.47
Total:! 2.09¢/1b 3.60 13.77
% Increase Over '6.2% 10.6% 40.5%

Base Price of 34¢/1b

]Inc1udes control cost pass-on from athylena dichloride-vinyl chloride
nlants.

7-59
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3. New bulk proczss planis woulu probaviy not be preciuded from con-

structicn =y -.:oaar Case A controls {dmproved stripoing) or Casz B

controls {incineration).

The incremental capital requirements for new bulk process plant with
a capacity of 45 million kg/yr (100 million 1b/yr) are as follows:

Incremental Control Capital (S *illions)

Case A Case 8
Air Controls: $1.3 1.6
Water Controls: 0.8 0.8
Total: $2.1 2.4
% Increase Over 10% 12%

Uncontrolled Plant Capital

The price increases required to maintain pre-control return on invest-
ment are as follows:

Price Increase

Case A Case B
Afr Controls:) 1.38¢/1b 2.02
Water Controls: 0.50 _0.50
Total:! 1.88¢/1b 2.52
% Increase Over Base 7.7% 10.5%

Price of 24¢/1b

1Inc?udes cost pass-on from ethylene dichloride-vinyl chloride plants.
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strippinz). Control scenaerio #2 assumes that all cispersion process plants

will utiiize Alternative II, Cese A controls (stripping to 2,000 parts per ;
mi1lion) and that ail other planis will use Case A controls (improved :
stripping). Control scenario #3 assumes that all dispersion plants :
will utilize Alternaiive II, Case B controls (incineration) and that all
other plants will use Case A centrols (improved stripping). Control !$§%§
scenarioc #4 assumes that all dispersion plants = "11 use Alternative II, 'i{}
Case B controls (incisaration) and that all other plants will use -
Case B controls (incineration). The economic impact of complying with
the various control scenarios is summarized below:

Control Scenario

#1 #2 #3 #4

(o]

Estimated Plant Clesures: 4 4 7
% of Total Plants: 10% 10% 17% 15%

% of Total Capacity: 0.5% 0.5% 4.7% 2.8%

Estimated Job Losses: 30 30 250 150

o mpr——— s
. .
e A
ihoe T
£

Net Relative Change in Return on
Investment After Price Increase:

Range: | 0%-(57%) 13%-(50%) 40%-(74%) 813-(78%)

Industry Average: 0 0 0 0

Excinding estinatad <losura candidates.
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Contwol Sceracic

#1 #2 £
Parcent Increase s Total
Fstimated Replacement Plant Capitel:
Range: 9 -37% 10-38;: 10-~447% 12-45%
Industry Average: 10% 20% 24% 29%
Total Industry Incremental
Control Capital ($ Millions)
Air Controls: $167.4 183.0 225.6 293.3
Water Controls: A8.3 48.3 48.3 48.3
Total: 215.7 231.3 273.9 341.6
Price Increase {¢/1b)
Due to
Air Controls:| 1.63  1.83 3.04 5.52
Water Controls:] 0.52  0.52 0.52 0.52
Total:! 215  2.35 3.56 6.04
¢ Increase Over Base 8.6% 9.4% 14.2% 24.2%
Industry Weighted Average
Price of 25¢/1b
Estimated Price Increase 1-4% 1-5% 1-7% 2.5-12%
in Consumer Goods
Estimated Impact of Price Negligible Negligible Moderate Substantial
Increase on Substitution,
Imports

1Inc]udes control cost pass-on from ethylene dichloride-vinyl chloride
plants.
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in the event that prizes Ter polyvinyd ch1or1d§ resir: z3uld not be
increased, it it -solzted thal B plants nmight chocse 7 osure over
contrel if either control scenaric #1 or contral scernz-i3 #€ was
implementad. These five plants acccunt for approximazsiy 1 percent
of total industry capaci*, znd are estimated to emplcy z total of

70 people. If control scenario #3 was implemented withcut a price
increase it is estimated that 13 plants might close. These 13 plants
account for approximately 18 percent of total industry capacity and
are estimated to employ 2 total of 1000 people. If control scenario
#4 was impiemented without a price increase it is estimated that 30
plants might clese. These 30 plants account fur approximately 58 per-

cent of total industry capacity and are estimated to employ a total of

3200 people.

The impact upon the industry of current OSHA regulations has been

determined assuming that a) the cost for OSHA controls can be approximated

by the cost of the fugitive control package required by all EPA alternatives,
and b) there are no OSHA costs incremental to the EPA-generated costs. Given
these assumptions it was determined that the 0SHA regulations would have the
same impact on plant closures as either control scenario #1 or scenario #2,
that is, four plants would be expected to close. The EPA requirements, then,
would have no incrermental affect on plant closures - the industry until the
levels of control repr.iiated by scerario #3 and sce-2-10 #4 were attained.
The above assumptions yield estimated OSHA capital rziiirements of approxi-

mately 537 million of which $29 million would be rez. -2d at polyvinyl

crioride plants and £8 million would be required z= z:-siene dichloride-
vinyl chloride plants. Estimated OSHA-required arrcz™"z2d costs would ko
7-03
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525 mitlion of which 319 miilion would be requiced at polyvinyl chloride
plants and $6 riilion would be rejuired at ethylene dichloride-vinyl
chloride plants. The price increase in polyvinyl chloride resins
resulting from the above costs would be approximately 0.5¢/1b, or 2.0

percent of the current average price of 25¢/1b.
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. ._Foster D. Snell, Inc., Economic Impact Studies of the Effects of Proposed

. Hydrocarbon Processing, May, 1974, p. 83.

4 REFERENCES

Stanford Research Institute, "Ethylene Dichioride", Chemical Economics
Handbook, January 1572, p. 651.50318B.

Stanford Research Institute, "Ethylene", Chemical Economics Handbook,
February, 1975, pp. 648.5053Y-648.5054G.

In-Depth Study of Vinyl Chloride Production, Houdry Division of Air Products :
and Chemicals, Decerber ¢, 1974, p. PVC 6-11. o

Stanford Research Institute, "Polyvinyl Chloride Resins", Chemical Economics
Handbook, March, 1975, p. 580.1882M.

Stanford Research Institute, "Polyvinyl Chloride Resins”, Chemical Economics
Handbook, September 1973, p. 580.18820.

QSHA Standards for Vinyl Chloride, September 27, 1974, p. 111-3. _

Stanford Research Institute, “"Polyvinyl Chloride Resins:, Chemical Economics
Handbook, March, 1975, pp. 580.1883 Y,Z.

Compiled from data sutmitted to EPA under Section 114 of the Clean Air Act.

Arthur D. Little, Inc., Vinyl Chloride Monomer Emissions from the Polyvinyl
Chloride Processing Industries, May, 1975. (Draft Report to EPA).

. Foster D. Snell, Inc., op. cit., Exhibit III1-14.
. Foster D. Snell, Inc., op. ¢it., p. I1I-3 and p. III-8; Arthur D. Little, Inc.

United States Polyvinyl Chloride Industry, Impact Analysis, August 1974,
p. 1.

. Chemical Marketing Reporter, July 14, 1975,

15. Stanford Research Institute, op. cit., pp. 580.1883V-580.1883}.
16. ibid.
17. ibid

7-65

COLORITE 008698




table 7-1

Vertical Integration in the EDC/VCM/PVC Industry

Plant Capacities {Millions of Kilograms/Yr):

Company EDC veM PVC
Air Products 0 0 95
Al1ied Chemical 295 155 ' 0
B. F. Goodrich 455 455 400
Borden 0 0 145
Continental Qil ' 455 330 220
Diamond Shamrock 120 0 170
Dow Chemical 1,615 555 45
Ethyl Corporation 370 190 80
Firestone 0 0 180
General Tire 0 0 230
Georgia-Pacific 0 100
Goodyear 0 0 95
Great American Chemical 0 0 30
Jennat 0 0 7
Keysor-Century 0 4] 15
Monochem, Inc. 0 135 0
Monsanto 0 0 30
Occidental Petroieum 0 0 82
Pantasate Company 0 0 35
PPG Industrizs 635 360 0
Robnintech, Inc. 0 6 165
Shell 071 Co. 1,075 730 0
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Table 7-2

1974 PVC Consumption by End-Use Category

Apparel

Building and Conmstruction
Home Furnishings
Recreation

Electrical

Packaging

Transportation
Miscellaneous

Exports

Other

SQURCE: Modern Plastics, January 1975, p. 51.

Millions

of Kilograms

2,

7-63

104
851
223
130
161
147
116
184
145
119

180

~ of
5
39

10

(3}

o N

100
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Possinie FVL oatiiitutes
i /€ Resin Usage1 Possible
et ' iiidons of Kilograms Substitutes
1573 1974
Argparal
(,?sab_y paits 12 12 Rubber F
rootwear 65 €3 Rubber P
Outers iar 31 39 Othier synthetic fibers ¢
Building and construction \
Extruded foam moldings 26 22 Wood :
Ficoring 202 156 Yood
Lighting 5 6 Glass, styrene
Panels and siding 39 44 Hood, polyester iv_
Pipe and conduit L20 505 Steel, ABS, polyathelene & -
Pipe fittings 41 44 Steel, ABS, polyethelene }-x:
Rainwater systens 16 1= Wood, aluminum el
Swimming pool liners 18 1Y Rubber ;
Westherstripping 16 16 Rubber, urethane ;
Window, other proiiles 26 24 Wood ,steel, aluminum
Electrical
Wire and cable 188 161 Rubber, polyethylene
Home Furnishing
Appliances 20 21 Other plastics in
some applications
Furniture 145 144 Wood, melamine
Garden Hose 18 17 Rubber, nylon
Housewares 51 N.A. Styrene, rubber
Wall coverings & 54 58 Paper, melamine
wood surfacing film
Packaging
Blow molded bLottles 39 34 Glass, cans
Closure liners and gaskets 9 10 Rubber :
Coatings 9 9 None i
Film 59 57 Acrylics, styrene o
Sheet 35 37 Polyethylene, nylon -
polyester E"
Recreation '
Records 66 65 None
Sporting gucds 25 28 Rubber, leather
Toys 38 37 None
Transportation
Auto mats 18 19 Rubber i
Auto tips 15 13 Steel E
Uphiolsreey and <zat cover: “1 24 liylon, polyasters
t
7-69 |
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Table 7-3 (Con't) @

Possible PVC Substitutes

PVC Resin Usage Possible
Market Millions of Kilcgrams Substitutes
fiscellaneous
Agriculture (including pipe) 66 72 Aluminum, polyethylene
Credit cards 8 10 None
Laminates 23 24 None
Medical tubing 23 23 None
Novelties 7 8 None
Stationery supplies 18 20 Polyester
Tools and hardware 8 10 None
Export 66 145 None
Other 42 119 None
TOTAL 2,180 2,151

SOURCES: 1) Modern Plastics, January 1974, p. 51

2) Discussions with industry representatives.
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Trnla 7-4

1

L-pansiuns_to Existing Facilities:

“yeday

Diamond Shamrock
Goodyear
Stauffer

Air Products

B. F. Geodrich

TOTAL EXPANSIONS

New Facilities

Certain-teed

Rico Chemicals

IMViznolis, (1linois
Deer Park, Texas
Plaqucmine, Louisiana
Delaware City, Dalaware
Calvert City, Kentucky

Louisvilie, Kentucky

Lake Charles, Louisiana

Guayanilla, Puerto Rico

TOTAL NEW FACILITIES

Closures

Monsanto

NET CAPACITY ADDITIONS (Expansions Plus New

Springfield, Massachusetts

‘C Capeo ity BApaasions aid Closures

Capacity Increase
(Mi1lions of Kilograms)

90
90
45

115
N.A.

345

135
70

205

30
520

Facilities Less Closures)

SOURCES: Chemical Marketing Reportey, Schaell Publishing Co., May 20, 1974,

page 9 and page 18, non-contidantial data suppiied by industry

under Section 114 of the

Sapterbar 30, 1974, page 112.
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Table 7-5

Prices of Cthylene Dichloridz, Vinyl thloride and Polyvinyl Chloride

1974 1974 1974 1975
Product May 13 July 8 October 21 June 23
Ethylene Dichloride 9¢/1b 9.5¢/1b 9.5¢/1b 11-12¢/1b
Vinyl Chloride 7-10¢/1b 7-10¢/1b 9-12¢/1b 9-12¢/1b
Polyvinyl Chloride
Homopolymer
Suspansion 17-22.5¢/1b  20-24¢/1b  22-25¢/1b  24-28¢/1b
Dispersion 30¢/1b 30-33¢/1b  32-34¢/1b  34-37¢/1b
Copolymer
Suspension 19-24.5¢/1b  20-26¢/1b  24-26¢/1b  24-26¢/1b

SOURCE: Chemical Marketing Reporter, Schnell Publishing Company, various issues.

COLORITE 008705




Table 7-6. Summnary of Algorithms Used for Computing Model Plant Costs and Cred1tsﬂ’b

Fugitive emissions C=$7,000 {constant} 0C=3$25,700 (constant) ACC=0.1378C LEATT I L
Detestor PYC plants for all ¥CM & PVC for all YCM & PYC
plants plants
Sample Flask Cen- Fugitive emissions at VCM & 12 €=$150,000 (constant) 0C=363,000 (constant) ACC=0.1718C TRCR0CAD YT
trol System -P¥C plants for all ¥CM plants for all VCM plants
{cost for six {cost for six
~ systems } systems)
4 $25,000 {constant} $10,500 [constant}
b for al1 P¥C plants  for all PYC piants
d. Transfer Operation Fugitive emissions at ¥CM & 12 £=460,000 (constant) 0C=$161,700 fconstant] ACC=0.1718C TA=0o+0, 17700
Cantrols PYC plants for atl VLM and PVC  for all ¥CM and PYC
8 plants plants
g e, Pupture Discs Fugitive emissions at VCM & 10 C=$353P+$5,890 0C=0.15C ACC=0.1878C THC=0C 19760
g PY¥l plants {for PVC plants) .
H (=$82,000 0C=%12,400
H . {for all YCM plants) {for all YCM plants}
=
f. Dual Mechanical Seals Fugitive emissions in VCH & 20 C=$91,000 (constant) 0C=$31,700 {constant) ACC=0,1425¢ TAC=0C+0,1425C
o
o
o
~
(=]
)]

Expected Installed Capital Direct Operating Annualized Cnpi£ﬂ1 Teeo 1 fnrnaize
Control_Methed Process Point(s) Controtled Life (Years) Cost Algorithu Cost Alnorithn Charge Algorithm™  Ca . 1o
1. Fugitive
a. Hulti-Podnt Yinyl Fugitive emissions at VCM & 14 €=$60,000 {constant) 0£=$26,400 {(constant) ACC=0.1R00¢C | P A T
Chluride Detectur P¥C plants for all ¥CM plants; for all ¥(M plants;

. Portable Hydrocarbon

{on Punps, Compressors, PVC plants
and Agitators)

cremerre

at ¥CM & 10

$150,000 {constant)
for all PYC plants

for all VCM plants

£=32,150P+$46,500

{for P¥C plants}

$66,000 (constant)
for all P¥C plants

for all ¥CM plants

QC=$277P+$16,200
{for PVC plants)

ACC=0,1425C

TAC=CC+0. 14250
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Table 7-6. Summary of Algorithms Used for Computing Model Plant Costs and Creditsa'b

Expected Instailed Capital
Frocess Point{s) Controlled Life {¥ears) Cost Algorithm

Direct Operating

Annualized Cap1tal Total "ar ot
Cost Magorithm

Charge Aloorithm  Cost Algrovipe.

N

g. Collection Header
System

h, ¥ i_r Stripping

Fugitive emissions at ¥CM & 12 C=$84,200
PYC plants {for al11 PVC
and ¥CM plants)

Inprocess waste water streams 20 C=$2,?00P0'59
from PYC plants {Susp., Disp.-
Partial}

c=$10,080p0- %6
{Suspi, Disp.-
Total
c=$1,110p%-58
{Bulk)

i, Morgmer Recovery Credit Attributable to Fugitive Control Methods

. Irproved Reactor

Instrumentation

. Autoratic Shert-

Stepping

. hew Sturry Blend Tanks

Gasholder

Relief valve discharge £=$2 ,400P
on.PY¥C reactors

Rellef valve discharge on C=%2,000M
PVC reactors

Slurry blend tanks in PYC
plants

C=4280,000H

Reactor opening and relief
valve discharge in PVC
glants

c=sz.510vR°-?3

0C=$31,400
{for all PVC
and YCM plants)

RCC=0.1718C TAC=NC+0,¥7TrL

0C=46,240+$0.05C+
$304P {Susp., Disp.-
Partial)

ACC=0.1425C TAC=02+0.1425C

0C=%6,240+$0.05C+
$3,910P {Susp., Disp.-
Total)
0C=$6,240+4$0,05C+§22P
{Bulk)

0c={$109.37)°
{¥CM plants}

oc=($1,350p)%
{Susp. PYC plants)

0c=($1,0207)°
{Disp. PVC plants}

oc=($a32p)¢
(Bulk PVC plants)

nC=$240P ACC=0.1878C TAC=0C+0,1872C

0C=$150K ACC=0.1878C TAL=0C40.3878C
0C=0 ACC=0.1878C TAC=0C+0. 1878

0C=$ID.5VR ACC=0.1425C TAC=0C+C. 1425
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Table 7-6. Sumwary of Algorithms tised for Computing Model Plant Costs and Credits?

,b

Expected

Installed Capital
Process Point{s) Contralled Life {Years) Cost Algoriths

Direct Operating
Cost Alnorithm

Annualized Capital

1 Tot i1 fenual,.
Charge Alqorithkm

v

Conx Rlaorite,

b, W®eactor Hater Purge
Systen

, Improved Stripping

. Carbor Adsorption

. Incineration

teactor opening and relief
valve discharge in PYC plants

Slurry blend tanks, spray or
rotary dryers, and bulk storage
and transfer operations in PYC
plants

Monomer recovery System in
dispersion and suspension
PVC plants

EDC purification and YCM for-
mation and purification,
{only) in VCH plants

EDC purification, VCM forma-
tion and purification, and
oxychlorination process in
VCH plants

Sturry blend tanks, centrifuge,
monomer recovery system, dryer
and bulk storage and transfer
operations in suspension

PYC plants

20

10

10

c=s219[17 30"

¢=$101,6000-53
{Susp. plants}

c=$177,800p0 -3
(Disp. plants)

c=35,090p0->3
{Buik plants}

C=$333,000{con-
stant) for all
PYL plants

C=4$355,000({con-
stant} for all
¥CM plants

. 0.5
€=$524,300¥,

c=$101,100p%
{for 22<P<40)
¢=$33,700009
(forP>40)

3

0C=$3,120+$0.06C+
$0.104 [ty }

0C=$52,600+80.19C+
$1.,450P (Susp. plants}

0C=%$52,600+40.19C+
$11,460P
{Disp. plants)

ACC=0.1425¢C

0C=%5,000P
{Bulk plants)

$20,300{constant)
for all PY¥C plants

ACC-0.187¢EC
0C=3%81,000+3398P ACC=3.1876C

0C=%63,200+50.05C+
$443P+349, 300V

ACC=0.1876C
in

oc=¢87,310p%:74 ACC=0,1878C

TrE=00~0 " iuC

TAC=OC+0 72720

Tal=04301 FEL

Tez=nsnNEon
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Table 7-6. Summary of Algorithms Used for Computing Model Plant Costs and Credits

a,b

Expected

Process Point (s} Controlled Life {Years)

Installed Capital
Cost Algorithm

Direct Operating

Cost Atgorithm Charge Algorithm

Arnualized Capitei Total fnnualized

9. Monamer Recovery Credit Attributable te Mon-Fugitive Control Methods:

9.-L

Slurry blend tanks, monomer
recovery system, spray deyer,
and bulk storage and transfer
operatians in dispersion PVC
plants

Monomer recovery system
and product transfer
operations in bulk
plants

10

10

¢=265,600p0" 8
(for 4.5cP<7.9)

¢=4$142,400p%"°
{for P>7.9HM 1b/yr)

c=¢107,2000%-%
538:?<92}

c=$43,50000 6
(92<P<162)
¢=39,390p0+9
Pz}éz

0.74

Gc=$285,100p ACC=0.1878C

0.74

0C=430,600P ACC=0.1878C

0c=(%2,378P)
{Susp. PVC plants})

oc=(%2,122p}
{Disp. PYE plants)

0c={%1.879P)
{Bulk PYC plants)

Cost Algorithr

TAC=0C+0.1878C

TAC=GC 0, 18722




(Table 7-5 continued)

YRefer to nonenclature for item{s) represented by symbol(s}.

517 costs orc expressed in 1st quarter 1975 dollars.

Snnnua1tzea capital charge is computed by muitiplying sum of capital recovery factor (CRF) and administrative charge {0.025} by nstalled capital cost (",
Parenthuses 1niicate that value is a credit, rather than a cost.

Nemenclature

C = installed capital cost

2C = direct operiting cost 6

p = YCM or PVC praduction rate in 10° ib/yr

ACC = annLalized capital charge

THC = total annualirzed cost or simply "annual cost"

VR = yoluwr 2 of P¥C reactor in gallons

N = purweer of reactor 1ines;

H=1 fo= production rates up to 50 x1oslb/yr {inclusive)
N=2 for productian rates above 50 xlnslbfyr and up to {but mot including) 100x1051b/yr

Eg M=3 for produrtion rates equal te or greater than IOleﬁalb}yr
et V1n = incinerator inlet volumetric flowrate in thousand SCFM,
Q
pr?)
H
H
&= 3

~5
o ~
o
(o]
~J
[y
o




Table 7-7. Control Costs) for Model Balanced EDC-YCM Plant (318 Mi1lion ka/yr = 700 Miliion 1btyr}

ALTERNATIVE ALTERNATIVE IIT?
Control Installed Capital Total Annualized Control Installed Capital  Total Anpualized
Process Emission Points Techniques Cost Cost Techniques Cost Cost
1. Fugitive (See Table 7-11) $534 $366 {Same as Alt, 1) £534 1366
2. EDC Purification Incineration $355 ta27 Incineration $1.,369 ®1,291
3. ¥CM Formation and
Purification Incineration {Incl. Above) {Incl. Above} TIncineration {Inc1. Above) {Incl. Above)
4. QOxychlorination - No Centrol 0 0 Incineratian {Incl. Above} {Incl. Above)
~ TOTAL3 588¢% $793 $1,903 $1,F57
~d
© Annual Cost4 0.24¢/kg [0,11¢/1b] 0.53¢/kg [0.24¢1b]
Percentage Emission
Reduction {By Weight} 90 : 87

Tam costs in thousands of 1st quarter 1975 dollars

Costs to meet the Alternative II control level have not been inciuded here {see text for explanation)
3futals are rounded to the nearest thousand dollars

4Based on production at 100 percent capacity
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Control Costs1

Totat®

Table 7-8. for Model PYC Suspension Plants (68 Milllon kg/yr = 150 Million Tb/yr}
CASE A CASE B
Installed Total Installed Total
Capitail Annualtized Capital fnnuatized
?rocess Emission Points Control Technigues Cost Cost Control Techniques Cost Lost
Fugitive {See Table 7-12} $806 $340 {See Table 7-12) $933 1905
felief valie Discharge Improved Reactor $360 $104 {Same as Case A} $360 $104
Instrumentation
Automated $ 54 $ 13 {Same as Case A} $ 54 N
"Short-Stopping”
of Reactions
Relief ¥alve Discharge, Gasholder $1,257 $232 {Same as Case A) 11,257 Lesz
Reactor Opening
Reactor Water Purge $206 $ 54 $206 $ 54
System
Siurry Blend Tank and {Incl. with Dryer) - -- New Séurry Blend $840 $158
Centrifuge Tanks
onomer Pecavery System Carbon Adsorption $333 t 83 Incineration $3,064 §1,134
Oryer Improved Stripping £1,446 $753 Incineration {Incl. Above} (Incl. fbove)
Operation
Bulk Storage and Transfer Improved Stripping {Incl. Above) {Incl., Above) Incineration {Inct. Above} (Incl. Above)
Operation
k|
Credit for Recovered Monomer™ - ($357}4 -- fe103)
$4,462 $1,222 $6,714 15,497
Annual Cost® 1.8¢/kg [0.81¢/1b] 8.1¢/kg [3.7¢/1b]
Overall Control Efficiency 95 95

{Percent by Helgnt)
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{Table 7-8 continued}
;A!I costs in thousands of 1st quarter 1975 dollars. .
Sturry blend tank emtssfons are controlied by incineration, as are emission points 5, 6, and 7. Installation of new, higher pressure blend
jtanks is also necessary before the emissions can be vented to any add-on control device.

“Dees rot Include monomer recovery credit attributable to most fugitive emission controls {see Table 7-12}.
acontroYs except water stripping has been {ncorporated {nto the fugitive total annualized cost.
-Parentheses indicate nunber 35 a credit, rather than a cost.

Totals are rounded to the nearest thousand dollars.

Based on production at 100 percent capacity.

Recovery credit for all fugitive

0g-¢
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Table 7-9. Contral Costs’ for Model PVC Dispersion Plants (14 Million kg/yr = 30 Miltlien Tb/yr)

ALTERRATIVE 1

2

ALTERNATIVE I1, CASE AS

installed Total Installed Total
Precess Control Capital  Annualized Control Capital Arnualized Control
Lrissfaon Points Techniques Cost Cost Techniques Cost Cost Technigques
1. Fugitive (See Table 7-13) $535 $505 {See Table 7-13) $481 1387 {See Table 7-1:.
2. Relief Yalwe Improved Reactor $ 80 $ 23 {Same as Alt. 1) $ 80 $ 23 {Same as ATL. 1)
Jischarge instrumentation
futosated "Short- $12 $ 3 {Same as Alt. 1) $ 12 $ 3 {Same as Alt. 1)
Stopping" of
Teactions
3. Relief Y'.e Gasholder $1.257 $232 {Same as ATt. I) $1,257 $232 Seme as Alt, 1
Discharge,
Rezcuor Onening Reactor Water $ 78 $ 21 {Same as Altt. 1) $ 78 $ 2 {Same as A1t 1)
Puryge System
4, Slur=y Blend Tank Nore -- - {Incl. With Dryer}) -~ -- Hew Sgurry Blend
Tanks
5, Monarzr Recovery Carbon Adsorp- $333 $ 83 {Same as Alt, I) $333 t 83 Incineration
System tion
6. Spray Dryor None -- -- Improved Slurry  $1,078 $754 Incineration
Stripping Opera-
tien
7. Bulk Storage None .- -- improved Slurry {Incl. (Inct. Incineration
ind Transfer ' Stripping Opera- Above) Above)
tion
Credit for Recovered r-‘.onomer7 -- {$ 54)8 - (5!40)8
TotaL? $2,295 $803 $3,31% £1,363
fnnual Sost 'O 5.9¢/kg [2.7¢/1b] 9.9¢/kq [4.5¢/1b)
Jverall Taoatrel Efficliency 52 96

{Percent by Veight)

ALTERNATIVE 1!, CASE 1°>"

Instalird  Total
Carit.l fopucduced
Mre s -

1 o

g5 s
N
412 <2

£, ¢ 2%,
378 5
£280 o

{Ing” {1l
Aboye! fhoye)
{Inct.  firch.
fhove)  croval
-

$5,287 §ua,792
3E.geike D10 3¢
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{Table 7-9 continued)

1AI] casts 1n thousands of 1st quarter 1975 dollars.
Corresponds to Alternative 1 in Chapter 5 {stripping to approximately 30,000 PPM}.
Carresponds to Alternative II in Chapter 5 (stripping to 2000 PPM].
cLorresponds to Alternative II in Chapter § 1f incineration must be used.
“Costs for recting Alternative 11! control levels (stripping to 400 PPM) are not included in this table, because no such information is
Epresent]y avatlable {see text)}.
$lurry blend tank emissions are controlled by incineration, as are emission points &, 6, and 7. [Installation of new, higher pressure blend
tanks is also necessary before the emissions can be vented to any add-on control devices.
Does rot inciude monomer recovery credit attributable to fugitive emission tontrols (see Table 7-13). Recovery credit for all fugitive controls,
2xcept water stripping, has been incorporated into the fugitive total annualized cost.
1Euta1s are rounaed to the nearest thousand dollars.
Based on production 2t 100 percent capacity.
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Table 7-10. Control Costs

for Model PYC Bulk Plants (45

Million kg/yr = 100 Kidlion 1b/yr)

CASE A CASE B
Installed Total Installed Jatal
Capital Annuatized Capital Annialized
Procoss Erission Points Control Techniques Cost Cast Control Techniques Cost Cost
1. Tugitive {See Table 7-14} §645 $414 {Same as Case A) $645 $ata
2. tatfef Valve Siscnarge Improved Reactor $240 $ 69 {Same as Case A) §240 § 69
Instrumentation
Automated "Short- $ 36 $ 9 (Same as Case A) $ 6 L
Stopping" of
Reactions
3, Menorer Recovery System Carbon Adsorption $333 $ 83 Incineration 1685 $1,082
4, Prosuct Transter Improved Stripping $ 58 §508 Incineration {Inct. Above} {Incl. Above)
3 Credit for Recovered Honomer2 -- (s1&a)3 -- 143 19)3
3
Tota1® $1,312 $895 £1,606 $1,52t

finnual CastS

Overdll Contrei Efficiency
{Percent by Height)

1h11 zosts in thousands of 1st quarter 1975 dollars.
Does not inciude monomer recovery credit attributable to most fugitive emission controls {see Table 7-14}, Recovery credit for all fugitive
controls, except water stripping, has been incorperated into the fugitive total annualized cost.

Parentheses Indicate number is & credit, rather than a cost.
Totals are rounded to the nearest thousand dollars.

Based on preduction at 100 percent capacity.

k!
4
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2.0¢/kg [0.90¢/1b]
96

3.4¢/kg [1.5¢/10]
a6
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Ethyiene Dichloride-¥inyl Chloride Mode) Plant {Production Rate

Taple 7-11.

Surmary of Fugitive Emission Control Costs for Balanced

318 Million kg/yr

700 Million 1b/yr}

(73]

(o3 ]

Control Measure

. Mutti-Point Vinyl

Cntoride Detector

. Portable Hydrocarbon

Detactor

. Sampie Flask Control

Systoms

. Transver Operation

Contraols

. Lol zction Header

Sy LA

o

. Rupture Discs

. Dual Hechanical Seals

Installed Cost?

$60,000

6,700

150,000

60,000

84,200

82,500
91,000

con Pumps & Compressors)

Moncmar Recovery Credit
(Items 1 through 7)

TOTELS
(Roundad to nearest
thousand §)

$534,000

Annual Direct
Operating Cost

$26,400
25,700
63,000
161,700
31,400

12,400
31,700

(76,5008 T

$276,000

Annualized
Capital Charges

b

$ 9,600

1,300

25,800

10,300

14,500

15,500
13,000

$90,000

Total AnnuETized

Cost

$36,000
27,000
88,800
172,000
45,900

27,900
44,700

(76,500)%°

$366,000

f
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(Tabie 7~ continued)

SA11 costs computad as of 1st quarter 1975,

Staciudes: depreciation, interest, and administrative charges (taxes, insurance, cverhead).

SVho “ooval anvunaltized cost” squals the sum of "annual direct operating cost" and "snnualized capital cnarges",
‘2o, sts of piping necessary to connact equipment undergoing maintenance or inspectica to either th: monomor

ricovery system or to an add-on control device.

?Farsrth;ses indicate a credit, not a cost.
B deiinicion, control measures 1 through 7, taken together, reduce all fugitive emissions by 9Gi, or tctel
siart emission by 24%, This results in a recovery credit of 0.1083 kg VCM/100 kg product in VCM wedel plont.
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CJahie 7212, Summary of Fugitive Fwiss .0ntro1 Costs for Suspension

Do Coloraice Medel Plant (Production Rate = 68 Million kg/yr = 150 Million 15/35)1

. a Annual Direct Annualized Total Annyalized
Contrnl Measure Installed Cost Operating Cost Capital Charges Cost
1. Multi-Point Vinyl $150,000 $66,000 $24,100 $9¢,100
Chloride Detector
2. Portable tydrocarbon 6,700 25,700 1,300 27,000
Detector .
3. Sample Flask Control 25,000 10,500 4,300 14,300
Systems
4, Transfer Operation 60,000 161,700 10,300 172,000
Controls
- 5. Coi?ecgion Header 84,200 31,400 14,500 45,900
N Sy .tem
an
6. Rupture Discs 58,900 8,800 11,100 1,900
7. Dual Mecharical Seals 369,100 57,800 52,600 110,400
(on Pumps, Compressors,
and Agitators)
Monomor Recovery Credit ——— (202,500)e’2 -—- (202,500)2
{Items 1 through 7) :
8. Water Str%pping 51,700 54,500 7,400 61,900
{Partial)
CASE A TOTALS $806,000 $214,000 $126,000 $340,000
{Rounded to nearest
thousand $)
8A. Mater Strippiﬁg 179,400 601,200 25,700 626,900
{Total Plant}
CASE 8 TOTALS5 $933,000 ‘ $761,000 $144,000 $905,000

{Rounded to nearest
ousand $)

T T S L L T T R -
Bt ot n- o [ —
M aate copregr T




(Tadbie 7-12 continued)

'Sae Tahle 7-11 for all alphabetical footnotes.

8y devinition, control measures 1 through 7, taken together, reduce all fugitive 2asissions by 90,
or :ctal nlant emissions by 34%. This results in a recovery credit of 1.35 kg VCM/1J0 kg product
in vhz suspension model plant. The cradits attributable to water stripping have been incerperated
Jinto the credit listed in Table 7-3.
“This pertains to stripping of water streams from: recycle tanks, pump seals, and reactor water
nurge system.

This pertains to stripping of all water streams inciuded in icom 8 plus all other water streams
~in the plant.
“Case 4 total costs are the sum of costs for {tems 1 through 7 plus item 8A.

02L800 HALIFAOQTOD
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sreeyerer

Toole 7-13. Summary of Fugitive Emissi .ontrol Cosis for Dispersion

[ EAT

cohoride Fodol Plant {Production Capacity = 14 Million ky/yr =

30 Miliion 1b/yr)]

A A TE ]
wilore!l PEasure

1. Multi-Point Vinyl
Chloride Detector

. Pertania Hydro-
c.rpon Oetector

[

3. Samnle rlask Contrel

S;st:ms

4, Trans ler Gperation
Controls

5. Coltection Header
Systen

. Rupture Disc

fa))

7. Dvat “achanical Seais

Installed

Costa

$150,000
6,700
25,000
60,000
84,200

17,700
118,200

won Punng, Compressors,

end Agitators)

8. Hater Str*pp¢ng
iParu1a1)

ALTERRATIVE L,

CASE A TOTALS

(rounded to nearest

thousand 3)

8A. Water Stripp1n94
(ot Plant)

A Tl

. -

19,500

$481,000

72,800

$535,000

Annuel Direct
Operating Cost

$66,000
25,700
10,500
161,700
31,400
2,700
25,400
(30,600)8°2

16,400

$309,000

127,300

$420,000

Annuaiized
Capital Charges

$24,100

1,300

4,300

10,300

14,500

3,300
16,800

2,800

$78,000

10,400

$85,000

—

]
o+
.

: ;n"LE Tized
Cost

$9C,100

27,000

14,800

172,000

45,900

6,000
42,200

(30,600)%+2

19,300

$387,0C0

137,700




3 control measures 1 through 7, taken together, reduce all fugitive emissions by 20', o
towal pilaas emissions by 17%. This results in a recovery credit of 1.02 kg VCM/100 kg procuct 0 oo
dispersion model plant. The credits attributable to water stripping have been incorporated irc. Ui

.credit Y.sted in Table 7-9.

“his pertains to stripping of water streams from: recycle tar ks, pump seals, and the reactor water
urce systom.

r ariuins to stripping of all water streams included in item 8 plus all other water sireams -2
A

D
@ ploat,

iteracvive 1 and Alternative 1T, Case B total costs are the sum of costs for items 1 through 7 DL
com 88, Since Alternative I includes neither "improved slurry stripping” nor “ipcineration" controis,
£ is assumed that all water streams in the plant would need to be stripped.

,
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Taoie 7-14. Summary of Fugitive tn .n LoNtrol LOSTS 10T LUK

coiyviny, Chloride Mcdel Plant {Production Capacity = 45 Million kb/yr = 100 Million 1b/yr)1

Installed Cost®

Annual Direct
Operating Cost

1. sulti-Point Vinyl
Chloride Detector

[a%]

Lo

. Sampie Flask Control
Systems

. Transfer Operation
Controls

g

. Collection Header
System

n

Ty

Rupture Discs

7. Dual “:chanical Seals
{on Punips, Compressors
and Agitators)

B. Water Stripping3

Monomer Recovary Credit
{Items 1 through 7)

TOTALS
{rounded to rearest
thousand $)

$150,000

6,700
25,000
60,000
84,200
41,200

61,500

16,500

$645,000

$66,000
25,700
10,500
161,700
31,400
6,200

43,900

10,300

(43,200)8 2

$312,000

Annualized
Capital Charges

b

$24,100
1,300
4,300
10,300
14,500
7,700

37,300

2,300

$102,000

Total Annug?fzed
Cost

$90,100
27,000
14,800
172,000
45,900
13,900

81,200

12,600
(43,200)82

$414,000
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e 7-34 continued)

SSez Tuble 7-11 for ail alphabetical footnotes.

“hy da inition, control measures 1 through 7, taken together, reduce alil fugitive e..ssions oy 707, oo cutd)d
nlent emicsions by 18%. This results in a recovery credit of 0.432 kg VCM/100 kg produc! in e buti PWC
rcdal plant. The credit attributable to water stripping has bezn incorporated into the credit t1suec in
:-_.D-lt 7- iD

This ,=rtains to stripping of pump seal water, only.
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table 7-15. Cost-Effectiveness of Alternative Vinyl Chloride Control Methods

Tota) Captured
Emission Emissions
Source {Thousand Ib/yr)

Total CE 5
Annua1i$ed Ratio

Cost {¢/1b VM)
(Thousand $/yr) Removed)

CE
Rank

3

Relationship to
Most Cost Effeclive
Option

Modael ELC-YOM Plant

1. Fagitive
2. EGC Finisnin., VCM
Finishing anc Purification
. Oxychiorination Process

Total Alternazive I (EDC-VCM)
. Fugitive
. EBC Finisning, VCM
Finisaing and Purification
3. Oxychiorination Process
Total Alternative IIT (EDC-VCM)

¥ocel PYC Piant (Suspuasion)

1. Fagitive {Ixcl. Water
Stripping!
Z. Ralief Vaive Discharce,
Reactar Cpening
. Monomer Recovary System
. $lurry Tank, Centrifuge, Dryer,
Bulk Storage and Transfer
5, Water Siripping

Total Case A (PVC)

®




. Table 7-16. EPA Mater Effluent Regulations - Compliance Costs for EOC, VCi,

and PVC Plants to Meet the 1983 (Best Available Technolegy) Reauirements*

@

Calculation of cost pass-through from EDC plants to VCM plants:

Capital required to meet BAT $661,618
15% before-tax profit (15%xA) 99,243
Annualized cost to meet BAT 132,312
Total annual recovery (B+C) 231,555
Model plant capacity (1b/yr EDC) 684,000,000
Unit cost pass-through (D ¢ E) 0.034¢/1b EDC

Calculation of costs incurred at VCM plants:

Capital required to meet BAT $1,179,753
Annualized costs to meet BAT 235,929
EDC cost pass-through (1.58#EDC/#VCHM) 188,020
Total annual cost to meet BAT (B+C) 433,949
Model plant capacity (1b VCM/yr) 350,000,000
Unit cost (D ¢ E) 0.12¢/1b VM
Unit capital requirement (A : E) 0.34¢/1b VCM/yr

Calculation of costs incurred at PVC plants:

Capital required to meet BAT $1,262,086
Annualized costs to meet BAT 272,331
Model plant capacity (1b PVC/yr) 150,000,000
Unit cost (B + C) 0.18¢/1b PVC
Unit capital requirement (A + C) 0.84¢/1b PVC/yr

SOURCE: Control costs developed from material supplied by EPA's Effluent
Guidelines Division.

*1983 BAT requirements are identical to New Source Effluent Standards.

T VBRBTSICVIB L e e e

COLORITE 008726




Table 7-17. Existing EOC Plants - Capital Summary

Alternative I or Alternative Il

1Estlmate Capita
Capacity Adr Water©®
9laas Jwner/Location (Mi1lion 1b/yr) ${000) 3

_. wacrical/Baon Rouge 650 $355 {629
. F. Cooarien/Caivort City 1000 355 957
citinental 011/Lake Charles 1000 355 967
Juosend Sromrock/Daer Park 260 355 257
Wt Ches a1 /Frecoort 1300 3556 1257
¢ Cheancal/Cyster Creek 1100 255 1064
o ChemmcalyPlacuemine 1160 355 1122
Sonyt Corpl/Baton Rouge 550 355 532
";tyl Corp./Houston 260 355 251
’Hub_janil]; 835 5 808
fLae Cnarles 1000 867
iooe Pavh 1200 1161
e oo 1155 1127
Loren Lerside/T 0t 150 145
Loten Corbide/Taxas City 150 i
ulcen/Gaismay 240

PG S 3 we B0 At o NP o B e B S
PR PR T oo

w2 (D

|
t
L
i
i

12,320 $5,120  $11,91%

[

Yinelug

=5 only wncineration of the EDC purification process emission point. Costs derived from Table 7-C except for
or Chemdzai/Long Beach for which actual costs were available.
nt cost: based on data presented in Table 7-16.

|

.
-
s
~ k.

34T
u

L
-
L

.!:‘
e
et to recuire no air emission controls.

vl

“AISUI
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Tabie 7-18. Existing EOC Plants - Annualized Cost Summary

Alternative I or Alternative II

anua1ized Costs

Capacity Air water2 Total Anrualizec
Plant Gurer/Location (MiYlion 1b/yr) $(000)/yr $(000)/yr $(000)/yr  ¢/1b @
Allied Chemical/Baton Rouge 650 $283 $126 $400 0.
B. F. Coodrich/Calvert City 1000 546 193 739 0.
Contine.-ai 011/Lake Charles 1000 438 193 63 C
Ciamona Snamrock/Deer Park 260 285 50 335 ¥
Cow Chemicdi/Freaeport 1300 220 251 477 i
Dow Chemical/Oyster Creek 1100 427 213 640 0.
Dow Chemicui/Plaguemine 1160 283 224 507 .
Ethyl Cor./Baton Rouge 550 255 106 : 361 .
oyl Coro. /Houston 260 208 50 258 .
PPG/auayaniila 835 347 162 509 .
PPG/l.ake Charies 1000 267 193 460 .
Shell/Deer Park 1200 506 237 738 .
Shell/deres 1165 427 225 652 z
Stausfor/o. . Beacn 300 1?73 58 235 4|
Union Carclae/Taft 150 03 29 29 T
Union farbide/Texas City 150 0 29 25 4
Vulcan/Geismar 240 274 46 320 L
12,320 $4,943 $2,380 $7,323 G
"ncludes only incineration of the EDC purification process emission point. Costs derived from Table 7-6 excent
Staufiers Chemical/Long Beach for which actual costs were available,

%Eff]uent c0sts basad on data presented in Table 7-16.
Assumed to require no air emission controls.




Toble 7-19. Eristing £0C Plant Profitability

Calculaticns and Assunptions (Befere Control)

New Existing
VCM 1 £DC
raramater Plant Plant Explanation

Ploal Size (Mi110an 1b/yr) 700

Plant Investment (¢/1b/yr) 4.03 . Scale at 0.7 Exponent
Working Capital (¢/1b/yr) 0.80 ] Ratio to Plant Investment

Tatal Investiant (¢/1b/yr) 4.83
Average Sales Price 12.00 ¢/1b . Assume Constant

Cost of Sales (Excl. Depr., SGRA) 10.65 .65 Assume Constant _
Depreciation 0.40 2 Ratio to Total Investmentf
SGEA _ 0.30 . Ratio to Total Investmentf
Total Cost 17.35 .

Profit Before Tax 0.65
Profit After Tax 0.325

Return on Investment 6.7%

1From Table 7-33.

COLORITE 008729




0EL800 HLIVMOTOD

gh=!

Plunt Cwne'Location

Allied Chamical/8aton Rouge
3. F. Gooarich/Calvert City
Zontinenta’l Uil/Lake Charles
Diamecnd Shamrock/Deer Park
Dow Chem{ccl/Freeport

Dow Chemical/Ovster Creek
Dow Chemical/Plaguemine
Ethyl Covn./Baton Rouge
tthyl Corp./Houston
PPG/Guayanilla

PPG/Lake Charlec

Shell/Deer Park

Sreili/iovco

Stauf. v/Long Yeach

Ynion Carbide/Tatt

tsion Carbide/Texas City
Yulcan/Geismar

i . - ,

ZProfwt after tax + invesime
Price increase assumed to b
Caiculation (refer to Table

Price Increase

[#%]

i

1=

ROI after corirol (with pri
{ ) denotes decrease.

Table 7-20. Existing EDC . larts - Profitability Susmary

Alternative I or Alternative 11

After After Relative
Control, Control, Change
Before No Price Price in,
Control Increase Increase __ROT”
6. 4% 5.6% 6.4% 0 4
8.3 7.3 8.2 ()"
8.3 7.4 8.3 0
3.2 2.1 2.7 (163
9.6 3.8 8.8 2
8.8 7.8 8.7 (1
9.0 8.3 9.2 2
5.8 5.0 5.7 (2}
3.2 2.3 2.9 {9)
7.5 6.7 7.5 0
8.3 7.5 8.4 1
9.1 8.1 9.1 0
9.0 8.1 2.0 0
3.5 2.8 3.4 {3)
1.5 1.4 1.9 27
1.5 1.4 1.9 27
2.9 1.8 2.4 {(17)

nt (estimated).
e sufficient to recover total annualized costs plus a 15% pre-tax return on ~utal i
s 7-17 and 7-18 for cost details):

= 0.15 ($17,035,000) + $7,323,000
12,320,000,000

= 0.08¢/1b EDC
ce increase) relative to ROI before control.
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Table 7-23. Existing EDC Plants - Profitabih‘ty1 Summary

Alternative I1I

After After kelative
Contrel, Control, Charoe

Before No Price Price in.
Plant Owner/iccztion Control Increase Increase __fg@f__‘
Allied Chemical/Baton Rouge 6.4% 5.6% 6.4% 2 .,
B. I'. Gocarich/Calvert City 8.3 7.3 8.2 (1)"
Continenca’ 0f1/Lake Charles 8.3 7.4 8.3 0
Diamond Siamrock/Deer Park 3.2 0.8 i.g (63}
Cow Chamical/Freeport 9.6 8.8 8.5 2
Dow Chemis . 1/0yster Creek 8.8 7.8 8.7 o
Dow Chemizol/Plaquemine 9.0 8.3 9.2 &
Ethyl Corp./Baton Rouge 5.8 5.0 5.7 {2}
£thyi Corp./Houston 3.2 2.3 2.9 {9}
PPLsGuayanitia 7.5 6.7 7.5 c
FPG/Lake Charies 8.3 7.5 8.4 1
5011 /Deer Park g.1 8.1 9.1 0
Shzil/Norco 9.0 8.1 5.0 a
Steuffer/Long Beach 3.5 2.8 3.4 {3}
Unicn Carbide/Taft 1.5 1.4 1.9 27
Union Carwide/Texas Lity 1.5 1.4 1.9 27
Vulcan/Gessrar 2.9 1.8 2.4 (17)

T’Proﬁt after tax + investment {estimated).

Since only two plants incur greater control costs at the Alternative IIT Tevel than at the Alternative A1 ternative
level (Diamond Shamrock/Deer Park and Vulcan/Geismar), the price increase of 0.08¢/1b resulting from fdtornative 1/
Alterpative 11 was retained for this alternative. :

“ROI after control (with price increase) relative to ROI before control.
() denotes decrease.
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Capacity Air Nater2 Tot21 Aranalizaz .
“iav: Ouner/location (Million 1b/yr) $(000) /yr ${000)/yr 3(000) /yr  #/3n T o
A1liec Chzricol/Baton Rouge 650 $283 $126 $409 T
3.7, Zeoeviar/Calvert City 1000 546 183 736 o
Ceoanenc:s Oit/Lake Charles 1000 438 193 €37
coend Yhe L Lck/Deer Parvk 280 772 50 712
oow Chemncat/fraaport 1300 220 251 471 N
Dow chamical/Cystar Creek 1160 az7 213 gac i
Dow Chamical/Plaguemine 1160 283 224 507
th 1 Corp./3aton Rouge 550 255 ) 106 3561 S
hjl Corys./douston 260 208 £0 s L0
“G/Guaynilia 835 347 162 Ll a
FPGfiake Chat Tes 1000 267 193 a0
Shell/beor i« 1200 506 232 1
Shell/ihorzo 1163 427 225 652
I:L A ';'] ’” . "_J !"'-d&Ch 300 1??3 58 ?35
UOIGhH f”*:iuc-TJ”t 150 03 25 29 T
“nisn Covpnoc/Texas City 150 0 29 29 g.nz
cen/ wisman 240 618 46 6E4 o
12,320 $5,724 $2,380 $8,104 -
"irciudes ont fncineration of the ECC purification process emission point. Costs derived from Table 7-6 sncel .
SStaffer Crenical/Long Beach for which actual costs were avajlable.
JEffluent ccsts baced on data presented in Table 7-16.
“hesumed to require no air emission controls.

Table 7-22. Existing EDC Plants - Annualized Cost Summary

Alternative 111

1Annua112ed Costs




Table 7-23. Existing EDC Plants - Profitabﬂity1 Summary

Alternative III

After After Relative
Control, Control, Change
Before No Price Price in,

Plant Owner/Location Contro? Increase Increase __ROT®
Alited Chemical/Baton Rouge 6.4% 5.6% 6.4% 9 4
B. F. Goodrich/Calvert City 8.3 7.3 8.2 (1%
Continental 0i1/Lake Charles 8.3 7.4 8.3 0
Diamond Shamvrock/Deer Park 3.2 0.8 1.9 {59}
Dow Chemica!/Freeport 9.6 8.8 9.8 2
Dow Chemical/Oyster Creek 8.8 7.8 8.7 (1)
Dow Chemical/Plaguemine 9.0 8.3 9.2 2
Ethyl Corp./Baton Rouge 5.8 5.0 5.7 (2)
£thyl Corp./rouston 3.2 2.3 2.9 {9}
PPG/Guayaniila 7.5 6.7 7.5 0
PPG/Lake Charles B.3 7.5 8.4 1
Shell/Deer Pare 9.1 8.1 a.i ]
Shell/Horco 8.0 8.1 5.0 0
Stauffer/Lorg Beach 3.5 , 2.8 3.4 {3}
Union Carbive/Taft 1.5 ' 1.4 1.9 27
Union Carbide/Texas City 1.5 1.4 1.9 27
Yulcan/Geismar 2.9 1.8 2.4 (17

lorofit after tax + investment (estimated).

Since only two plants incur greater control costs at the Alternative III lavel than at the Alternative I/Alternative
level (Dizmond Shamrock/Deer Park and Yulcan/Geismar), the price increase of 0.08¢/1b resulting from Alternative 1/
JAlternative II was retained for this alternative.
ZROI after control (with price increase) relative to ROI before control.

{ ) denotes decrease.
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“:ble 7-24. Existing VCM Plants - Capital Summary

Alternative 1

1 Estimated Eapital Requiveomen®

Capacity Air Water Total

{(Mi17ion 1b/yr) $(000) $(000) $(009) Siblyr

SR IO 340 $ 534 $1,146 $1,680 G.ygn

LAl lvert City 1,000 534 3,37 3,905 :

oL v estlake 730 534 2,461 2,995

Dl el Lert 180 534 607 1,141

e o G e Creek 700 534 2,360 2,894

L oaheno s JeYeoLamine 340 534 1,146 1,680

iyl o, D00 o Rouge 270 534 310 1,444

cayl G ddhnton 150 534 506 1,040

aa0chiarfae panar 3c0 889 1,01 1,900

TS Lpant 500 534 1,685 2,219
uflehe S 534 1,011 1,548
21T e Par. 534 3,034 3,568
RN ot 534 2,360 2,884
watve Lo g 534 573 1,167

CAOTET Il TE 889 860 1,748
$8,720 $23,041 $31,761

N T
YR

[

LI Y Ol
2 e O G T T

FELAN

oY

Cooctuezs Furitiva control costs plus incremental incineration costs at the VCM plant.
LOLTS dorive.. Trom Table 7-6.
SVnusne costs hased on data presented in Table 7-16.
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Table 7-25. Existing VCM Plants - Annualized Cost Summary

Alternative I

Annyalized Costs EDC
Capacity Air’ Water Charge Total
Plant Gwner/Location (Milljon 1b/yr) ${000)/yr ${000)/yr $(000)/yr  $(000)/yr ¢/1b at Cpty
Allied/Geismar 340 $ 405 $ 229 $ 432 $71,066 0.3
B. F. Goodrich/Calvert City 1,000 333 674 1,270 2,277 0.23
Continental 0il/Westlake 730 362 ) 462 927 1,78% 0.24
Low Chemical/Freeport 180 422 121 229 772 G.43
Dow Chemicai/Oyster Craek 700 365 472 88s 1,726 0.25
, Dow Chemice?/Plaquemine 340 405 229 432 1,066 0. 31
. Ethyl Corp./saton Rouge 270 412 182 343 937 0.35
3 Ethyl Corp./Houston 150 426 101 197 71g 0.43
' Monochen/Geismar 300 676 202 Kis3 1,259 0.42
PPG/Gueyanilic 500 387 337 635 1,359 0.27
PPG/Lele Charies 300 409 202 381 99?2 0.33
Shell/Deer Park 800 344 607 1,143 2,604 0.23
Shell/Horco 700 365 472 883 1,726 0.25
Stauffer/Long Beach 170 423 115 216 754 0.44
Tenneco/Houston 255 663 172 324 1,159 _ (.45
6,835 $6,397 $4,607 $8,682 $19,686 U.z29

1Inc]udes fugitive control costs plus incremental incineration costs at the VCM plant.
Costs derived from Table 7-6.

Effluant costs based on data presented in Table 7-16.
Increzsed 70C charge to recover annualized costs at EDC plants plus a pre-tax return of 157 on capital.
Assumes 1.58 1b EDC/1b VCM.
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Table 7-26. Existing VCM Plants - Profitability Summary

Alternative I

Estimated ROI (Returp in Investment)1

After After Relative
Control Control Change
Before No Price Price in3

Ql_.-_pgfyyiggbation Control Increase Increase RCI )
Ailied Crendcel/Geismar 4,0% 1.3% 4.1 3
&0, Gosdrich/ ualert City 8.3 5.2 9.0 8
Cor r*nk;“¢1 Gil/kestlake 6.8 4.0 4 7.4 9 A
I5h! STCaT/Freaport 2.1 (0.8) 1.5 {29}
Do ”Lm:ba|fu;sttr Creek 6.7 3.8 7.3 9
Doy uhosseat /Plaquemine 4.0 1.3 4.1 3

Zthyl Soro./baton Rouge 3.3 1.1 3.1 (6)

Sthyi Corp./rcuston 1.5 (1.5) 0.7 (53)
vonochedaiomar 3.5 0.2 2.8 (20)
7'HJAU"u 11z 5.4 2.7 5.8 7

- Lads Chatles 3.5 D.8 3.5 0
i ﬂ';P o Sorl 7.8 4.8 8.5 9
So W oo 6.7 3.8 7.3 9
:’1:_( ;fi:L"l“‘F'..Oﬂg Joacn 1.8 {‘-O) 1.2 (37)

JCaniens/hsus ot 3.1 (0.4) 2.1 (32)
AProfiu aitae tax + investment.

“opies increnst assumed to be sufficient to recover total annualized costs plus a 15% pre-tax return on total capital.

La;o. ation ( —fer to Tables 7-24 and 7-25 for cost details):

Brace Inc.ocase = 0.15 ($31,761,000) + $19,686,000

6,835,000,000
< = 0.36¢/1b VCM
3RQI after aoncrol {with price increase) relative to ROI before control.
() dcncces decrease/loss.
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Flant Owner/Locacion

Allied/Geismar

B. F. Goodrich/Calvert City
Continental 0il/Westlake
Dow Chemicai/Freeport

Dow Chemical/Oyster Creek
Dow Chemical/Piaquemine
Ethyl Corp./Baton Rouge
ethyl Corp./Houston
Monochem/Ge{smar
PPE/Guayanilla

PPG/Lake Charles
Shell/Deer Park
Snell/Norco

Stauffer/Long Beach
Tenneco/Houston

1

Table 7-27. Existing YCM Plants - Capital Summary

Alternative 11

) Estimated fapital Requirement

Total

Capacity Air Water”
(Million 1b/yr) $(000) $(000} $(000)
340 $ 534 $1,146 $1,680
1,000 534 3,371 3,905
730 2,070 2,461 4,531
180 534 607 1,187
700 534 2,360 2,894
340 534 1,146 1,680
270 534 910 1,444
150 534 506 1,040
300 889 1,011 1,900
500 534 1,685 2,219
300 534 1,011 7.64%
900 534 3,034 3,566
700 534 2,360 2,894
170 534 573 1,107
255 889 860 1,749
6,835 $10,256 $23,041 $33,297

Ircludes fugitive controls plus incremental incineration costs at the VCM plant.
2Costs derived from Table 7-6.
Effluent costs basad on data presented in Table 7-16.
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Table 7-28. Existing VCM Plants - Annualized Cost Summary

i

Alternative 11 {

Annvalized Costs 5 EDC
Capacity Alr’ Water Charge Total
Plant Ownor/Locacion (Million 1b/yr) $(000)/yr $(000)/yr = ${000)/yr ${000)/yr $/1b Capacity

1 ied/Getsmar 340 $405 $229 $432 $1,066
o, ¥, Coudrich/Calvert City 1,060 333 674 ’ 1,270 2,277
Contirental Cil/Westlake 730 1,315 492 927 2,734
Tow Chemical/Freeport 180 422 121 229 772
0ok fk—ﬂiaaifﬁyster Cresk 700 365 472 889 1,726
Jow Cnemical/Plaguemine 340 405 229 432 1,066
Ethyi Ccr:./ﬁaton Rouge 270 412 182 343 937
Lihjl Corn./Houston 150 426 101 191 718
Norocnan/Caismar 300 676 202 381 1,259
DL;;FJ_jaﬂ1i1u 500 387 337 635 1,356
PPG/Lake Cnarles 300 409 202 381 gg2
JMCTi/J“~ Park 900 344 607 1,143 2,094
etl/horce 700 365 472 889 1,726
uLdU|| r/Llong Beach 170 423 115 216 754
Tenneco/nouston 255 663 172 324 1,159
6,835 $7,350 34,607 $8,682  $20,639

0.
0.
0.
0.
0.
0.
0.
0.
0.4
0.
0.
0.
.
c.
.
c.

iIncluces “ugitiva control costs plus incremental incineration costs at the VCM plant.
,EoJL; derivad from Table 7-86.

E¢flucat costs based on data presented in Table 7-16.

Increased Z0C charge to recover annualized costs at EDC plants plus a pre -tax return of 15% on capital.
Assumes V.55 1b EDC/1b VCM.
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Table 7-29. Existing VCM Plants - Profitability Summary

Alternative 1}

Estimated ROI (Return in.Investment)]

After After Relative
Control, ~ Control, Change

Before No Price Price in3
Plant Owner/Location Control Increase Increase P01
Allied Chemical/Geismar 4.0% 1.3 4.1% 3
8. F. Goodrich/Calvert City 8.3 5.2 8.0 8 4
Continental 0il/Westlake 6.8 2.5 5.8 {15)
Dow Chemical/Freeport 2.1 {0.8) 1.5 {29)
Dow Chemical/Qyster Creek 6.7 3.8 7.3 g
Dow Chemical/Plaguemine 4.0 1.3 4.1 3
Ethyl Corp./Baton Rouge 3.3 1.1 3.7 (6)
Ethyl Corp./Houston 1.5 (1.5) . 0.7 (53)
Monochem/Geismar 3.5 0.2 2.8 (20)
PPG/Guayanilla 5.4 2.7 5.8 7
pPG/Lake Charles 3.5 0.8 3.5 0
Shell/Deer Park 7.8 4.8 8.5 9
Sheli/Norco 6.7 3.8 7.3 g9
Stauffer/iong Beach 1.9 (1.0; 1.2 (37)
Tenneco/Housten 3.1 (0.4 2.1 (32)

1Proﬁ't after tax + fnvestment.

3Assumes same price increase as Alternative I {D.036¢/1b).

4ROI after control (with price increase) relative to ROI before control.

{ ) denotes decrease/loss.




Table 7-30. Existing VCM Plants - Capital Summary

Alternative II1

1 Estimated Eapita1 Requirement
Capacity Air Water Total

Plant Owner/Location (Mi11ion 1b/yr) ${000) ${000) $(000) ¢/1b/y!

Allied/Gz1smar 340 $2,087 $1,146 $3,233 0.95
B. F. Goodrich/Calvert City 1,000 2,937 3,37 6,308 0.63
Continental 0i1/Westiake 730 2,070 2,461 4,531 0.62
Dow Chemical/Freeport 180 534 607 1,141 0.63
Dow Chemical/Oyster Creek 700 654 2,360 3,014 0.43
Dow Chemical/Plaquemine 340 534 1,146 1,680 0.49
Ethyl Corp./Baton Rouge 270 1,574 910 2,484 0.92
Ethyl Corp./Houston 150 534 506 1,040 0.69
Monochem/CGetsmar 300 289 . 1,01 1,900 0.63
PPG/Guayanilia 500 382 1,685 2,067 0.41
PPG/Lake Charles 300 1,650 1,013 2,661 0.89
Shell/Deer Park 300 2,147 3,034 5,181 0.58
thell/herce 700 2,147 2,360 4,507 0.64
Staufver/Long Beach 170 534 573 1,107 0.65%

Tenneco/Houston 255 889 860 1,749 0.69
6,835 $19,562 $23,041 $42,603 0.6?

1Included fugitive control costs plus incremental incineratfon costs at the VCM plant.

Costs derived from Table 7-6.
Effluent ceste based on data presented in Table 7-16.
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Table 7-31. Existing VCM Plants - Annuaiized Cost Summary

Alternative III

Annyalized Costs 9 EDC .
Capacity Ar Water Charge’ Total
Plant Cwner/Location {Million 1b/yr) ${000)/yr $(000)/yr $(000)/yr  $(000)/yr  S/1b Capacity

Al1ied/Geicmar 340 $1,7%6 $229 $432 $2,457 0.72
B. F. Goodrich/Calvert City 1,000 2,073 674 1,270 4,017 0.40
Continental 0i1/Westlake 730 1,315 492 927 2,734 0.38
Dow Chemical, Freeport 180 422 121 229 772 0.45
Dow Chemica)/Cvster Creek 700 137 472 889 1,498 0.21
Bow Chemical/Plaquemine 340 405 229 432 1,066 0.3
Ethyl Corn./Baton Rouge 270 9e4 182 343 1,509 0,55
Ethyl Corp./douston 150 426 101 191 718 J.43
Monochem/Getsmar 300 676 202 381 1,259 .42
PPG/Guayanilla 500 381 337 635 1,353 G.27
PPG/Lake Charles 300 1,033 202 381 1,611 0.54
Shell/Dser Park 800 1,366 607 . 1,143 3,11¢ G.25
Shell/Norco 700 1,377 472 889 2,732 0.39
Stauffer/Long lcach ‘ 170 423 115 216 754 C.44
Tenneco/Houston 255 663 172 324 1,159 G.46

5,835 $13.,477 34,607 $8,682 $26,76¢ 0.39

1

Includes fugitive control costs plus incremental incineration costs at the VCM plant.
Costs derived Trom Table 7-8.
32Eff1uent costs based on data presented 1n Table 7-16.

Increased EDC charge to recover annualized costs at EDC plants plus a pre-tax return of 15% on capital.
Assumes 1.58 1b EDC/1b VCM.
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Table 7-32. Existing VCM Plants - Profitability Summary

Alternative III

Estimated ROI (Return on Investment)}

After After

Control,

No Price Price 2
Increase

Control,

Plant Owner/Location Increase

Relative
Change

n
ROIS

g™
s

A1lied Chemical/Geismar
B. F. Goodrich/Calvert City
Continental 0il/Westlake
Dow Chemical/Freeport

Dow Chemicai/Cyster Creek
Gow Chemical/Flaguemine
Ethyl Corp./Baton Rouge
Ethyl Corp./Houston
Monochem/Gei smar
PPG/Guayanitlia

PPG/Lake Charles
Shell/Deer Park
Sheil/Norco

Stauffer/Long Beach
Tenneca/Houston
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lProfﬁt aftc- tax ¢+ investment.
“Price inci :ase assumed to be sufficient to recover total annualized costs plus a

Calculation {refer to Tables 7-30 and 7-31 for cost detalls):

Price Increase = 0.15 ($42,603,000) + $26,766,000
6,835,000,000

3 = 0.49¢/1b VCM
4ROI after control (with price increase} relative to ROI before control.

( ) derotes decrease/loss.
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10
31
28

{27)
(7)

6
28
(23)

6

3
1
(3)

15% return on total capital.




Financial Inpact of Alternative Control Levels on Mew EDC-VCH Plants

Plant Meeting Effluent Regulatians
Uncontro%?ed Effluent gegu1ations Plus
Plant Only At. 1 Alt. II1

Plant Investment 4.03 4.37 4.50 4,64
(¢/1b/yr)

Working Capital 0.80 0.80 0.80 0.80

Total Investment 4,83 5.17 5.30 5.44

Average Sales Price 12.00 ¢/1b 12.00 12.00

Ethylene (0.49 #/# © 5.51 . 5.51 .51
11.25 ¢/#)

Chlorine (0.67 #/# @ 4.36 . 4.36 .36
6.5¢/#)

Depreciation 0.40 . 0.45 .46

Other Manufacturing Costs 0.78 . 0.96 .08

Selling, General, Admin. 0.30 - . 0.30 .30

Total Cost 17.3% . 17.58 Wil

Profit Before Tax 0.€5 . 0.42 .29
Profit After Tax 0.325 . 0.21

ROI* 6.7% . 4.0%

Price Increase Required
to Maintain Pre-
Control ROI

¢/1b
%

*Return on investment {profit after tax :total investment).

SOURCE: a) Information on uncontrolled plant economics based upon: Final
Report - Economic Impact Studies of the Effects of Proposad OSHA
Standards tor Vinyl Chioride, Foster D. Snell, Inc., September
77, 1974, Exnibit 1V-4. (Hodified by EPA to reflect current vraw
material prices and YCM sales prices.)
b) Effluent costs from Tabla 7-16.
c) Alternative 1 and Alternative LIl contrel costs from Table 7-7.

NOTE: Plant size of /00 miilions nounds per year.
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Table 7-34. Existing PVC Plants - Capital Summary

Control Scenario #1

1 Estimatgd Capital Requirement
Capacity Alr’ Water"™ Total ¢/1b/yr
T nos T ocation {Miliion 1b/yr} $(000) $(000) $(000
[N L‘,."II; crt City ]35 $49315 $1n134 $55449 4‘04
sk PeoaCTh e psacoln 75 3,537 630 4,167 £.56
ToT oo 8van Lake 260 5,585 2,184 7,769 2.99
L. Loaen/annsy 220 5,121 1,848 6,969 3.17
b. . ooy on/long Beach 115 4,057 866 5,023 4,37
S et e/ luatsville 145 4,31 1,218 5,588 3.85
. LTl Ui dricktown 140 4,089 1,176 5,265 3.7¢
RTZANSECRURN I I NN 140 4,354 1,176 5,530 3.95
ooy e 175 4,743 1,470 6,213 3.55
St oo o Jhperdeen 260 6,087 2,184 8,271 - 3.18
T v SOk Tan oma City 220 5,986 1,848 7,834 3.56
e et w2 g Delanere City 100 4,247 840 5,087 5.00
S nindanes deer Park 270 6,181 2,268 8,446 3.13
Joe Doromtads s Jand 100 3,865 840 4,705 4.71
Do Lton toas 180 4,643 1,512 6,155 3.42
CoeooronafEe o e 230 5,338 1,932 7,270 3.16
R R A il R 170 4,176 1,428 5,604 3.36
Q Gunseo Tuess Labiala 125 4,172 1,050 5,222 4.18
2 et aePec ) o) Flagdemine 220 5,240 1,848 7,088 3.22
O Lo Lo fiosra ralle 100 4,298 840 5,138 5.14
2 Lo /P10 crine 105 1,350 882 2,232 2.13
H ' vreat wtetc cJitchburg 70 3,521 588 4,109 5.87
= i doeo L Taoen e 4 1,173 34 1,207 30.18
o eiae L Tuc ke 6 1,184 50 1,234 20.57
o ‘ SEMLL, CTrer Eel 5 1,179 42 1,221 24.42
o0 foyses .o tor, /Saugus 35 2,459 294 2,753 7.87
> nsano/Spr ngfield 70 2,105 588 2,693 3.85
S SGuete ot Petroleum/Burlington 170 1,718 1,428 3,146 1.85
Oociead Peursieum/Hicksville 15 2,049 126 2,175 14.50
' dontandn T Liae 60 2,850 504 3,354 5.59
: Fuitaco.o /s oant Pleasant 95 3,820 788 4,618 4.86
; Ackhintech,” cinesvitle 250 5,530 2,100 7,630 3.05




Snintech/ireeport

Stauffer/D:z aware City
Stauffer/Long Beach
Tenneco/Surlington
Tenneco/Flemington
Tennecs/Pasadena

Union Carbide/South Charleston
Union Carbide/Texas City
Uniroyal/Painesville

CLL &
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220
175
150
165

70
240

60
300

i10
5,755

5,673 7,521
5,074 6,544
5,767 7,027
4,940 6,326
3,487 4,075
4,698 6,714
2,629 3,133
8,055 10,575
3,725 4,649
$167,391 $215,733

ersion Plants at Alternative I (stripping to 30,000 ppm}, all other plants at Case A (improved stripping].
s daveloped using Table 7-6 and specific plant process information.
Jznt costs based on Table 7-16.




Table 7-35. Existing PVC Plants - Annualized Cost Summary

Control Scenario #1

AnnuaIized Costs, VM 3
Capacity Air’ ~ Water® Charge Total
Plant (wner/Location {Million 1b/yr) $(000) ${000) $(000) ${000}/yr ¢/1b Capaci

e v o Lalvert City 135 $1,205 $243 $486 $1,934 1.42

i Beon 0, onsacala 75 1,087 135 270 1,492 1.9

B, F. &oug 1hn/Avan Lake 260 1,431 468 936 2,835 1.09

8. F. Gocirich/Henry 220 1,392 396 792 2,580 1.17

.. ~. Loz .~ich/Long Beach 115 1,166 207 414 1,787 1.56

E.oF fooericn/Loutsville 145 1,252 261 522 2,035 1.40

¢, woadeicl Pedricktown 140 1,400 252 504 2,156 1.54

: B snfllenc i 140 1,206 252 504 1,962 1.40

- Boraen/Leoiminuier 175 1,254 315 630 2,199 1.26

e Continentai Uil/Aberdeen 260 1,449 468 936 2,853 1.10

Contin.atal 0i1/0klat~ma City 220 1,508 396 792 2,696 1.23

Jamond Thamrock/Deliqare City 100 1,251 180 360 1,79 1.79

Olaniet 1 Shaw cck/Deey Park - 270 1,458 486 972 2,916 1.08

Dow Chemicet#idland 100 1,137 180 360 1,677 1.68

Et1/5at00 auge : 180 1,340 324 648 2,312 1.28

Firestone/rferryville 230 1,325 414 828 2,567 1.12

Firestone/Pcttstcwn 170 1,370 306 612 2,288 1.35

Genersl izlp,«,ﬂtabui 7 1. 1,180 225 . 450 1,855 - 1.48 -

a &LCfﬂ1 ~PaeiTin/Pladuamine ' 220 1,315 396 792 2,503 1.14

bo! Soudyeor/nr. oo Falls 100 1,226 180 360 1,766 1.77

E; Gnody&ari?igauemﬁne 105 919 189 378 1,486 1.42

Greav fawricen/Fitchburg 70 1,1€1 126 252 1,539 2.20

o Jennazyorn e 4 623 7 14 644 16.10

H G/ Tunker 6 625 1 22 658 10.97

o Jennat/Saisot 5 624 9 18 651 13.02

o Keysor-t;az;rnyaugus 35 891 63 126 1,080 3.09

Q Mons .o L funringfield 70 818 126 252 1,196 1.71

2 Occid. .. & Petroleun/Bur)ington 170 1,199 306 612 2,117 1.25
o Occidental Petroleum/Hicksville 15 806 27 54 887  5.9%

e efPgssate &0 - T893 108 216 1,256 2.09

Pantasote/Point Pleasant 95 1,134 171 342 1,647 1.73

Robintecn/Poinasville 250 1,343 450 900 2,693 1.08

B e S “o-
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Tat e F-2% Zant,

Shntecn/Freaport
Stauffer/Delaware City
Stauffer/Long Beach
Tenneco/Burlington
Tennoco/Flemington
Tenneco/Pasadena

Union Carbide/South Charleston
Union Carbide/Texas City
Unirocyai/Painesville

1Oispersion plants at Alternative I {stripping to 30,000 ppm}, all other plants at Case A (improved stripping}.
Costs developed using Table 7-6 and specific plant process information.

3Eff1uent costs based on Table 7-16.
VCM charge from Table 7-26 {footnote #2}.

220
175
150
165

70
240

60
300
110

5,755

1,404
1,402
1,597
1,393
1,081
1,102
815
2,066
1,211

$49,198

396 752 2,592
315 650 2,347
270 520 2,407
297 594 2,284
126 252 1,459
432 864 2,398
108 216 1,239
540 1,080 3,636
198 396 1,805
$10,359 $20,718  $80,275
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Table 7-36. Existing PVC Plants - Profitability Summary

Control Scenaric #1

Estimated ROI {Return on In\.festment).E
After After Relative
Control, Control, Change
Before No Price Price in3
rrlacation Control Increase Increase RO{

Lir Prodlcts/Tatvert City 9.3%
Ay Prodecti/roensacola 6.
¥ . Gﬁoéricnfnvon Lake 13.
. Goadricn/Henry
eich/Lone Beacn
sfenflouisvilie
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1 51%/Gklahoma City
LA :nhr _/Delaware City
Diams5d Shara ﬁfDeer Park
Jow Chemical/mrliand
Sthyl/Bason Reuge
Jirestone/Foerryville
T'Y STone/Petiy Lown
Lareval Tive/dznuabula
L;'ng& Pacin1L/P=uquem1ne
deyLLr/nat ara ralis
,bbd}Lar;Pl Gl :ﬂﬂnr
L1L ﬁnu..lln/¥1uchburg
PRI L-/--Olﬁ rfang
vorrat/Tuckar
Jitrad/Sonerset
Seysur century/Saugus
Huﬂ‘dnLJ/Spranle1d
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Lonidentad rcL.OJQUﬁ/Hicksv11ie
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Pantasote/Passaic
Pantasote/Point Pleasant
Robintech/Patnasville
Shintech/Freeport
Stauffer/Delaware City
Stauffer/Long Beach
Tenneco/Burlington
Tenneco/Flemington
Terneco/Pasadena

Unicn Carbide/South Charleston
Unicn Carbide/Texas City
Uniroyal/Paincsvilie
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;Profit after tax + total investment (estimated).
Increase in price required to recover total annualized cost plus a 20% before-tax return on total contrc! capital.
Calculation (refer to Table 7-34 and 7-35 for cost details):
Price Increase = 0.2 {$215,733,000) + $80,275,000
5,755,000,000

= 2.15¢/1b
iROI after conirol (with price increase) relative to ROI before control.
( ) denotes cecrease/loss.
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Plant Owner/Location

Avr Products/Calvert City

Afr Products/Fensacola

B. F. Goodrich/Avon Lake

B. F. Goodrich/Henry

B. F. Gooarich/Long Beach

B. F. Goodrich/Louisville

B. F. Goodrich/Pedricktown
Borden/Iliopoiis
Borden/Leominster

Continental 01 /Aberdeen
Continental Q11/0klahoma City
Diamond Shamrock/Delaware City
Diamend Shamrock/Deer Park
Jow Chemical/tidland
Ethyl/8aton Rouca
Firestone/Perryvilly
Firestone/Pottstown

General Tire/Ashtabula
ceorgia~Pacific/Plaguemine
Goodyear/Niacara Falls
Goodyear/Piaquemine

Great American/Fitchburg
Jermat/Torrance

Jennat/Tucker

Jennat/Scnerset
Keysor-Century/Saugus
Monsanto/Springfield
Ccecidental Petroleum/Burlington
Gccidental Petroleum/Hicksvilie
Pantasote/Passaic
Jantasote/Peiat Pleasant
Robintech/Painesville

G

gy

Control Scenario #2

Capacity
(Mi111on 1b/yr)

135
75
260
220
115
145
140
140
175
260
220
100
270
100
180
230
170
125
220
100
105
70
a4

6

5
35
70
170
15
60
95
250

h |

Estimatgd Capital Requirement

Alr’ Water® Total
$(000) ${000) $[0001 ¢/1b/yr
$4,315 $1,134 $5,449 4.04
3,537 630 4,167 5.56
6,681 2,184 8,865 3.41
6,374 1,848 8,222 3.74
4,057 966 5,023 4.37
5,187 1,218 6,405 4.42
5,106 1,176 6,282 4.49
4,354 1,176 5,530 3.95
4,743 1,470 6,213 3.55
6,087 2,184 8,271 3.18
5,986 1,848 7,834 3.50
4,948 840 5,788 5.79
6,181 2,268 8,449 3.13
3,865 840 4,705 4.7
5,970 1,612 7,482 4.16
5,338 1,932 7,270 3.16
6,197 1,428 7,625 4.49
4,172 1,050 5,222 4.18
5,240 1,848 7,088 3.22
4,298 840 5,138 5.14
1,350 38?2 2,232 2.13
3,521 588 4,109 5.87
1,526 34 1,560 38,00
1,622 50 1,672 27.87
1,576 42 1,618 32.36
2,459 294 2,753 7.87
3,711 588 4,299 6.14
1,718 1,428 3,146 1.85
2,049 126 2,175 14.50
2,850 504 3,354 5.59
3,820 768 4,618 4.89
5,530 2,100 7,630 3.05

ArresrI - a:




Tabie 7-37 cont.

Shintech/Freeport 2&0 5,673 1,848 7,821
Ctauffer/Delaware City 175 6.171 1,470 7,641
Stauffer/Long Beach 150 5,767 1,260 7,027
Tenneco/Burlington 165 6,118 1,386 7,505
Tenneco/Flemington 70 3,487 588 4,075
Tonneco/Pasadela 240 4,698 2,016 6,714
Union Carbiu./South Charleston 60 3,560 504 4,064
Union Carbide/Texas City 300 8,055 2,520 10,575
U:iroyal/Painesville 110 5,124 924 6,048

tNw o P2 B & W

oy
5 |

5,755 $183,022 $48,342 $231,364

]Dispersion piants at Alternative II, Case A (stripping to 2,000 ppm), all other plants at Case A {improved strippirg).
?Costs developed using Table 7-6 and specific plant process information.
‘ffluent costs based on Table 7-16.
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Table 7-38. Existing PVC P.s - Annualiized Cost Summary

Plant Owner/Location

Alr Products/Caivert City
Air Products/Pensacola

. Goodrich/Avon Lake

. Goodrich/Heary

. Gocdrich/Long Beach

. Goodrich/Louisville

. Goodrich/Pedricktown
Barden/Iliopolis
gorden/Leoninster

Continontal 011/Aberdeen
Continental 0i1/0klahoma City
Ciagmond Shamrock/Delaware City
Jtamend Shamrock/Deer Park
Dow Chemicai/Midland
ctnyli/Baton Rouge
Fireston:/Ferryville
Firestone/Pottstown

General Tire/Ashtabula
Georgia-Pacific/Plaquemine
Gocdyear/Niagare Falls
foodyear/Plaguenine

Great American/iitchburg
Jepnat/Toriance

Jernnat/Tucker

Jennat/Somerset
feysor-Century/Saugus
Monsanto/Springfield
Occidental Petroleum/Burlington
Occidantal Petroleum/Hicksville
Pantasote/Passaic
Pantasote/Foint Pleasant
Robintech/Painesviile

(=N R AL L v~
T M T T

» cxropm DR LT

Control Scenarioc #2

Annyalized Costs,

Capacity Ar’
{Million 1b/yr) $(000)
135 $1,205
75 1,087
260 2,034
220 2,104
115 1,166
145 1,682
140 1,949
140 1,206
175 1,254
260 1,449
220 1,508
100 1,616
270 1,458
100 1,137
180 2,100
230 1,325
170 2,682
125 1,180
220 1,315
100 1,226
105 919
70 1,161
4 817

6 858

5 838
35 291
70 1,784
170 1,199
15 806
60 932
95 1,134
250 1,343

Water™

$(000)

$243
135
468
396
207
261
252
252
315
468
386
180
486
180
324
414
306
225
396
180
189
126
7
1
9
63
126
306
27
108
171

450

VCM

Char993 Total
$(c00)  ${000)/yr ¢/1b Capacity
$486 $1,334 1.43
270 1,482 1.99
936 3,438 1.32
792 3,292 1.27
44 1,787 1.55
522 2,465 1.70
504 2,705 1.93
504 1,962 1.40
630 2,199 1.26
936 2,853 1.10
792 2,696 1.23
360 2,156 2.16
972 2,916 1.08
360 1,677 1.68
648 3,072 .71
828 2,567 1.12
612 3,600 2.12
450 1,855 1.48
792 2,503 1.14
360 1,766 1.77
378 1,486 1.42
252 1,539 2.20
14 838 20.95
22 891 14.85
18 865 17.30
126 1,080 3.09
252 2,162 3.09
612 2,117 1.25
54 887 5.91
216 1,256 2.0%
342 1,647 1.73
300 2,693 1.08




® - 3

Table 7-38 cont.

Shintccn/Freaecport 220 1,404 396 792 2,592 I
Stauffer/delaware City 175 2,005 315 630 2,950 1.65
Stauffer/iLong Beach 150 1,597 270 540 2,4n7 1.€60
Tenneco/Buriington 165 2,051 297 594 2,942 1.75
Tenneco/Flenington 70 1,081 126 252 1,454 2L0F
Tenneco/Pasadena 240 1,102 432 864 2,368 1.00
Union Carbide/South Charleston 60 1,469 108 216 1,793 2.99
Union Carbide/Texas City 300 2,066 540 1.080 3,686 1.23
Unireyal/Painesville 110 2,023 198 396 2,617 2.38
5,755 $58,163  $10,359 $20,718 %89,240 1.55

tDispersion plants at Alternative II, Case A (stripping to 2,000 ppm}, all other plants at Case A (improved stripping).
oCosts developed using Table 7-6 and specific plant process information.

. sEffluent costs based on Table 7-16.

, VCM charge from Table 7-26 (footnote #2).
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Table 7-39. Existing PVC .1ts - Profitability Summary

Control Scenario #2

Estimated ROI {Return on Investment)]

After After Relative
Control, Contral, Change
Before No Price Price 2 1n3
Flaat Gumer/iecation Control Increase Increase ROI™
Al Tesducts/iarvert City 8.3 4.6 9.7 5 4
Aiy pProducis/Persacola 6.5 1.9 5.9 (9}
5. F. Soocrrich/Avon Lake 13.2 7.7 13.5 2
3. F. Zoodrich/Heary 12.2 7.0 12.6 3
B, F. Goodiich/Long Beach 8.5 4.1 8.6 1
noOF. Goodedch/Louisville g.8 4.4 9.2 (6)
S F. Gooarich/Pedricktown g.5 3.9 8.7 3
Gorden/ITicnelis 9.5 5.1 10.0 5
Borden/. coninstar 10.8 6.3 11.5% 6
Contincnual G91/Aberdesn 13.2 8.4 14.2 3
Toatioaescal O71/3k1ahoma City 12.2 7.2 12.8 5
voLinond Shamroc:oDa2laware City 7.8 2.3 6.5 (17}
Sratiaas Shamrock,/Deer Park 13.5 8.6 14.6 8
Loy LasaicelAMidland 7.8 3.3 7.7 (13
stiy1/3atea Rouge 11.0 5.3 10.4 (5)
Firesoone/Paroweiile 12.5 7.8 13.5 8
Civestonna/Poo.Lown 10.0 6.0 9.1 {9)
cacecal Thre/ashtabulz 8.9 4.5 9.2 3
Laorgla-Paicific/Plaquemine 12.2 7.5 13.2 8
Ascdycor/Niagara Falls 7.8 3.1 7.4 {5)
}aady;arKPlaquemine?H g.? ?.2 12.; ({g)
aroat coaeracan/rtensur . . .
Jannat/?orvancg ] 0.6 (7.0) (6.1) (1117}
valeat/Tucker 1.3 {5.3) (4.3) (431)
Jennat/Somerset 1.0 {6.0) (5.1} (610)
Keysor-Contury/Saugus 3.4 (1.3) 1.7 (50)
Mansanto/Springfield 6.0 2.1 4.5 (25)
Oceldental Petroleum/Burlington 12.7 8.4 1&.3 13
Geeidental Petroleum/Hicksville 0.7 (5.0) (2.8) (500)




Taebie 7-39 cont.

Pantasote/Passaic
Pantasote/Point Pleasant
Robintech/Painesviile
Shintech/Freeport
Stautfer/belaware City
Staufier/Long Beach
Tenneco/Buriington
Tenneco/Flemington
Tenneco/Pasadena

Unfon Carbide/South Charleston
Union Carbide/Texas City
Uniroyal/Painesville
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;Profit after tax +' total investment (estimated).
Increase in price required to recover total annualized cost plus a 20% before-tax return on total control capital.
Calculation {refer to Table 7-37 and 7-38 for cost details):
Price Increase = 0.20 ($231,354,000) + $89,240,000
5,755,000,000

3 = 2.35¢/1b
4ROI after control {with price increase) relative to ROI before control.
() denotes decrease/10ss.
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(T.ave 7-: wenuinued)

Total CE 2
Total Captured Annuaii*ed Ratio Relaticasnin
Erission Emissions Cost (¢/Tb VCM CE 5 Most Cost Effective
Souree {Thousand 1b/yr) (Thousand $/yr) removed) Rank Option

. Fugitive {Exci. Water 2025 278 0.14 2
Strinping)

. Reliey Vulvz Discharge, 988 306 0.31 4
Rezztor (.oniag

. oMesoaey hecovery System 2550 4292 1.58 8

. et Tang Centrifuge, Dryer,
Wk Soreane and Tracsfer {Incl. Above} {Incl. Above) (Incl. Above)(lncl. Above)
5. Wates Toeping 81 621 7.64 10

¢ Casc 3 [PYVC) 5645 5497 0.97 11

Jinciudes recouery cradits.

Liotal anpuinlszed cost divided by controlled emissions.

T aguiis nowye atfective.

CE roiio of antion divided by CE ratio of most effective option.
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Table 7-40. Existing PVC Plants - Capital Summary

Control Scenario #3

. Estimatgd Capital Requirement
Capacity Alr’ - Water™ Total
Pient Cvaer/uncetion {Mi1lion 1b/yr) ${000 ${000) ${000} ¢/ b/ e

L oProdde Lol very City 135 $4,315 $1,134 $5,449
iy Peadocts/iensacola 75 3,537 630 4,167
BLOF __itiun/QUOH Lake 260 9,363 2,184 11,547

. bl! ariehfiienry 220 9,787 1,848 11,635
. ch/Long 3each 115 4,057 . 966 4,923
. DUU“1LHKLOU15V111E 145 6,765 1,218 7,983
TooF. Lesricn/Pedricktown 140 7,414 1,176 8,590
'-*nen/i 1u:Ja1° 140 4,354 1,176 5,530
‘u.w°nfL Sviaster 175 4,743 1,470 6,213

ontinen..} 011/Aberdeen 260 6,087 2,184 8,271
[uﬁu!lLﬂL,| Ci1/0klakoma City 220 5,986 1,848 7,834

Giamone Snamrcox/Delaware City 100 6,159 840 6,999
ﬂéamﬁwd Shararock/Deer Park 270 6,181 2,268 8,449
L e mtor1/Midland 100 3,865 840 1,705

Thyl/53tua Rouge 180 9,745 1,512 131,257
Firesion. Jrerryvitle 230 5,338 1,932 7,270
Ae“u,t*FfPuitg WD - - e - e — - - 14,820 - 1,428 - 16,248 -

vrnt Virefishebula 125 4,172 1,050 5,222
S r:cif}:felaqu:mine 220 5,240 1,848 7,088
Sau g/ diiga e Falls 100 4,298 840 5,138
&_UJJ\t /:1 Hg:mnng 105 1,350 882 2,232
RAPEE 70 3,521 4,109
oy LjIO”rJ 2 4 1,729 1,763
st/ Tuck e 6 1,907 1,957

HIHERS ! L SR 5 1,822 3,864
LJJor~L ~iury/Saugus 35 2,459 2,753
'Gﬂﬂdﬁiﬁ/‘,;inﬂf181d 70 8,850 9,438
dutidentat retroicum/Burlington 1,718 . 3,146
“ceidental Pairoleum/Hicksville 15 2,049 2,175
cLptasoue e nsaic &0 2,850 3,354
ashaave/Auiat Pleasant 95 3,820 4,613
seshltecrsfanesville 5,530 , 7,630

o~

56
44
29
28
51
14

r
.
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Table 7-4J czat.

Shintech/Freesport 220 5,673 1,848 7.521
Stauffer/Delaware City 175 8,852 1,470 10,322
Stauffer/Long Beach 150 5,767 1,260 7,027
Tenneco/Buriington 165 9,165 1,386 10,551
Union Carbide/Texas City 300 8,055 2,520 10,575
Unireoyal/Painesville 110 9,539 924 10,463

[V IE S Ry R ~CO § o B PR

5,755 $225,564 $48,342  $273,906

1Dispersion plants at Alcternative 11, Case B (incineration), all other plants at Case A {improved stripping).
2Costs developed using Table 7-6 and specific plant process information.
Effluent costs based on Table 7-16.

Q
O
E;
s
H
H
)
o
o
o0
<
n
]




6SL800 FITHOTOD

Table 7-41. Existing PVC Pla - Annualized Cost Summary

ontrol Scenario #3

Annyalized Costs, VCM

Capacity Air’ Water™ Charge3 Tatal
Plara Dwrer/l tcation (Million 1b/yr) $(000) $(000)  $(000)  ${COB)/yr ¢/io vap-
Loooratucte e lvert City 135 $1,205 $243 $486 $1,034 L
A ety JPancaceia 75 1,087 135 270 1,408 T.un
4. F. Cepdrich/fivon Lake 260 6,120 468 936 ?,524 LY
EUCS f_:drich/H&nry 220 7,064 396 792 8,52 3.5
B. F. Lacer eh/Long Beach 115 1,166 207 414 1,787 1.71
5. 7. Gooderich/Louisviile 145 4,331 261 522 5,114 3.3%
. F. Gocdrich Jedricktown 140 5,575 252 504 6.331 4 52
Sobder tieactis 140 1,206 252 504 1,962 1.4
sorden/Lenmiinsroe 175 1,214 315 630 2,199 1L
Continenta) Mil/apcrdeen 260 1,449 468 936 2,303 L
Cawrvreentyt Gil/cklanoma City 220 1,508 396 792 2,696 P
Sase L Suarrack/Delaware City 100 3,734 180 360 4,274 L
Sduund Sharociy/Deer Park 270 1,458 486 972 2,910 1.0%
a;w chedtcs” . 1+tand 160 1,137 180 360 1,677 i.e8
cenyi/Batan rovge 180 7,483 324 648 8,455 4.7
ru%tﬂh"f’LnyVi1]E 230 1,325 14 828 2,567 1.12
*1ra,mu;e‘.,¢ua;awn 170 12,668 306 612 13,586 704
Janoe ) 1 rese neabula 125 1,180 225 450 i,855 1.46
{‘;r ‘c-' *ivis/Plaquemine 220 1,315 396 792 2,503 e
waed .r;:'u,,=; Jalls 100 1,226 180 360 1,766 1
- F}"\di’ a1 rl ,;3{-‘:“-;7:‘ T 1 81 -189.... ... 378 .. .. '*114—8‘6 e
Draat “u;tip n/i1:»hburg 70 1 161 126 252 1,539 .
N RHJE/TOPFQHCE 4 1,469 7 14 1.481 37
oAt/ Tucke: 6 1,758 1i 22 1.79% 26,55
BN RE A 'gr;cu 5 1,613 9 18 1,640 32,8
Leysor-Century/Saugus 35 891 63 126 1,080 3.0
consante/Springiield j0 8,716 121 252 9,094 12.9%
“cedfental Petroloum/Burlington 170 1,199 306 612 2,117 1.25
recidental Petroleum/Hicksville 15 806 27 b4 gs7 5.9
Cantusote/Passaic 60 932 108 216 1,256 2.0%
L oatascte/Point Pleasant 95 1,134 171 342 1,647 1.75
sobinteon/Painczviile 250 1,343 450 500 2,693 1.4




Taple 7-+1 zoat.

Shintecn/Freeport 220 1,404 396 792 2,502

1.18
Stauffer/Delaware City 175 6,09 315 630 7,036 4,02
Stauffer/Long Beach 150 1,597 270 540 2,407 1.60
Tenneco/Buriington 165 6,580 297 594 7.4 4 83
Tenneco/Flemington 70 1,081 126 252 1,458 Z.08
Tenneco/Pasadena 240 1,102 432 864 2,398 1.60
Union Carbide/South Charleston &0 5,704 108 216 6,028 160,05
Union Carbide/Texas City 300 2,066 540 1,080 3,686 1.23
Uniroyal/Painesville 110 7,867 198 386 8,461 7.68

5,755 $118,915  $10,359 $20,718  $149,992 2.61

Oispersion plants at Alternative II, Case B (incineration), all other plants at Case A {improved stripping).
2Ccsts developed using Table 7-6 and specific plant process information.
LEffluent costs based on Table 7-16.
“VCM charge from Table 7-26 (footnote #2).
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Table 7-42.

Existing PVC Plants -~ Profitability Summary

Control Scenario #3

Estimated ROI {Return on Investment)1

A1 Froducts/Calvert City
A PrearcnnyPonsacola

B, 7.ovos cirkAvon Lake
B, F. voL 0t leary

. F. Gooorica/long Beach
o0 Geoarren/louisville
s.oFL o v ie v/ Pearicktown
BardensIlton, ~ o
3orded Letn 1o o
continentai Cil/Aberdeen

Lol o

Cartinenrtzl ©i1/0klahoma City -

Diemand Shanrock/Delaware City
Draend Shiaarck/Deer Park
Lo, Ciiamicalyridland
Echyl/oneon wuge
Firvotone/varrynlle
Cirestone/Patty lown
aengral Tiresdshtabula
soorgla-Poovie/Plaquemine
coodycayr/Hias s Falls
waodyear/P zquainine

wreat Anerican/ritchburg
Jennat/Torrance
Jeanat/Tunicer
Jannat/samrset
Faysor-Century/Saugus
Monsanto/Springfisld

U777 Decidental Potrojeum/Burlington
Qccidental Petroleum/Hicksville

After After el vz

Controtl, Control, Thange

Before No Price Price i,

Control Increase Increase” o7

i ;

2oy
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Table 7-4&2 cont.

‘Pantasote/Passaic 5
Pantasote/Foint Pleasant 7.
Robintech/Painesviile 13.
Shintech/Freenort 12.
Stauffer/Delaware City 10.
Stauffer/Long Beach 9
Tenneco/Burlington 10.
Tenneco/Flemington 6
Tenneco/?nsadena 12.
Union Car.idesSouth Charleston 5.
Union Carbi. ./Texas City 14.
Uniroyal/Painesville 8.

]Profit after tax + 'total investment (estimated).

Increase 1n price reguired to recover total annualized cost plus
Calculation (refer to Table 7-40 and 7-41 for cost details):
Price Increase = 0.2 ($273,906,000) + $149,952,000
5,755,000,000

3 = 3.56¢/1b

4F(IOI after centrol (with price increase) relative to ROl before control.

) denotes decrease/]oss.
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24
27
32
30
(32)
21
43
23
37
) (126)
24

) (Viv)

a 20% before-tax return on total control capital.
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Table 7-43. Existing PVC *nts - Capital Summary

Control Scenario #4

Capacity
(Million 1b/yr)

135
75
260
220
115
145
140
140
175
260
220
100
270
100
180
230
170
125
220
100
105
70
4

6

5
35
70
170
15
60
95
250

B AL LRS-

1

Estimated Capital Requirement

Afr'
$(000)

$6,362
4,497
12,065
11,794
5,831
8,318
8;200
6,468
7,338
9,856
8,889
6,979
10,088
5,433
11,189
8,693
15,131
6,081
8,456
5,866
1,667
3,874
1,729
1,907
1,822
2,640
8,850
2,263
2,114
3,608
5,041
9,161

LS

Water

${000)

$1,134
630
2,184
1,848
966
1,218
1,176
1,176
1,470
2,184
1,848
840
2,268
840

e

Total

${000)

$7,496
5,121
14,249
13,642
6,797
9,536
9,376
7,644
8,808
12,040
10,737
7,819
12,356
6,273
12,701
10,625
16,558
7,131
10,304
6,706
2,549
4,462
1,763
1,957
1,864
2,934
5,438
3,691
2,240
4,112
5,839
11,261
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Shintech/Froeport 220 8,880 1,848

tauffer/Delaware City 175 10,486 1,470
Stauffer/Long Beach 150 7,150 1,2¢0
Tenneco/Burlington 165 10,595 1,386
Tenneco/Fienington 70 4,374 588
Tennecn/Pasadena 240 8,827 2,016
Union Carbice/South Charleston 60 7,254 504
Union Carbide/Texas City 300 13,488 2,520
Uniroyal/Painesville 110 9,080 924

R R B B [ AN

5,755 $293,247 $48,342 $341,589

]Dispersion slants at Alternative II, Case B {incineration). A1 other plants at Case B (incineration).
Effluent costs based on Table 7-16.
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Table 7-44. Existing PVC Plants - Annualized Cost Summary

Control Scenario #4

Annyalized Costs, VCM 3
Capacity Air’ Water”™ Charge Total
Plant Owner/Location (Million 1b/yr) ${000) ${000) $(000)  ${000)/yr ¢/1b Capaci:

Air Proaducts/Talivert City 135 $5,126 $243 %486 $5,855 i
Alr Products/P. vsacola 75 3,463 135 270 3,868
. F. Goodrich/Avon Lake 260 10,517 468 436 11,927

. Goodrich/Henry 220 10,357 396 792 11,545

. Goodricn/long Beach 115 4,605 207 414 5,226

. F. Govdrich/Louisville 145 7,002 261 522 7,785

. F. Goodricn/Pedricktown 140 7,189 252 504 7,945
Borden/Ilionolis 140 5,244 262 504 6,000
norder/Lcaninster 175 6,099 315 630 7,044
Lontinenta. 711/Aberdeen 260 11,203 468 936 12,607
Tontinentet 011 ‘Oklahoma City 220 7,244 356 792 8,432
Hamend Snamroc: /Delaware City 100 5,582 180 360 6,122
ongqta Soomrock/Deer Park 270 8,364 486 972 9,822
o Chenici/mialand 100 4,207 180 360 4,747
sunyt/baten Jouge 180 9,865 324 648 10,837
Firestone/Porryville 230 7,381 414 328 8,623
Firastona/Pottstown 170 13,491 306 612 14,409
Coneral Tire/ ohtabula 128 4,862 225 450 5,537
Geourgio-Pacific/Plaguemine 220 7,155 396 792 8,343
CeasyearsNiagara Falls 100 4,296 180 360 4,836
oodyoar/Plaquermine 105 1,564 189 378 2,131
Oreat American,Fitchburg 70 3,229 126 252 3,607
Jannet/Torrance 4 1,460 7 14 1,483
Jennat/Tucker 6 1,758 11 22 1,791
Joernat/Somerset 5 1.613 9 18 1,640
Cuyser-Century/Saugus 35 2,101 83 126 2,299
ronsants/Springfield 70 8,716 252 9,094
Jccidental Petroleum/Burlingten 2,080 612 2,998
Geeidantal Petroleum/Hicksville 15 1,388 27 5@ 1,463
Pantasote/Passaic 60 2,907 216 3,231
Pantasote/Point Pleasant 95 - 4,026 342 4,539
rohintech/Painasville 7,828 560 8,178

rO P G O e O iy ) Y o e .".1-(_)",(_"\.{‘3(_"‘-.—- :J
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o

Tahle 7-44 coat.

Snintech/Freenort 220 7,244 396 732 8,432
Stauffer/Delaware City 175 8,828 315 630 9,773
Stauffer/Long Beach 150 5,581 270 540 6,391
Tenneco/Burlington 165 8,964 297 594 9,855
Tenneco/Flemington 70 3,326 126 252 3,704
Tunneco/Pasadena 240 7,605 432 £64 §,901
Union Carbide/Scuth Charleston 60 6,240 108 216 6,504
Union Carbide/Texas City 300 9,518 540 1,080 11,138
Uniroyal/Painesviile 110 8,745 198 396 9,339

5,755 $247,973 $10,359 $20,718  $273,050

;Dispersion nlants at Alternative II, Case 8 (incineration). A1l other plants at Case B {incineration).
Effiuent cocscs based on Table 7-16.

VCM charge from Table 7-26 {footnote #2).
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Table 7-45. Existing PYC Plants -~ Profitability Summary

Control Scenaric #4

Estimated ROI {Return on Investment)1

After After Relative
Control, Control, Change
Before Na Price Price 5 in,
Fieni bw or/location Contro] Increase Increase”  i0[°
Sy ooreducts/Calvert City 8.3 {1.0) 10.6 14
My Producis/ionsacola 6.5 (3.2) 6.5 0
5. F. CGoadri/hvon Lake - 13.2 (0.4) 13.2 0,
S.oe, Laoteioa/Henry 12.2 {2.0) 10.6 {13y
n. 1. Cuodricn’tong Beach 9.5 (1.6} g.4 11
- . F. Goodrica/Loufsville 9.8 (2.8) 8.6 (2
! L. oF. Goadricy/Pedricktown 9.5 (3.4) 7.8 {19)
kS gorden/Iiiopo. is 9.5 {0.9} 10.9 15
soraenfLeoming Ler 10.8 0.1 12.7 18
Contiaental 017/Aberdeen 13.2 (1.0) 13.1 (1)
Cercinontnd ©.1/0klahoma City 12.2 1.0 14.4 18
Aansnd Shamrock/Delaware City 7.8 (4.4) 5.6 (28)
Toowana Snamroc«/0eor Park 13.5 2.1 16.2 20
Ly Ceomtcal/Midiand 7.8 (2.2) 8.3 6
Tonyl/Baton Rouge 11.0 (3.7) 8.0 (27
irestone/ fureyville 12.5 1.3 15.0 20
D eesTone PolTeTown 10.0 (2.2% 4.9 {51)
voseral Vive/Anhtabula 8.9 (1.3 101 3
g LonrgiasPacitic/Placuenine 12.2 1.1 14.6 20
= wioadyear/iiagara Falls 7.8 {2.3) 8.1 4
(o] Coodyaar/Plaguamine 9.5 4.2 17.2 81
o Griat fooeican/Fitchburg 6.1 (3.4) 6.3 3
H annet/ T Lrsance 0.6 (12.2) {10.2) {1800)
P L Lamat/Tucker 1.3 {11 .3; (8.7) (763)
o Sannat/Scmersat 1.0 (11.86 (9.4) (1040)
o Keysor-Contury/S-ugus 3.4 (5.7) 2.0 (41)
@ Monsanto/Springrield 6.0 (6.9) {1.6) (127)
oy Ocriacntal Pevcoleum/Burlington 12.7 7.0 22.0 73
< Occidental Per-cieum/Hicksville 0.7 (8.5) (2.9) (514)
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Pantasote/Passaic 5.5 (3.9)
pantasote/Point Pleasant 7.5 (2.4)
Robintech/Painesviile ' 13.0 1.7
Shintecn/Freeport \ 12.2 1.0
Stauffer/Dejaware Clty ’ 10.8 (2.9)
Stauffer/Long Beach ' . 9.9 (0.7)
Tenneco/Burlington 10.5 (3.7)
Tenneco/Flemington 6.1 {3.5)
Tenneco/Pasadena , 12.7 1.5
Union Carbide/South Charleston - 5.4 (5.2)
Union Carbide/Texas City 4.2 2.0
Uniroyal/Painesville 8.3 (7.8)

Topofit after tax stotal investment (estimated).
Increase in price required to recover total annualized cost plus a 20% before-tax
Calculation (refer to Table 7-43 and 7-44 for cost details):
Price Increase = 0.2 {$341,589,000) + $279,050,000
5,755,000,000

3 = §.04¢/1b

4ROI after control (with price increase) relative to ROI before control.
( ) denotes decrease/loss.

— — —
e NN N W s BN S S VR LN
[9%)

nmd —
L O D U O e 0O LA

m —

return on total control capizal.




Tible 7-46. Financial Impact of Various Control Systems at New Suspension Process PYC Plants

Plant Meeting Plant Meeting Effluent Regulations
Uncontrolied Effluent Regulations Plus
Plant {Incl. VCM Alt. IT)** Case A

Plant Investmant (¢/1b/yr) 14.00 14.84
Yerking Capitad 5.75 5.75
Total Invesiront 19.75 20.59

Average Sales Price (¢/1b) 24.00 24.00
Less: Fraight .70 1.
et Sales 22.30 22.

—_
D

Corny s D Qio ] S

[
[
CaY

cant of Satles

Derreciation

Adon,, SeTing, R & D, Interest
Tolal Cost

-t

l'\_)i-__u —_—
Ligo

oI -

Prodit Befere Tax
Profit After Tax

]O1*
Price Tnorease Required to Maintain
Pre-controi ROI

¢/t

[

e

*Return on investment (profit after tax ¢ total {nvestment).
*%This case represents a new plant that complies with the effluent regulations for PVC plants and obtains VCM from an
Alt. 1l-controlled plant that complies with the water effluent regulations for VCM plants. This VCM cost includes the
cost of compliance with effluent regulations at EDC plants as well as Alt. II air emission control costs. New source
viater effluent regulations, equal to BAT regulations, were used.
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Tatie 7~4u cont. !

NOTE:  Model plant size is 150,000,000 1b/yr.

SOURCES: a) Uncontrolled model plant investment and operating costs based upon: In-Depth Study of Polyvinyl Chloride
Production, Houdry Division, Air Products and Chemicals, Inc. December 6, 1974, p. PVC-87. (Modificd by

EPA after discussion with industry representatives.)

Effluent costs based upon Table 7-16.

Air poliution control costs from 7-8.

VM price 1increase from Table 7-26 (footnote #2).
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Financial Impact of  rious Control Systems at New Dispersion Process :.. Plants

Plant Meeting
Uncontrolled Effiuent Regulations Plant Meeting Ef7luent Regulations Pi.
B Plant (Incl. VCM Alt. I1)** Att. 1 Alt. 11, Case A Alt. II, Casq

Lol tovestrent {¢/1b/yr) 47.50 48.34 55.99
ive Capital B.25 8.25 B.25
Tyoarvostrant 55.75 . 64 .24

.oSaies Price (¢/1b) 34.00 . 34.00
© Fyetant 1.55
Do 32.45

Lo
ot et
o N

PR

™
o o —4
« a .

oiation
i, selling, R&D, Interest

ooLost

[

— (e
L e
DO a

ore Tax
oATver Tax

~) = [ae)
[wn Jan J (43

[#%)
N

—t
52

o Increase Required to Maintain
veoatru] RGT

-~ cturn on investment (profit after tax + total investment).

113 case represents 2 new plant that complies with the effluent regulations for PVYC plants and obtains YCM from an
~le. il-controlled plant that complies with the water effluent regulations for VCM plants. This YCM cost includes the ccs
o compliance with effluent regulations at EDC plants as well as Alt. Il air emissfon control costs. New source

<o effiuent regulations, equal to BAT regulations, were used.

Model plant size 1s 30,000,000 1b/yr.

TLLB80O FLIFOTOO

A0S g

) Uncontroiled model plant investment and operating costs based upon discussion with industry representatives.
% Effluent costs based upon Table 7-186.
)

Air pollution control costs from Table 7-9.

VCM price increase from Table 7-26 (footnote #2).
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Table 7-48.

Effect of Economies of Scale on New Dispersion Process “Vi Plants

Plant Meeting

Plant Meeting Evfluent Reoulaticrs

Uncontrolled Effiuent Regulations Plus
Plant (Inci. VCM A¥t. Ti)** Alt. 1 Alt. I[, Case A Atv. 11, Ca - 3

Plant Investment (¢/1b/yr) 33.10 33.94 36.74 38.683 45,23
korking Capital 5.75 5.75 5.75 5.75 BT
Total Investment 38.85 39.69 42 .49 44 .43 51.04
Averige Sales Price {(¢/1b) 34.00 34.00 34.00 34.00 34,00
Luss: Frefgnt 1.55 1.55 _1.55 1.55 s
a3t Zajes 32.45 32.45 32.45 32.45 32,408
Cost of Sales 21.1¢ 21.57 22.34 23.39 31.79
Jaareciation 3.31 3.38 3.62 3.79 4.43
auain., Selling, RED, Interest 2,23 2.23 2.23 2.23 _2.2n
Taeal Cost 26.64 . 27.18 28.1G 28,41 28 L
Profit Sefore Tax 5.8 . 5.27 4.26 3.04 (6.00)
Profit After Tax 2.905 2.635 2.13 1.52 -
ROT# 7.5% 6.6% 5.0% 3.4% -
Price Increase Reguired to Maintain
Pre-control ROI

¢/b -- 0.66 2.09 3.60 12.77

% -— 1.9% 6.2% 10.6% 40,5,

*Roturn on 1nvestment (profit after tax + total investment).
**This case represents a new plant that complies with the effluent regulations for PVC plants and obtains VCH

from an Alt. Il-controlled plant that complies with the effluent regulations for VCM plants.

This VCM cost

fncludes the cost of compliance with effluent reguiations at EDC plants as well as Alt. Il air emission control

costs.

nfiTe:

fogel plant size is 100,000,000 1b/yr.

New source affluent requlations, equal to BAT regulations, were used.
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N |
Impact of Various, Contro] Systems at New Bulk Prdcess PYC Plants

[
|

!

sunant {profit after tax -
sents a new plant that complies with the effluent regulations for PYC plants and obtains VCM from an Alt.
c1AnL that complies with the water eff]uen# regulations for VCM plants.. This VCM cost includes the cost of

total investhent)

3 _m.;uent costs based upon Table 7-16.
¢} avr pollution control costs from Table 7-10.
L.i\; JLH ol

~ice increase from Table 7-26 (footnote #2).

Plant Meeting Plant Meeting ETfluent Requicticr.
Uncontro11kd Effluent Regulations Pius
Plant {Incl. VCM Att. II)** Case A fase B -
/1h/yr) 16.72 17.56 18.87 19.17
4.43 4.43 4.43 4,43
2.5 27.95 23.30 23,60
{¢/1b) 24.00 24.00 24.00 24.00
1.50 1.50 1.50 _1.50
22.50 22.50 22.50 22.50
14.09 14.47 15.27 15.88
1.67 1.74 1.84 1.86
& D, Interest 2.91 2.91 2.91 2.9}
18.58 19.12 20.02 20.65
-3.92 3.38 2.48 1.8%
1.96 ; .69 1.24 925
9.3% 7.7% 5.3% 3.9%
vootinved to Maintain
-- | 0.69 1.84 c.52
-- \ 2.9% 7.7% 16.5%

IR W efFuent regulations at EDC plants &s w?Tl as Att. Il air emission controT costs. New source water
snt rogulations, equal to BAT regulations, were' used,
sudel g size 1s 100,000,000 1b/yr.
a? Ui-ontrolled model plant investment and opérating costs based upon discussion with industry representatives.




8. PRATIC: L FOR THE PROPOSED STALOARD

Ly

This chapter presents the rationaie 7or the selection of

L T

the emission sources, enission Tinits, ard testing, reporting,
and recorckeeping requirements included in the proposed standard.

The alternative contro?l ievels discussed in Chanter 5 which have

been selected as the basis for the proposed standard are identified
and the reasons for selecting them are discussed. Some of the

data in this chapter-are extracted from Chapters 2 through 7

since those chaoters contain the information on which the rationale

“for the Dropbsed standard is primar%]y based. Tﬁérefore,-the S

references for the data included in this chapter can be found
in Chapters 2 through 7.

8.1 Selection of Emission Sources to be Covered By the
Proposed Siandard

:
¥
1
:

‘For the reasons explained in Chapter 2, EPA has_determined e j o arm

that ethylene dichloride-vinyl chloride plants and.-polyvinyl.chloride. .- . - .|

plants are to be.covered by the proposed standard. As -explained in = - .

Chapter 1, the term "ethylene dichloride-vinyl ch]or%dé_piént" refers

to any plant which produces ethylene dichloride (by the oxychlorination

process), vinyl chloride, or both ethylene dichloride and vinyl chloride.

As noted in Chanter 5, EPA has concluded that, for purposes - Sl
of regqulating viny! chloride, best available control technology

means control of all emission points within ethylene dichloride-

» , P
vinyl chloride and polyvinyl chloride plants. There are control ;w. -

technologies which have been used for each type of emission point,'

and requlation of only some of the enission points was determined

8-1
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to be less than best ava<lable controil tecinoloay. Thus, the pro2osed

standard applies to all of the major nrocessina equipment in

ethylene dichlaride-vinyi -loride and polyvinyl chloride plants.
Fmissions from both normal cperation and from relief discharges are to
be regulated. Relief discharges are included because they cause short-
term high level emissions which can be nrevented in almost all cases.

Two sources of vinyl chloride need explanation. First, the reactor
may, in some polyvinyl chloride plants, serve also as the stripper.
When this is the case, the regulation controlling reactors is applicable.
Secand, the definition of stripper for all resins except bulk resins
includes "in the slurry form" so that other vessels, e.g. silos,
following this stage of the process will not be considered strippers.
Likewise, the definition of stripper for bulk resins does not include
5i105.

The proposed standard also applies to all known fugitive emission
" sources, including equipment used for loading (or unloading) vinyl
chloride monomer into transfer equipment from storage vessels, slip
gauges, leakage from sea]s on pumps, compressors, and agitators,
leakage from relief valves, manual venting of ga;es,_g;;niné_of‘ﬂ
equipment such as for maintenance and inspection, flasks used in obtaining
samples of vinyl chloride monomer, leakage from equipment, and inprocess
wastewater. Although the emissions from each of these sources when
considered individually may appear relatively small, thay are included
in the propos2d sianda»? because when combined they represent a significant
portion of ti2 total " :nt emissions. Based on data roported to EPA by
fndividual conpanies in the spring of 1574, fugitive emizsions represented

approximately <0 zercent of the wotal emissions {ram nolyvinyl chloride

g3 e

COLORITE
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in the tizo of vugitive enission sources Zubject to the croposed

standars beceusa availzble data iadicate that vinyl chloride contained
in water exposed %0 fhe atmosphere is lost rather rapidly. Precise
measuroments have ot been made to prove that this vinyl chloride is
emitted to the air. However, as explained in Chapter 4, section 4.10,
data on the solubility of vinyl chloride in water indicate that this is
likely to be the case.

For sevaral of the fugitive emission sources, the proposed
standard applies only to those pieces of equipment "in vinyl chloride
service." This term is defined to exclude pieces of equipment such
as pumps and storage containers which are used to handle materials
other than vinyl chloride and which contain essentially no vinyl
chloride.

Two fugitive emission sources which were considered for
specific regulation but which are not included in the proposed standard
as such are vacuum pumps and steam jets. It was concluded that
a separate regulation is unnecessary because more general regulations
are included which already cover vacuum pumps and steam jets. For
example, steam jets used to displace vinyl chloride or other contaminants
from equipment are covered by general requlations controlling the

removal of vinyl chloride from equipment by any means.

5.2 Rationale for the [rission Limits
The purpose of t%= proposed standard is to minimize the risk to the

4

pubiic heaith by setting emicsion limits which will reduce emissions to

COLORITE 008776




the level attainable with the best available control tachnoloay for each

emission scurce in ethylene dichioride-viny! chloride zrd polyvinyl
chloride plants. 3Since there are many technical decizions involved
in developing & standard on the basis of "pest available control
technology," EPA has established two criteria for making the technical
decisions. The two criteria--use and adaptability, and costs--are
discussed in Chapter 5,

The final decisions on standards for all emission sources in
ethylene dichloride-vinyl chloride and polyvinyl chloride plants
were based on data on control systems received through requests for
information under the authority of section 114 of the Clean
Air Act, on-site observation of plant processes, consultation with
industry represerrtatives and control equipment vendors, an emission
test, and two studies completed under contract to EPA. See Chapter 4
for the results of these investigations. Evaluation of all data
led EPA to conclude that there are only two emission sources
for which there was any question in selecting an emission
1imit based on the established criteria for best available
control technology. The reasons why there is some question about
these particular emission sources are explained in Chapter 5. These
two, the oxychlorination reactor in ethylene dichloride-vinyl chloride
plants and the sources follcowing ths stripper in the manufacture of
dispersion resins in polyvinyl chloride plants, are discussed under
8.2.1 and 8.2.2, respectively. FEmission sources for which an emission
Himit could bs <2lecred witheut ary —sestion bazad nn rha estanlishad
criteria for "best avairlan!: control LRCRNOICYY" 4 - Cincrissed ip

€.2.3 and 8.2.4,

COLORITE 008777




. R
rias to concernea tne

intor, . cizvicn of the second criterion for best availakbiz control
technology, l.e., arz the costs of controlling the efriuarnt gas
strean from the oxychlorination reactor grossly disproportionate

to the degree of emission reduction which would be achieved by that
control? As discussed more completely in Chapter 5, EPA identified
three zlternative contc~ol levels for the oxychlorination reactor:
(1) no control, (2} that which is equivalent to controlling process

variables, and (3) that which is equivalent to control by incineration.

The emission factors, mass emissions, percent control, hydrogen chloride

emissions, energy consumption, and costs for an average-sized plant (318

million kilograms or 700 million pounds of vinyl chloride produced per

year) attaining each of these alternative control levels are displayed

in Table 8-1. The emissions from an uncontrolled plant are also shown.
The alternative of proposing an emission limit which is

equivalent to control by incineration was rejected for the following

reasons. The oxychlorination reactor has a large volume, low hydrocarbcn

concentration effluent gas stream, and large quantities of

supplemental fuel would be required for its combustion. One company

has reduced the gas volume from the oxychiorination reactor and the

associated energy costs by recycling the process gas stream and using

oxygen instead of air to feed intu the process. A second company

Is alse plaraizg %o instal’ ©ris technology. Although the recycling

and oxvaen feed methodoicnv can be used for two types of oxychlorination

COLORITE 008778




TABIL A-T RETEPRAT 90 onhlRae LIeELY CNR TYPICAL [ 318 MILLION KILOGRAMS {760 POUNNS) PER YEAR]
ETHFLEND T'ICHLORIDE-vINYL CHLORIDE PLANT]

ANNUAL ENERGY CONSUMPTION,
FRISSINNS, CFISSLON  HCY EMISSIONS FROM FUEL,
KG/10N KG  KG/HR RECUCTEEN, INCINERATOR-SCRUBBER, Mt KCAL. /YR POMER, CAPITAL,
CLTTHUETIIO CWTRAL LEVEL  {RB/100 1B)  {LBrwR) PERLENT KG/HR (LB/HR) (MM BTU/YR}  (IN0N KWH/YR) $1000
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forotive £ragsions 2240 122y 47 41106, 1)
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rie incineration,

6LLB800O HLITIOTOO




reactors, further rescarch would be needed to determine whether this

technoloay can be used for each of the types of processes at all

of the plants. A third comnany is concucting a pilot study on
contralling the oxychlorination reactor emissions with catalytic
oxidation, another method for reducing the high energy costs. This
svstem has not been used commercially for the oxychlerination reactor
and it is not known at this time whether it will be feasible for

the plants to use. These facts, compined with the fact that the
oxychlorination reactor represents a relatively small emission source
at an average plant, led EPA to conclude that the energy costs of
incinerating the large volume, low hvdrocarbon concentration effluent
gas stream from the oxychlorination reactor at the average plant

would be grossly dispreoportionate to the emission reduction achieved.

The same factors which were considered in eliminating the
alternative of proposing an emission limit achievablie by incineration
or equivalent favored the alternative of no controls at any plants.
If the alternative of no controls for the oxychlorination reactor
were adopted, the proposed emission limits for the other two
point sources and the fugitive emission sources would still reduce
emissions by 90 percent at an average plant. Due to process variables,
however, there is a wide range in the reported emissions from the
oxychlorination reactor at the various plants from 0.0024 kg/100 kg
to 0.106 kg/100 kg ethylene dichloride product (0.0024 1b/100 1b to
0.106 1b/100 1b). In terms of mass emissions per unit time, the

enission rates vary between 0.5 to 46.3 kg/hr {1.2 to 103 1b/hr;
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among the plants. Thus, the alternative of no controls for the
oxychlorinaticn reactor was rejected because at some plants, unlike

at the average plant, the oxychlorination reactor represents a
relatively large source of emissions and in EPA's judgment, the

energy costs associated with incineration of the emissions from the
oxychlorination reactor would not be grossly disproportionate to the
emission reduction achieved at these plants with the emissjon rates at
the upper end of the range.

Thus; the alternative selected as the basis for the proposed
standard Vimits vinyl chloride emissions from the oxychlorination
reactor in ethylene dichloride-vinyl chloride plants to 0.02 kg/100 kg
ethylene dichlaride product. Based on individual plants' measurements
of vinyl chloride reported to EPA under section 114 of the Clean Air
Act, this emission level represents best available control technology
through control of process variables and can be met at most plants by
maintaining operations so that the emission rate (kg/100 kg) does not
increase. The proposed emission 1imit is essentially a cut-off point
which requires the plants at the upper end of the range to reduce emissions
preferably by instituting process changes, and if this is not possible,
by installing incinerators or equivalent add-on control. Incinerators
or equivalent add-on control may have to be used to attain the prcposed
standard at a maximum of one existing plant which has relatively large
emissions (in addition tc those companies which have already installed,
or are alrvexdy rlarning to install, incinerators). Based on
available dats, emissions from the sxychlocination vreactor at tio

mIjority of the oxistine plarts ccoting the nreposed standard oo 14 b
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below 4.5 kg/nr {10 1b/hr) and the emissions from no plant would cxceed

9.0 kg/hr {20 Ib/hr}.  Although esiablishing the standard in this way
does not result in as great an enission reduction as installztion of
incinerainrs or ecuivalent control tor the oxychlorination reactor at
all of the plants, the proposed standard is based on a consideration of
costs only where the energy costs would be grossly disproportionate to
the emission reduction achieved. Furthermore, as technologies using

less energy for controlling the oxychlorination reactor are developed,

EPA will evaluate the desirability of promosing a standard which
viould reguire a higher dearee of control at all plants.

8.2.2 Sources Following the Stripper in Dispersion Resin Manufacture
at Polyvinyl Chloride Plants

As discussed in Chapter 5, the second part of the proposed
standard about which there was some question in selecting an
emission 1imit based on the established criteria for "best available
contrel technology" concerns the sources following the stripper
in dispersion resin manufacture. This issue concerned the interpretation
of the first criterion for best available control technology, i.e. the
degree to which developing control meets the criterion of being available
for the plants to use.

The three alternatives considered by EPA were (1) establishing
the level of the standard so that it is representative of
stripping technology that is currently available for all grades of
dispersion resins at all plants, (2) establishing the level of

the standard so that it is representative of stripping technology
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which has been achieved by one.p1ant for all resin grades and by two
plants for some of their resin grades, and is judged to be available for
the remaining plants within the maximum time allowed for compliance
under section 112, or (3} establishing the level of the standard so that
dispersion resins would have to be stripped to the same level as other
resins,

The issue involved in selecting one of the alternatives as the
the basis for the proposed standard for dispersion resin manufacture
concerned the time frame in which the degree of stripping required by

each alternative would be available for the plants to use. However,

to the extent that they could he analyzed, the emission factors,
mass emissions, energy consumption, and costs for an average-sized
dispersion nTant (14 million kilograms or 30 million pounds per
year) attaining each of these alternative control levels are
displayed in Table 8-2. The emissions from an uncontrolled plant
are also shown.

Based on all available information, EPA concluded that the
alternative of basing the proposed standard on the degree of
stripping technology that is available now for all grades of
dispersion resins at all plants does not meet the criteria for
best available control technology. This is because, for several
reasons which are outlined in Chapter 5, stripping technoloqy
has not been developed as a method of controlling vinyl chloride
emissions for dispersion resins as it has for other resins. In
general, currcnt «lrinning has besn develen. only to the extont

that it is noeoessrsv for sconeo o nurpeses. Basaed on available
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cata, it is judeed that by the time the proposed standard must be

implemented, improved stripping techrolegy could be available for €:§

clants tc use. 1f this alternative were selected as the basis
for the preposed standard, it would provide no incentive to
further develop existing stripping techniques to control emissioas.
Furthermore, although they are more costly in terms of energy, environmental,
and economic impacts, add-on controls {e.g. incinerators) are available
which could be used to reduce emissions to a much lower level than
that represented by this alternative.

The alternative of establishing the level of the standard so
that dispersion resins would have to be stripped to the same level
as other resins was rejected, because the level of stripping reguired
by that alternative (400 ppm) has not been demonstrated for dispersion
rosins and EPA concluded that the time required for research and
development of such tzchnology far exceeds the maximum time allowed
by section 112 for compliance (two years from the date of promulgation
or two and a half years from the date of proposal). Even the plant
which has been most optimistic about achieving this degree of
stripping reports that it will be unable to do so for at least
four years. Furthermore, this tevel of control cannot be
achieved in the manufacture of dispersion resins by add-on controis,
and therefore nu cptions to undeveloped stripping technology would
be available for use by the plants. Therefore, this alternative could
recessitate clesure of dispersion resin plents until the controls
Zoutd be develojea. LS stoted In Clocnter 70 OPA L onelylad that Lest
cyvailatle corirel techenloay ratacr then choasurn of plants wonld Be the

grvecn cden ot oo e even o 0w ed, This alloriative
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tochnolon s, i.e. the tochnology has not been used at any plant and
1ot gorerally adantanle for use at other plants within the time

allowed Ly section 112 for compliance.

V4 recognizes that the second alternative (stripping to 2000 ppm)

represents a level of stripping which currently cannot be achieved

for all dispercion resins. Of the eight companies which presently
manufacture dispersion resins and plan to continue manufacturing dispersion
resins, this level of stripping has been achieved by one company for

all grades of its dispersion resins and by two companies for some

grades of their dispersion resins. One of these companies and

another company have projected that they will be able to strip all their
dispersion resins to 2000 ppm within the maximum time allowed for

compliance under section 112. Based on information received from all

companies that are known to make dispersion resins, it is EPA's
Judgment that those companies which are stripping or project they
will be able to strip to 2000 ppm are the same ones which have
devoted the most time and resources to development of stribping

as a control measure for dispersion resin manufacture. EPA has
therefore concluded that an emission limit requiring stripping to
2000 ppm does meet the second criterion for best control technology;
i.e. it is a level of control which is generally adaptable for use
in polyvinyl chloride dispersion manufacture within the maximum

time allowed for compliance under SGctiop 112. Furthermore, this
same degree of emission reduction can be achieved by add-on controls
fe.q. incinerators). Although zdd-an controls are more expensive

than stripping in terms of envircnmental, cnergy, and economic costs

3
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they do provide an opticnal method of control for fhe plants to use.

EPA considered proposing the standard to allow averaging of residual
vinyl chloride concentrations in dispersian resins with those in other
resins, so that a plant could compensate for higher levels in dispersion
resins by stripping other resins to a lower level. This concept is
judged to be inequitable because for some plants dispersion resins
compose less than 5 percent of the total resin production and at other
plants they compose 60 or more percent. EPA concluded that it would be
more reasonable to recognize the significant differences between dispersion
resins and other resins and require application of best available
control technology to the processing of each.

8.2.3 Other Stack Emission Sources

The proposed standard limits emissions from all equipment used
in the ethylene dichleoride purification process and the vinyl chloride
formation and purification processes in ethylene dichloride-vinyl chloride
plants and from all reactors; strippers; containers for mixing,

weighing and holding which precede the stripper; and moncmer recovery

systems in polyvinyl chloride plants to a concentration of 10 ppm
vinyl chloride. The proposed standard also requires venting of
captured fugitive emissions through a control system from which

the concentration of vinyl chloride does not exceed 10 pom. In
EPA's judgment, an outlet concentration of 10 ppm represents

best available control technology for these sources and can be
achieved by incireration, carbon adsorption, or solvent absorption.
None of thase control systems hag Loon used by etlvlene dichloride-
vinyl chlerids on melyvingl enlopido Plants untii recontlyv, and
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a concentrated effort to obtain data on apnlication of these control

svstems for reduction in vinyl chloride emissions, theres are few
data available demonstrating the affectiveness of these control
systems when installed at ethylene dichloride-vinyl chloride

or polyvinyl chioride plants. EPA did conduct a source test

on one incinerator installed at an ethylene dichloride-vinyl
chloride plant. The test demonstrated control to a level below
the nroposed Timit of 10 ppm. One polyvinyl chloride producer

has recently installed a carbon adsorption unit to control vinyl
chloride emissions from the monomer vecovery system and the

biend tanks. During the time in which the unit has been operated,
it has gone through more than 700 regenerating cycles, and the
vinyl chloride content in the exit gas stream has been renorted

to be below 10 ppm. In addition, one vendor of activated carbon
has submitted data from laboratory studies on the control of vinyl
chloride by carbon adsorption. The vendor's conclusions from the
studies, based on 15 cycles of operation, were that activated carbon
readily adsorbs vinyl chloride in concentrations ranging from

50 ppm to over 300,000 ppm; 100 percent removal of vinyl chloride
is technically feasible using dual beds of activated carbon:
activated carbon saturated with vinyl chloride can be regenerated
in-place using either steam or hot nitrogen to desorb the vinyl
chloride; and no polymerization of vinyl chloride occurs on the
bed. Data are available for a solvent absorption unit which

controls emissions from the monorer recovery system in a polyvinyl
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chloride plant to a concentratibn of 15 npm; in EPA's judgment,
however, this particular system, which is relatively old and was
not designed specifically for vinvl chioride control, does not
represent the full cepability of solvent absorption in reducing
vinyl chloride emissions. EPA believes, however, that an undated
solvent absorption unit, as well as an incinerator or a carbon

adsorption unit, will be capable of meeting the proposed standard.

The proposed standard limits, for polyvinyl chloride plants,
the emissions from process equipment following the stripping
operation in the manufacture of dispersion resins (except latex resins)
- to 0.2 kg/100 kg product and in the manufacture of all other resins
(including latex resins) to 0.04 kg/100 kg product. One vay in which
these emission levels can be attained is by reducing the residual vinyl
chloride monomer in dispersion resins to 2000 ppm or Tess and in all
other resins to 400 ppm or less during the stripping operation. This
reduction must be completed before the resins continue through the
processing equipment following the stripper. This type of control is
referred to as improved stripping technology. The proposed standard
permits averaging of emissions to the extent that the vinyl chloride
content in all grades of any one resin type'comp]eting the stripping
operation at a plant site in cne calendar day can be averaged o.er the
24 hour period. ["Resin type" refers to the broad classification of a

resin according to the process by which it is manufactured (e.g. dispersion,

suspension, bulk, latex, and solution). “Resin grade" is the subcategory
of "resin type” which dosoeibes o resin Onoa unique resin, .o, the most
oxact descrintron of o resin with oo 1uriher suhdivision,] Theso
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incinerators, LFA discourages use of the add-on control devices, however,
because uniihe 1mproved strpping they do net result in a Tovwer viny)
chloride content in the nolyvinvl chloride resin going to fabricating
plants. Furthermore, these devices are far more energy consuming for
thése Darticu]a} emission sources than improved stripping technology and
achieve no more emission control. In fact, these devices have not been
used cormercially to control the emissions from most of this particular
process equipment, because they are much more expensive for the plants

to use than improved stripping technology. In EPA's judgment, however,
there is no technical reason why they could not be applied.

In developing the proposed standard for process equipment following
the stripper, it was necessary for EPA to make decisions concerning the
levels of control which should be reguired for the various resin types
and the desirability of allowing averaging among resin grades. The
reasons for selecting the -emission limit which is proposed for these

»

sources in the manufacture of dispersion resins_have already been

discussed, In regard to the manufacture of other resin types, as

a result of the October &4, 1974, OSHA standard, polyvinyl chioride

resin producers have been motivated to develop stripping technology

to reduce further the vinyl chloride content in these resins

during the stripping operation. By improving stripoing technoloay,
producers will not only reduce in-plant exposure levels as required
but will also satisfy fabricator demand for resins which have Tow
concentrations of vinyl chloride and thus do not cause the fabricators
to be in violation of the OSHA standard. Some companies have

devoted more time and resources to improve the effectiveness of
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flow valve between the disk and the relief valve and routinely checking
for any flow fron the ball check excess flow valve.

The proposcd standard would require capture and control of
emissions of vinyl chloride bearing gases during manual venting from
processing equipmcnt. For example, it would permit no manual

venting of vinyl chloride to the atmosphere to reduce the pressure

in reactors during upset conditions or to remove inert gases from
vessels used to store vinyl chloride. The gases would instead
have to be transferred to a gasholder, a recovery system, another
piece of equipment (such as another empty reactor), or to a control

system,

The proposed standard minimizes vinyl chloride losses from
sample flasks during sample acquisition by requiring that the sample
be collected in a closed system. Vinyl chloride which could be lost -
to the atmosphere is instead flushed back to the process using
this system.

The proposed standard requires development of and adherence to
a formalized program for detection of leaks from equipment in vinyl
chloride service and elimination of these leaks. The formalized
program must include a multipoint vinyl chleride detector and portabie
hydrocarbon monitors. Rather than specifying the number of points
to be monitored, the sensitivities of the multipoint detector, the

vinyl chloride concentration that indicates a leak, and the

aections Lo be taton Lo repair lecks, the proposcd standard requires
each plant woror oF Coordtor io prepare ¢ pecaran plan containing
these spuciiicaticas wrd Lo 20 b the bian Lo tpe Alimisivator for
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approval. The plant owungzr or opaeralor is at the same time required

to submit data on background concentrations ol vinyl chloride in
different areas of the plant to use in determining the vinyl chloride
concentration that shuuld be designated as indicating a leak. Since
the backyround concentrations vary among different areaes of the plant,

the definition of leak may also vary among different areas of the plant.

EPA's decision on whether a program is adequate will be based on (1) the
date the program will be implemented, (2) the characteristics of
the multipoint detector and portable hydrocarbon detector (including

the sensitivities of the instruments), (3) the number and location

of points to be monitored in comparison with the number of pieces
of equipment in vinyl chloride service and the size and physical
lay-out of the plant, (4) the proposed frequency of monitoring,
(5) the vinyl chloride concentration{s) designated as indicating a
leak compared with the background concentrations of vinyl chloride

in the plant, and (6) the other specifications contained in the

nroqram blan. This approach has been taken because the
f number of poinf% which need to be monitored and the background concentrations
of vinyl chloride vary depending on the size, configuration and age E
t of a plant and, in the case of a polyvinyl chloride plant, on the number é
of reactors. Plans, therefore, must be tailored to thec design of |
each individual plant. This approach gives each source the flexibility
to develop a plan that it believes to be the most efficient.
l The proposed standard includes an emission limit for
inprocess wastewater which contains at least 10 ppm by weight

vinyl chloride, measured directly as the wastewater stream leaves
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the process equipment and before it is mixed with wastewater from

any other source. This cut-off point was selected because, based on <:>
data which are available from polyvinyl chloride plants, it

distinguishes between the low volume wastewater streams with high

concentrations of vinyl chloride and the large volume wastewater

streams with low concentrations of vinyl chloride. In effect, the
proposed standard would require control of wastewater streams from pumps
used in the monomer recovery system and from moromer recycle tanks
where wastewater, which has been entrained with recovered monomer is
separated and removed. It would also require control of wastewater
which had been used, in accordance with other requirements of the
proposed standard, to displace vinyl chloride in equipment before the
equipment is opened. It would not require control of wastewater which
had been used in the polymerization of vinyl chloride, if improved
stripping technology were used to attain the proposed emission
1imit for the process equipment following the stripper. This
wastewater stream was excluded because improved stripping technology
indirectly reduces the vinyl chloride caontent of the wastewater as
well as the resin before the wastewater is separated fiom the resin.
However, if an add-on control device is used instead of improved
stripping, the combination of a71‘sources of vinyl chloride emissions
following the stripping operation in the polyvinyl chloride plant,
_inc]uding inprocess waslewater, is required to meet the total mass
emiscsion 1imit., Thus, in this case, the concentration of viny]

chloride In ihe irprocess wastewatar would not have Lo be
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(”§ equal to or agreater than the 10 ppm cut-off point to be vrequired
Yo be controlled.

The proposed standard of 10 ppm vinyl chloride in the wastewater
can be attained by a stripper, which uses heat and/or vacuum to
rermiove vinyl chloride from the water. The proposed standard in
effect would require the vinyl chloride which is removed to be
recovered by condensing it into a liquid or to be ducted through a
control device. Theoretically, by using this method, the
vinyl chloride concentration could be reduced to essentially zero.

A However, as the applied vacuum and heat are increased, the ratio

! of water to vinyl chloride that vaporizes increases. During the
vinyl chloride recovery process, the water as well as the vinyl
chloride condenses. Since the water still contains some dissolved -
vinyl chloride, it would have to be recirculated through the

; stripper. At some point, as the amount of water which is vaporized

is increased, the separation of vinyl chloride from water would

be less efficient. For these reasons, the proposed standard is

10 ppm. Although the standard permits some vinyl chloride to remain

in the water, it is estimated that the vinyl chloride emissions from

the Tow volume, high concentration water streams at the average

plant would not exceed 0.5 kg/hr (1 1b/hr). At ethylene dichloride-

vinyl chloride plants, strippers are already used as an inherent
! part of the process to recover ethylene dichloride from wastewater.
Yinyl chloride is also removed from the wastewater. The purpose

of the proposed standard is to ensure that the practice continues

' 8-31
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and that any vinyl chloride removed from the wastewater is recoverad
or cantrolled.

R.3 Selection of the Format of the Pronosed Standard

With the excention of emissions followina the stripoer
in dispersion resin manufacture, separate standards have

not been established for individual processes or companies. The

applicability of carbon adsorption, incineration, or solvent absorption
is not dependent on plant age, configuration or type of process.

The proposed standard specifies emission limitations for
individual emission points. An alternative would have been
to specify a total plant mass emission limit in terms of
kg/hr. This is not possible, however, when using the best
available control technology approach due to the different sizes
and configurations of plants. Implementing best available control
technology at different sizes of plants obviously results in different
emissions per unit time. EPA also considered specifying the limits in
terms of total plant mass emissions in kg vinyl chloride per kg product
to be measured by material balance. This approach was recjected for
several reasons. Due to the variations in configurations among plants,
an emission factor, which would necessarily result in the application of
best available control technology at each plant at 211 times, could not
be developed. Furthermore, either long-term or short-term material
balances would have to be used to measure compliance with such a
~ standard. Long-term material talances have the disadvontage of a long
averaging ting so that short-tevid peak emissions are not delected.

-

Short-tern material balencas, nn Lhe other hoad, ore 4 ractical and
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imprecise due to the lzrge volumes of material which are handled and

nmust be ressured, the multiple pieces of equipment in which
residual materials would have to be measured, and the large number
of points where loss to the atmosphere, inprocess wastewater, and
solid waste would have to be measured.

lumerical emission 1imits are used for each emission point where
possible; however, equipment and operating procedures are specified for
some of the fugitive emission scurces from which emissions cannot
be measured or calculated or for which it would be grossly impractical
to do so. Generally, the reason that these emissirns cannot be measured
is that they are released into an unconfined area and often from
many small sources, and there is no practical testing procedure for
obtaining a reliable reading of emission Tevels. Where equipment or
operating procedures are specified, plant owners or operators are
generally permitted to use other equipment or procedures demonstrated to
be of equivalent effectiveness. Primarily because fugitive emissions
compose such a large proportion of the total emissions at ethylene
dichloride-vinyl chloride and polyvinyl chloride plants, EPA has
determined that control of such emissions by specification of equipment
and operating procedures js preferable to the alternative of leaving
such emissions unregulated.

For example, there are procedural requirements for the reduction
of vinyl chloride to a specified concentration in equipment equal to
or greater than 5500 1 (1250 gal) before opening it to the atmosphere.
Conceptually, EPA could have proposed the standard in terms of a
mass emission rate. This could be done by converting the concentration

‘ of vinyl chloride to its mass emission equivalents for all sizes of

joa]
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egquipment. Mass emissions, however, could not be measured once the
pieces of equipment were opened to the atmosphere because the emissions
would not be confined. Consequently, if EPA had stated the standard in
terms of a mass emission rate, it would have been necessary, in order to
be meaningful, to state the method for determining compliance in terms
of concentration of vinyl chloride, i.e., in the same terms as the
procedural requirement is now stated. Stating the standard itself in
terms of concentration is a much more direct approach and the only
practical one. For equipment that is less than 5,500 1 (1250 gal) and
for loading and unloading equipment, a mass emission limit in terms of =
Yiters is proposed. However, this cannot be measured, but must be
calculated based on the volume of the equipment and the pressure in the
equipment.

- The proposed standard includes equipment specifications for leaks
from seals on pumps, compressors, and agitators and from relief valves.
A numerical standard for emissions from these sources would be imprac-
tical to enforce since there is no way to test emissions released into
an unconfined area. Even if a testing procedure were available, frequent
routine testing of all pump, compressor, and agitator seals and relief
valves to determine compliance would be burdensome.

The proposed standard requires that samples of vinyl chloride be
collected in a closed system so that any vinyl chioride remaining in the
sample flask from previous sempling Tlows back into the process. Any
vinyl chloride flushed through the apparatus in an attenpt to collect
a representative sample also flows back intu the precess. Again,
numerical onission Tinits canant Bo spocified because enissinnsg dre

relecsad into an uncaonfined “poae and cannat be o uved, For

COLORITE 008797




s1ip gauges and manual venting, the proposed standard requires that
the emissions be captured and auctaed throuch a control system. There
is a numerical emission limit specified for the control system.

Another problem requiring special treatment is valve leakage.

It would be impossible to avoid all valve leakage. However, valve
leakage can be held close to zero if a system of regular valve
monitoring is used to detect and repair leaks. If EPA were to specify
a numerical limitation of zero, it would be impossible to meet at

all times. If EPA were to specify a higher numerical limitation,

it would permit more leakage than is necessary. This would be incon-
sistent with requiring control of vinyl chloride emissions to the
1e§e1 attainab1; by use of the best available control technology.
Therefore, EPA is requifing use of a regular program for leak
detection and repair.

In order te reduce the tetal emissions from reactors by limiting
the frequency of openings, the proposed standard for reactor opening
loss is specified in terms of a mass emission rate, i.e. kilograms of
~vinyl chloride per 100 kilograms of polyvinyl chloride produced. If a
concentration standard were used, it would provide no incentive for
reducing the frequency of reactor openings. Furthermore, the amount of
dilution air which could be used to weaken the effect of a concentration
standard is difficult to requlate. For these two reasons, EPA concluded
that a mass emission rate would be the only effective way to specify the
standard.

Due to the intermittent nature of the sources of the emissions, the

proposed standard for control systems to which the .aptured
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emissions are required to be ducted is in terms of concentration.
A major parl of the polyvinyl chloride plant is a batch operation

which causes intermittent emissions of vinyl chloride. In addition,

the fugitive emissions which are required to be captured and ducted to a
control system in both ethylene dichloride-vinyl chloride and polyvinyl
chloride plants accur only on an intermittent basis. Because of the
fluctuating air volumes and mass emission rates, it would be difficult,
if not impossible, on the basis of available information, to determine
the allowable mass emission rates from these control systems.

The emission 1imit for the sources following the stripper in
polyvinyl chloride plants is stated in two ways which are essentially
equivalent in térms of the quantity of emissions they allow. The
reason the emission limit is stated in two different ways is that
there are two distinctively different ways to control these sources.
Different methods of measurement and enforcement are applicable to the
two different control methods. If add-on control devices are selected
as the method of control, stack testing must be used to measure the
emissions from all the multiple sources simultanecusly for a minimum of
-an hour. If improved stripping is se]ecteq, the emissions could be
measured in the same way. It is difficult, however, to use conven-
tional source testing procedures to establish compliance because
of the large number of sources that have Lo be tested. A typical
polyvinyl chloride plant has scveral slurry blend tanks, centrifuges,
dryers, and storage silos. Lven i the emissions from each of these

sources wore detarniined, the resultant value would not necessarily

Y b T
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ostablish the toial emissions since monomer would still be escaping
from the resin in bagging operations, warehouses, and railroad tank
cars.

Where improved stripping is used, there is a much more practical
way for determining compliance. Improved stripping technology controls
emissions by removing vinyl chloride from polyvinyl chloride resin before
the resin moves through the remaining equipment in the process where
the viny! chleride would otherwise be emitted to the atmosphere.
Therefore, the simplest way to determine total emissions is to measure
the vinyl chloride in the resin as it leaves the stripper and before it
is released to the atmosphere. Thus, if add-on control devices are
used, the propased standard is stated in terms of mass emissions to
the atmosphere; if improved stripping is used, the proposed standard is
stated in terms of the quantity of vinyl chloride in the polyvinyl
chloride resin leaving the stripper. 1In both cases, the standard is
stated in terms of a cumulative emission limit for all sources
following the stripper to be consistent with the primary technology

on which the standard is based (i.e. stripping).
' Another reason the emission limit for sources following the
stripper is stated in two ways is the necessity for two different
averaging times. For reasons already explained, a 24-hour averaging
time is desirable if improved stripping technology is selected as
the means of control. ODetermination of emissions by measuring the
vinyl chloride in stripped resin is amerable to this averaging time.

If add-on controls are used, however, the 24-hour averaging time does
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not have the sane value. If only one emission limit were given, and it
were stated in terms of allowable mass emissions with a 24-hour averaging
time, any plants using add-on control devices to meet the proposed
standard would have to test emissions from each stack for 24 hours
instead of a minimum of one hour, as is required under the proposed
standard., This would be unduly burdensome for these plants.
Stating the emission limits in two different ways potentially

allows plants using add-on control devices to emit slightly
more emissions than plants using improved stripping technology.
The two emission limits are equivalent if it is assumed that all residual
vinyl chloride in the resin leaving a stripper is emitted into the
atﬁosphere at the polyviny} chloride plant. In fact, however, a small
proportion of the vinyl chloride might be left in the resin when it
leaves the plant. The discrepancy between emissions allowed by the two
emission 1imits could be avoided by proposing one standard based on
emissions into the atmosphere. For plants using improved stripping, the
method for determining compliance would be to measure the vinyl chloride

in the resin leaving the stripping operation and in the same resin
as it leaves the plant; the difference between these reasurements
would be emissions to the atmosphere between these two points.
This method, however, creates enforcement problems, because the resin
which is stripped in one batch is typically blended with stripped
resin from other batches, and it would be difficult, if not impossible,
to trace a batcn all the way throuch the process. Cosplicating this
problem would be the fact that the resin nay be stored at the plant for
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come time before it is shipped. For these two reasons, it would be
difticult, if not impossible. to correlate measurements of resin leaving
the stripper with those from resin leaving the plant, and EPA would
therefore not be able to determine the emissions from any cne batch. In
addition to that, the concentrations of vinyl chloride in the resin,
both in the stripper and in the product leaving the plant, would have to
be averaged over a long time (more than the proposed 24 hours). The
long averaging time would not be desirable because it would permit more
emission peaks and it would be more cumbersome to enforce..  EPA con-
cluded, therefore, that the most practical and direct approach is to
limit the concentration of vinyl chloride in the resin from the stripping
operation. It should be pointed out that EPA has determined that this
is an emission Timitation; since residual vinyl chloride monomer left in
the resin after stripning would be emitted into the atmosphere at some
point, the limitation on residual vinyl chloride monomer in the resin
Timits emissions and is, therefore, an emission limitation; it is simply
specified in a form which is compatible with the only practical method
for determining compliance.

‘ To simplify enforcement, the proposed standard for the inprocess
wastewater is specified in terms of concentration of vinyl chloride
rather than in mass emission limits. If it were specified in terms of
mass emission limits, not only the vinyl chloride concentration but also
the water flowrates from each of the pieces of process equipment would
have to be measured. Due to the large number of pieces of equipment

invoived, this would not be practical.
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8.4 Hethods for Determining Comnliance With the Proposed Standard

Provisions which specify the requirements for testing,
reporting, and recordkeeping are included in the proposed standard.
purpose of these requirements is to determine compliance with the
proposed standard.

8.4.1 Emission Vests

Test Method 106 is proposed as a reference method primarily
for measuring vinyl chloride emissions from stacks. Portable
hydrocarbon detectors or Method 106 can be used, except for
postpolymerization reactors in the manufacture of bulk resins, to
determine the degree to which vinyl chloride has been removed

from equipment prior to opening the equipment to the atmosphere.

For postpolymerization reactors in the manufacture of bulk resins,

these test methods are not appropriate because the reactor would

be partially filled with polyvinyl chloride resin at the time

the vinyl chloride concentration within it would have to be

tested. Therefore, the proposed standard includes provisions

. for calculating emissions due to opening of the postpolymerization
reactors, Test Method 107 is proposed as a reference ithod

for measuring the vinyl chloride content of polyvinyl chloride

resin and inprocess wastewater. Multipoint vinyl chloride detectors
and portable hydrocarbon detectors are proposed as nethods for
detecting leaks from process equipment. The proposed standard

also includes a requirement that stack emissions be measured on

a continuing basis with a vinyl chloride detector. This vinyl
rhloride dJdetoctor may be the wultipgint vinyl chloride detector
required for Jeak dotection, but does not have to be. Vinvl chlornde

oo
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in tho savples collected by the dotector can be reasured by ¢as chroma-
tography, or if it is assumed that al) hydrocarbons measured are vinyl
chloride, by infraered spectrophotomctry or {lane ion detection, The
proposed standard allows, upon approval by EPA, the use of equivalent or
alternative test methods.

8.4.2 Reporting

There are reporting requirements in the general provisions of Part
61 of the Code of Federal Reguiations whichk would apply to the sources
subject to the vinyl chloride standard. 1In addition, there are several
different kinds of reports required by the proposed standard.

Initial Report

First, an owner or operator must submit to EPA an initial written
reﬁort containihg a record of emissions from the scurces from which
emissions can be measured using Test Method 105. These sources
include ethylene dichloride purification, vinyl chloride formation and
purification, and the oxychlorination reactor in ethylene dichloride-
vinyl chloride plants and reactors, strippers, monomer recovery systems,

and mixing, weighing, and holding containers in polyvinyl chloride plants,

Compliance with the emission limitations for reactor opening loss and

the sources following the stripper in polyvinyl chloride plants must
be demonstrated using apprOpriaté test methods. Measurements of the
vinyl chloride concentrations in the inprocess wastewater at both
ethylene dichloride-vinyl ch]gride and pelyvinyl chloride plants are
also required as part of the initial emission testing.

For those sources which have cmissicns which cannot be measured

(fugitive emission source:), an initial report is reguired
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containing a written statement to the effect that certain

pieces of equiprent have been installed and are operating. These
include enuipment for minimizing leaks from seals on puips,
compressors, and agitators and from relief valves and equipment

used for monitoring leaks. Also required is a written statement

to the effect that certain procedures have been incorporated into

a Standard QOperating Procedure and are being implemented. These
include such procedures as removing vinyl chloride from equipment and
from loading and unloading lines before opening them to the atmosphere
and venting the vinyl chloride removed from the equipment or lines

to a control system, venting vinyl chloride from slip gauges during
loéding or unlogding operations to a control system, ducting

vinyl chloride emissions from manual venting to a control system,

purging the vinyl chloride in each sample flask back to the process

during vinyl chloride sampling, and detecting and repairing leaks.

Semi-Annual Report

A semi-annual report is required which is to contain a
record of any emissions in excess of the proposed stan‘ard for
. the formation and purification processes in ethylene dichloride-
vinyl chloride plants and the reactor, stripper, monomer recovery
system, and containers used for mixing, weighing or holding preceding
the stripper in polyvinyl chloride plants. These emissions must be
measured by a vinyl chloride detector. Th2 vinyl caloride detector
reports meacurcnents of vinyl chlorida in terns of concontratiion.
txcept for the emission Yimit for *he o~ychlorination reactor, the

Assion Tieits 1or all the somros Tor vhien Coatoiing
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measarenents of vinyd éh?oride wilh a detector are required
are stated in terms of concentration. The emission Tiwit for the oxy-
chiorination reactor is stated in terims of mass per unit product. For
the oxychlorination reactor, the vinyl chloride detector can be used to
reasure emissions at the same time that the initial stack test is being
conductaed using Test flcthad 106. The results of that test can then be
used as a guideline in the future to determine whether the emissions
measured on a continuing basis with the viryl chloride detector are in
excess of the standard.

For polyvinyl chicride plants, the semi-annual report is also
required to contain measurements of emissions from reactor opening
and, if improved stripping is selected as the control technology to
attain the standard, from the sources following the stripper.
Measurements of emissions from these two sources are required
on a continuing basis because the control technologies required for
these two sources are primarily procedures rather than control devices.
Attainment of the standard for reactor opening would require a
- reduction in the number of reactor openings in addition to displacing
the vinyl chloride from the reactor before opening. One emission
test, made within 90 days of promulgation of the standard, would give no
assurance that the standard was being met on a continuing basis. With
regard to stripping, the primary limitations on the deqree of
stripping being carried out are product degredation and processing
time as % 3ffects production rate. The degree of stripping is

more a function of cperating paramaters than of the specific
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pequipmant being used. For this reason, even if all the equipnont

for stripping is installed and operated, routine measurements riust be
made to ensure that the degree of stricping required by the emission
limitation is being carried out on & continuing basis.

For both reactor opening and improved stripping, it is
possible that the relationship between the emissions measured and
the corresponding operating procedures used to attain the emissions
measured can be established. For improved stripping, for example,
it may be established that for a given resin grade, a given set of
operating conditions {temperature, residence time, and pressure)
will result in a certain concentration of vinyl chloride in the
resin which is ;ar below the standard., Likewise, for reactor
opening, it may be established that a given procedure such as
water displacement coupled with a given frequency of reactor
opening will result in an emission level below the standard. The
general provisions and the proposed standard provide for waiver of
emission tests and use of alternative or equivalent test methods.
. Under the authority of these provisions, EPA could, on an individual
basis, permit a plant to record certain parameters (such as
temperature, residenqe time, and pressure for improved stripping)

LN

- e - . .
rather than to conduct emission mcesurements.

Other Peporting

Any relief discharge must be reported within ten days of
its occurrence. These vaports i1l be used to dotormine ceentiar.:
*ad Will pornit EPA to study the circumstances surcousding the
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8.4.3 Recordkeening

Each owner or operator 1S also required to keep records of
certain information. 1t is EPA's intention Lo require little
recordkeeping in addition to that which would normally be kept
by the plants.

For example, the proposed standard would require keeping records
of the concentrations of vinyl chloride measured by the vinyl chloride -
detector{(s). Printouts from the vinyl chfbride detector(s) are
adequate to meet this requirement. Information on detection and E
repair of leaks is required to be kept in log books. The purpose
of _this recordkeeping is to document that the procedures detailed
in the program for leak detection and elimination are being
carried out. There is also a requirement for keeping records of
the temperatures and pressures during reactor operation. Printouts
from sensor instruments are adequate to meet this requirement.

These records can be used by EPA to determine occurrence of a
discharge from relief valves.

8.4.4 OQOther Methods for Determining Compliance

In addition to thé requirements for tests, reports and
recordkeeping, EPA has at any time the authority under section 114 of
the Clean Air Act to reauire emission tests; inspect equipment,
operation procedures, or records; or obtain other information
as necessary to determine compliance with the standard. For
example, an authorized representative of the Administrator of
EPA may inspect the seals on pumps, inspect or observe the
imp]emenfation of a Standard Operating Procedure for removing

vinyl chloride from a piece of equipment before opening it, etc.
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8.5 Evajuation of leed to Set Standards for Polyvinyl Chloride
Particulate

There are two potential health problems related to exposure
to polyvinyl chloride particulate. First, polyvinyl chloride
particulate can be a source of vinyl chloride emissions. Second,
studies of people occupationally exposed to polyvinyl chloride particulate
and animals exposed experimentally to polyvinyl chloride particulate
have indicated that the particulate way possibly cause pneumoconiosis.2’3’4
Polyvinyl chloride and, to some extent, polyvinyl chloride fabricating

plants are potential emitters of polyvinyl chloride particulate.

8.5.1 Polyvinyl Chloride Particulate as a Source of Vinyl Chloride
Emissions

Vinyl chloride emissions due to polyvinyl chloride particulate
would occur because the particulate contains residual vinyl chioride

monomer. The amount of residual vinyl chloride in the particulate

is dependent on the physical properties of the product being

manufactured (size and porosity) and the degree to which residual

vinyl chloride has been stripped from the product before it reaches

the dryer and as it goes through the dryer. In the spring of 1974,

based on data from several plants, the product resin was estimated

to contain a maximum of 500 =« 1,000 ppm vinyl chloride after it had

gone through the dryer. The amount of residual vinyl chloride released

from the particulate once it is in the environment has not been quantified.
Control techniques which are used to control polyvinyl chloride

particulate are discussed in Chapter &, section 4.11. Estimated

polyvinyl chlcride particulate emission rates from the various
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processes in polyvinyl chloride plants using fabric filters and/or
centrifugel senavanr control are shown in Chapter 4.

Based on these emission rates, the total polyvinyl chloride

particulate emissions from a 136 million kg product/yr (300 million 1b/yr)

suspension plant containing storaae bins, storage silos, bagging
macnines, bulk loading operations, and resin transfer points

equipped with fabric filters, and rotary dryers equipped with centrifugal
separators are estimated to be 211 kg/hr (465 1b/hr). (Due to the
control equipment and plant size selected for this example, 211 kg/hr
is estimated to represent a much higher than average emission rate.)
Based on data ohtained during the spring of 1974, it can be assumed,
for the purpose of considering the worst situation without the
proposed standard in effect, that this 211 kg particulate/hr

contains 1,000 ppm residual vinyl chloride and that all the residual
vinyl chloride is released into the atmosphere; therefore, the amount
of vinyl chloride emissions from this source (the particulate)

would be 0.21 kg/hr (0.46 1b/hr). This compares with the total viny]l
chloride emission rate of approximately 32 kg/hr (70 1b/hr) from a
136 million ko product/yr (300 million 1b product/yr) suspension
polyvinyl chioride plant in compliance with the proposed standard.

Effect of the Praposed Standard on Viny) Chloride Emissions from

Polyvinyl Chioride Particulate

The proposed standard would indirectly reduce the potential
problem which may be associated with emissions of residual vinyl
chloride from the particulate through the control techniques

(improved stripping or add-on controls) which would be used to
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attain the proposed emission 1imit for the sources following the

stripper {snecitically, dryers and si10s).

Particulate emissions in gas streams controlled by add-on control
devices such es carbon adsorption would need to be removed prior to
the device to ensure its proper operation. Add-on control devices
such as incineration and absorption would be expected to remove
essentially any particulate remaining in the gas stream subsequent
to the particulate removal device. Thus, if add-on control devices
are used, there will be essentially no particulate emissions from
the dryers or silos, although there would still be emissions from
the bagging machines, bulk loacing, and resin transfer points. The
maximum particulate emissions from the same 136 million kg product/yr
suspension plant used as an example above but equipped with add-on
control devices on tne dryers and silos would be reduced from 211 kg/hr
(465 1b/hr) to 6.5 kg/hr (31 Ib/hr), and the maximum amount of
residual vinyl chloride released from the particulate containing
1,000 ppm vinyl chloride would consequently be reduced from
0.21 kg/hr (0.46 ib/hr) to 0.01 kg/hr {0.03 1b/hr).

If improved stripping were used to meet the proposed emission
limit for the drycrs and silos, the quantity of residual vinyl chloride
in the resin going into the dryer would be sharply reduced and the
quantity of residual vinyl chloride monomer in the resin beyond
the dryer would be reduced. However, since proportionately more
residual vieyl chloride is rewoved in the dryer without fwproved

stripping tharn with 0, tio oo tion In e reaidu ) viny! chioride
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content of the polyvinyl chloride particulate due to improved
stripping would be only from a maximum of about 500 - 1000 ppm

to a maximum of 200 - 300 ppm. Using the 211 kg/hr (465 1b/hr)

particulate emission rate from the same 136 million kg product/yr

suspension plant, but with the reduced maximum residual monomer content
(300 ppm instead of 1,000 ppm), the maximum quantity of residual vinyl
chloride emitted from the particulate would be reduced from 0.21 kg/hr
(0.46 1b/hr) to 0.06 kg/hr (0.14 1b/hr).
8.5.2 Need to Set a Standard for Polyvinyl Chloride Particulate
With regard to the potential problem of polyvinyl chloride
particulate as a source of vinyl chloride emissions, EPA has determined
that the indirect impact of the proposed standard on vinyl chloride
emissions from the particulate makes direct regulation of the
particulate unnecessary. As calculated in the previous section, for
a 136 million ky product/yr suspension plant meeting the proposed
standard, the maximum amount of vinyl chloride emissions from
polyvinyl chloride particulate would be only 0.01 kg/hr (0.02 1b/hr)
or 0.06 kg/hr (0.14 1b/hr), depending on the type of control technology
selected. This emission rate is relatively insignificant when compared
with the total emission rate from the plant (32 kg/hr or 70 1b/hr).
With regard to the potential problem of polyvinyl chloride
particulate as a possible cause of pneumoconiosis, NIOSH is currently
involved in experimental studies on the effects of the particulate
on animals. The extent of public exposure (as opposed to occupational
exposure) to ambient concentrations of the particulate is unknown
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at this time. Ambient measurements of polyvinyl chloride particulate
have not heen made by EPA in the vicinity of industrial sources because
no technology is currently available for separating polyvinyl chloride
particulate from total suspended particulate. As data become available

from NIOSH and other sources on the health effects of polyvinyl chloride

particulate, EPA may find that it is necessary to reevaluate the need to

propose standards for polyvinyl chloride particulate.
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9. UTHEP RICULAIUR ‘1 r“’['_(“'.‘
YINYL I m_mJE T

REVENTS DEVELCPCED OR BEING DEVELOPED FOR
FOR VTivL CilORI D

Y PELATICHSHIP TO THE PROPOSED STANDARD

l

7.7 Cccupational Safety and Health Leministration {OSHA)

9.1.17 The Emergency Temporary Standard

On January 22, 1974, OSUA vas informed by the National Institute
for Cccupational Safety and Health (MIOSH) that the B. F. Goodrich
Chemical Ccmpany had rcported that deaths of several of its employees
from angiosarcoma, @ rare liver cancer, may have been occupationally
related. After investigating this report, OSHA concluded that vinyl
chloride was the causal agent of the angiosarcomas observed. Subsequently,
additional angiosarcoma deaths were reported for workers who had been
exposed to vinyl chloride in other plants. On April 5, 1974, based on
all available information, OSHA promulgated (30 FR 12341) an emergency
temporary standard for vinyl chloride. This standard reduced the
permissible exposure level from 500 ppm to a 50 ppm ceiling and established
other requirements, including monitoring and respiratory protection.

9.1.2 The Proposed Permanent Standard

On May 10, 1974, after reviewing additional information on
carcinogenicity in animals exposed to 50 ppm vinyl chioride, OSHA
proposed (39 FR 16896) a standard for vinyl chloride and polyvinyl
chloride plants. The standard would have Timited employee exposure
to vinyl chloride to “no detecteble level,” as measured by a sampiing
and analytical method sensitive to 1 ppm, of an accuracy of 1 ppm * 50
percent. Other requirements such as monitoring, protective clothing,

regulated areas, and respiratory protecticn were also included in the

prcoosal,
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strippina s an enission control measure than have cother companies.

B

Optimum stritning corsists of a set of operating conditions which

must be develoned exparimentally on an individual basis “or the many
resins. Pased on information supplied to EPA bv individual
companiec vhich have devoted Time and resources to deveion irproved
stripping, EPA concluded that technology s currently available
to strip the majority of resins, except dispersion resins, to 400 opm
or lower. This same degree of control is achisvable through add-on
control devices.
Some resins are more difficult to strip than other resins
due to differences in characteristics such as porosity and heat sensi-
tivity. Whereas current stripping technology can reduce the residual
vinyl chlorida content in the majority of the resins other than
dispersion resins to below 400 ppm (and in some cases far below 400
ppm), it can reduce the vinyl chloride content in a few resins
only to levels as high as 4000 pom. EPA considered proposing a
separate standard based on best available control technology for
each of the different grades of resin. This could have conceivably
been done based on theorctical factors. However, FPA conzluded that
it would be difficult, if not imnossible, to do this, because
the reductions that can be achieved depend on a given svstem and
must be determined by actual measurements on a particular resin
for a particaelar set of conditions. The large nunber of resin
grades makes it impractical Tor E7A to conduct individual testing
for each one. Av-ilable data indicite thot vosl o 1 cwDanies
.

rroduce severa] gradin of vesia oc rnlrrocusTy o iad Chet Llen the
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Lrades are averavoed on a‘daiiy basis, the nurher of resins which
can be stricoed 1o lewer than 400 pom is sufficient to offset
the Tew reszins wiich cannot be. The propesed standard allcws an
averaging tire of 24 hours because, 1T a plant were processing
several grades simultaneously and one grade could not be stripped
to 40N pom, the total emissions from stripning all grades
to an average of 400 ppm would be no greater than stripping each
grade to 400 pom. The alternative of increasing the averaging
time to a week or month was rejected because this would permit
higher peak emission levels than averaging on a 24-hour basis.
EPA considered proposing a standard which would require the
emissicns from slurry blend tanks and inprocess wastewater from
equipment following the strinping operation to be controlled by
add-on devices as well as by improved stripping fechnology. One
relatively new plant decreased the gas volume of the exit stream
from slurry blend tanks by replacing air with nitrogen and enclosing
the tanks. A carbon adsorption unit was then installed to control
emissions in the reduced gas volume. Although it has not been
done by any plant in the industry, there is no technical reason
why the inprocess wastewater from centrifuges which follow the
stripper canneot be controlled by a water stripper. Such control
systems were included in the economic analysis conducted by EPA.
The analysis showed that, if plants used improved resin stripping
(as opposed to add-on controls) to meet the proposed standard,
the costs of these additional systems for slurry blend tanks
and inprocess wastewater would be qrossly disproportionate to the

emission roduction cchieved. Rased on available information on
.y
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the emissions from slurry blend tanks after stripping has bcen used to
reduce to 400 ppm the residual vinyl chloride content in the resin (:3
produced by an average plant, the additicn of an add-on control device
would further reduce emissions by approximately 0.5 kg/hr (1 1b/hr),
i.e. the device would remove an additional 0.1 percent of the original
uncontrolled emissions. Collecting the 0.5 kg/hr would increase the
capital costs of control to an average plant by about 19 pzrcent and the
annual costs by about 13 percent. Similarly, the installation of an
add-on control device in addition to improved stripping for the vinyl
chloride in centrifuge water would reduce emissions by no more than the
add-on control device for sturry blend tanks, and would increase the
capital costs of control to an average plant by about 13 percent and the‘
annual costs by 46 percent. The large increase in annual costs would be
due to the large quantity of steam which would be required to remove the
vinyl chloride from a large volume, low concentration water stream.
Furthermore, if these additional controls were required, plants
using add-on control technology would not be able to attain the
same level of control as plants using improved stripping technology.
The reason for this {is that these plants would alrealy be using
add-on controls and installing additional add-on controls would
have 1little, if any, effect.

The proposed standard Timits the emissions of vinyl chloride
from opening of reactors, reactor entry purge, venting inert gases
from the reactor, and any other contact of the reactor contents

with the ambient air, to 0.001 ka/10N kg preduct. One way the
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crandard w2y be atlained 13 by a cusbination of (1) reducing the

nuaber o7 rocolor enenings By using hiah pressure water jets, solvent
clearing, or other reans to prevent the need to hand-clean reactors and
(2) dispiacing the vinyl chloride with water tn a gasholder or recovery
system baziore a reactor is opened. The level of the preposed standard
is bas.d on bast available contro! technology as demonstrated by

one plant, end there is no apparent reason why the same technology
cannot be employed at other plants, except plants which produce

bulk resins. This technelogy cannot be used for postpolymerization
reactors in plants producing bulk resins for two reasons. First,

the production of bulk resin is a dry process and water used to
displace the vinyl chloride from the reactor before opening it

would cause a contamination problem. Second, since the resin

product is air conveved from the postpolymerization reactor, the
reactor is opened to the atmosphere after each batch. Manufacturers

of bulk resins can achieve the level of the proposed standard by
evatuating the reactor several times and breaking the vacuum with
nitrogen. The number of evacuations would depend on the volume of

gas in the reactor and the vacuum involved,

A zero emission 1imit is being proposed for relief discharges
which can be prevented. In most‘cases, such discharges from reactors
can be prevented by measures including, but not limited to,properly

.instrumenting the reactors to detect upset conditions, injecting
chemicals to stop the polymerization reaction during upset conditions,
venting the reactor cuntents to a gasholder during upset conditions

and ultimately to ¢ recovery system, providing cmployees with
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improved training on preventing and handling upset conditions, and
utilizing a stend-by source of power. For other pieces of equipnent,
increasing pressure du¢ to inert gases in the system can be relieved by
manual venting to a gasholder or recovery system. The conditions which

Tead to discharces can also be prevented in most cases by proper handling

and transfer of vinyl chloride or materials containing vinyl chloride.
Discharges which cannot be avoided by taking such preventive measures,
such as those caused by natural disasters, will not be in violation of
the proposed standard if the owner or operator notifies EPA within

10 days concerning the nature and cause of the discharge. This notifi-
cation provision is necessary to permit EPA to investigate the
surrounding conditicns and determine whether the discharge could have
been prevented. For the purposes of the proposed standard, operator
error is considered to be preventable.

8,2.4 Fugitive Emission Sources

The proposed standard includes emission limits for all known

sources of fugitive emissions and is intended to minimize these
emissions to the maximum extent possible with available control
technology. Some of the emission limits are numericallv defined. Where
it is infeasible to state numerical limits, the standard specifies
equipment and procedural requiremcnts.

A1l of the equipment and procedures specified for reducing fugitive
emissions, such as vemoval of vinyl chloride from loading and unioading
lines and process equipment bhefore exposure to the atmosphere, dis-
clacement of the contents of a serpling fiask bick Lo tho prgoess during

campling, 2t capiure and contool of the s 95100, heva Lony s
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one or nore ethylene dichloride-vinyl chleoride or polyvinyl chloride
plants and are described in plant responses to inquiries from EPA under
the authority of seciion 114 of the Act.

For fugitive emissicns, the proposed standard requires that the
vinyl chloride concentration in process equipment greater than or
equal to 5500 1 (1250 gal) in volume (other than reactors) be reduced
to 2 percent by volume at standard pressure and temperature before the
equipment is opened to the atmosphere. This can be accomplished
by vacuum pump or by displacement with water or inert gases. For
process equipment that is smaller than 5500 1 (1250 gal) in volume,
the proposed standard requires that the amount of vinyl chloride in
the equipment be reduced to 110 1 (25 gal) at standard pressure and
temperature before opening the equipment to the atmosphere. Any
vinyl chloride removed from the equipment would have to be ducted

through a control system.

A cut-off point which requires that the vinyl chloride be
reduced by a greater percentage in the larger pieces of equioment
than in the smaller ones was established based on the reasoning
that follews. As shown in Tables 4-8 and 4-9 in Chapter 4, the
emissions from opening the larger piéces of equipment would be
much greater than from opening the smaller pieces, even with the
standard in effect. Furthermore, the larger pieces of equipment
are generally designed for purging with inert qases or pulling
@ vacuum whereas the smaller ones are not. That is, the Taraer
pieces of equipment have short sections of pipe fitted with valves

to which can he connected vacuum or mirge lines. Also, in general
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the larger pieces of equipment are already or could be readily
equipped so that the vinyl chloride removed from the equipment can
be ducted to a control system.

The smaller pieces of equipment include such things as pressure
gauges, sections of pipe. pumps, and valves. For example, if there
were no cut-off point, short sections of pipe fitted with valves would
have to be installed in all sections of pipe which could possibly
be opened. An extensive collection system would have to be installed
to transfer the gases from each of phe sections of pipe to a control
system. Due to the largé number of small pieces of equipment, the
ductwork for transferring the gases from the equipment to a control
system would be portable. This means that the ductwork would have
to be disconnected frequently, and the standard would require that
each time the ductwork were disconnected, the vinyl chloride concentration
within it would have to be reduced heforehand. However, the standard
would permit some vinyl chleride to remain in the ductwork before
opening it to the atmosphere. Therefore, at the point where the
volume of equipment is less than or equal to the volume of the

ductwork, there is nothing to be gained by requiring that the

vinyl chloride be removed from the piece of equipment before opening it.
Another consideration with regard to small equipment is
that much of it is not designed to withstand a vacuum. One
example would be pressure gausges.
In summary, a cut-off point has been established which is less
stringent for smaller equipment in terms of percent vinyl chloride

normitted to be enitted from U e eouipment because:
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(1) The emissions from opening large equipment are much

areater than from cnening small equipment, cven with the standard
in effect.
{(7) The smailer equipment is not designed to use a vacuum
or purge system to remove the vinyl chloride, and in some cases it is
not designed to withstand pressure.
(3) At some point the vinyl chloride emissions from disconnecting

the extensive equipment needed to remove vinyl chloride from every

section of pipe or other piece of small equipment and transfer it
to a control system would be greater than the emissions from

opening the section of pipe or other small equipment.

The proposed standard includes a more stringent limitation
for emissions from opening of reactors than it does for opening
of other equipment. The emission 1imit for opening of reactors
(0.001 kg/100 kg product) has already been discussed. The reason
for the more stringent limitation for reactors is that, unlike
other equipment, the reactors are typically opened on a
frequent and routine basis.

The same reasoning explains why the proposed standard
includes a separate emission limit for emissions to the
atmosphere from disconnecting equipment (hoses, couplings, valves,
etc.) used in the transfer of vinyl chloride from storage to
transport vessels at ethylene dichloride-vinyl chloride plants
and from transport to storage vessels at polyvinyl chloride plants.
Although the loading and unloading lines are relatively wmall in

volune compared with soie of the other equipment which can be
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opened to the atmosphere, they‘are used and disconnected on a
frequent and routine basis; i.e., several times per day. The (:)
proposed emission limit for each loading and unloading line
requires that avter each lcading or unlocading cperation before
opening any part of the line to the atmosphere, the quantity or
vinyl chloride in all parts of the line that are to be opened
_is to be reduced to 4.4 1 (1 gal), at standard temperature and
pressure. Four and four tenths liters of vinyl chloride at
standard temperature and pressure is equal to about 0.0098 kg
(0.022 1b) of vinyl chloride.

The method for attaining the standard would depend on the
volume of the ecuipment to be opened to the atmopshere. If an
entire hose is to be disconnected and opened to the atmosphere,

the hose could be evacuated. However, more commonly there would be

a couple of valves Letween the hose and the storage (or transport)
vessel with a coupling between the valves. In this case, if only the
coupling were to be disconnected and opened to the atmosphere, the
percent reduction in vinyl chloride required would depend on tge volume
of the coupling. If it were 4.4 1 () gal) in volume. it would have to
be reduced to 760 mm Hg and if it were 8.8 1 (2 gal) in volume, it would
have to be reduced to 380 mm Hg.

Also, during loading and unloading operations, the proposed
standard would require that the emissions from the discharge end of slip
gauges used toc neasure the vinyl chlovide liquid Tevel in transport and
storage venseis bl ocoutured and ducted to a control systen. Essentially,

there would Le no cmissions trom 5Tip yaunes.
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Leaks from scole on rotary puaps can essentially be eliwinated
cousing double recnenical scals or pumps with no scals, such as

the type with nagnet to magnet drive or a canned pump in which
the eddy currant passes through the pump fluid. Leaks from seals
on reciprocating pumps can be minimized by double outboard
seils. Double mechanical seals can be used on agitators and
compressors to minimize Teaks. The proposed standard includes
equipment specifications requiring that these methods, or equivalent,
be used to minimize leaks from seals on pumps, compressors, and
agitators.

The proposed standard also includes equipment specifications

requiring that Teaks from relief valves be minimized by installing

a rupture disk between each relief valve and the equipment served by

the relief valve, or equivalent. An equivalent method of control

would be to connect the discharge line from a relief valve to

process equipment or to a recovery system. If a rupture disk

were used as the method of control, there would be a potential problem

if a leak should occur from the rupture disk and cause a build-up of
pressure between the rupturce disk and the relief valve. This is expected
to occur infrequently because the reason for requiring the rupture disk
is that it is less likely to leak than a relief valve. Although the
proposed standard does not require any specific equipment or procedures ~
to prevent the potential pressure build-up, there are several methods
available for the plants to use to avoid this potential problem. These
include (1) installing a pressure gauge botween the disk and valve and

routinely checking the pressure, and (2) installing a ball check excess
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9.1.3 The Promulgated Permanent Standard

On Octoher 4, 1974, after a2 series of hearings, econcmic and
environmental impact studies, and formal comments, OSHA, under
provisions of the Occupational Safety and Health Act of 1970 promulgated
(39 FR 35890) a standard for vinyl chloride, polyvinyl chloride, and
fabricating plants. The standard limits employee exposure to 1 ppm
vinyl chloride (averaged over an eight-hour pericd) effective
January 1, 1975. In addition, the regulation establishes a 5 ppm
ceiling (averaced over a 15 minute period) in order to prevent exposure
of employees to unacceptable high excursions. The standard allows for
an action level of 0.5 ppm (averaged over an eight-hour period) in order
to minimize the {mpact of the standard on plant owners and operators who
have attained exposure Tevels well below the permissible 1imit. Thus, where
the results of monitoring demonstrate that no employee is exposed to concen-
trations in excess of 0.5 ppm, plant owners or operators are in effect
exempted from the provisions of the regulation. Further requirements include
monitoring of employee exposure {monthly or quarterly depending upon
criteria described in the regulation), designation'of requlated areas,
protective clothing, respiratory protection when the vinyl chloride
level is not controlled to the permissible exposure limit, establishment
of emergency procedures, warning signs, medical surveillance, employece
training, erpnloyee r.adical recordkeeping, and reports on emergencies.

In order to comply with the standard, each plant as of January 1,
1975, was reauired to institute feasible engineering and work practice
controls to re’uce exposure levels holow the permissible exposure 1inits.
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Even 1f such cortrols w&u]d not reduce exposures below permissible
levels, they neverthaless must be impleuented to reduce exposures to
the juwest practicable level and must be supplemented by the use of
respirators to provide the necessary protection. A continuing
program ¢f increasing engineering and work practice controls is
required until exposures are at or belew the permissible exposure Timits.
A plan for achieving control by engineering and work practice methods
must be drawn up and made available, upon request, to representatives
of OSHA and NIOSKE. The requlation, however, does not establish any
deadlines for full compliance through engineering controls because
OSHA was unable to determine when it would be feasible for most
plants to reduce exposure levels to the permissiblie level.
9.1.4 Amendments and Corrections to the October 4, 1974 Requlation.
On December 5, 1974, OSHA published (39 FR 41848) corrections
to the October 4, 1974 regulation and on December 30, 1974 OSHA
amended (39 FR 45012) the October 4, 1974 requlation by requiring
that respirators for employee protection contain end-of-service life

indicators as of June 20, 1975,

The Society of Plastics Industry, Inc. (SPI) challenged the

October 4, 1974, OSHA regulation in the U. S. Court of Appeals for

the Second Circuit, The Society of Plastics Industry, Inc. v.

Occupational Safaty and Health Administration, 501 F. 2d 1301 (1975);

cert. den. sub. nom. Firestone Plastics Co. v. U.S. Depariment of Labor,

43 .S, Law Weak 3623 (1975). SPI contended first, that available
scientific and medical evidence does rot establish that the 1 ppm
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exposure level adopted by OSHA is required by health and safety

considerations and, second, that meeting the 1 ppm is technologically
and economically infeasible.

In its January 1975 decision, the Court unaminously upheld the
standards established by OSHA and stated that they would go into effect
in 60 days (about April 1, 1975). In response to SPI's first
contention, the Court found the evidence regarding vinyl chloride's
dangers “"quite sufficient to warrant” OSHA's restrictions. Noting
that much of the evidence was based on animal exposure to the chemical,
with only indirect human evidence, the Court stated that, "nevertheless,
it remains the duty of [OSHA] to act to protect the working man and
to act even in circumstances where existing methodology or research
is deficient." The Court labeled SPI's second claim as "exaggerated"
and found OSHA's standards "clear, definite and certain ... entirely
feasible, since the goal of the lowest detectable level can definitely
be attained through the combination of technological means and
respirators.” According to the Court, the affected companies
“simply need more faith in their own technological potentialities."

The Society of Plastics Industry, Inc. appealed the decision to
the U.S. Supreme Court but, as noted in the citation above, ihe Court
declined to review the case.

9.1.5 Relationship of the Froposed LPA Standard and the
OSHA Regulation.

In response to the OSHA regulation, vinyl chloride companies have

adopted some measures which not only reduce employee exposure, tut also

reduce emissions to the atmosphere. “hese measures have resulted in
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some reduction of fuditive emissions and cmission excursions. For
example, at many of the plants, portable and fixed point monitoring
systems have been ciiploved to deiect leaks and minimize one source of
fugitive emissions. Improved sealing techniques and new pumps have

been used in sowe plants. MNitrogen has been used to purge vinyl chloride
Trom hoses used Tor product sampling and for transferring vinyl chloride
between railrcad cars and storage areas at some plants. Levels of

vinyl chloride in railroad cars at some plants are now being measured

by sonic and magnetic detectors to prevent exposure of car contents

to the atmosphere. Some p]anfs have reduced the number of entries

into polyvinyl chloride reactors by utilizing jet water sprays and
solvent cleaning. Many polyvinyl chloride plants are developing
improved stripping both to reduce emissions at these planis and to
satisfy the demands of fabricators for whom the most cost-effective
approach for meeting the 0SHA standard is to use a resin of minimal
monomer content. Control devices, such as carbon adsorption, are
also being installed in a few plants.

Other methods of reducing employee exposure to vinyl chloride,
such as respiratory protection, ventilation cf the work place,
removing sides of buildings, and installation of tall stacks, do not,
however, reduce emissions to the atmosphere. Even though the 0SHA
regulation requires all employees to institute feasible controls
to the fullest extent possible and to continue to improve and apply
engincering controls until full compliance is achieved, it does not

set any deadlines for such compliance. Further, there is no deadline
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for the required submittal of formal plans demonstrating how

plants will achieve the standard. For thece reasons, it 1is
difficus. to evaiuate at this time the degree to which the OSHA
regulation will reduce vinyl chloride emissions to the atmosphere.
It is expected thet the plants will respond to the OSHA regulation
with a combination of ventilation techniques, emission reduction,
and respiratory protection and that this response will not be
uniform.

9.2 Environmental Protection Agency

9.2.1 Water Regulations

Although the vinyl chloride and polyvinyl chloride industries
will have to meet other effluent guideline regulations for BOD,
COD, 7SS, and pH, there are at this time no plans for developing
a water effluent regulation specifically for vinyl chloride. Vinyl
chloride concentrations of 2-3 ppm and at times higher have been
recorded from manufacturing plant effluents. However, due to
the tendency of vinyl chloride to escape from water into the air,
it is unlikely that such contamination would persist in downstream
water which might be used for drinking purposes.]

Under the authority of the Safe Drinking Water Act of 1974, as
amended, EPA has initiated studies of suspected carcinogens in

drinking water. In an interim report to Conaress, Preliminary Assessment

of Suspected Carcinogens in Drinking Water, June 1974, EPA reported

detections of vinyl chloride in surface water in Philadelphia,
Pennsylvania and in around water in Miami, Florida. [thylens dichlnride-
vinyl chloride nlants ard polsvinyl chloride plants are not the source
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of the detected vinyl chloride since there are no such plants

{

in these tuo locations.

9.72.72 Pesticido Baculation

On April 26, 1974 and July 19, 1974, £Fi published in the
FEDERAL REGISTER (39 FR 14753 and 26480) an erergency suspension
order for specific indoor aerosol pesticides containing vinyl chloride.
These requlations have little, if any, relationship to the proposed
standard. The amount of vinyl chloride usea in all aerosol products
was less than 0.1 percent of total vinyl chloride production (based on
1972 data). A ban on these products, therefore, has little effect
on the production of vinyl chloride and, conseguently, on the emissions
of vinyl chloride at ethylene dichloride-vinyl chloride plants.

9.3 Department of Transportation

On July 23, 1974, the Coast Guard proposed in the FEDERAL REGISTER
(39 FR 26752) amendments to the bulk dangerous cargoes regulations for
the carriage of vinyl chloride moncmer. As promulgated on April 16, 1974
(40 FR 17024), these amendments require venting, gauging, monitoring,

and cargo transfer systems which provide greater protection to

personnel than those previously permitted. The Coast Guard also

: promulgated, under appropriate emergency rulemaking provisions,

5 amendments not proposed in July 1974, including establishment of
regulated areas, use of respiratory protection by employees

E engaged in hazardous operations and use of warning signs. These

f amended reguilations apply to all tank vessels, both existing

and newly constructed, carrying vinyl chloride.
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Currently, the Coast Guard is drafting a new proposal which
would require permanently installed equipment for detection of cz;
vinyl chloride in cargo pump rooms and employze medical recordkeeping
similar to the OSHA requirement.

Both the promulgated and the proposed amendments will have
little, if any, impact on the proposed EPA standard.

9.4 Department of Health, Eaucation, and Welfare

9.4.1 Food Packages

On May 17, 1973, the Food and Drug Administration (FDA)
proposed (38 FR 12931} regulations which would eliminate polyvinyl
chloride resins in packaging material for use in contact with
alcoholic foods. The U.S. Department of the Treasury then withdrew
its approval for the use of polyvinyl chloride plastic bottles
for distilled alcoholic beverages. This made promulgation of the
FDA regulations unnecessary.

On September 3, 1974, (40 FR 40529) FDA proposed regulations

which would ban the use of vinyl chloride plastics in bottles,

blister packs, boxes, and other semi-rigid and rigid packaging
that comes in contact with food. The proposal would also prohibit
viny1\ch1oride plastics in coatings applied to fresh citrus fruits
to retain freshness. The proposed regulation would continue to
permit vinyl chloride plastics in pliable (plasticized) film-type
wraps, gaskets, cap Yiners, tubing, and package coatings which

come in contact with food. FDA considered pronnsina a restriction

on the use of vinyl chloride plastics in potable water pipes, but
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decided not tp because present evidence shows Tittle likelihood
that viny] cnloride migrates into the potable water from pipes
being used to transport thz water. Continued FDA approval
for vinyl chloride use in water pipes, however, would be contingent
upon additional confirmatory studies to be started within 60 days
after promulgation of the proposed regulations,

9.4,2 Aerosol Products

On August 26, 1974, FDA promulgated (39 FR 30830) a regulation
which banned any cosmetic aerosol product containing vinyl chloride.
The same regulation classifies any aerosol drug product containing
vinyl chloride as a new drug and requires that a new drug application
be approved before the product is marketed. Since such a small
percent of vinyl chloride was used for aercsol products, the regulation
for cosmetic and drug aerosols has 1ittle impact on production
capacity and, therefore, vinyl chloride emissions at vinyl chloride
monomer plants.

9.5 Consumer Product Safety Commission

On August 21, 1974, the Consumer Product Safety Commission
promulgated (39 FR 30112) regulations concerning household substances
in self-pressurized containers having vinyl chloride monomer as an
ingredient or in the propellant. The regulations classified
such a substance as a "banned hazardous substance" as defined
in the Federal Hazardous Substances Act. Again, since such a

small percent cf vinyl chloride peoduction wae Snyolved  the veqylation

has 1ittle effect on vinyl chloride production and emissions.
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9.6 State Regulations

In contacting the officials of several of the States where
the majority of the ethylene dichloride-vinyl chloride and polyvinyl
chloride plants ave located (Texas, New Jersey, California, [11inois,
Louisiana, Ohio, and Yentucky), it wes learned that essentially no
requlations exist specifically for the requlation of vinyl chloride.
Some of the States do have regulations for hydrocarbons and new
construction, however, which indirectly reduce vinyl chloride
emissions at some plants.

For example, the States of Mew Jersey2 and Texa53 require that
best control technology be employed to control any pollutant
(including vinyl chloride) when a source is newly constructed or
modified, The only plants presently reguired to comply with these
requlations are three polyvinyl chloride plants in Texas which must
employ what has been specified by the State as best control
technology for each emission point, except the dryer. The dryer
stack must be designed so that dispersion calcuiations indicate
that the maximum exposure level is below 1 ppm. These three plants
may have to install additicnal controls to meet the praonosed EPA
standard for vinyl chloride.

In granting permits for new construction, Louisiana4 and
Kentucky5 use OSHA standards as guidelines for exposure of the
general population to pollutants for which no EPA standard has been
specified, The goal for ambient coneentrations of vinyl chioride

in both States is 0.05 ppm, or 5 pevcent of the OSHA standard.
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In regard to hydrocarbon standards, most of the States have
standards for photochemically reactive hydrocarbons and/or for
ethylene. These include Texas and Louisiana where mosi o7 tne
ethylene dichloride-vinyl chloride plants are located. Texas
can regulate existing etnyiene dichioride-vinyl chloride and polyvinyi
chlo ide plants through the State Implementation Plan hydrocarbon regu-
Jations if the plants emit more than 100 1b of ethylene/day; if they emit
more than 100 1b of photochemically reactive hydrocarbons/day in a
gas stream that is more than three volume percent; or if they emit
more than 250 1b of photochemically reactive hydrocarbons/hr. If
they emit more than 100 1b ethylene/day they must take some abatement
action to reduce emissions. If they emit more than 100 1b of
photochemically reactive hydrocarbons/day in a gas stream with more
than three volume percent, or if they emit more than 250 1b of
photochemically reactive hydrocarbons/hr, they must control the
effluent streams with incineration. Ethylene dichloride-vinyl chloride
and polyvinyl chloride plants apparently do not emit sufficient
quantities of photochemically reactive hydrocarbons to be covered
by these requlations. As a result of the ethylene regulation, however,
three ethylene dichloride-vinyl chloride plants will be required to
control their oxychlorination reactor emissions. Two of these plants,
which plan to use incineration to control emissions from the
oxychlorination reactor, will be reducing vinyl chloride as well

as ethylene dichloride emissions. The third plant is planning

to install an additicnal reactor which will allow more complete
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reaction of ethylene and chlorine to ethylene dichloride. The effect

of the additional reactor on vinyl chloride emissions is not known

at this time.

Louisiana's emission limits for ethylene from the oxychlorination

reactor can be achieved by incineration or the installation of an

additional reactor. At-this time, it is not certain which control

measures will be applied by the plants, but the installation of

an additional reactor is expected to be the favored option.
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