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DISCLAIMER
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cf the Environmental Protection Agency by TRW Environmental Engineering
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herein as received from TRW. The opinions, findings, and conclusions
expressed are those of the authors and not necessarily of the Environ-
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ABSTRACT

This VC NESHAP Review Study assesses the current VC regulation
through an investigation of emission control techniques and techno-
1ogical developments in the industry. The study encompasses evaluations
of existing and new control technoliogies, sources not regulated by the
standard, and enforcement and compliance experience since promulgation
of the standard. Information and data evaluated during this study were
obtained through literature searches, plant visits, and interviews with
industrial representatives and EPA Regional Office personnel. The
results of this review study will form the basis for possible revison of
the existing standard.
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1.0 EXECUTIVE SUMMARY

1.1 INTRODUCTION

This Phase I review study assesses the current National Emission
Standard for vinyl chloride (VC) by investigating emission control
techniques. This review evaluates technological developments in the
industry and provides a preliminary basis for possible standard revision.
Recommendations to revise the standard would be supported by a more
detailed Phase II study that would develop a Background Information
Document (BID). This review study was conducted under a contract awarded
to TRW's Environmental Engineering Division by the U.S. Environmental
Protection Agency (EPA).

The review study focused on four areas which are summarized below:

) Technologies currently used for compliance.

° Existing sources identified during the original support study
but not subject to the current regulation.

) Emission sources not identified during the original support
study.

° Enforcement and compliance experience.

Additional details can be found in corresponding sections of the
text (indicated in parentheses). A description of the processes involved
in VC production and polymerization is presented in Chapter 3.

1.2 PROCESS DEVELOPMENTS

The sources subject to the VC regulation are ethylene dichloride
(EDC) produced by oxychlorination, VC, and polyvinyl chloride (PVC)
facilities. Recent modifications of processes in these facilities
include:
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'] EDC/VC - The "balanced process" utilizing direct chlorination
and oxychlorination is the most common process used for pro-
duction of EDC and VC. Many newer plants and some existing
plants have incorporated oxygen oxychlorination plants as part
of the EDC process. The change from air to pure oxygen as a
feedstock can make combustion more feasible and therefore
could result in reduced emissions from the oxychlorinatisn

vent.
(Section 3.2.1 and 3.2.2)

(] PVC - Newer plants are incorporating larger reactor systems
resulting in increaséd capacity, fewer reactor openings and
reduced emissions. These large reactor systems have also
accounted for a decrease in the production of specialty PVC
resins.

(Section 4.2.3.1)

1.3 CONTROL TECHNOLOGY SUMMARY

Most of the discussion regarding VC control technology is focused
on PVC plants because these facilities contribute proportionately more
emissions. For this reason, most of the requirements in the Ve regu-
lations pertain to PVC plants. The characteristics inherent in the
batch processes of these plants account for the relative difficulty in
emission control implementation.

1.4 PRIMARY CONTROLS
Control devices, applied to reduce VC emissions when exhaust gases
are discharged to the atmosphere, include:

] Incineration - This method represents the most prevalent means
of primary control and is the only one used by both EDC/VC and
PVC plants. (Solvent absorption and carbon adsorption are
also used as primary controls in PVC plants, but in EDC/VC
plants they are used on a smaller scale as part of the process
or as a means to reduce fugitive emissions.)

Although thermal incineration is most commonly used, two
plants are using catalytic oxidation systems. In most cases,

1-2
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thermal incineration is reducing emissions below the required
10 ppm. Most units have scrubbers to prevent HC1 emissions.
(Section 4.1.2)

Solvent Absorption - This method is effective in reducing
emissions below 10 ppm. It is used as primary contrel only in

PVC plants. VC is recovered by this method rather than
destroyed (as with incineration).
(Section 4.1.6)

Carbon Adsorption - As a primary control, this method is not

as effective (in most cases) as incineration or solvent
absorption in achieving the 10 ppm level. Usually, carbon
adsorbers must be supplemented by other primary controls
(e.g., incineration). Some plants that initially selected
carbon adsorption as a primary control for exhaust gases have
replaced the carbon beds toté]ly with another control device.
Carbon adsorption is effective on a smaller scale for reducing
fugitive emissions or for recovering VC from some exhaust
gases,

(Section 4.1.5)

Other Controls - These include steam boilers, flares,
refrigeration systems and containment devices. Boilers are

not usually used for primary control due to corrosion problems.
Efficiency of VC reduction in flares has not been determined.
Secondary bo]]utants (e.g., nbise, smoke) have also been noted
as a disadvantage of flares. Refrigeration systems are generally
used as part of recovery systems or as back-up control in case
of primary control breakdown. Containment devices are used to
reduce emissions to the atomosphere and include gasholders and
pressurized holding vessels. These devices collect vapors
from various equipment vents and feed the VC recovery system
and/or primary control device. They are also used in some
cases to collect and hold emissions when the primary control
is down for maintenance.

(Sections 4.1.3, 4.1.4, 4.1.7, 4.1.8, and 4.2.3.3.1)
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1.5 RELIEF VALVE DISCHARGES
Relief valve discharges cause short term excursions of VC emissions
and, according to EPA regional enforcement personnel, represent the

single most difficult enforcement problem.

Contention is caused by the warding in the regulation that

allows only "emergency" relief valve discharges.
(Sections 4.2.1 and 5.7)

Regional personnel indicate relief valve discharges continue
to occur, but the freguency and magnitude vary throughout the
industry. PVC reactors are responsible for the greatest
frequency and largest quantities of emissions, but nonreactor-
related discharges contribute approximately 34 percent of the
relief valve events and 20 percent of the total quantity

discharged.
(Section 4.2.2)

Reactor releases are affected by the type of polymerization
process and whether the newer reactors are employed. The
newer reactors are larger and incorporate more instrumentation.
They appear to provide better control over upset conditions
that could result in a relief valve discharge.

(Section 4.2.3)
Procedures for prevention of relief valve discharges vary from
plant to plant. Many of these procedures have reduced the
frequency of discharges.

1.6 RESIN STRIPPING
Because stripping techniques are different for each type and grade
of resin, a wide range of residual VC (RVC) content in the stripped

resin has been noted.

Suspension Resins - These resins represent the highest
percentage of total PVC production. The most widely used
stripping method is continuous steam stripping. Many
processors are attaining levels much lower than the required

400 ppm RVC - some less than 20 ppm.
(Section 4.3.2)
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. Dispersion Resins - Dispersion or emulsion resins are usually

vacuum stripped batchwise in the reactor or in separate batch
stripping vessels. Continuous stripping technologies for
dispersion resins are not as advanced as for suspension resins.
Required emission levels for dispersion resins (2,000 ppm) are
being met and, in some cases, processors are regularly achieving
levels below 1,000 ppm. Latex resins, produced by the dispersion
process and usualily sold undried, are required to meet a 400
ppm level. These resins are sensitive to heat and shear
stress, creating difficulties in stripping efficiently.
(Section 4.3.2)

) Bulk Resins - The characteristics of these resins (e.g.,
uniform porosity and size) enhance stripping efficiency.
Steam stripping (under vacuum) in the reactor is used for

these resins.
(Section 4.3.4)

. Solution Resins - Only one plant produces solution resins,

This process is unique among stripping procedures because no
particulate resin form exists. Stripping is a distillation
process with a high efficiency averaging levels of 10 ppm RVC.
(Section 4.3.5)
1.7 FUGITIVE EMISSIONS
Fugitive emissions represent one of the larger contributions to VC
emissions at EDC/VC and PVC plants.

] PVC plants appear to contribute more fugitives because of the
batch process characteristics and the prevalence of plants
witﬁ many oid small reactors. One study done by a PVC pro-
cessor indicated that, after installation of required equipment
to control fugitives énd implementation of leak detection and
elimination programs, a large reduction was achieved in fugitive
emissions. Emissions from their old small reactor system are
now 75 percent lower than the industry average fugitive emissions
as estimated in the original standard support study. Those

=
]
w
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from their newer large reactor systems are now 395 percent

Tower.
(Section 4.4.1)

] EPA Regional personne! indicate that almost all plants have
instalied the required equipment specified in the current
regulation and are following the required operational proce-
dures. Some plants have received approval for equivalent

equipment.
(Sections 4.4.2 and 4.4.3)

] The leak detection and elimination programs represent the
greatest variability among plants surveyed. Leak detection
programs and routine surveys with portable monitors vary
widely among the plants. In most cases, other requirements
have been addressed adequately (e.g., area monitoring and
plans to eliminate leaks) and fugitives have been lowered.

(Section 4.4.4)
1.8 REACTOR OPENING LOSS (ROL)

Control of this emission source is achieved through various
technologies and process modifications. Several methods have been
developed that are effective in reducing ROL emissions to levels below
those required by the regulation. "Clean reactor" technology has also
contributed to a reduction in emissions from this source. Selection of
the type of control (reactor purging) is based primarily on operating
preferences and economics.

There is a problem in emission level determination for those
processors whose resins are stripped in the reactor. Because actual
measurements cannot be made to ascertain RVC levels, determination is
based on calculations. These may not always be indicative of actual
emissions.

' V (Section 4.5)
1.9 ENFORCEMENT AND COMPLIANCE EXPERIENCE

Industrial representatives and regional EPA personnel cited several
areas of concern regarding enforcement and compiiance experiences under
the existing VC NESHAP. While many of these points were specific to
either industry or the EPA, several areas reflected viewpoints common to

(]
]
g
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both. Chapter 5 lists and discusses these cancerns. Enforcement of
relief valve discharges is the most common concern.

(Chapter 5)
1.10 UNREGULATED SOQURCES

Many of the sources not currently regulated under the VC standard
were jdentified during the original study. These include PVC compounders
and fabricators as well as processors using VC as a chemical inter-
mediate or producing it as a byproduct. The impiementation of the OSHA
workplace standard for VC has resulted in fabricators' receiving resins
with RVC levels of 10 ppm or lower. This has greatly reduced emission
levels from fabricating facilities. Facilities manufacturing certain
pesticides and trichloroethanes use VC as an intermediate, and emission
information on these processes was not obtained during this study phase.

Unregulated sources producing VC as a byproduct were contacted and
they reported that the small amount of VC involved was either incinerated
or recycled through recovery systems for use in polymerization processes
in another facility.

Other sources include mobile sources, nonplant transfer facilities,
solid waste drying facilities and disposal sites (landfills). Each of
these represents a potential VC emission source and each has been
identified as an area of concern by regional EPA personnel.

(Chapter 6)
1.11 IMPACT OF OTHER REGULATIONS

There has been substantial regulatory activity since promulgation
of the current VC NESHAP. The new regulations that will have an effect
in reducing VC emissions to the atmosphere are Prevention of Significant
Deterioration (PSD) of Air Quality, plans for nonattainment review, and
delegation of NESHAP authority, all under the Clean Air Act.  These
regulations call for the reduction of VC emissions below thoée previously
required by the VC NESHAP. Other new regulations that will also have an
effect on levels of VC emissions include the Resource Conservation and
Recovery Act (RCRA) for the control of hazardous wastes, the Toxic
Substances Control Act (TSCA) which regulates any new chemicals involved
in polymer development, and the Clean Water Act requiring the development
of effluent guidelines for VC as well as a possible VL drinking water

standard.
(Chapter 7)
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2.0 INTRODUCTION

2.1 BACKGROUND INFORMATION
The vinyl chloride (VC) standard was promulgated in 1976 under
Section 112 of the Clean Air Act (CAA), National Emission Standards for
Hazardous Air Pollutants (NESHAP), and is applicable to new and existing
sources of VC — those plants producing VC and/or polymerizing VC into
polyvinyl chlioride (PVC). The proposed NESHAP "Policy and Procedures
for Identifying, Assessing, and Regulating Airborne Substances Posing a
Risk of Cancer” would require that emission standards promulgated under
Section 112 be reviewed at intervals of no more than 5 years. These
reviews would be used to determine the need for revision of the emission
. standard.
VC was first implicated as a highly specific cause of angiosarcoma,
a rare cancer of the liver, by evidence from occupational exposures.
Following intensive study, the Occupational Safety and Health Administra-
tion (OSHA) promulgated a standard in 1975 to reduce occupational exposure
to VC, and the EPA promulgated a standard in 1976 to reduce atmospheric
VC emissions. Waivers of compliance were granted, in some cases for up
to 2 years, allowing industry to incorporate necessary controis.
The existing VC NESHAP (henceforth referred to as the reguiation)
is one of the most complex air emissions standards promulgated by the
EPA. The regulation is appliicable to three different types of facilities -
plants producing ethylene dichloride (EDC) by the reaction of oxygen and
hydrogen chloride with ethylene, plants producing VC by any process, and
plants producing one or more polymers containing any fraction of VC.
Research and development facilities containing a polymerization reactor
capacity greater than 0.2 cubic meters (50 gallons) but no more than
4 cubic meters (1100 gallons) are exempt from all parts of the regulation
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except the 10 ppm emission 1imit. Reactors less than 0.2 cubic meters
(50 gallons) are not regulated. Those reactors greater than 4 cubic
meters (1100 gallons) are subject to all requirements of the regulation.

Each of these facilities are subject to different standards at
numerous points in the manufacturing process — numerical emission limits,
equipment specifications, and work practice requirements (i.e., working
procedures that must be followed by plant personnel). Table 2-1 lists
each section of the regulation requiring a specific standard and the
type of plant subject to that standard. The current regulation is
reproduced in Appendix A.

Compliance with the current regulation is determined through testing
and monitoring results and extensive reporting and recordkeeping require-
ments (all of which are conducted by the plant). The plants are required
to report to the responsible Regional EPA office and EPA enforcement
personnel conduct standard compliance tests and review plant procedures
and records periodically. Requirements for reporting and recordkeeping
are §ummarized in Table 2-2.

2.2 SCOPE OF THE REVIEW STUDY

Periodic review of regulations is an important part of the standards
development program. The purpose of these reviews is to investigate the
control techniques applied to industrial processes for reducing VC air
emissions.
2.2.1 Areas of Concern

The review study conducted to assess the current VC regulation
concentrated on four areas of concern:

() Technologies being used for compliance,
) Existing sources identified during the original support study
but not subject to the current regulation,
° New emission sources not identified during the orig{nal support
study, and
] Enforcement and compliance experience.
Each of these areas served as focal points for research and appropriate
study methodology. The original study supporting the current regulation
(EPA, 1975) was thoroughly reviewed including all the information submitted
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to EPA under authority of Section 114 of the Clean Air Act (CAA).
Section 114 authority was also used to review Regional source files, but
no Section 114 information requests were sent to any subject sources.
A1l responses were given voluntarily and cleared of any confidential
material prior to inclusion in this report. The results presented here
will form the basis for preliminary recommendations for revision of the
current regulation and will identify additional research that is needed
to support these revisions.
2.2.2 Review Study Methods

The following methods were used to conduct the review study.

(] A Jiterature review was conducted using published and unpublished
information found in trade journals, EPA studies, EPA contractor-
conducted studies, other governmental agency studies, and
other pertinent references.

] EPA Regional personnel involved in enforcement and surveillance
of the VC emitting industries from Regions I, II, III, IV, V,

VI, and IX were consulted. Discussions were conducted during
regional office visits, by teiephone, and by mail.

° Representative plants in each region were visited (three
EDC/VC plants and eight PVC plants). An effort was made to
include old and new plants of each type as well as plants
using the various process types.

. Meetings were held with industrial representatives to discuss
control technologies currently used by their plants. Discussions
were also held with representatives of two of the industry'’s
trade organizations — the Society for the Plastics Industry
(SPI) and the Chemical Manufacturers Association (CMA).

) The EPA OAQPS and the Division of Stationary Source Enforcement
(DSSE) were also consulted.

Appendix B 1ists the locations, dates, and purposes of the meetings held
with industry and EPA personnel.

2.3 THE VC EMITTING INDUSTRY
2.3.1 Current Number And Geographical Distribution

There are 39 operating PVC plants and 18 operating EDC/VC plants (1
producing EDC only) in 18 states and 7 EPA regions. Table 2-3 shows the

2-9
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Table 2-3. GEOGRAPHIC DISTRIBUTION OF OPERATING
VINYL CHLORIDE-EMITTING PLANTS

Region State No. of PVC plants No. of EDC/VC plants
1 Massachusetts 3 0
11 New Jersey 6 0
New York 1 0
111 Delaware 2 0
Maryland 1 0
Pennsylvania 1 0
West Virginia 1 0
Iv Florida 1 0
Georgia 1 0
Kentucky 2 1
Mississippi 1 0
v I11inois 2 0
Michigan 1 0
Ohio 2 0
VI Louisiana 5 11
Oklahoma 2 0
- Texas 4 -
IX California 3. it
TOTAL PLANTS 39 18

SPL-0s114



distribution of these plants throughout the United States. (See Appendix C
for identification of these plants). The number of EDC/VC plants has
increased from 15 prior to promulgation of the regulation to 17 plants
currently in operation. Two of the original plants discontinued operation
and four new plants began operation. These new plants are identified in
Appendix C. During this period the approximate VC nameplate production
capacity increased from 3.1 teragrams (6820 million pounds) per year in
1974 to 3.7 teragrams (8200 million pounds) per year in 1980 (EPA, 1975;
Chemical Week, 1980a).

The number of operating PVC plants has remained consistent since
promulgation of the regulation. O0Of the 41 original PVC plants, 4 plants
have discontinued operation and 3 new plants have begun operation.
These newer larger plants, along with extensive expansions at several
other existing plants, have resuited in an approximate increase in PV(C
nameplate production capacity from 2.6 teragrams (5739 million pounds)
per year in 1975 to 3.4 teragrams (7600 million pounds) per year in 1980
(EPA, 1975; Chemical Week, 1980b).
2.3.2 Influence of the Standard on Industry

Promulgation of the regulation was followed by significant changes

in the VC industry. These changes included piant and eguipment moderni-
zation, process modifications, and redirection of some research and
development resources from the product itself to the areas of environ-
mental control. Economically, these changes were felt most acutely by
the older PVC plants that had to retrofit their processes with new
controls. Several EDC/VC and PVC plants were still in the design phase
during development of the regulation and the engineering was altered to
accommodate the new requirements. )

The cost (of compliance) to the VC industry for a 1l0-year period
(1977-1986) is estimated to be $765.7 million (1977 doilars). This
includes investments, capital, operating and maintenance costs for new
and existing plants (EPA, 1979).

A survey of 14 PVC producers indicated a 10-to-12 percent average
loss in production capacity as a result of compliance requirements
(Chemical Week, 1979). The reasons for lost capacity were due mainly to

the time needed to clean reactors and purge the different systems in an

2-11
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effort to reduce VC emissions prior to opening to the atmosphere. The
PV process may also need to be operated at a slower rate to strip
residual VC (RVC) from PVC resins in order to reduce emissions. The
production loss varies with the type of resin produced and stripping
technology used.

EDC/VC plants have expended capital to comply with the regulations,
mainly for add-on control equipment and modifications to processes.
Furthermore, state agencies regulating hydrocarbon emissions are stimu-
tating new technology for emission reduction. The main emphasis has
been in changing from air processes to oxygen processes in the EDC
process. This results in a lower volume emission to be combusted.

At the time of this review study, most of the EDC/VC and PVC plants
have completed many of the modifications discussed above and are
channeling their research and development resources back to product
development. Relatively few plants have ceased production during the
last 4 years. No EDC/VC plants have shut down; seven PVC plants have
closed (four on a temporary basis). Construction of new or modified
sourées is currently underway in many regions. A
2.3.3 Industrial Trends

From the standpoint of process and control, there is a significant
trend in the industry towards automation and computerization. Among
plants surveyed during the review study, processors utilizing these
types of advanced systems have attained a high level of compliance.

There is a definite trend toward the use of larger reactors in the
PVC industry. Economic and emission control advantages of these larger

systems are discussed in Section 4.0.

The tendency to minimize the number of PVC resin grades has also
been noted. ‘The "grocery store" processor, with many small reactors
producing multiple grades of resiﬁ, is leaning towards the processing of
fewer grades. One reason for this change is the difficulty and amount
of time required for stripping RVC from certain specialty resins (as
mentioned above).

Reduction of energy consumption at EDC/VC plants is also being
achieved through various process modifications. Steam consumption has
been greatly reduced by Stauffer Chemical who uses the EDC reactor heat

2-12
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in their purification reboilers and B.F. Goodrich who uses the heat of
reaction for purification (McPherson, 1978). Many companies are also
devoting more effort to make the "cracking” of EDC to form VC more
efficient and eliminate unwanted byproducts originating from side
reactions during the cracking. These trends will be discussed in more
detail in later sections.

The VC industry is currently experiencing a sales decline due to
the recession that occurred in early 1980. This decline is due mainly
to the depressed construction industry, a major consumer of PVC pipe.
(Forty percent of the PVC used in the United States goes into the
manufacture of pipe.) Because 96 percent of the VC produced by EDC/VC
plants is used in the PVC industry, a domino effect occurs. Currently,
EDC/VC producers are running their plants at an average 86 percent of
the first-quarter 1980 nameplate capacity while PVC producers are
running their plants at an average 65 percent of the first-quarter 1580
nameplate capacity (Chemical and Engineering News, 1980a; 1980b).

SPI-05114
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3.0 PROCESS DESCRIPTION

3.1 INTRODUCTION

This chapter describes processes used to produce vinyl chloride
(VC) and to polymerize VC into polyvinyl chloride (PVC) resins. The
most common method used for production of VC is dehydrochlorination
(cracking) of ethylene dichloride (EDC). Currently, there are four
polymerization processes being used to produce polyvinyl chloride resins
from VC.

Approximately 87 percent of the EDC, or 1,2 dichloroethane, produced
in the United States is used to produhe VC. Current commercial processes
that manufacture EDC for production of VC use a combination of ethylene,
chlorine, and oxygen (usually in the form of air) for feedstocks.
Hydrogen chloride (HC1) recycled from the cracking of EDC is also used
as feedstock. In general, the production of EDC is an intermediate step
in a combination of processes known as the "balanced process" for the
production of VC. Figure 3-1 shows a simplified process flow diagram of
an EDC/VC plant using the "balanced process." Table 3-1 summarizes the
potential emission points and regulation requirements for control of
each point in each process step shown in Figure 3-1. The requirements
of the regulation will be discussed in more detail as the different
process steps are described.

Polyvinyl chloride is one of the most versatile thermoplastics
manufactured in the United States today. PVC resins are noted for their
excellent chemical and physical properties. They are easy to process,
cost relatively little to make, are self-extinguishing (when ignition
source is removed) and can be compounded with other resins (Shreve,
1977, p. 589). Products fabricated from PVC resins can be either
flexible or rigid.
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Consumption of PV(C resins totalled 2.6 teragrams (5.6 x lO9 pounds) in
the United States in 1978, and consumption of PVC thermoplastics was
second only to consumption of low density polyethylene (Hatch, 1979,
p. 176).

3.2 PRODUCTION OF ETHYLENE DICHLORIDE (EDC)

In the "balanced process" (see Figure 3-1), ethvlene dichloride is
produced by two different methods 1) direct chlorination, and 2) oxy-
chlorination. EDC is first produced by direct chlorination of ethylene
(CHZCHZ) with chlorine (C]z). Direct chlorination may be simply expressed
as

CHZCH2 + 2
This process varies with the technology employed but usually yields a

¢, catalyst, CICH,C1.

high conversion rate; approximately 95 percent to 98 percent of the
ethylene reacts and 99 percent of the chlorine reacts (Nass, 1577,
p. 20). Byproducts and unreacted chlorine and ethylene are removed
during purification by scrubbing and distillation. The purified and
dried EDC is then "cracked" (dehydrochlorination by pyrolysis) to produce
VC. Approximately one mole of hydrogen chloride (HC1) is produced for
every mole of VC formed during the cracking process.

The HC1 byproduct from cracking is recycled as a feedstock to form
EDC by a second process, oxychlorination. The reaction that occurs in
the oxychlorination reactor may be simply expressed as

CH,CH, + 2HCT + 0, —C2ELYSE ¢y CICH,CT + Hy0.

An oxychlorination reactor uses the available HC1 formed from the EDC

cracking process in the "balanced process." EDC produced in the oxy-
chiorination reactor is usually routed through the same purification
system used for the direct chlorination reactor.

There are currently a number of licensed process variations for
EDC/VC production. The most common licensors in the United States are
B. F. Goodrich, Stauffer Chemical, Pittsburgh Plate Glass, Dow Chemical,
and Ethyl. In some instances, combinations of these process variations
are used.

Section 61.60(a)(1) of the regulation states that EDC production by
reaction of 02 and HC! with CHZCH2 (oxychlorination) is subject to
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requirements in the regulation of EDC production (see Table 2-1). The
direct chlorination step used to produce EDC is not required to meet
stipulaticns of the regulation. Regulation of the oxychiorination step
is needed because HC] generated in the cracking furnace, which is recycled
for oxychlorination feedstock, contains VC, which is also formed as a
byproduct in the oxychlorination reactor. Therefore, VC may be released
from the oxychlorination vent and may contaminate the EDC product stream.
3.2.1 Direct Chlorination of Ethylene

Typically, direct chlorination of ethylene is carried out in a
liquid-phase reactor. Although vapor-phase reactors are available,
better temperature control is realized with the liquid EDC medium, and
dilution gas for safety reasons is not necessary. In the liquid-phase
reactor, the reactants (ethylene and chlorine) are bubbled up through

liquid EDC. Mechanical agitation may aiso be used to promote solubility
(Nass, 1977). Operating temperatures normally range from 50°C (120°F)
to 70°C (160°F) and pressures range from 400 kilopascals to 500 kilo-
pascals (4 atmospheres to 5 atmospheres) (Nass, 1977, p. 20). Metallic
chlorides may be used as catalysts for this free radical process. Iron
chlorides seem to be most prevalant in commercial processes, although
aluminum, copper, and antimony chlorides are also used (Milby, 1978,

p. 16).

The EDC product from direct chlorination may be contaminated with
1,1,2 trichlorethane and the metal chloride catalyst, both of which must
be removed before the EDC can be cracked to VC. Although direct chlori-
nation has not been cited as being a source of VC emissions and is not
subject to the regulation, the operations could possibly become contami-
nated by VC. If ethylene separated from vent or product gases in the
oxychlorination reactor is recycled to the direct chlorination process
(McPherson, 1979, p. 78), the ethylene could be contaminated by VC
formed as a byproduct in the oxychlorination reactor.

3.2.2 Oxychlorination of Ethylene

An important development in the "balanced process" was the start-up
of the first large scale oxychlorination unit in 1858. The oxychlori-
nation process (see Figure 3-1) allows the production of VC from two

(8]
]
(8]
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chemical feedstocks, chlorine and ethyiene, without coproduct formation
{(McPherson, 1979). The process can take place in two types of reactors,
a fixed-bed reactor or fluidized-bed reactor. Fluidized-bed reactors
are capable of better temperature control because of the excellent
intermixing of reactants and catalyst.

In the fixed-bed reactor, the catalyst is packed in tubes; however,
hot spots can form in the reactor tubes if the catalyst migrates (usually
in the direction of process flow). Heavy concentrations of catalyst in
one or more areas accelerates the reaction rate and the subsequent
heating may cause an increase in byproduct formation.

Temperature control in the oxychlorination reactor is important
whether fixed-bed or fluidized-bed configurations are used. If tempera-
tures exceed 325°C (600°F), an increase in byproducts such as VC is
noted along with the burning of ethylene to form carbon monoxide (CO)
and carbon dioxide (COZ). An increased deactivation of the catalyst may
also occur at the higher temperatures (McPherson, 1979, p. 78).

A11 oxychlorination reactors use copper chioride for the reaction
catalyst (Albright, 1967, p. 219). Sodium or potassium chioride can be
mixed with the copper chioride to lower the meiting temperature of the
salt mixture and to reduce the vapor pressure of the copper chloride,
hence increasing catalyst life. Catalyst for both types of reactors is
supported on a solid porous material such as alumina or silica.

A new oxychlorination process has been developed by the M. W. Kellogg
Company. In this process an aqueous solution of copper chlorides is
used as catalyst and reactants are bubbled up through the catalyst.

Some of the advantages of this process are high product yield, excellent
temperature control, the use of aqueous solutions of HC1 as feedstock,
and simultaneous chlorination as well as oxychlorination (Nass, 1977,

p. 23). There are no known commercial producers currently using the

M. W. Kellogg process of oxychlorination.

Oxychlorination reactors incorporate large rupture discs as a
safety measure. The rupture disc would allow pressure to escape to the
atmosphere in the event of an explosion. Over-pressure due to an
accelerated reaction is not an item of concern (DiBernardi, 1980).

Thus, there are no specific requirements in the regulation for rupture

discs on oxychlorination reactors.
3-6
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The oxychlorination process vent is subject tc the current regulation.
Emissions from oxychlorination reactors must not exceed 0.2 grams cf VC
per kilogram of the 100 percent ECC product. This emission limit can be
met by an add-on control device such as an incinerator or by process
modifications.

The use of oxygen instead of air in the formation of EDC by this
process greatly affects the quantity of inerts (e.g., nitrogen) that are
vented from the oxychlorination process. When air is used as a feedstock
material, emissions from the oxychlorination vent are large in volume
and low in hydrocarbon content. Large amounts of inerts increase the
work that must be done to condense the product stream in order to separate
EDC and unreacted ethylene.

Byproducts found in the oxychiorination product stream can include
VC, vinylidene chloride, ethyl chioride, 1,1-dichloroethane, 1,2-dichloro-
ethylene, trichloroethylene, chioroform, carbon tetrachloride, methyl
chloride, methylene chloride, chloral, and high boiling compounds (McPherson, 1979,
p. 78). These byproducts must be removed prior to cracking the EDC to
produﬁe VC.

Acetyiene in the HC1 feedstock recycled from the cracking furnace
is used to form 1,1,2 trichloroethylene. This byproduct is not easily
removed in the EDC purification step and reduces product yield in the
cracking furnace. One method of eliminating 1,1,2 trichlioroethylene
formation is hydrogenation of the HC1 feedstock. Hydrogenation is a
catalytic reaction that eliminates the acetylene by converting it to
ethylene.

3.2.3 Purification of Ethylene Dichloride

In order to prevent fouling of the dehydrochlorination reactor
(cracking furnace), the EDC cracked to form VC must be highly pure, at
least 99.5 percent. Also, any moisture in the stream must be removed to
prevent corrosion in equipment from the HC1 generated during the cracking

process. Typically, process vent streams purified are those from direct
chlorination of ethylene, oxychlorination of ethylene, and EDC recovered
from the dehydrochlorination process (see Figure 3-1). Because the
purification process is used to purify EDC recycled from the oxychlorination

(P
i)
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unit and the cracking furnace, VC ccntamination is possible. For this
reason Section 61.62 requires that all exhaust gases discharged to the
atmosphere from the purification process not exceed 10 ppm VC uniess tne
equipment is out of service or opened. Prior to opening any equipment,
Section 61.65(0)(6) of the regulation requires that the quantity of V(
in the purification equipment be reduced to 2.0 percent by volume or
0.0950 cubic meters (25 gallons), whichever is larger, at standard
temperature and pressure (STP).

The first step of EDC purification is usually a water quench followed
by caustic scrubbing. This step removes catalyst and unreacted chlorine -
from the direct chlorination process stream.

Water that comes in contact with VC is termed "inprocess wastewater."
This water is returned to the process or must meet "inprocess wastewater"
requirements of the regulation before being discharged to other wastewater
treatment facilities. The current regulation prohibits the discharge of
"inprocess wastewater" containing more than 10 ppm VC.

Water and low-boiling impurities such as VC, ethyl chloride,
vinylidene chioride, chloroform, and methyl chloride, generated in the
oxychlorination reactor, are removed by a light ends distillation column.
Pure, dry EDC is taken overhead from a second distillation coiumn which
removes compounds of a higher boiling temperature. Gases taken overhead
from the 1ight ends distillation column are stored in a recovery tank
and may subsequently be sold. Tars from the heavy ends distillation
column can be fractionated to recover soluble components and the remains
incinerated to recover chlorine as HC1 (McPherson, 1979, p. 80). All
vent gases from processes and storage vessels in VC service (defined in
the regulation as containing 10 percent by volume or more VC) are required
to be controlled to 10 ppm or less VC.

Ethylene dichlioride condensed from the dehydrochlorination process
stream requires purification to remove byproducts formed during cracking.
Special treatment is needed to remove chloroprene which can polymerize
inside the light ends distiilation column and trichloroethylene which
forms an azeotrope (mixture with constant boiling point and distilling
off in a fixed ratio) with EDC. Trichloroethylene may inhibit dehydro-
chlorination if allowed to accumulate in the EDC. These two byproducts

(€%
U
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are usually removed by chlcrination prior to distiliation (McPherson,
1979, p. 79).

A method for formation of HC1 from the light ana neavy ends
distillation column byproducts has been developed. The method employs
catalytic oxidation of the byproducts separated by the purification
columns with air and other added reactants. The HC1 formed by this
method is used as feedstock for the oxychlorination unit.

3.3 PRODUCTION OF VINYL CHLORIDE

A11 VC is currently produced in the United States jointly with EDC
using the "balanced process" method; however, VC manufactured by any
process is covered by the current regulation (see Table 2-1). VC
concentrations in all exhaust gases from the formation (cracking) and
purification of VC cannot exceed 10 ppm.
3.3.1 Formation of Vinyl Chioride by Dehydrochlorination of EDC

Thermal dehydrochlorination, commonly known as cracking, is the
separation of hydrogen and chlorine from 1,2-dichloroethane (EDC) yielding
vinyl chloride (CH2=CHC1) and hydrogen chloride (HC1) at about a one to
one molar ratio. The cracking of EDC may be simply expressed as

CHZC'ICHZC'I _— CHZCHC'I + HC1.

The non-catalytic method seems to be preferred over the catalytic method
(Nass, 1977). The typical cracking furnace operates at pressures between
2 megapascals to 3 megapascals (20.0 atmospheres to 30.0 atmospheres)
and at temperatures between 450°C to 650°C (840°F to 1,200°F) (Albright,
1967, p. 223). Operating the furnace at high pressures results in an
increased yield, fewer byproducts, and allows easier separation of the
VC product from unreacted EDC and byproducts. Conversion rates are
normally kept between 50 percent and 60 percent in order to minimize
byproduct formation. Research is continuing in the development of
cracking promoters and inhibitors of side reactions in pyrolysis chemistry.
Considerable energy and cost savings could be achieved through increased
conversion levels without concurrent losses of EDC to undesirable side
reactions (McPherson, 1979, p. 87).

The process stream from the cracking furnace is condensed to separate
the VC product and unreacted EDC which is recycled back to the process
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(see Figure 3-1). Some systems quench the process stream with crude EDC
to reduce formation of byproducts and to partially condense ECC from the
proauct. Byproducts formed in the furnace reactor tubes in addition to
HC1 are tars, carbon, chloroprene, butadiene, and trichloroethane.
Carbon and tars tend to foul reactor tubes in the furnace so the tubes
need to be opened and cleaned periodically.
3.3.2 Purification of Vinyl Chloride

The VC in the product stream from the cracking furnace must be

separated from byproducts formed during cracking and unreacted EDC (see
Figure 3-1). The first steb in purification of the product stream as
mentioned above is normally a quench of the hot effluent with liguid EDC
or the condensation product from the cracking furnace. The product
stream exits the quench column and is condensed and fed to a distillation
column. In this column, HC) is separated from the product stream.
Acetylene and some ethylene byproducts wili alsoc come off with the HCI,
and HC1 treatment by hydrogenation may be necessary if the HC1 is to be
used as a feedstock for the oxychlorination step. The EDC, VC, and
remaining byproducts are then fed to a second distillation column where
VC is distilled.

Methyl chloride and butadiene will come off with VC, depending on
the efficiency of the fractional distillation system. Methyl chloride
formation in the cracking furnace can be reduced by addition of chlorine
or anhydrous HC1, or by selective hydrogenation (Nass, 1977). The
remaining crude EDC is returned to the EDC purification step of the
process. The VC taken overhead from the second column is stored in
pressurized vessels for eventual shipment to PVC plants or other
facilities using VC. In instances where the PVC plant is very close to
the VC producer, VC can be delivered by pipeline.

3.3.3 Emissions for Typical EDC/VC Plants

Prior to promulgation, EPA estimated VC emissions from the 17
existing EDC/VC plants to be approximately 11 gigagrams (24.2 million
pounds) or approximately 15 percent of the nationwide VC emissions (EPA,
1975). The original study done in support of the existing regulation
identified uncontrolled VC emissions from four areas within an EDC/VC

:-10
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plant producing 316 gigagrams per year (700 million pounds per year).
These four areas were the EDC purification iight ends vents, the VC
finishing column, the oxychlorination vent and fugitive emissions sources
(see Figure 3-1). Total emissions from this plant were calculated to be
approximately 1.4 gigagrams (3.1 million pounds) of VC per year.

3.4 PROCUCTION OF POLYVINYL CHLORIDE )
Four polymerization processes are being used currently to manufacture

PVC resins:
] suspension,
. dispersion (emulsion),

. bulk (mass), and

. solution.

Figure 3-2 shows a generic flow diagram for PVC production by the suspension
and dispersion processes. The potential emission points for each of the
process steps shown in Figure 3-2 are-listed in Table 3-2 along with a
summary of regulation requirements for control of emissions.

Many companies have licensed some phase of their particular process
such as stripping technology or clean reactor technology which will be
discussed in subsequent sections. The Ticensing of these process phases
has evolved from the intensive research work done to reduce residual VC
(RVC) levels in finished resins, 1imit worker exposure, and reduce
emissions to the atmosphere.

After polymerization, VC may be present in any of three forms in
the polymerization reactor depending on the particular process. VC will
always be present separately as a gas or liquid in the reactor and will
also be trapped within the newly formed poiymer resin. In the suspension,
dispersion, and solution processes, VC will also be trapped in the
process water.

The resins produced by a process are categorized as to the "type"
of resin. Those processes responsible for more than one variation of
their type of resin are further subdivided into "grades." The resin
grade is developed to allow compounding and fabrication to yield the
desired product. Figure 3-3 shows the resin types, the compounds, and
the various fabrication processes. PVC fabrication will be discussed in
more detail in Section 6.1.1.

3=
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A plant manufacturing polymers containing any amount of polymerized
VC is subject to the current regulation. The requirements of the regulaticn
listed in Table 3-2 will be discussed in more detail below.
3.4.1 Free Radical Polymerization

Polymerization is the chemistry of combining simple molecules

(monomers) into 1ohg chains of repeating molecular units (polymers).

There are two types of polymerization - addition and condensation. PVC
resins are commerically produced by addition polymerization and, in
general, polymerization is induced by the use of free radical initiators
(Nass, 1977, p. 34). Thermal decomposition of the initiator, which is
combined with the VC and other constituents in the polymerization reactor,
yields free radical molecules having one unshared electron. This free
radical reacts with additional VC molecules by removing an electron from
the VC double covalent bond and sharing an electron with the free radical.
The remaining unshared electron moves along the chain becoming the new
radical bond site. Another VC molecule may then become a part of the
polymer chain by reacting with the polymer radical,

H Cl H (1l
P Lo
R-+C=¢C »R=-C~-C-
. b
H H H H
Radical + VC molecule -~ Polymer radical

Radicals are transferred from the polymer by a reaction with a VC
monomer to yield a polymer and free radical. The transfer reaction
increases with increasing temperatures. This characteristic of the
reaction kinetics allows a desired molecular weight to be obtained by
controlling reaction temperature (Cameron, 1979, p. 39).‘ Radicals are
also transferred by reacting with hydrogen atoms obtained from VC or
solvent in the reactor. Another way of transferring radical sites from
the growing polymer chain is by using chain transfer agents (CTA).

These CTA's are used to regulate the molecular weight of the polymer to a
desired level. 1In all transfer reactions, the radical is released and

able to initiate another polymerization reaction. The reaction is

terminated when two polymers with radical sites are combined. Polymerizaticn
rate is controlled by choice of the appropriate initiator.
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The polymerization reaction is exothermic and the reaction rate
must not be allowed to acceilerate to the extent that the heat of reac-
tion cannot be removed by reactor cooling devices. Reaction rates tend
to increase as the temperature increases. If the heat of reaction is
not removed, a runaway reaction can develop and the rapid increase in
temperature will increase the pressure inside the reactor vessel beyond
safe limits.

The monomer structure of VC is capable of several variations in
chain structure, but free radical polymerizations generally produce
atactic structures (random orientation of monomer unit in chain struc-
ture) (Nass, 1977, p. 46). Tendency towards syndiotactic structure
(regular alternating orientation of the monomer unit in the chain struc-
ture) and crystallinity are both increased by reduced polymerization
temperatures.

3.4.2 Unloading of VC at PVC Plant Sites
Under the current regulation VC emissions from loading and unloading

lines, which are opened to the atmosphere, must be reduced in the opened
lines to 0.0038 cubic meters (0.13 cubic feet) or less at standard
temperature and pressure. Aiso, the VC removed from loading and unloading
lines in order to meet this requirement of the regulation must be vented
to a control system from which the concentration of VC in the exhaust
gas does not exceed 10 ppm (see Table 3-2). When PVC plants are not
located close enough to receive VC by pipeline, it is shipped by raiicar,
tank car, barge or marine vessels.

The VC is normally unloaded at PVC plants by displacement. This is
accomplished by pumping vapor.from storage tanks into the transfer
vessel which displaces the liquid VC from the transport vessel through
the unloading line. When the liquid VC is displaced, the compressor
line is reversed and used as suction to evacuate remaining liquid as
vapor. The remaining liquid VC is allowed to boil during tank car
evacuation for its removal as a gas. This vaporization of the VC usually
takes 20 to 30 minutes (Mukerji, 1977, p. 155). Lines between tank car
compressor and storage tank can be switched without disconnection by
incorporating a 4-way valve in the pumping lines. Instrumentation of
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the system usually inccrporates a turbine meter, a flow totalizer to
measure the VC flowrate and quantities unloaded, and storage tank level
indicators.

Unloading and transfer lines may be purged with nitrogen to reduce
VC to the required level before disconnection of the unloading lines.

In some cases, the portion of the unloading line which is opened to the
atmosphere has been reduced to diminish the amount of VC that will
escape to levels below those required by the regulation.

3.4.3 Mixing, Weighing and Holding Vessels

Storage spheres, storage tanks, weigh tanks, gasholders, wastewater
storage tanks, knockout pots, and surge tanks are representative of
vessels covered under Section 61.64(c) of the regulation for mixing,
weighing, and holding vessel (see Table 2-1). These vessels are used to
hold liquid or gaseous VC and PVC slurry during various stages of the
PVC process. Some of these vessels were open to the atmosphere prior to
promulgation of the VC regulations, but have since been enclosed and are
usually ducted to the recovery system and/or the primary control device.
The number and types of vessels will vary from plant to plant depending
on the size and type of process Used to produce the PVC resin.

Section 61.64(c) of the regulation requires the concentration of VC
in all exhaust gases discharged to the atmosphere from mixing, weighing,
and holding containers "in-VC-service" not to exceed 10 ppm (see Table 3-2).
Any piece of equipment that contains or contacts a fluid that is 10 percent
by weight, VC, or gas that is at least 10 percent by volume, is considered
"in-VC-service." There are no requirements in the regulation for mixing,
weighing or holding containers used in the process after the stripping
of the PVC resin provided resin stripping is used.

3.4.4 Suspension Polymerization

The suspension process for producing PVC resins (see Figure 3-3) is
characterized by the formation of polymers in droplets of the liquid VC
(or other co-monomers) suspended in water. These droplets are formed by
agitation and the use of protective colloids or suspending agents.
Protective colioids commonly used are water-soluble polymers such as
modified cellulose or partially hydrolyzed polyvinyl acetate. The
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process is started by evacuating the polymerization reactor to remove
oxygen and other contaminants that may inhibit the reaction initiator
(see Section 3.3.1). Water and VC may be simultaneously added to

the reactor with the protective colloids, or they may be added separately
(water and colloids first, followed by the liquid monomer). The water
used is deionized and deaerated in order not to inhibit free radical
initiator formation. Water and other ingredients charged to the reactor
must be carefully measured prior to charging because a level indicator
for reactors has not been commercially developed. In some cases the
reactor is on a scale and the amount of material charged is weighed in
the reactor. More often, a separate weigh tank is used to measure
materials charged to the reactor. A flow meter can be used to record
the amount of water added. Reactor operators manually charge additives
that ére used in small proportions. The initiator is usually the last
ingredient charged to the reactor. Initiators commonly used in the
suspension process are peresters, peroxycarbonates, peroxides, or azo
compounds. The initiators are soluble in VC and allow formation of PVC
in the monomer droplets.

After all materials are in the reactor, the batch is brought up to
the reaction temperature by passing steam through the reactor jackets
which allows free radical initiators to be formed. Reaction temper-
atures are varied in order to produce a resin grade of a particular
molecular weight. Once polymerization is initiated, the reaction becomes
exothermic and cooling water must be circulated through the reactor
jacket to remove heat of reaction. In some instances reflux condensers
have also been used to control reaction temperature and remove excess
heat.

After approximately 6 hours in the reactor, the batch temperature
and pressure drop. This signifies that nearly all the VC has reacted
(75 percent'to 90 percent of the VC usually reacts) and the remaining or
residual VC (RVC), which is in a liquid or gaseous state or trapped in
the resin particles, must be stripped. This RVC is usually stripped
with steam under vacuum. The suspension process yields a particle size
distribution of a much wider range than the other polymerization pro-
cesses. Particle size may range from 90 micrometers to 130 micrometers
(0.0035 inches to 0.0050 inches) with low to medium molecular weights.

Tet0
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The regulation requires that RVC levels for suspension resins not
exceed 400 ppm of the PVC product. PVC resin, unreacted VC (in the
water, in the headspace, and trapped in the resin) and water are the
constituents remaining in the reactor after polymerization. This polymer
slurry may be steam=-stripped of RVC batchwise in the reactor or in a
separate vessel. B. F. Goodrich has developed a continuous Stripping
operation which strips the resin with steam running countercurrent to
the PVC slurry. Most plants strip batchwise with steam in separate
vessels or in the continuous stripping column. In all cases, water
accompanying the PVC product is stripped with the slurry and then removed
by centrifugation.

Batch stripping procedures use temperatures up to 87°C (190°F) and
a vacuum of 91 kilopascals (27 inches of mercury) or more (Nass, 1877,
p. 83). Heat is applied by steam injected directly into the batch or by
steam passed through the reactor wall jackets. If stripping is used to
meet RVC levels, any downstream processes or equipment (e.g., water
treatment, vents from mixing tanks, centrifuges, dryers, etc.) are not
required to meet any other requirements of the regulation.

After stripping, the batch is transferred to blend tanks which mix
the batch with other batches to ensure product uniformity. The mixed
batches are then fed to a continuous centrifuging operation that separates
the polymer from the water in the slurry. Both mixing tanks and centri-
fuges are vented to the atmosphere if stripping is utilized. The water
from centrifuging is not required to be stripped of VC because most of
the VC is removed during resin stripping. Therefore, the centrifuge
water is recycled back to the process or discharged to the plant's
wastewater treatment system.

The wet cake from centrifuging is conveyed to a rotary dryer for
further removal of the remaining (usually 25 percent) moisture (Nass,
1977, p. 83). Most of the RVC not removed during stripping will be
released during the drying operation. Counter-current air temperatures
in the dryer range from 65°C to 100°C (150°F to 210°F). Drying time is
generally short, but large volumes of air containing RVC are released.
After drying, the resin may be screened to remove agglomerates. The
resin is then bagged or stored in silos for bulk shipment by trucks or

rail car.
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Uniformity of suspension resin batches is dependent on control of
variables such as:

. impurities (noncondensable gases present in the reactor prior

to polymerization or impurities in raw materials charged to
the reactor),

° rate of temperature increase to reaction temperature,

] agitation speed and schedule (speed varies as the s1hrry

becomes more dense),

. charging rate of raw materials, and

. temperatures of raw materials charged.

In some of the newer PVC facilities these variables are closely monitored
by levels of computer control. In the older plants many variables such

as cooling water flow rates, pump operation, agitator motors, temperature,
and pressure are monitored and controlled manually from the control room
panel or at the reactor. More versatility is possible with computer
assistance. A reactor linked to computerized control elements can

produce different grades of resin by using programs designed to yield
specific reactor conditions (e.g., agitation, temperature, amount, and
type of materials charged) that will produce the desired resin product.
Computers can also monitor operating conditions and respond to emergencies
(such as high pressure in the reactor). They can be programmed to take
necessary action to bring an upset condition under control, e.g., choosing
the best compensatory action.

The use of large reactor systems has increased quality control and
allowed incorporation of equipment and procedures that reduce VC emissions.
Large reactors, approximately 8,000 gallons (30 cubic meters) and up,
offer lower plant cost, improved product uniformity, and increased
productivity. A .more detailed discussion of reactors is included in
Section 3.4.8.

3.4.5 Dispersion Polymerization

Although dispersion (emulsion) resins are formed in reactors similar
to those used for suspension type resins, reaction kinetics of polymer
formation vary greatly. In general, dispersion resins are of a high
density with small particle size. The process is initiated by charging
the necessary ingredients (water, liquid, VC, emulsifiers, and a free
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radical initiator) to an evacuated reactor. Proportions of these
ingredients and other minor additives will vary depending on the type of
resin and the resin grade. Emuisifiers (soaps and surfactants) are used
to disperse VC in the water phase. Soap micelles (i.e., colloidal
aggregates that are formed above a critical emuisifier concentration)
also contain small amounts of VC and are the site of polymer formation.
Initiators used are water soluble (versus VC soluble initiators used in
suspension polymerization) and penetrate soap micelles to begin poly-
merization. Commonly used initiators are hydrogen peroxide, organic
peroxides, and peroxydisulfates.

Two general types of resin are produced by the dispersion process -
latex and dispersion. If the latex type resin is to be produced, only a
smali amount of VC and initiator are normally charged. The reactor is
heated by injecting steam into the reactor jackets to initiate formation
of free radicals. Agitation is used to disperse the monomer and other
ingredients in the water medium. Once polymerization begins, the heat
of reaction is removed by circulation of cooling water through the
reactor jackets. Small amounts of initiator and monomer are then con-
tinuously added during polymerization until the correct particle size is
attained. Conversion of VC to latex polymer is almost compiete. Latex
resin particle sizes range from 0.05 micrometers to 2 micrometers.

The residual VC is removed from latex resins by completely reacting
the free VC with additional catalyst (post-catalysis). This is done in
the reactor or in a separate vessel. The regulation requires that latex
resins be stripped to 400 ppm RVC. Latex resins are usually soid in
solution, and drying or separation of resin from the polymer slurry is
not necessary. .

The process for formation of dispersion type resins follows that
described for latex resins except that more monomer is added to allow
particles to grow to a larger size. In some cases the process may call
for “seed" latex. The "seed" latex is formed by starting a batch in a
separate reactor. Before this batch reaches 60 percent conversion it is
transferred to other reactors with more VC and emuisifiers. This allows
formation of larger emulsion particles which are used in plastisol and
stir-in resins. These dispersion type resins range from 0.2 micrometers
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to 5 micrometers in particle size and are more sensitive to heat and
mechanical agitation than suspension resins. Because the dispersion
resins are more sensitive, stripping the resin may take longer because
Jower stripping temperatures are used. The regulation requires that
dispersion type resins be stripped to 2,000 ppm RVC.

After polymerization is complete, the dispersion resins are usually
spray dried. Spray-dried resins contain emulsifiers that inhibtit the
absorption of plasticizers. In many applications where heat is applied
during fabrication, this property is acceptable because the heat melts
the resins which allows plasticizer absorption. In some fabrication
processes (such as calendering), plasticizers must be absorbed prior to
fabrication because temperatures used are not high enough to melt the
resin. If removal of the soaps from the dispersion resin is desired,
coagulation of emulsifiers with salts is usually perfbrmed. The salts
{caicium or magnesium) are added to the polymer slurry and the emulsi-
fiers precipitate and are rinsed out with water. The resin and water
are then separated and the resin is dried in a rotary or pan dryer
(Erdman, 1980).

3.4.6 Bulk Polymerization
Buik (mass) polymer resins are produced by a two-stage polymerization

process. A simple diagram of the bulk process is shown in Figure 3-4
and requirements of the regulation for bulk piants are summarized in
Table 3-3. The first stage is the formation of a "seed" resin in a
vertical pre-poiymerization (Pre-Po) reactor. The "seed" resin is
transferred to a horizontal post-polymerization (Po-Po) reactor in the
second stage of the process. More VC is added to the Po-Po which allows
the "seed" resin to grow in size to the finished resin product. The
bulk process differs from the dispersion process in that no water is
used in the reaction - the process is anhydrous. The bulk process used
in this country is .licensed by Rhone-Poulenc of France. A new version
of the Rhone-Poulenc process utilizing a vertical Po-Po reactor is now
available, but is not currently being used in the United States.

The Pre-Po reactor is charged with liquid VC and enough initiator
to carry the reaction to approximately seven to twelve percent conversion.

Initiators used are those commonly used in the suspension process - an
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0il soluble, free radical catalyst (Nass, 1977). The Pre-Po reactor is
brought to an operating temperature of 40°C to 70°C (130°F to 184°F) by
injecting steam intc the reactor jackets. Strong agitation is used to
form small particles of approximately 1 micrometer (Nass, 1977, p. 75).
These small particles provide the 'seed" that grows in size to form
resin beads in the Po-Po reactor. The remaining liquid VC and seed
resin are pumped to the Po-Po reactor at approximately 7 to 12 percent
conversion.

Total cycle time for the Pre-Po is 2 hours (Dubec, 1980) which is
normally one-fifth the duration of the Po-Po cycle. Thus, one Pre-Po
reactor can be used to feed as many as six Po-Po reactors.

After the "seed" polymer and remaining liquid VC is pumped from the
Pre-Po to the Po-Po, more VC and initiator are added to the Po-Po for
completion of the reaction. Small amounts of additional additives may
be charged to the reactor for heat stability and particle size control
(Dubec, 1980). The number of PVC particles in the Po-Po is determined
by the amount of seed resin charged from the Pre-Po. The “seed” resin
absorbs the VC and at about 20 percent conversion the batch becomes
solid and powdery, thus the agitator in the Po-Po must be of rugged
construction. When the conversion to PVC has reached 70 percent to
90 percent, steam is injected and a vacuum is pulled on the reactor to
remove RVC from the resin particles. This represents the bulk stripping
procedure that takes place in the Po-Po reactor. Exhaust gases from
this stripping procedure afe vented to recovery and the primary control
so that VC emissions do not exceed 10 ppm. VC recovered from the reactors
is sent back to the charge tank for reuse. The regulation requires bulk
resins to be stripped to 400 ppm RVC as determined on a dry solids
basis.

In producing PVC resins by the bulk process, temperature is the
major control variable for determining the molecular weight of the
polymer. One disadvantage of the bulk process is that there is not a
good medium for heat transfer from the polymer reaction to the reactor
wall. Reflux condensers are used to help control the reactor vessel
temperature. The condensers remove gas from the reactor headspace,
condense the gas, and then return the liquid VC to the reactor. Heat
from the gas is removed by cooling water in the reflux condensers.
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The Po-Po is opened after every batch for cleaning. VC concentrstions
that are emitted when the Po-Po reactor is opened may be determined by
actual measurement or by calculation as approved by the Administrator.
Polymer removed from the Po-Po reactor (already dry) is pneumatically
conveyed to screens that remcve oversize particles. Batches may be
biended to improve product uniformity.

Bulk resins range in size from 0.1 to 1.0 micrometers and exhibit
excellent qualities for dry-blending compounds. The beads are of uniform
size and porosity which allows uniform absorption of plasticizer. Also,
because suspending agents and surfactants are not used, the finished
resin has a higher purity and therefore better heat stability than
suspension or dispersion resins (Nass, 1977, p. 75).

3.4.7 Solution Polymerization

PVC produced by the solution process typically consists of copolymers
of VC and polyvinyl acetate. Only one company is producing resins by
this process in the United States. A simple diagram of the solution
process is shown in Figure 3-5 and requirements of the regulation are

summarized in Table 3-4.

The solution process is continuous and liquid VC, vinyl acetate,
solvent, and initiator in solution are fed to a polymerization reactor
which operates at low temperatures. Conversion to copolymer is approxi-
mately 60 percent to 70 percent. The copolymer resin solution is removed
continuously and fed to a stripping operation that removes the soivent.

VC and vinyl acetate are soluble in the solvent. The monomers and
solvents are mixed and charged to the reactor separately from the initiator
solution. The copolymer formed is soluble in the solvent and forms a
homogeneous solution. Typical solvents listed in the literature for
this type of process are N-butane; aliphatic alcohols, ketones, esters,
and hydrocarbons; aromatic hydrocarbons; and chlorinated hydrocarbons.

No resin particles are formed by the solution process .and RVC is
stripped by distillation. Distillation takes place in a conventional
trayed coiumn. Acetone vapors are used to strip VC from the copolymer
resin solution. The acetone vapors taken overhead from the distillation
column are sent to a VC recovery system and then recycled back to the

process.
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After stripping, the resin in sclution is reccvered by precipitaticn.
A constituent is added to the solution reducing the soluticn solubility
of the copolymer resin and aliowing the copoiymer to precipitate.
Copolymer resins are then separated by centrifugation. The resins are
rinsed with water to prevent the particles from sticking together. The
rinsed resins are flash dried and then are penumaticaily conveyed to
storage silos or packaged for shipment. Solution resins are used by
casting and coating fabricators to provide thin coatings for food and
beverage containers. Solution resins are highly pure because emulsifiers
or suspending agents are not used in the process.

3.4.8 Polymerization Reactors

The design of the reactors used in the various polymerization
processes is important for controlling resin quality. Polymerization
conditions (e.g., temperature, pressure, and agitation) within the
reactor are primary control variables in the production of PVC resins.
These operating conditions along with reactive constituents charged to
the reactor produce the various resin grades.

Reactor emissions are subject to several sections of the current
regulation (see Table 2-1). Requirements of Section 61.64 of the
regulation specify the foliowing emissions limits:

0 Concentration of VC in all exhaust gases discharged to the
atmosphere must not exceed 10 ppm except for emergency relief
valve discharges.

0 Reactor opening loss (ROL) emissions are not to exceed 0.02 grams
VC per kilogram of PVC product.

Leakage from reactor agitator seals and relief valves are covered under
subsections 61.65(b)(3v) and 61.65(b)(4), respectively, which require
installation of double-mechanical seals on agitator shafts and installation
of rupture discs upstream of relief valves; connecting relief valves to
process lines or recovery system or equivalent as approved by the
Administrator. Equivalency clauses for these equipment requirements are
included under Sections 61.65(b)(3v) and 61.65(b)(4).

Both suspension and dispersion (emulsion) type resins are produced
in a similar reactor under similar conditions and thus will be discussed
together. Bulk (mass) type resins are produced in a two-reactor system.
Solution type resins are the only PVC resins commercially produced by a
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continuous process in a reactor similar to a distillation column. A
discussion of various reactors follows.

Reactors for Suspension and Disperzion (Emulsion) Type Resins

The following reactor parameters are common to suspension and
dispersion processes:
] Reactor Size and Number - each plant may have from 4 to more

than 50 reactors. Reactors currently being used in the United
States range in size from 11.3 cubic meters to 169.5 cubic
meters (3,000 gallons to 45,000 gallons) (Khan, 1978, p. 17).
The larger reactors with a 23 cubic meter (6,000 galion)
capacity and larger are relatively new (early 1970's) and are
being used to reduce variability in product quality and increase
production capacity. With larger and fewer reactors, incorporation
of sophisticated controls is less expensive. on a cost-per-pound
tasis.

. Reactor Construction - reactors are of stainless steel,

glass-lined carbon steel, glass-lined stainless steel or
stainless steel-1ined carbon steel construction. Choice of
material is dependent on corrosion resistance required and
desired lifetime of reactors (Khan, 1978, p. 17). In larger
reactors where wall thickness approaches 0.025 meters (1 inch),
a stainless steel-lined carbon steel reactor offers an advantage
for thermal conductivity (Cameron, 1979, p. 45). This is
necessary in order to dissipate heat of reaction from the
larger amounts of polymer slurry. In small reactors, where
heat conduction is not as critical, glass-lined reactors are
used. The glass lining on the smaller reactors helps to |
prevent polymer build-up on the reactor wall which will normally
be hotter than the reactor wall on a large reactor.

o Operating Temperature and Pressure - for suspension Eesins,

temperature of the reactor is usually about 55°C (Khan, 1979,

p. 75) and is maintained as a function of the resin properties
desired. This normally produces reactor pressures of 515 kilo-
pascals to 810 kilopascals (5.1 to 8.0 atmospheres). Dispersion
resins are more sensitive to heat and are processed at lower
temperatures (lLamorte, 1978, p. 23).
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Agitation - mixing blades are usually of either retreat curve
or turbine-type and provide the agitaticn speec that Zirectly
affects product quality (Cameron, 1973, p. 45). In suspension
polymerization, agitation is often operated at lower speeds
than in dispersion polymerization because intense agitation of
dispersion resins results in poor control of particle size
(Nass, 1977, p. 94). Agitation speed is variable and is
determined by the type of resin particle desired. The use of
baffles in the reactor is also important to produce a better
size distribution of particles. The tubular-finger baffle and
single-blade baffle are used and in some instances their
positioning can be set from outside the reactor. Power reguire-
ments of the agitator drive motor are usually monitored by an
amperage meter. This monitoring instrumenf is important
because loss of agitation reduces heat transfer to reactor
walls and a runaway reaction could occur.

Cleaning - in order to produce high quality resins, the internal
surface of the reactor must be kept clean. After several
batches, polymer build-up occurs where liguid polymer slurry
contacts the reactor walls. Polymer build-up is also formed
on areas of the reactor that are not in contact with the
slurry. This formation on surfaces other than the walis is
due mostly to a reaction of VC in the gas phase with oxygen, a
common contaminant in the reactor. Regardless of cause, if
polymer build-up is not removed, small flakes of the polymer
will contaminate the next batch. These flakes do not absorb
compounding ingredients (e.g., plasticizers, stabilizers) and
produce areas known as "fish eyes" in the finished resin
product.

The most common cleaning practice involves opening the
reactor manways to allow plant personnel access to clean the
reactor interior. This may be done manually by scraping the
walls or by fitting a high pressure water cleaning system into
the reactor manway. Prior to opening, the ROL requirement
must be attained. In order to meet this requirement some

3
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method of reactor evacuation is required. The evacuation
method used to attain the ROL is usually a time-consuming
procedure and resuits in reduced production capacity. These
procedures will be discussed in detail in Section 4.5. To
reduce these reactor openings for cleaning purposes, high
pressure water jets have been installed within some of the
newer reactor vessels. Also, solvent cleaning systems have
been used by several companies - a solvent solution is passed
through the reactor several times to remove polymer build-up.
Some have found this technique successful while others have
abandoned the approach because of high cost and potential
toxicity of the solvent., The use of a chemical treatment of
the the reactor walls after cleaning has also been successful
in preventing polymer build=up. This chemical, which is
usually proprietary, is applied to the reactor walls prior to
polymerization.

. Relief Valves and Rupture Disks - relief valves and rupture

discs are safety devices on the polymerization reactor vessel.
These devices open directly to the atmosphere under abnormal
high-pressure conditions. If the pressure in the reactor
vessel increases beyond a safe limit, the relief valve or
rupture disc relieves the pressure in the vessel. Without

this safety feature a vessel could rupture. Causes of increased
pressure conditions will be discussed in Section 4.2. Relief
valves used for reactor safety are set at approximately 50 to
100 pounds over normal operating pressure. Conventional
relief valves allow a reactor to depressurize and, if operating
properly, the relief valve will close or reseat again after
pressure is reduced.

Reactors for Bulk Resins

A description of bulk reactors follows:
. Reactor Size and Number - the bulk process uses two types of

reactors for polymerization of VC - the pre-polymerization
(Pre-Po) reactor where the reaction is initiated and the
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post-polymerization (Po-Po) reactor where the reaction is
completed. The Pre-Po reactor usually has a 2,200 gallon
capacity (Dubec. 1980) and cycle time is short (apout Z nours;
in order to supply seed resins to other Po-Po reactor. The
Po-Po capacity is normally 4,400 gallons (Holbrook, 1980).

Reactor Construction - both Pre-Po and Po-Po reactors are of

stainless steel construction with water jackets for>coo]ing.
The Pre-Po reactor vessel stands upright with the agitator
shaft entering at the top. The Po-Po reactor vessel is
horizontal with the agitator shaft entering at one end.
Operating Temperature and Pressure - polymerization temperature
in the reactors is normally between 40°C to 70°C (120°F to
158°F) producing VC vapor pressures in the reactor of between

500 kilopascals to 1,200 kilopascals (5 atmospheres to 12
atmospheres). Temperature.control is much more critical in
the bulk process because there is no water to transfer heat to
reactor walls. In addition to reactor jacket cooling water,
reflux condensers are used to remove heat by condensing gaseous
VC from the reactor and returning it as liquid VC.

Agitation - agitation in the Pre-Po is by a flat bladed,
turbine-type agitator and is much stronger than the agitation
used in the Po-Po. This stronger agitation is necessary to
produce small seed particles of the required size distribution
(Goiran, 1980). Baffles are used to prevent formation of a
vortex (whirlpool). Agitation in the Po-Po is by a ribbon
blender which results in less extensive and slower agitation
(Schoultz, 1977, p. 654). The particle size produced is
dependent on the agitation history in the Pre-Po reactor.
Cleaning - polymer build-up in the Pre-Po is slow because
polymerization only reacts to 7 to 12 percent conversion.
Cleaning may only be necessary every 5 to 50 batches depending
on the resin product (Dubec, 1980). The Po-Po is opened for
cleaning after every batch for manual cleaning because the
dry, powdery resin adheres to the reactor walls and agitator
blades (Dubec, 1980).
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) Rupture Disc and Reiief Valves - the same as those used on

suspension/dispersion reactors.
Reactors for Solution Resins

Polymerization reactors in the solution process operate on a continuous
cycle as opposed to the batch cycle of reactors used in suspension,
dispersion, and bulk processes. Heating to initiate the solution process
is supplied by hot water that is passed through coils inside the reactor.
The solution process is run at lower temperatures than the other processes
and over-pressure problems are rare (Erdmann, 1980). Heat of reaction
is removed by reflux condensers. Agitation is provided by an external
pump cycle that circulates the reactants through the reactor.

Relief valves and rupture discs are used on the solution reactor
for safety purposes. Rupture discs are set at pressures higher than the
relief valve. Reactor relief valve discharges from an accelerated
reaction are uncommon in the solution process. Most relief valve releases
that occur are due to premature rupture disc failure.

Polymer build-up is not a probliem in the solution reactors. When
cleéning is necessary, pure solvent is circulated through the reactors
for cleaning. Reactors are only opened for maintenance and inspection
procedures.

3.4.9 Emissions for a Typical PVC Plant

The study done in support of the current regulation identified 41
existing PVC plants. The VC emissions from these 41 PVC plants totaled
85 gigagrams (187 million pounds) per year in 1974, which represented
approximately 85 percent of the total nationwide emissions of VC.
Emissions data submitted by PVC producers were used to caiculate emissions
estimates for seven areas within a typicalvPVC plant producing 68 gigagrams
(150 million pounds) of PVC resin per year. These four areas of potential
emissions from the. typical plant were as follows:

. Reactor and Stripper Losses — this area includes safety relief

valve and reactor opening losses.

) Monomer Recovery System — after recovery of VC from the process,

the unrecoverable V{ was discharged to the atmosphere (these
emissions are now controlled with the primary control device).

(€3]
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) Slurry Blend Tank, Centrifuges, Dryers and Storage 5ilos -

these four areas are combined into sources after resin stripping.

. Fugitive Emissions Sources.

The total emissions from the typical PVC plant were approximately
2.7 gigagrams (6.0 million pounds) of VC per year.

Emission data were aiso compiled for VC losses during equirment
purges. These purges represent VC lost when equipment is taken out of
service for maintenance or inspection. This equipment purging contributed
an additional 833 kilograms (1834 pounds) per year.
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4.0 CONTROL TECHNIQUES USED TO COMPLY WITH THE
EXISTING EMISSION STANDARD

Tables 4-1 and 4-2 jdentify control technologies that can be applied
to potential emission points from EDC/VC and PVC plants. Tables 4-3 and
4-4 show the estimated emissions reductions that result when the typical
EDC/VC and PVC plants, developed during the original standard support
study (EPA, 1975), comply with the applicable current standard. Actual
emissions are lower because the majority of plants surveyed have lower
Tevels than required by the current standard with the possible exception
of relief valve discharges. Primary control devices are reducing
emissions, in most cases, well below the 10 ppm level for exhaust gases.
EDC/VC plants using a pure oxygen (or combination oxygen and air) feed-
stock for the oxychlorination reactor and/or incinerating the oxy vent
have reduced emissions below the standard. Fugitive emissions from new
large reactor plants are 95 percent lower than those emissions from
typical plants in 1975 (Holbrook, 1980a). Most PVC plants are stripping
resins to lower levels than required and new purging methods have been
developed to reduce reactor opening losses.

The following sections discuss the control technoliogies that industry
is currently using to accomplish the various requirements of the regulation
and to achieve actual emissions reductions. Improvements and new
developments in control technology since promuigation of the regulations
are also discussed.

4.1 DISCHARGE OF EXHAUST GASES TO THE ATMOSPHERE
4.1.1 Introduction

The current regulations require that the discharge of exhaust gases
to the atmosphere bé controlled to meet a set standard. The sources of
these exhaust gases, the applicable standards, and control technologies
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Table 4-3.

COMPLIANCE WITH CURRENT REGULATION

EMISSION REDUCTION FOR 316 Ga/yr EDC/YC FACILITY IN

a b Estimated
Uncontrolled Regulated actual
Emission Current emissions emissions emissions
source standard (kg/yr) (kg/yr) (kg/yr)
Relief valve Non-preventable Unknown Non-preventable 1,950°
discharges discharges only discharge
Primary control 10 ppm 916,400 3,160 3,160°
Oxychlorination 0.02 kg/100 kg 113,760 50,150° 25,000f
vent EDC product
Fugitive Work practice and 379,200 37,9209 1¢,000"
emissicns equipment standarg
Tota) emissions 1,409,360 91,230 40,110
+ non-preventable
discharges

and Engineering News, 1980a).
kg for the 4-year period.

this study.

based on very 1imited data (DeBernardi, 1981).

Represents emissions from EDC/VC meeting current standard; actual emissions are Jower.

Assumes balanced process and 100 percent conversion during EDC cracking.

Based on EPA emissions estimates developed from emissions data submitted by industrial sources.

Based on relief valve discharge data from Table 4-7 and EDC/VC production data for 1977-1980 (Chemical
Production for the 9 EDC/VC plants was estimated to be 6,325 million
An emission factor of 6.2 kg VC per million kg produced was used.

Due to the relatively small amount of emissions involved, a new estimate of emissions was not made in
Data on hand indicate that emissions may be lower than those shown.

Estimate represents an average of emission levels ranging from plants using only air and not incinerating

the oxy vent (and still meeting the standard) to those using oxygen and incinerating. This estimate is

9 Assumes 90 percent reduction following installation of required equipment and implementation of leak
detection and elimination programs.

4-5

Based on results of a fugitive emission study done in an EDC/VC plant (Blacksmith, et al,, 1980).
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Table 4-4. EMISSIONS REDUCTION FOR 68 Gg/yr PVC FACILITY IN
COMPLIANCE WITH CURRENT REGULATION

a b Estimated
Uncontrolled Regulated actual
Emission Current emissions emissions ) emissions
source standard (kg/yr) (kg/yr) (kg/yr)
Primary control 10 ppm 326,400 680 sact
Relief valve Non-preventable 136,000 Non-preventable 4,780d
discharges discharges only discharges
Combined sources 400 ppm - suspension, 850,000 27,200 13.600e
after resin latex, and bulk
stripping [2000 ppm - dispersion] . [136,000)] {74,800]
Fugitive Work practice and 1,040,400 108,80C 25,500
emissions equipment standard
Reactor opening 0.002 kg/100 kg 312,800 1,360 1,350g
loss PYC product
Total emissions 2,665,600 138,040 45,920
[246,840] [107,120]
+ non-preventabie
discharges

-

-]

Based on EPA emissions estimates developed from emissions data submitted by industrial sources.

Represents emissions from PV( plant meeting current standard; actual emissions are lower except for
relief valve discharges. )

Because of the relatively small amount of emissions involved, a new estimate of emissions was not
made in this study. Emissions may be lower than those shown here because plants are presently
controlled lower than 10 ppm. )

Based on relief valve discharge data from Table 4-6 and total PVC production for 1977-1980 (Chemical
and Engineering News, 1978; ibid. 1980b). Emission value includes 580 kg/yr for nonreactor relief
valve discharges and 4,200 kg/yr for reactor relief valve discharges. Production for the 23 PVC
plants was estimated to be 5800 millfon kg for the 4-year period. An emission factor of 70.2 kg VC
per million kg PVC product was used. ’

Based on an average of stripping levels reported by industrial sources.

Estimation quoted from SPI, based on B.F. Goodrich fugitive emission study (delaCruz, 1981).

Because of the relatively small amount of emissions involved, a new estimate of emissions was not
made. Emissions may be lower than those shown.

4-6
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are presented in Tables 4-1 and 4-2. (See Figure 3-1 and 3-2 in
Section 3.0 {(Process Description) for locations of process steps). A
complete copy of the regulation can be found in Appendix A.

The most common primary control technologies currently used for
exhaust gases from EDC/VC plants and PVC plants are incineration, solvent
absorption, and carbon adsorption. .

Because only emission levels greater than 10 ppm are currently
reported, there is no way to know how effectively exhaust gas controls
are working. In fact, levels may be much less than 10 ppm most of the
time. Results of the initial compliance tests required for primary
control devices following the 2 year waiver period give an indication of
the effectiveness of these devices. However, only one initial source
test was required and, in most cases, the control device was operating
at peak performance. The effectiveness of the control devices over long
periods of time and under variable plant conditions is not known.

The current standard allows no excess emissions during periods
of control equipment shutdown and for this reason most plants maintain
back-up control equipment to provide emission control when primary
exhaust gas control equipment is not operating. Some of these secondary
devices are duplicates of the primary systems (e.g., parallel
incinerators) that are capable of handling 100 percent of plant exhaust
gas discharge emissions, enabling the plant to maintain full production
status. Other back-up systems are potential primary control devices
(e.g., incinerator back-up for a soivent absorption system). Some
plants use temporary measures for back-up control such as short term
storage vessels while others merely maintain an inventory of spare parts
for the single primary control device. There are several plants that do
not have any back-up control systems.

In the original standard support document, several technologies
were identified for possible control of VC emissions in exhaust vents.
These control technologies are being used by the industry and are
discussed in the following sections.

4.1.2 Incineration

In the plants surveyed during this review study, incineration

represented the most prevalent method of exhaust gas emission control.
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In those plants not using incineration as primary control, it is usually
used as a back-up for the primary control system. Many of the plants
maintain two incinerators so that control is provided if one is out of
service.

Waste streams containing chlorinated hydrocarbons such as VC are
more difficult to combust and higher temperatures of combustion are
usually required in comparison with non-chlorinated hydrocarbon waste
streams. Combustion temperatures of 980° to 1,100°C (1,800° to 3,000°F)
have been recommended for efficient destruction of halogen-containing
hydrocarbons by thermal oxidation. However, many of the VC sources
surveyed that use thermal oxidation are operating their incinerators at
much lower combustion temperatures.

A disadvantage to incineration is that it is a destructive
control method. No VC is recovered and in those cases when waste heat .
has been recovered, no return has been shown.

The methods of incineration used in the VC industry are thermal and
catalytic. The incineration method used most often is thermal oxidation.
Inc&neration temperatures for VC emission control range from 760°C to
1,290°C (1,400°F to 2,350°F) with residence times of 0.5 seconds to
2.0 seconds. One company has recently tested a back-up incinerator at a
combustion temperature of 540°C (1,000°F). Results showed average VC
concentrations of 0.26 ppm. The following data show the results of
their tests with a range of incineration temperatures. These tests were
performed to determine compliiance and were observed by a Region IV
representative as well as members of the Kentucky Division of Air
Pollution Control. At the time of the tests, the plant (an EDC/VC
facility) was operating under conditions stipulated by EPA compliiance
test parameters, ji.e., at least 90 percent capacity (Holbrook, 1980b).

Combustion Average VC
temperature concentration
540°C (1,000°F) 0.26 ppm
650°C (1,200°F) None detected
870°C (1,600°F) None detected
980°C (1,800°F) 0.18 ppm
4-8
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One of the major VC and PV( producers has extensively studied
incineration technology and they report that the large size and high
temperatures (used in conventional thermal incineration) are not always
necessary for efficient combustion of VC. This manufacturer uses a
smaller (Brulé) incinerator as a back-up control in its PVC plants. The
incinerator and stack are lined with a ceramic material that allows the
unit to reach optimum temperature within a few hours. A large surge
tank contains the exhaust gases until the incinerator comes up to
temperature and regulates the flow to the unit. The incinerator is
heated to 704° to 760°C (1,300° to 1,400°F) using supplemental fuel. At
this point the vinyl chloride waste stream is fed to the incinerator
which raises the energy content of the stream, thus causing a reduction
of the supplemental fuel feed. A temperature of 870° to 3880°C (1,600°
to 1,800°F) is maintained which burns the exhaust gases to less than
1G ppm VC (Varner, 1980).

Auxiliary fuel usage in thermal oxidation systems varies according
to processes. One EDC/VC plant adds methane during direct chlorination.
This both enhances the combustion of vinyl chloride as well as provides
a "fuel-rich" mixture in the reactor to avoid explosion. Some EDC/VC
plants use pure oxygen instead of air as feedstock for the oxychlorination
reactor. As mentioned in Section 3.1.2, this minimizes the venting of
inerts, provides more efficient incineration, and greatly reduces auxiliary
‘fuel usage. These plants view the reduced energy consumption as an
economic advantage. The use of pure oxygen would seem to be a measure
to attain compliance with other hydrocarbon standards (such as volatile
organic compounds (VOC)) (Brittain, 1980a).

There are several approaches to the control of the EDC oxychlorination
reactor vent (oxy vent). Some EDC/VC plants do not incinerate the
oxychlorination vent gas but, instead, meet the standard by process
modifications (e.g., incorporation of vapor phase catalytic reaction)
(DeBernardi, 1980). There may be high concentrations of VC emissions
during start-up, shutdown and unstable operating conditions. Some
plants incinerate the oxy vent during these periods (Brittain, 1980b).
Oxy vent emissions are potential candidates for regulation (for VOC) by
State Implementation Plans (SIP) and New Source Performance Standards
(NSPS) programs.

2-9
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Incinerators are equipped with fiame arresters or flasn-back
preventative devices necessitated by the hydrocarbon-oxygen content of
the waste streams. Because combustion of halogen-containing hydrocarbons
results in the formation of HC1, quench systems for cooling and caustic
scrubbers for HCi removal are incorporated when reguired by state
regulations. _

Continucus monitoring of incineration stacks and compliance tests
have shown VC levels rangirj from '"non-detectable at 0.1 ppm" to "less
than 10 ppm" according to regional enforcement personnel.

The following problems have been identified with thermal incineration
systems.

) Incinerator overloading. When VC levels are too high the rich
mixture of combustibles leads to elevated temperatures and
results in maintenance problems. Some plants have solved this
problem by using a surge vessel (such as a gasholder) to
provide a constant feed to the incinerator.

° The thermal incineration process can be a source of secondary
air and water pollution (e.g., HC] and C]z generation from
combustion and high total dissolved solids (TDS) levels from
scrubbing).

) Supplemental fuel and high maintenance reguirements represent
additional expenses. Q(ne of the major maintenance
items - “downcomers" (connections between furnace and quench
system) — has been estimated to cost $6,000 to replace when
corroded, and replacement may be necessary as often as once
each month. Overall annual maintenance costs for incineration
have been reported around $100,000 (for PVC plant incinerators
designed to handle over 45 kilograms per hour VC). A PVC plant
(with a production rate of 68 gigagrams of PVC resins
per year) uses 26.5 cubic meters (7,000 gallions) of No. 2
fuel 0i1 per month to keep their dual incincerators hot
(Dubec, 1980).

. Monitoring is difficult due to temperature fluctuations and

moisture condensation. Some plants have solved this problem
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by using a system that removes moisture prior to anaiysis
(Laundrie, 1980).
. Location of the incinerator requires 'safe ragius” considerations.
Catalytic incineration systems are currently used by at least one
plant for primary control, and at least one other plant is experimenting
with them. Energy requirements for catalytic oxidation are approximately
one-third of that used for thermal oxidation without heat recovery. The
plant using catalytic incineration passes the exhaust gas vapors through
a wash 0il scrubbing system. This hydrocarbon o0il contacts the stream
in the vent condenser line countercurrently, recovers vinyl chloride,
and provides a stable load to the incinerator. This is an experimental
procedure serving more of a VC recovery function than an emission control
purpose.
Problems with catalytic incineration include:
. Surge capacity. Assuring even flow into the incinerator
has presented a problem for some plants.
. Catalyst pollution. Organic halides pollute and degrade the
catalyst which is expensive to replace.
. Conversion to other chlorinated hydrocarbons.
. Efficiency. These units reportedly remove less than 60 percent
of the VC in the oxychlorination process.
Waste heat boilers can be used in conjunction with incinerators;
they are used for steam generation for heat recovery.
4.1.3 Steam Boilers
None of the plants surveyed use steam boilers as primary control.
wWhen used, they are maintained for back-up control. The long term
reliability of these units is limited by the corrosivity of the viny]l
chloride stream. One plant is considering the use of “expendabie”
boilers as a back-up for this reason.
4.1.4 Flares
The use of flares is generally restricted to back-up control.
Generally speaking, a flare would be installed to accommodate streams
from a large chemical complex in order to reduce hydrocarbon emissions.
One plant uses a flare as an equivalency to the use of a rupture disc
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upstream from the safety valve. (This represented an approval cn the
basis of an equipment standard as opposed to an emission standard.)

In

this case the relief vaive would discharge directly to the flare.
Parameters for usage were specified (Brittain, 1980a). Regional EPA
personnel discourage the use of flares because they cannot be tested or
monitored reliably. There are other objections to the use of flares.

0 A destruction efficiency of S0 percent can be calculated and
therefore it is Agency poclicy to allow their use only on
exhaust gas streams containing 100 ppm VC or less (Uilrich,
1981).

0 There is a need for a large capacity, low pressure vapor/
liquid separator.

. The safe radius restriction can be prohibitive for flare
location. For example, this radius woula be 170 meters
(560 feet) for a 17,000 kilojoule per square meter (1,500 Btu
per square foot) per hour radiation density at ground leveil
(Finch, 1980).

) Secondary pollutants (e.g., noise, hydrogen chloride, smoke)
are produced by the flaring process, thus elevation or
isolation of the flare is required.

. Capital costs. Installed capital costs for elevated flares
range between $40,000 and $700,000; ground flares cost between
$30,000 and $900,000.

° Energy use consideration. For general consideration, the
guantity of steam required can be assumed to be 0.4 kilogram
steam per kilogram of hydrocarbon (0.4 pounds of steam per
pound of hydrocarbon) (Neveril, 1978, p. 5-76). Also, the
dilute gas streams present in both EDC/VC and PVC plants
cannot burn without the addition of natural gas or other fuel.
A1l the heat produced is wasted.

One company has two flares - one servicing the large chemical
complex and the other installed specifically for PVC process emissions.
The latter was originally designed for emergency releases. The stack is
99 meters (325 feet) tall, thus overcoming the "safe radiation distance"
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prob]em. Two vessels (cne dry knock-out (KO) drum and one water-sealed
drum) provide enough knock-out volume capacity to keep the ligquid from
the top of the stack. The flare has never been used for that "worst-
case" condition but it does handle periodic small relief valve discharges
(non-routine emergencies). Ninety-eight percent of the rupture
disc/relief valve combinations are tied into the flare at that facility.
One disadvantage of the use of a flare for VC emissions is the smoke
inherent in burning the emissions. Even with a discharge of 15 to
20 seconds duration, the smoke emanating from the flare lasts for 1 to
2 hours, creating problems with state opacity regulation (Kachtick,
1980).
4.1.5 Carbon Adsorption

This method is used as primary control in only a few of the plants

surveyed. More often it is used in conjunction with other control
devices (usually incineration). Most of the regional EPA personnel and
industrial representatives felt that carbon adsorption alone is not
effective in reducing discharge emissions to below 10 ppm.

PVC plants are successfully using carbon adsorption systems as
primary control. (It is possible that the competition from hydrocarbons,
other than VC, found in exhaust streams at EDC/VC plants prevent the use
of carbon adsorption systems.) The most practical application of carbon
adsorption control technology would be in PVC plant monomer recovery
systems, closed slurry blend tanks, and storage areas because of the
high VC concentration and low volume streams found in these areas. One
EDC/VC plant uses a very small carbon adsorption system — two 0.4 cubic
meter (110 gallon) carbon-filled vessels run in series — at their marine
loading dock. This is a portable system which is regenerated by passing
hot nitrogen through the carbon beds and into the incinerator
(DeBernardi, 1980).

Two PVC plants using carbon adsorption as primary control for
exhaust gases use a double bed system. When a probe at the outlet of
the bed indicates an approaching 5 ppm level (as an indicator of break-
through), the waste stream is diverted to the other bed while the first
bed is being regenerated. Continuous monitors on these units show the
systems to be effective in reducing VC emission levels to below 10 ppm
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(Battye, 1978). Back-up control for one plant is a boiler. With the ¥C
levels from carbon adsorption below 10 ppm, the boiler can aiso
accommodate effluent from the adsorber without HC! corrosion problems.

The following disadvantages have been cited for carbon adsorption
systems.

. Regeneration of the beds requires high energy usage.

° Treatment of regenerating gas streams requires another control

device (e.g., incineration).

] Polymerization of VC on the carbon beds is a potential problem.

. With new regulations on hazardous waste treatment and disposal

(RCRA), eventual disposition of the contaminated carbon could
be a problem.

] Carbon adsorption represents higher capital costs than solvent

absorption and incineration. '
4.1.6 Solvent Absorption

Four of the plants surveyed use solvent absorption as primary
control for exhaust gases. (A1l of these are PVC plants although the
principles of solvent absorption can apply to exhaust gas control in
EDC/VC plants.)

The vent gas absorber system used by the major producers incorporates
the same figure-eight solvent absorption technology described in the
original standard support document, with proprietary modifications to
improve efficiency. The function of the vent gas absorber is to strip.
and recover residual VC. The recovered VC is then reused in polymerization.

The vent gas absorber system consists of two packed columns. In
the first column the VC gas is absorbed by the lean solvent which enters
at the top. The non-absorbables and a small quantity of solvent are
then vented to the atmosphere from the top of the column.

The VC-rich solvent.is passed through a heat exchanger on its way
to the stripping column. In the stripping column the solvent is heated
to remove the VC that comes off at the top and is returned to the process.
The Tean solvent comes off at the bottom of tﬁe column. The warm, lean
solvent passes back through the heat exchanger and another cooler before
returning to the stripping cotumn for another cycle. The vent gas




absorber system described above was ceveloped by B. F. Gooarich wnc
plans to license the technology; it is commercially available. The only
otner solvent absorption system usec by tne piants surveyed in this
study is a proprietary system designed by the company using it.

The efficiency claimed by the plants using the vent gas absorber
system is 99.99 percent. Capital investment is slightly more than for
incineration but less than for carbon adsorption. Utility costs for the
solvent absorption system are greater than for incineration but less

‘than those for carbon adsorption; however, VC recovery, achieved in the
vent gas absorber system, results in a substantial credit to the system.

B. F. Goodrich regards the safety advantages of their vent gas
absorber system as significant. The VC from the feed stream is absorbed
in cold solvent and the non-absorbables (containing oxygen) and a small
quantity of solvent are vented to the atmosphere at the top of the
absorbing column. In this operation the cold solvent acts as a built-in
heat sink. As the VC is absorbed by the solvent, it is removed from the
absorber and further contact with any oxygen in the feed stream. Even
though a small volume of gas passes through the explosive range, the
cold solvent heat sink makes the operation safe.

Because there is no flame associated with the operation of a vent
gas absorber (as with incineration) it can be located close to other
parts of the PVC process. In addition, B. F. Goodrich claims that the
unit has a low environmental pollution potential even though séme small
amount of solvent is released to the atmosphere. The solvent is
proprietary, commercially available, inexpensive, and reputed to be low
in toxicity. )

4.1.7 Refrigeration

This method of controlling exhaust gases is used only in conjunction
with other control devices to reduce the load on these downstream systems.
Condensation of VC and water reduces the volume of gases to be handled
by primary control systems. Use of refrigeration is usually limited to
monomer-recovery systems and in some cases, installation of refrigeration
units was in response to hydrocarbon control for SIP compliance.

>
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A typical application of this ccntrol technology in a recovery
system can be illustrated as follows: Vents from compressor relijef
valves, pumps, transfar lines, weigh scales, condensers and knockout
pots, and slurry and wastewater strippers would go to a common holding
vessel. VC from this vessel would be recovered through compressing and
condensing the monomer in a refrigeration unit. The noncondensable
stream from the recovery system would be vented to a surge tank or
gasholder which would vent to the incinerator (Laundrie, 1980).

The above description represents a monomer-recovery system for a
plant utilizing 18 reactors with an average capacity of 19 cubic meters
(5,000 gallons). Equipment includes seven 0.2 cubic meters per second
(400 cfm) vacuum pumps, two compressors (one 0.2 cubic meters per second
(400 cfm) and one 0.1 cubic meters per second (200 cfm)) and two
0.01 cubic meters per second (30 cfm) vent compressors.

4.1.8 Other Controls

One EDC/VC plant in Region VI uses a separate fixed-bed oxychlorination
reactor to receive only the oxy vent exhaust stream. The reactor converts
VC to heavier chlorinated hydrocarbons which are used in other processes
(Brittain, 1980a).

In the past several years a number of procedures have been proposed
for the removal of vinyl chloride from gas streams. Some of these
systems that have been developed, but are not in current use by the
plants surveyed in this study, follow (Sittig, 1977).

Reaction with ozone. The disadvantage of this method is that it is

slow and requires long residence times to reduce the VC content of the
gas stream to 1 ppm or less. In addition, it is difficult to meter
ozone into the gas streams in amounts that will destroy substantiailly
all of the VC without leaving an appreciable amount of ozone in the
effluent gas. There are also environmental problems arising from the
presence in the effluent gas of ozonides formed by the reaction of vinyl
chloride with ozone.

Reaction with ozone in the presence of activated carbon. This
process (patent assigned to Tenneco Chemicals, Inc.) is one in which VC
is removed from gas streams that contain from 10 ppm to 1,000 ppm of VC

by contacting the gas stream with ozone in the presence of activated
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carpen. The gas streams treated in this way contain iess than approximately
1 ppm of vinyl chloride and no detectable amount of ozone cr ozonides.
Another process {patent assignea to Stauffer Chemicai Company) is also

one in which the stream contacts ozone but without activated carpon.

The process can be used to treat gas streams that arise in the ethylene
oxvchlorination processes, ethylene dichloride cracking operations, VC
polymerization processes in which VC is a monomer or comonomer{ ventilation
streams from areas in which VC is or may be present, processes for

preparing vinylidene chloride, and poiymerization processes in which
vinylidene chloride is utilized as a monomer or comonomer.

After reaction with ozone, the gas stream contains hydrogen chloride,
oxygenated compounds such as carbon dioxide and water, and can contain
phosgene and partially oxygenated hydrocarbons such as methanol.

Contacting the treated gas stream with an aqueous medium is
advantageous because products of the reaction are removed from the gas
stream and partially oxidized hydrocarbons can further react with any
unreacted ozone present in the gas stream. The aqueous medium also aids
in hydrolysis of reaction products of ozone and the chlorinated hydrocarbons
present.

4.2 RELIEF VALVE DISCHARGES
4.2.1 Introduction

Pressure vessels, transfer lines, and other equipment in EDC/VC and
PVC plants are equipped with safety relief valves, rupture discs or a
combination rupture disc/relief valve assembly to prevent overpressurization
which might cause a rupture to occur. The size'of polymerization reactors,
which can range from several thousand liters for the older reactors to
the new reactors of up to approximately 190,000 liters (50,000 gallons)
used by Hiils of Germany (the largest reactors currently being used in
the United States range from 35,000 to 40,000 gallons) plus the close
proximity of the reactors to each other, represents the greatest potential
for an explosion hazard. It is for this reason that existing safety
regulations and insurance companies require and strictly enforce the use
of safety relief devices on pressurized equipment.

AT
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ReTief vaive discharges, which cause short-term peak emissions,
represented approximately 4 percent of total emissions from a typical
PVC plant prior to promulgation of the regulation (EPA, 1975, p. 5-6).
Relief valve discharge emissions were not guantified for a typical
EDC/VC piant. The major concern during the original standard support
study was for relief valves located on PVC reactors because these relief
valves represented a large source of emissions. PVC plants prevented
reactor relief valve discharges by equipping reactors with instruments
to warn personnel of an emergency condition. Preventive measures could
then be taken such as injecting a short-stop agent to kill the reaction
or manualily relieving pressure to the recovery system. One plant used a
gasholder to prevent relief valve discharges and EPA indicated that a
gasholder could be sized to hcld all the VC present in an entire reactor
batch (EPA, 1975, p. 4-30).
Based on this information, relief valve emissions were addressed in
Section 61.65(a) which states,
Except for an emergency relief valve discharge, there is
to be no discharge to the atmosphere from any relief
valve on any equipment in vinyl chloride service. An
emergency relief discharge means a discharge [that] could
not have been avoided by taking measures to prevent the
discharge.

wWhen a relief valve discharge occurs, the plant is reguired to notify

EPA and submit such data as the source (specific piéce of equipment),

cause, quantity, and measures that would be taken to prevent future

discharges.

4.2.2 Emissions. from Safety Relief Valves

The intention of Section 61.65(a) was to reduce relief valve
discharges through the proper combination of control equipment and
operating procedures. If a release then occurred, it would be considered
either an emergency condition or one in which a plant had not implemented

the proper combination of control techniques.

EPA Regional enforcement peréonne] indicate that releases are
continuing to occur. As mentioned, the concern during the original
standard support study was for relief valve discharges from PVC reactors
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that have the potential to discharge the entire reactor contents. Pric-
to the regulation, relief valve discharges were not accurately measured
put typically 2,200 kg (5,060 1b) of YL was released in a 5 to 10 minute
period (EPA 1975, p. 4-30). With the change to larger reactor systems,
the potential quantity of emissions from the relief valve is increased.

Relief valve discharge data from EPA Regional Offices substantiate
the fact that releases are continuing to occur and reactors account for
the Targest quantities per release. Table 4-5 shows a compilation of
reactor and non-reactor relief valve discharge data for 32 regulated
sources (55 percent of all sources) for the period 1977 to 1980
(Brittain, 1980; Diem, 1980; Aronson, 1980; West, 1981). These 32
plants were responsible for 533 relief valve discharge events totalling
approximately 450,000 kilograms (1 million pounds) of VC emissions over
the 4 year period.

PVC plants experience both reactor and non-reactor relief valve
discharges. Table 4-6 shows that portion of the relief valve discharge
data in Table 4-5 contributed from PVC plants, which is approximately
82 percent of the total events and 91 percent of the quantity of VC
emitted. Based on these data, an average reactor relief valve discharge
accounted for approximately 1,025 kilograms (2,275 pounds) of VC being
released to the atmosphere. The time period for a reactor relief valve
discharge event ranged from less than 1 minute to 115 minutes, with
typicai events less than 10 minutes in duration. The average PVC
non-reactor relief valve discharge was approximately 540 kilograms
(1,200 pounds) of VC emissions over a period of 10 minutes or less.

EDC/VC plants experience non-reactor related relief valve discharges.
Table 4-7 shows that a portion of the relief valve discharge data in
Table 4-5 was contributed from EDC/VC plants. Based on these data, the
average non-reactor relief valve discharge from EDC/VC plants was approxi-
mately 430 kilograms (950 pounds) of VC emissions. The duration of the
EDC/VC non-reactor relief valve discharges was not determined. Together,
the EDC/VC and PVC non-reactor relief valve discharges represented
34 percent of the total events and 20 percent of the total quantity of
VC emitted by relief valve discharge.
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Table 4-5.

TOTAL NUMBER OF RELIEF VALVE DISEHARGES AND QUANTITY
OF vC EMITTED FROM 32 REGULATED SOURCES™ FOR THE PERIOD

1577 to 1980

Reactor and non-reactor relief
valve discharges

Events kg vC (1b VC)
19770 149 90,804 (201,787)
19780 130 126,835 (281,856)
1979 156 153,212 (340,472)
1980°¢ 97 75,718 (168,260)
TOTALS 533 446,569 (992,375)

3The 32 regulated sources are 9 EDC/VC plants and 23 PVC plants.

b

Relief valve discharge data for 1977 does not reflect data from 1 EDC/VC

plant and 5 PVC plants; these same plants reported data for only 3 months

of 1978.

CRelief valve discharge data for 1980 ranges from 8 to 12 months.
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Table 4-7. RELIEF VALVE DISCHARGES FROM EDC/VC PLANTS FOR THE
PERIOD 1977 to 1980

Non-reactor relief valve discharges

EDC/VC,

plants Events kg VC (b V()
1977 8 22 8,226 (i8,281)
1078° 9 22 13,719 (30,487)
1979 9 29 11,611 (25,802)
1980° 9 18 5,545 (12,323)
TOTALS 91 39,101 (86,893)

4The 9 EDC/VC plants represent 50 percent of the total number of EDC/VC
piants in the U.S.

bRe]ief valve discharge data from 1 plant is for 3 months of 1978.

CRelief valve discharge data for 1980 ranges from 8 to 10 months.
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Based on the relief valve discharge reports submitted to Regiona’
offices, the rate of reactor and non-reactor discharges are not consistent
throughout the industry. Many sources have reported few, if any, releases
during the past several years, while other sources continue to have
releases on a regular basis. The decline (or absence) of any relief
valve dischargés may also be due to the wording of the regulation that
states only "relief valve" discharges are reguired to be reported.

Plants using other safety relief devices (e.g., rupture discs only) are
not required to report discharges through these devices. The reported
releases that continue to occur are more prevalent among the older
sources using small reactor technology; however, some of these older
sources have reduced releases through application of available control
technology.

4.2.3 Relief Valve Discharges from Reactors

Relief valve discharges are classified as either reactor releases
or non-reactor releases - PVC plants experience both types while EDC/VC
plants only experience non-reactor releases. The causes of reactor
releases and measures that can be taken to prevent them are discussed in

the folTowing sections.
4.2.3.1 Process Variations. The frequency of, and ability to

control, relief valve discharges from reactors vary among the different
poiymerization processes. In addition, the frequency of discharges is
dependent on the age of the plant. Newer (and larger) reactor systems .
are replacing the older systems which usually consisted of many small
reactors. These newer reactor systems provide better process control,
fewer upset conditions, and fewer emissions to the atmosphere.

Suspension/dispersion.

The newer and larger reactors are most often applied to the
suspension and dispersion processes. As mentioned above, these newer

systems provide better process control and reduce emissions. Newer
reactors have fewer piping connections, valves, and mechanical operations
per kilogram of monomer transformed to resin. The fewer number of
batches and reactors that need to be monitored when larger reactors are
utilized results in a lessened probability of relief valve discharges.
Also, relief valve discharge control equipment and procedures can be

more economically applied to new plants with large reactors.
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Older smaller reactors are usually operated cicser to the rated
pressure and when an upset condition develops it becomes more difficult
to short-stop the reacticn before the relief valve set pressure is
attained. Construction materials in the newer reactor systems (e.g.,
stainless steel, carbon steel) contribute to better heat trarsfer and
control of the reaction. The older smaller reactors are usually glass-
lined which has an insulating effect on the reactor and results in
poorer heat transfer and less control over the reaction.

Bulk polymerization.

The bulk (or mass) polymerization process has some advantages over

polymerization conducted in the aqueous medium used in the suspension

and dispersion processes. Because the bulk process is anhydrous and no
water or suspending agents are used, the process generates no foam and
energy consumption is low. Exothermic heat is removed by water-cooled
reflux condensers. The bulk process currently used in the United States
utilizes a vertical pre-poliymerization {Pre-Po) reactor and a horizontal
post-polymerization (Po-Po) reactor. A new bulk process has been developed
that utilizes a vertical Po-Po reactor, but it is not currently in use

in the United States. These bulk processes have several unique aspects
that affect relief valve discharges.

Relief valve discharges from the Pre-Po reactor are unlikely because
the reaction only goes to 8 to 12 percent conversion. If a high tempera-
ture or pressure is detected in the Pre-Po, the slurry can be dropped to
an empty Po-Po reactor where the larger volume allows the low level of
initiator charged to the Pre-Po to be used up and complete the reaction.
However, reaction control.is more difficult in the Po-Po reactor because
the bulk reaction is anhydrous and this results in less efficient heat
transfer to the walls of the reactor. Almost all of the liquid VC
charged-to the Po-Po is used during'the early stages of the reaction and
it is during this early stage that auto-acceleration of the reaction and
a rapid increase in temperature can occur. Therefore, process control
is more critical during this initial reaction stage.

If an upset situation is detected in the Po-Po reactor, the
conventional short-stopping techniques, effectively used in the suspen-
sion and dispersion processes, can not be used to terminate the bulk
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reaction because the contents of the Po-Po reactor are not fluid anrd
mixing is not turbulent. As a result, the short-stop agent is not
gistributed rapidly or completely enough throughout the slurry.
Rhéne-Poulenc has developed a short-stopping procedure, but it is only
applicable to their newer process technology utilizing vertical Po-Po
reactors (Dubec, 1980). B. F. Goodrich operates two bulk plants in the
United States and has deve'oped a more effective gaseous short-stop
system that may be available for licensing in the future (Dubec, 1980).

Solution process.

Union Carbide operates the only facility in the United States using
the solution polymerization process. The solution process is a continuous,
homogeneous process - it is not a batch flow system like the other

processes. The soivent, which is always present, provides a heat sink
capable of preventing an accelerated reaction. In over 30 years of
operating the solution process, Union Carbide has not experienced a
reactor relief valve discharge to the atmosphere caused by an accelerated
reaction. Reactor relief valve discharges that have occurred were due
to a premature failure of the rupture disc under the relief valve
(Erdman, 1980). ’

4.2.3.2 Causes of Reactor Discharges. There can be many causes of
reactor relief valve discharges ranging from total power failure caused

by a natural disaster to mechanical failure of process equipment to
operator errors. Two of the more frequent causes of relijef valve
discharges common to suspension and dispersion processes follow.

. The hydraulically full (hydroful) condition resulting from too
much Tiquid or the presence of noncondensable gases in the
reactor. This condition can be caused by instrumentation
errors or an overcharging of the reactor and usually results
in a small release to the atmosphere.

() High temperature in the reactor from an accelerated reaction.
This condition is caused by inadequate cooling and can result
in a discharge of the entire reactor contents.

Both of these conditions can result in high pressure in the reactor and
a substantial, multiphase discharge through the relief valve to the
atmosphere.
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Hydroful condition.
The VC liquid charge expands up to 13 percent when heated to reaction
temperature. Therefore, 3n overcharging of the reactor may not be

detected when raw materials are initially charged and the resulting
increase in pressure above the normal operating pressure will open the
relief valve when the slurry reaches the top of the reactor. Overcharging
of the reactor can result from charge meter or weigh tank errors, leaking
reactor valves, and wash-water or solvent cleaning solution incompletely
drained from the reactor.

The presence of noncondensable gases in the reactor will also cause
high pressure to develop resulting in a hydroful condition. The operating
procedure for a typical suspension or dispersion process is to charge a
reactor with water, initiator, and other constituents (depending on the
process and resin qualities desired) to about 50 percent of reactor
volume. Pressure is then reduced to about 5 kPa (0.05 atmospheres).
Vaporization of the water will sweep some noncondensable gases from the
reactor if present. Liquid VC is added under vacuum to raise the slurry
level to about 80 percent reactor volume. Liquid expansion from the
reaction temperature then raises the slurry level to about 90 percent
reactor volume. The concentration of any noncondensable gases present
at 50 percent reactor volume can be increased by up to five times.
Because the combined VC and water vapor pressure at normal operating
temperatures can reach about 1,000 kPa (150 psia) and relief valve
systems are usually set at 1,300 kPa (195 psia), the presence of only
5 percent noncondensable gases in the vapor space prior to VC liquid
charging could trigger a release. The sources of noncondensable gases
in the reactor include:

. gases not removed by initial evacuation during preparation for

a new batch,
] gases dissoived or entrained in the VC liquid charge, and
) leakage from reactor valves into the reactor after vacuum

treatment and before heating to reaction temperature.
In the case of a hydroful condition caused by overcharging or the
presence of noncondensable gases, the increased pressure causing the
reljef valve to open is quickly relieved by liquid and vapor flows

I
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through the valve. The relief valve will reseat itself under most
circumstances after pressure is released. However, if the relief valve
goes not reseat properly or pieces of a blown rupture disc become lodged
in the valve preventing complete closure, a larger volume of reactor
contents will continue to be discharged until temperature and pressure
are brought under control.

Accelerated reaction.

The polymerization reaction is exothermic and the reaction heat
produced is controlled by circulating cooling water through the reactor
jacket. The reaction normally takes place at a temperature and pressure
of approximately 55°C (130°F) and 1,000 kPa (150 psia). As the reaction
proceeds, the polymer tends to coat the inner walis of the reactor
reducing heat transfer effectiveness and, because reactors are nc longer
opened as often, more consecutive batches are run and polymer continues
to coat the inner reactor walls. However, new ¢lean reactor tecnnology
has reduced this polymer build-up even though reactors are not opened as
often. In some of the newer systems, water jets clean the inner walls
after each batch to prevent polymer buiid-up and loss of heat transfer
effectiveness. The use of clean reactor technology or other proprietary
methods for reduction of polymer build-up allows the most efficient heat
transfer through reactor walls and thus reduces the danger of
auto-acceleration due to high reaction temperatures.

For suspension and dispersion processes, an auto-acceleration of
‘the reaction occurs with increased heat evelution at some point around
the 50 percent conversion level. Heat transfer effectiveness and control
of the reaction during this period depend on vigorous agitation of the
~slurry and an adequate supply of cooling water applied to the reactor
jacket. A malfunction of these systems will result in rapid heating and
an increase in pressure that could cause the relief valve to open.

The loss of agitation is the greatest concern because heat transfer
is significantly reduced. Inadequate heat removal during the auto-
acceleration period will usually result in a major discharge (possibly
the entire contents of the reactor) because of the rapid rise in
temperature. An increase from the normal reaction temperature of 55°C
(130°F) to 72°C (162°F) or a total increase of 17C° (32F°) can result in
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the sum of the VC and water vapor pressures reaching the relief vaive
discharge pressure setting.

However, if the reaction is in its later stages (greater than
80 percent conversion), most of the VC will have been used up. This
decreases the potential quantity of emissions through the relief valve.
In the earlier stages of the reaction all of the VC would be vaporized,
uniess a shortstop agent were added to the reactor to kill the reaction.
Addition of a shortstop agent usually requires that agitation still te
available for distribution throughout the siurry. Conoco has developed
a shortstop agent that is effective without agitation. This new '
development will be discussed in a subsequent section.

4.2.3.3 Prevention of Reactor Discharges. Proper instrumentation

to detect upset conditions, gasholder equipment, and an automatic inhibitor
solution (shortstop agent) addition systems can be used to eliminate
many of these relief valve discharges (EPA, 1975). However, there are
many other variables that must be considered for the above three controils
to be successful. The following sections discuss other generic control
measures, in addition to the EPA-recommended methods, used in the VC
industry to prevent relief vaive discharges.

4.2.3.3.1 Current generic preventive methods. Methods currently

used by PVC plants to prevent emergency relief valve discharges foliow.

Shortstop systems.
A shortstop or kill agent system can be used to stop the polymerization

reaction when upset conditions develop. A shortstop system injects a
chemical agent into the reactor which terminates the reaction by inhibiting
the action of the initiator. The system is either manual, automated, or

a combination of the two. The manual system generally uses high pressure
water injection with the same equipment used to charge the reactor with
initiator (Ledvina, 1980). ODepending on the kill agent system used,
success of the manual system is usually dependent on having agitation

for complete dispersion of the shortstop throughout the slurry, the

charge manifold being clear (this is a manifold used to charge ingredients
to the reactor) and the availability of necessary personnel.
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Several variations of the automated shortstop system exist. The
newer computer-controlied plants have built-in programs that recognize
tne upset condition py monitoring operating parameters and automatically
injecting the shortstop agent. For example, one plant has installed
motion sensors on the reactor agitator that -sense when power has been
Tost and a pressure build-up is beginning. A shortstop agent is then
automatically injected into the reactor (Ethyl, 1980). Under this
particular condition, an alternative source of pressure would be needed
to open the valve and inject the shortstop agent if power loss were the
cause of agitator failure. Any shortstop system emplioyed would have to
be connected to other vessels that might receive the slurry under upset
conditions because active initiator may still be present in the siurry
even if it is dumped to a blowdown or holding tank.

Instrumentation.

The degree of instrumentation is important in preventing relief

valve discharges and varies greatly among plants. Those plants most
successful in preventing discharges have several levels of back-up
instrumentation. The instrumentation monitors reactor operating para-
meters (e.g., pressure, temperature) and either warns operators of an
emergency condition or takes action automatically. Instruments
monitoring the reaction can be tied into a computer system receiving
data from instruments on and in the reactor or they can be locally
mounted units on each reactor. Selection of operating parameters to be
monitored is critical. For example, a temperature sensor mounted on a
baffle can become fouled by polymer build-up. The temperature reported
by the sensor can lag behind the actual temperature of reaction.
Therefore, pressure sensors may be a better indicator of the actual
temperature. In most cases a combination of the two is more reliable.
Other instruments, in addition to those monitoring actual reaction
conditions, will contribute to the prevention of an upset condition.
For example, overcharging a reactor is a common cause of relief valve
discharges. A metering system for charging exact amounts of liquid VC
and other ingredients in combination with accurate weigh tanks can
prevent overchargihg and the subsequent hydroful condition. Dual
metering in series for both VC and water can help prevent overcharging.
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Upstream filters can help maintain meter accuracy (Ullricn, 1981). A
leve) control on the reactor that is attached to an alarm system would
indicate overcharging. One company indicated success in using a
radioactive source detected by ion chamber sensing to determine the
level in the reactor prior to beginning the reaction. Reactors mounted
on scales help to prevent overcharging. Agitator seal-water leaking
back into reactors could also cause an overcharging condition. This
leakage can be prevented with an electrically operated shut-off valve
for the seal-water system. Other examples of instrumentation to prevent
relief valve discharges will be discussed in more detail in the next
section describing some of the preventive systems currently used by the
VC industry.

Auxiliarv power supply.

The effectiveness of the above examples of instrumentation systems
as well as other preventive systems is dependent on the availability of

power to run these systems. Auxiliary sources of power are necessary to
maintain agitation, cooling, and instrumentation in the event of losing
the main power source to a plant. No auxiliary power systems currently
found in PVC plants are designed to operate the entire plant -- enough
power is usually only available to safely shut down the plant by allowing
those polymerization reactions in progress to be terminated or finished.
Most plants have dual power lines into the plant to provide primary
power. The dual lines keep power constant and prevent sudden surges and
dips in power or a complete loss of power. Emergency back-up power is
usually suppliied by diesel-driven generators.

Back-up power may also be supplied in the form of an auxiliary
source of instrument "air" that would be necessary to open valves to
recovery or for the injection of shoftstop agents. One plant uses high
pressure, precharged nitrogen to provide pressure. All other valves
needed for operation during an upset condition for an orderly shut-down
are also nitrogen operated (lLedvina, 1980).

Auxiliary venting system.

An auxiliary venting system could be used to prevent the minor
releases usually caused by the hydroful condition. The venting system
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wCuia be connected to existing recovery systems or control devices.
variaticns of this type of system are currently used by some PY(C plants.

Tne auxiliary venting system is designed for two-~phase relief and
blowdown flows and can be used for minor events in which removal of a
small quantity of material from the reactor will prevent over-pressuring
and a more serious condition from developing. This auxiliary venting
system could be used for the following conditions:

° overcharge of the reactor,

° presence of noncondensable gases,

(] moderate reaction rate increase, and

[ heat transfer reduction.

The vent line would be set at a pressure abocve normal operation pressure,
but below the safety relief valve pressure. The vent 1ine would then
automatically open at this pressure or it could be activated from the
control panel.

A computer program deveioped for two-phase flow through a relief
valve is used in conjunction with the specific process design to select
the relief valve opening pressure and size the necessary equipment. The
program simulates the rate of pressure rise in the reactor and rate of
venting from the reactor. Using this program, the relief valve and
header system are sized and the pressure profile in the relief header is
determined for the required relief flow rate so that all back pressure
limitations at various points along the system are met. The program
also determines maximum possible blowdown flow rate for given inlet and
outlet pressures and for a given pipe'header configuration (Richter, 1978,
pp. 145-152).

A typical auxiliary relief valve system would consist of the following:

. polymerization reactor,

. relief valve (not open to atmosphere),

) knock-out drum for liquid/vapor separation,

] header system connecting relief valve and knock-out drum,

. blowdown tank, and

0 blowdown header system.

The auxiliary vent line would be connected into a knock-out tank to
prevent a carryover of liquid or solid. Vapor from the knock-out drum
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can be vented to the existing recovery system, a gasholder, or contrg)
device: slurry is pumped from the blowdown tank. It is assumed that
pressure in the system is atmcspheric and back-pressure from the vent tc
recovery or control is negligible (which may not always be the case
(Richter, 1978)). Sizing of all equipment is based on the computer
program results that alsc give a history of conditions in the reactor

and determine when the relijef valve will close. The estimatéd the cost
of an auxiliary venting system for a 38,000 liter (10,000 gallon) reactor
system, assuming availability of a blowdown tank, using December, 1979,
dollars. These costs are shown in Table 4-8.

Table 4-8
ESTIMATED COSTS FOR AN AUXILIARY VENTING SYSTEM

Auxiliary venting Eight 38,000 liter
system (10,C00 gallen) reactor*

Knockout tank 419,300
Pump and motor 15,800
Piping 224,500
Instruments, control valves 65,200

and safety devices
Building and site development 95,700

Total Physical Cost $820,500

*The venting system proposed would accommodate an eight reactor line.

Chilled Water System

Many plants maintain a separate supply of chilled water other than
normal jacket coonng water for upset conditions resulting from reduced
heat transfer. The water is usually brine-cooled and temperatures range
from 4°C (40°F) to 10°C (50°F). 1In the event of an increase in tempera-
ture, the chilled water can be pumped into the reactor jacket to slow
the reaction. This replacement can be done in approximately 5 minutes.
The chilled water can also be injected directly into the batch or into a
blowdown tank where the batch might be dumped.

Operator Training Programs
A staff of qualified operators able to recognize a potential emergency
situation and take appropriate measures to prevent the situation will
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nelp to minimze relief vaive discharges. The gifrferent evels of computer
zzntrel help to eliminate common cperator errors and aid the operater in
getecting potential problems, but the computer does not provide the
decision-making capabilities that are only found in experienced operations
personnei. The right combination of operator experience and computer
control can help to eliminate relief valve discharges.

Operator training programs vary from company to company. Training
programs range from several weeks to over a month with year-to-year
retraining and refresher programs also offered. Polymer operators are
trained to deal with run-away reactions - how to recognize them and what
steps are necessary to bring them under control. At least one company
has instituted a disciplinary system for those operators responsible for
& run-away reaction and the relief valve discharge if it occurs (Laundrie,
1980). '

Flares. i

A flare can also be used to help control a relief valve discharge.
As mentioned in Section 4.1.4, one company uses a flare as an equivalency
to a rupture disc in order to prevent fugitive emissions through the
relief valve - the relief valve is connected directly to the flare. The
flare is designed for relief valve discharges originating from upset
process conditions and will accommodate two reactors simultaneously. A
knock-out drum is instalied between the relief valve and flare to prevent
1iquid entrainment. The flare has only handled minor discharges but
could receive the entire reactor contents (i.e., worst-case condition).
This method does not eliminate relief valve discharges, but only helps
to minimize the emissions from this source. Safety and cost considera-
tions (e.g., supplemental fuel needs) must be evaluated before applying
this control method to relief valve discharges.

Gasholders and other containment methods.

A gasholder is a cylindrical, variable-volume vessel. The most
common type of gasholder is a vessel with a floating roof with either a
water seal or a double inner synthetic seal that expands to accommodate
the influx of gas. The water-sealed gasholder has a longer life because
there is no seal fajlure, but the water seal is a constant source of VC
fugitive emissions and freezing must be prevented in colder climates.
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The operating principle of a gashclaer is based on piston displacement.
A frictionless movable piston floats on the confined gas - rising and
falling with changes in the volume of stored gas. As gas enters and
builds up to the designed operating pressure, the piston rises and
floats on the gas.

Gasholders are currently being used as part of the recovery system
to contain and store VC gas collected from various emission sources in
the plant. The gases stored can be fed to the recovery system or the
gasholder can serve as a surge vessel feeding the primary control device
(incinerators must receive a near constant flow and concentration of
combustibles for proper operation).

Gasholders can be used to help prevent relief valve discharges
without actually receiving or containing the entire reactor charge.
Currently there is no plant that has connected a relief valve directly
to a gasholder or uses a gasholder only for relief valve aischarges.

One plant manually reljeves pressure to the monomer recovery system
gasholder when a batch is out of control (Brumbaugh, 1980). The plant
identified several problems that can occur if the gasholder is used for
this purpose. As discussed previously, a multi-phased discharge can
occur and slurry can carryover to the gasholder. The piant installed a
knock-out tank to prevent this carryover, but it does not always handie
the relief valve flow. Also, this plant's gasholder is part of the
recovery system and capacity is not always available to handle the
entire VC charge to a reactor.

The auxiliary vent system previously described for minor relief
valve discharges would not be as effective in preventing a discharge
caused by an accelerated reaction that could result in a major release
© or release of the entire reactor batch. Prevention of the major relief
valve discharge would require two different types of control technology -
the auxiliary vent system and a containment system such as a gasholder.

A gasholder for the purpose of containing a major relief valve
discharge would have to be designed to accommodate a worst-case condition
for one reactor (the entire reactor charge), and would have to be dedicated
to that service only. Simultaneous discharges from many reactors would
require many gasholders. The same knock-out tank described for the
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auxiiiary venting system wouid ce a part cf the gashciger containment
csystem. There would be 2 saparate lire from the knock-out tank that
woU;0 go directly to the existing reccvery system or control gevice for
the purpose of controlling minor releases. However, the knock-out tank
would have a back pressure valve set to open to the gasholder in the
event ¢f a major reliease.

This review study, Conoco Research Division (Ledvina, 1980) and the
B.F. Goodrich Chemical Group (Holbrook, 1980b) have evaluated the gasholder
potential for containing relief valve discharges only and the following
discussion is based on this research.

Typical specifications for a gasholder to contain a relief valve
discharge from a 38,000 liter (10,000 gallon) reactor (assuming 1.4:1.0
water to VC charge ratio) is shown in Table 4-9,

Table 4-9
TYPICAL GASHOLDER SPECIFICATIONS
FOR 38,000 LITER (10,000 GALLON) REACTOR

Dimension Specification
Volume 5,700 m> (200,000 ft3)
Diameter 28 m (75 ft)
Height 15 m (48 ft)

Seal water

The estimated capital costs for installation of the above gasholder for

a 38,000 liter (10,000 gallon) reactor, assuming the use of an existing

recovery system for the vapors in the gasholder, based on December, 13979,

dollars is indicated in Table 4-10. The estimated total cost does not

include the cost of the auxiliary vent system with knockout tank in

Table 4-8 which increases the total system cost by approximately $821,000

to $4,802,100. Accuracy of these costs are * 30 percent. Insurance,

taxes, recovery credits and other miscellaneous charges are not included.
B.F. Goodrich estimated the cost of a similar gasholder system with

14,000 m3 (500,000 ft3) capacity to be approximately $3,000,000
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Table 4-10. ESTIMATED COST FOR INSTALLATION OF A GASHOLDER

Cost for 38,000 liter

Equipment (10,000 gallon) reactor
Gasholder $ 883,400
Piping 382,200
Safety 70,400
Site development 232,900
Header extension from KO tank 600,000
Engineering and construction 1,070,000
Contingency 648,000
Operation and maintenance 94,200

Total System Cost $3,981,100
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system alone without the auxiliary venting system (i.e., xnock-out tank

and Dlowdown tank) to be between 32,000,000 and $4,000,000 for fabrication
and installation of a gasholder with synthetic rubber seal and 14,000 m3
(500,000 ft3) to 42,000 m> (1,500,000 ft3) capacity. The life of the
svnthetic rubber seal is estimated at about 2 vears and the repnlacement
cost is 5 to 10 percent of the original gasholder cost. Replacement

time is 4 to 6 weeks and seal delivery takes 20 to 22 weeks. Thus, a
second gasholder would be required to prevent potential emissions from
relief valves during downtime for seal replacement.

Therefore, the estimated capital cost for installation of a gashoider
system for containment of a relief valve discharge will approach $5,000,000
{and several gasholders may be required). This system would be for
containment of one 38,000 liter (10,000 gallon) reactor and does not
take into consideration the possibility of multiple reactor relief valve
discharges.

Experience with gasholders indicates that the following conditions
and considerations must be evaluated to ensure trouble-free operation:

[ The gas from the reactor must be clean and free of suspended

solids and liquids. Polymer carryover could cause Iine
piugging which can result in backpressure to the reactor.

) The gas or mixture must be unreactive, non-corrosive, and
non-explosive. ‘

. There must be no condensation in the gasholder system or
transfer lines could freeze.

. Water seals probably represent the best type of seal for
trouble-free operation.

° Based on a computer simulation assuming adiabatic cooling
conditions for the reactor, transfer of reactor contents at a
limited rate that would allow only vapor to be vented would
result in a gain of 0.1 to 1.5 minutes until the safety device
to the atmosphere would open. Transfer is limited to this
rate to avoid slurry (and foam) carryover.

. The maximum fi1l rate of a conventional gasholder, which is
limited by expansion of the inner seal, will also limit the
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venting rate. Tne maximum piston velocity for a rupber-seaied
gasholder is aporoximately 4.6 m (15 ft) per minute and would
require about 6 to 8 minutes to rill - this seai expansion
rate thus may 1imit the venting rate of the reactor contents.
A venting system to the atmosphere must be present on the
gasholder should the gasholder not be able to accommodate the
discharge. '

o  For a gasholder with a capacity of 14,000 m> (500,000 ft°) to
42,000 m3 (1,500,000 ft3) a horizontal knock out vessel with a
capacity of 8,000 m° (300,000 ft3) to 14,000 m® (500,000 ft3)
would be required. The length of the vessel would be 46 m
(150 ft) to 54 m (175 ft). The pressure drop in the line from
the gasholder to the knock out drum can not be controlled,
therefore the KO drum pressure must be atmospheric.

° The potential for back-pressure on the reactor reiief vaive
must be evaluated. Conventional relief valves can take up to
10 percent of the set pressure before it reseats. A balanced-
bellows relief valve can take 40 to 50 percent of the set
pressure. A pitot-operated relief valve can be opened on a
differential pressure basis, but because of the small pitot
tube diameter, this type is only intended for clean service.

° Relief valves to the atmosphere are designed to discharge
directly to the atmosphere such that the eip]osion risk caused
by VC flammability levels of 3 to 30 percent and worker exposure
are minimized. Failure of the gasholder during an upset
condition could result in a vapor cloud at lTow level because
of the high concentration of VC at low pressure in the gasholder
and low velocity of the vapor.

The above gasholder containment system could be designed into a PVC
plant. Techniques such as elaborate monitoring and alarm systems,
freeze protection, inert gas purging systems, strict personnel training
programs, and inspection routines would be necessary to minimize some of
the safety hazards. There are other systems that minimize relief valve
discharges, including the use of a gasholder to help prevent these
discharges. However, no matter what system or combination of systems is
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utilized, a safety relief device cirsciiy 10 tre aimespnere wiil atwavs
pe reguired.

Another containment device that ¢3n oe used to neip prevent relief
valve discharges is & blowdown or spare siurry-holding vessel. These
vessels are usually used for stripping the batch of residual VC or for
ptending with other batches. A bliowdown or holding tank is a constant
volume, nonpressurized vessel (some may be pressurized) that would allow
an influx of gas until the pressure of the tank and the source of pressure
are equalized. The tank can also take the slurry directly and have
cnilled water and short-stop agent waiting for control of a run-away
reaction. Discharge of the slurry to this tank can be manual or auto-
activated. The timing of gas venting, slurry dump, or both, is critical
in order to prevent the relief valve on this holding vessel from opening.
These holding vessels can be used in combination with a gasholder or the
recovery system to successfully control an upset condition--the reactor
vapors are vented to the gasholder or recovery while the polymer slurry
is dumped to the blowdown tank, or the entire reactor contents are
dumped to the blowdown tank and pressure relieved from this tank to the
gasholder or recovery system.

Pressurized containment can also be used to help prevent a relief
valve discharge. B.F. Goodrich replaced their gasholders with this type
of pressurized containment which they refer to as a "burp" tank. The
purpose ¢f the burp tank is to prevent emissions to the atmosphere as
part of the VC recovery system, but the tank can also be used to assist
in preventing relief valve discharges (Holbrook, 1980a). This automatic
pressure reduction system usually will open at a pressure between
operating pressure and the pressure relief valve setting. The vapors
from this system go to recovery or the primary control device.

Other methods for preventing relief valve discharges.

Periodic pressure tests run on the reactor will decrease the
likelihood of premature failure of rupture discs. Other preventive
maintenance areas pertaining to rupture discs include (Ullrich, 1881):

] Premature disc failure can be caused by defective metal. This

can be minimized by paying the disc supplier to pre-test a

fraction of the lots before shipment.

i
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° Premature disc failure is Jikeilv iT tne maximum oderating
pressure is exceeded. This pressure ranges frcm 70 to
80 percent of the burst pressure, depending on the type of
disc. Once the maximum cperating pressure is exceeded, the
disc is deformed and must be replaced to ensure that it does
not fail below the burst pressure. It is believed that in a
computer-controlled olant, the chance of exceeding'the maximum
operating pressure, and thus the frequency of premature disc
failure, is reduced.

0 Rupture discs in vinyl chloride service, particularly on PVC
ractors, are subject to pressure cycling, and therefore must
possess the best fatigue resistance. The discs should also be
replaced at a frequency determined by cperating experience.

One plant also monitors all plant devices (e.g., valves, pumps, flowmeters,
instruments, controllers) before charging the reactor to verify their
successful operation and ensure safe operation during the polymerization
reaction (Holbrook, 1980).

Another newer preventive method is a multiple initiator system.

This system maintains a high initiator rate early in the reaction cycle
and a slower initiator rate during that part of the cycle when auto-
acceleration is expected to occur. The system thus maintains a near
constant temperature and pressure during the reaction.

4.2.3.3.2 Preventive systems currently in use. Several systems

for prevention of relief valve discharges have been installed by PVC

plants. These plants all use a combination of equipment and work practice
procedures to prevent or minimize relief valve discharges to the atmosphere.
Several of these sysiens are discussed in the following subsections.

B. F. Goodrich Company. B. F. Goodrich produces PVC resins by the
suspension, dispersion, and bulk polymerization processes. The new,
larger reactors as well as the older, smaller reactors are utilized in
their processes. B. F. Goodrich used gasholders extensively as part of
their recovery system, but have since replaced the gasholders with
pressurized burp tanks (that provide direct recovery} with hign voiume
Tiquid ring compressors. Following is a discussion cf their relief
valve discharge prevention systems (Holbrook, 1880c).
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E. F. Goodrich has reducea reieases from reactor safety reiief?
valves in their large reactor suspension PVC cystems. This wac accom-
plished thrcugn process control witn emphasis on early detecticn ann
analysis of abnormal conditions. A totally computer-controlled system
was installed to detect these abnormal conditions and take the appropriate
action with a minimum of operator involvement. A thermal model was
developed to simuiate the typical controlied polymerization reaction and
a kinetic mode]l was developed to compare the typical reaction with an
actual reaction. When the computer recognizes a potential upset
condition, preventive control methods can be implemented and the upset
conditions are then brought under control.

B. F. Goodrich identified three conditions that can result in a
relief valve discharge from the large reactors — equipment failure,
hydroful conditions, and an accelerated polymerization reaction. Some
equipment can be kept in service with an emergency generator and back-up
instrumentation. Equipment failure can be minimized by preventive
maintenance following a regular schedule. The other conditions are
minimized by computer control, but in the event of a high pressure
situation in the reactor preventive steps are taken immediately. The
large suspension reactor system is fq]]owed by a larger blowdown or
flash tank which is generally 1.5 times as large as the reactor.
Normally, the purpose of the blowdown tank is to receive the polymer
slurry before the process is complete so the reactor can be prepared for
the next charge. The blowdown tank has both an agitation and a shortstop
system and thus can also receive the slurry under upset conditions so
that an accelerated reaction can be brought under control. A recovery
separator tank, preceding the recovery system, knocks out entrained
1iquid that would be vented during an abnormal condition. To relieve
reactor pressure, if a hydroful condition exists, the computer
immediately stops the addition of reaction ingredients. If the pressure
is not due to a hydroful condition, but is due to a runaway reaction,
the following control functions are triggered:

. Full cooling to the reactor and blowdown tank.

'} Addition of reaction shortstop.
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) Recovery of vC from the reactor.

] Opening of exhaust vents to a recovery separator to relieve

pressure.

. Pump-out of reactor into a blowdown tank.

In addition to the above process controls, all plant devices (e.qg. .
valves, pumps, flowmeters, instruments, and controllers) are monitored
before the reactor is charged to verify their successful opefation and
ensure safe operation during the polymerization reaction.

The computer control system information display has been
centralized and the following back-up systems have been installed:

° Dual power lines into the plant.

) Emergency power generation to maintain cooling and agitation
should a primary power failure occur.

Emergency power supply for computer and instruments.
Manual control of instruments should a power failure occur.
Instrumentation backup for tomputer.

Installation of redundant equipment (pumps, compressors, and
flowmeters).

The above combination of control technologies for relief valve
discharge prevention has resulted in no reactor relief valve releases
for 31,000 charges at their large reactor facilities.

B. F. Goodrich has also developed an effective relief valve discharge
prevention program for their smaller reactors using many of the preven-
tive measures described earlier. Similar to the large reactor systems,
there are three conditions that B. F. Goodrich feels can result in
releases from the small reactor suspension and dispersion processes
-~ equipment failure, hydroful conditions and accelerated polymerijzation.
Equipment failure is prevented by an emergency generator, backup
instrumentation, and preventive maintenance that follows a regular
schedule.

A hydroful condition is controlled in a manner similar to the large
reactor system described above. When the computer detects excessive
pressure in the reactor caused by a hydroful condition, all valves are
closed to the reactor except cooling water, charging is stopped, the
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slurry is sent to a blowdoewn tank, and vents are opened 10 a separater
recovery tank (knockout tank) to relieve reactor pressure. The acceierztec
polymerization reaction (nigh reactor pressure and temperature) preventicn
follows the same initial preventive steps for the hydroful condition.
In addition, water is injected directly into the reactor to cool the
contents. The reactor is then vented to the prevent or burp tank
(pressurized containment vessel) to relieve pressure, and a shortstoo
agent is injected to kill the reaction.

Conoco Chemical Division. Conoco has done research at their pilot
facility to develop a prevention for relief valve discharges. An elaborate
ki1l system is the primary method for preventing a discharge to the

atmosphere. Tests were conducted in Conoco's large reactor pilot plant
to determine the effectiveness of their kill system in stopping the
polymerization reaction and the resulting pressure rise in a PVC reactor
(McCulley, 1980). The tests were planned to simulate the concurrent
toss of reactor agitation and cooling that would occur during a power
failure or a worst-case situation. In each of the test runs, the simulated
power failure was started 3 hours into the polymerization reaction to
ensure that the reaction rate was near its maximum. Also, the reactor
pressure was allowed to increase from its normal pressure of 118 to

119 psig up to 140 psig before injecting the killing agent. The 7 to 11
minutes required for this pressure increase provided sufficient time for
the swirling inside the reactor to stop; this minimized mixing of the
ki1l agent with the reaction mass.

The kill agent was pressured through a nozzle (no spray nozzle or
other distribution device was used) into the vapor space of the reactor.
The investigators suspected that the kill agent simply ran down the
sides of the reactor into the slurry and did not benefit from injection-
caused mixing. The liquid kill agent used is soluble in the liquid VC.
Results showed that after injection of the killing agent at 140 psig,
reactor pressure continued to increase to a maximum of 150 psig over
approximately 8 minutes (about 20 minutes into test). The reactor
pressure then slowly decreased to 146.5 psig 70 minutes into the test
run - the gradual pressure drop probably was due to heat losses from the

reactor to the atmosphere.
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These tests confirmed that. it sufficient kiliing agent is inijected.
tne pclymerizaticn reacticn can be stopped and the rising “eactor pressurz
can be controlled during a major power failure or other condition that .
results in total loss of cooling and/or agitation.

Early detection of an upset condition and control eguipment redundancy
are the most important reguisites to preventing an emergency situation
from reaching the kill system stage of control. ’

Conoco feels there are four major causes of a relief valve discharge:

. operator error,

. general equipment malfunction,

. events external to the system, and

° specific failure of the kill system.

In order for any of the first three events to result in a release,
the fourth event, failure of the kill system, must oﬁcur. Specific
examples of operator error and equipment malfunction (overcharging
reactor, cooling system failure, etc.) have already been discussed.
Examples of external events are power failures, fires, or some natural
disaster.

The early detecticon program includes the following:

. Two sets of reactor temperature and pressure indicators on the
control panel (from separate transmitters) are supplemented by
pressure gauges on each reactor. (Use of temperature indicators
represents a level of redundancy because an increase in VC vapor
pressure will be accompanied by a rise in temperature.)

] Operators are always in 2-way radio contact with control panel
personnel.

° High pressure and high temperature alarms sound in the control
room and, if acknowledged, turn off. If the pressure continues
to rise, a second alarm, set at a higher pressure, sounds and
cannot be shut off until the reactor pressure drops below its
set point. This alarm also sets off a siren which can be
heard throughout the plant.

® A temperature control instrument on the control panel regulates
the water flow to a reactor. If this flow is improperly regulated,
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a panel switch can be used to override the controlier, senaing
maximum cooling water flow to the reactor.

. The panel has reactor amperage indicators with alarms. A low
amperage reading is used to confirm that the reactor has emptied
after stripping to avoid overfilling the reactor on the rext charge.
Low amperage can result from a failure in the agitation system.

. There is a back-up power system for the control paneﬁ.

] Cooling water for reactors. Provisions are made to supply water
to the reactor from cross-ties with city water or from the fire-
water pumps (diesel-driven). Each of these capabilities is checked
once each week. Also, instrumentation prevents this backup
cooling water flow from going to users other than the reactors.

* A severe-weather radio provides current weather conditions that
may affect the plant (e.g., storm conditions that could cause
a total power failure to the plant).

') A reactor can be vented to an empty vessel or the recovery
system to reduce pressure.

If the above early-detection prevention methods and redundant equipment
are not adequate to bring the reaction under control, then the kill system
is implemented. Two kill systems are maintained. The first kill system
uses high pressure water injection. It is a completely manual system

and is used to control reactor pressure increases during normal plant
operation. It cannot be used in the event of a power failure.

If agitation is lost due to equipment failure or loss of power, the
second kill system can be used. This second system uses high pressure
nitrogen injection (precharged), and is a remotely operated system
backed up by a manual injection line. In this situation, valves are
also nitrogen operated. This kill agent is effective without mixing.

The system has been tested in Conoco's pilot plant and has proven to be
effective under worst-case conditions including loss of reactor cooling
or agitation.

The kill systems for each reactor can be activated from the control
board or locally at the reactor. The system from one reactor can be
used on a different reactor, and each system contains enough shortstop
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agent for two complete kills in one reactcr. Two racks oF back-up
nitrogen bottles are avaiiable for instrumentation use.

To contain a piant fire, which could result in an an emergency
discharge, a fixed-spray fire fighting system was installed throughcut
the VC areas of the plant. Hydrocarbon (HC) sensors detect explosive
concentrations with an alarm set at 20 percent of the lower explosive
Timit (LEL) and watering systems are triggered at 40 percent-of the LEL.
These HC detectors are independent of the fugitive emission detection
system required by the current regulation. Fire sensors throughout the
areas where VC is nandled monitor on a rate-of-temperature-rise basis.

Back-up cooling is used instead of a back-up power system. The
rationale is that if the emergency situation is due to a broken agitator
shaft, motor, pump, etc., back-up power will not alleviate the situation.
The second kill system described above always accommodates these types
of situations.

Beth of Conoco's plants use an extensive interlock system to prevent
mistakes that could release VCM to the atmosphere, damage equipment, or
otherwise seriously effect the plant operation. For example, there is
" an interlock which prevents the reactor dump valve from opening if the
reactor is under pressure, thereby avoiding the accidental dumping of a
reactor containing a large amount of VCM, The Aberdeen plant uses
programmable logic controllers for its interlock control system. The
Okiahoma City plant uses a hard-wired relay logic system.

Hooker Chemical Company. As discussed previously, the bulk
polymerization process presents some disadvantages for prevention of a
relief valve discharge. The process is anhydrous resulting in poor heat
transfer and agitation is slow which makes shortstop agents difficult to
disperse throughout the dry slurry. Pre-Po reactor contrel is easier
because the reaction only goes to 8 to 12 percent conversion and if a
high pressure condition develops, the slurry is dropped to an empty,
larger Po-Po reactor where the initiator is used up and the reaction
brought under control. Also, the liquid VC charged to a Pre-Po provides
some heat transfer and better temperature monitoring. Therefore, Po-Po
reactor control is more important in the bulk process.
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Hooker Chemical Company prevents relief vaive discrnzrses thrcugn a
combination of equipment instz?laticns and work cractice grocecures
(Cupec, 1980). Pre-Po and Po-Po reactors are mounted on scales that
provide back up control for overcharging of reactors. In order to
better monitor temperature in the Po-Po, reflux condensers were
retrofitted to the reactor so exothermic heat of reaction can be removed
by the circulation of water through the condensers.

If upset conditions develop in the Po~Po reactor, the following
manual procedure is followed:

] The Po=Po reactors are equipped with pressure alarms that activate
when the reaction pressure increases above normal operating
pressure, thus alerting operators of the upset condition.

] The reflux condensers are flooded with water to control the
temperature.

) The Po-Po reactor undergoes degassing.

° Valves are opened back to the recovery system which is a
brine-cooied system.

e Cooling water at 10°C (50°F) from chilled tanks (also a
brine-cooled system) is pumped into the reactor jacket to slow
the reaction.

) At this point if the above steps have not brought the reaction
under control and time is still available, pressure will be
manually released to keep the rupture disc from blowing.

When the above steps are not effective, then the rupture disc will
eventually rupture and the reactor will discharge to the atmosphere. As
mentioned previously, the critical time for the bulk process is the

first half of the reaction. Beyond this midway point, the unreacted VC
has been substantially reduced and the reaction is more easily controlied.
This particular plant does not use a shortstop agent in the procedure,

but such an agent may be available in the future.

Also, two power lines have been run into the plant to prevent a
total loss of power. In the event that total power is lost to the
plant, two emergency generators provide the power necessary to control
the reactions in progress and safely bring the plant down in about 12

hours without any reiief valve discharges.
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General Tire Chemical Division. General Tire has olaer, small

& b

reactor technology for the suspension prccess and uses 2 gasholcder with
a cagacity of 1,4CC m3 {50,0C¢C fts) to help prevent relief valve dis-
charges from the suspension reactors (lLaundrie, 1980). The main purpose
of the gasholder is for venting compressor relief valves, pumps, transfer
lines, weigh scales, candensers and knock-out tanks. Emissions from
reactor opening and the slurry and wastewater strippers are alsc vented

to the gasholder. VC collected in the gasholder is recovered and returned
to the process.

When an upset situation is detected in a reactor, the following

procedure is followed:

. Each reactor is equipped with a high pressure alarm which
signals a potential upset situation.

. If possible, the reaction is vented to the gasholider to relieve
pressure. A KO tank prevents entrained siurry from reaching
the gasholder, but this is not always possible.

. A chemical shortstop agent is manually added to the reactor.

] The batch is dropped into a stripper vessel or pressure is
equalized to an empty reactor.

) Cooling water pumps are on separate electrical circuits to
prevent a loss of cooling water during power supply outages.

A back-up water supply is available if primary cooling water
is lost.

) Electrical power is supplied to the plant by two separate
feeders. The system automatically switches to the other
feeder if power fails on one feeder.

If the above procedure is not successful, then the reactor is manually
vented to the atmosphere. Because this is an older plant with less
sophisticated instrumentation, more responsibility for prevention
of relief valve discharges falls upon the operators. Polymer operators
have been trained to deal with runaway reactions - how to recognize them
and what steps are necessary to bring them under control.
4.2.4 Non-Reactor Relief Valve Discharges.

Safety relief devices are found on all pressurized equipment in
EDC/VC plants and PVC plants. These devices may be rupture discs,
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singie or in series, or compbination in-line rupture disc and re’iier
valve. In most cases ncn=reactor relief valves dissnarge 1255 than
reactor relief valves. During the original standard-support study

(EPA, 1975), emphasis for control was placed on reactor safety relief
valves. However, Regional offices indicate that the non-reactor releases
are equally important. Tables 4-6 and 4-7 shows the frequency and
quantity of VC discharged through non-reactor relief valves.

The following section describes some of the typical causes of
non-reactor relief valve discharges and some of the actions taken to
prevent their occurrence. Some of the discussion pertains to reactor
relief valve discharges where common equipment is utilized.

Failure of rupture discs. The premature failure of rupture discs

alone, in series or in combination with relief valves is the most commcn
cause of discharges. Section 61.65(b)(4) requires a rupture disc to be
installed between equipment and relief valves to prevent fugitive emis-
sions from these relief valves. Rupture discs were installed for this
purpose and failure of these discs was responsible for the majority of
the non-reactor (as well as reactor) relief valve discharges reported
initially after the waiver period. Some of the causes (and corrective
measures taken) for rupture disk failure include:

. Overrated pressure capacity. Many rupture disc manufacturers
rated their discs at a specific pressure, but failure sometimes
occurred at a much lower pressure. This problem was usually
solved by a reliable guality-assurance program that guarantees
the rated capacities on the discs.

. Compatibility with process design. There are several types of
rupture discs commercially available, but not all are compatible
with a specific process design. For example, one bulk plant
installed rupture discs on all pressure vessels and they
continually failed below their rated capacity even though
testing showed the disc capable of handling that capacity.
After experimentation with several different types, reverse
buckling discs were found to be successful, but only after the
process piping was replaced. Another plant could not use
knife-head discs because, with their process, these discs were
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susceptibie to cracking at the welds. F‘nding the compatibiz
rupture disc sometimes requires trial-and-zrror.

. Corrosion of rupture discs. Ffailure of many discs is caused
by corrosion from process material coming into contact with
the gisc. Corrosion caused by plant locaticn is also 3 proplem.
Plants located near ocean shorelines experience corrosion
problems caused by the salt-water mist. Corrosicn.protlems
are usually solved by finding the right disc material such as
nickel or stainless steel, or py coating the disc with a
material such as teflon.

. Disc leakage. Leaks are caused by pin-holes and irregularities
already present in the disc, or result from improper handling
by plant personnel. The first cause is a function of cost.

The more a plant is wiiling to pay for a disc, the more the
manufacturer will test and guarantee their disc. Although
even with the most expensive discs, there is always the possi-
bility of a poor quality disc in a batch. Most plants maintain
a rigorous jnspection program for discs prior to installation.
A potential stress problem that results in a leak can also be
detected by gauging the space between the rupture disc and
relief valve for pressure - many plants currently follow this
practice even though it is not required by the regulation.
The other cause of failure, poor handling, is minimized by
instituting good maintenance and installation procedures.
Failure of rupture discs from most of the above causes can be reduced by
following a good quality control program. Many plants have found it
necessary to bring in a representative from the rupture disc manufacturer
to train plant personnel in proper handling and installation procedures.
In most cases this has eliminated failure of rupture discs. An example
of Conoco's testing/maintenance program incliudes the following
(Ledvina, 1980):

) The rupture disc is assemblied in the shop between two flanges
prior to instaliation below the relief valve on a reactor or
other piece of equipment. This allows the disc to be pre-torgued
in a safety head device and reduces handing during installation.
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) After installation and before the egquipment is put in service,
discs are hydrostaticaily tested to insure relizbility. The
discs are tested up to 30 percent of burst pressure after
installation. (Reactors are pressurized above normai operating
pressure before charging).

. Upon receipt of a disc shipment a percentage of each lot is
randomly selected and pressure checked for quality and actual
pressure. The lot is rejectecd or accepted by this procedure.

' Discs are changed every 6 months and those removed are
tested to verify actual rupture pressure.

. Relief valves are replaced every twelve months.

° Emergency procedures involving non-reactor and reactor discharges
are updated once every year.

° The rupture disc manufacturer's representative visits the
plant each year for retraining purposes.

Failure of level controls. Slip gauges, which have a probe that

moves through the gas/1iquid interface in storage or transfer vessels
indicating the level in the vessel by the physical state of the material
discharged, have been replaced with more sophisticated level controllers.
The new Jevel controllers are used on charge tanks, storage spheres and
tanks, rail cars, tank cars and marine transport vessels, all of which
are under pressure and have some type of safety relief valve. However,
the new level controllers are not always reliable and inaccurate readings
on these controllers can cause an overpressurized condition during the
filling operation resulting in a relief valve discharge.

Many times these discharges are significant. One plant released
approximately 17,200 kg (38,000 pounds) of liquid VC from a storage
sphere during barge unioading (Battye, 13978). This was a combination
operator error and level control failure. Most of the discharges are
much lower and usua11y involve operator error caused by inattentiveness
during the filling operation.

High pressure in transfer lines and equipment. An overpressurization

can develop in the transfer lines during transfer of VC from storage
areas to process units. The pressure surge (hydraulic hammer) may be
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caused by closing a valve too quickly and can be prevented by manually
closing the valve slowly or instrumenting the valve to cigse :'cwly.

This condition can also be prevented by installing an emergency
high-pressure trip-switch or using a small, in-line surge vessel
(Brittain, 1980a). The high-pressure-sensitive switches can be used to
prevent relief valve discharges from other equipment such as recovery
compressors. The compressor automatically shuts off when ovérpressured,
a condition usually caused by clogging of the compressor lines
(Moulthrop, 1980).

Other causes of non-reactor discharges. Cold weather can be a
cause for non-reactor discharges. For example, one plant had an automatic
valve {to the VC reclaim vent) freeze shut causing the secondary decant

tank to overpressurize which caused a rupture disc to burst
(Battye, 1878).

4.3 RESIN STRIPPING
4.3.1 Introduction

Because one of the greatest sources of emissions is from those
points downstream of the resin stripper, the effectiveness of the polymer
stripping process is of prime importance in controlliing emissions of RVC
lost to the atmosphere. The release of unreacted VC from the polymer
resin in the stripper is a function of time, temperature, and pressure
of the stripping process, in addition to particle size distributicn and
porosity of the resin.

Prior to the current VC standard, stripping was done by PVC manu-
facturers for economic reasons; i.e., recovery of VC for reuse in the
process. Reduction of RVC concentration in the resin to meet regulated
emission levels now represents a primary reason for stripping to lower
levels. .

In PVC plants using stripping technology to control vinyl chloride
emissions, the daily weighted average of the residual VC (RVC) concen-
tration in the stripped resin must meet the following 1imits as required
by Section 61.64(e)(1):

. 2,000 ppm for dispersion resins (excluding latex).
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. 400 ppm for all other resins (including latex) averaged
separately for each type of resin. Included in this categery
are suspension, bulk and solution resins.

The prescribed emission levels are assigned without regard to
grades of the resin types although different grades of resin have unique
characteristics with respect to stripping efficiencies. ODetermination
of the RVC concentration is to be made by sampiing immediate1y'after the
stripping process and using a prescribed method (EPA Method 107). The
quantity of materials processed by each stripper is determined on a dry
solids basis. If batch stripping is used, one representative sample of
PVC resin is taken from each batch of each grade resin. If continuous
stripping is used, one representative sample of PVC resin is taken for
each grade of resin processed or at 8 hour intervals. Results of the
RVC analyses are submitted in the semi-annual report Fequired from each
processor regulated by the standard.

Variables that affect stripping levels are: batch vs. continuous
stripping, homopolymer vs. copolymer resins, and reactor vs. non-reactor
stripping. Molecular weight and porosity of the resins influence
stripping rates. Stripping VC from PVC resin involves (Ullrich, 1981):

] VC migration to resin particle surface,

) VC dissolution in slurry liquid, and

) VC vaporization and evacuation.

The first step is rate controlling. 'Suspension resin particles are
porous while dispersion and latex resin particles are not. Dispersion
particles are smaller than suspension, and latex smaller than dispersion.
For suspension resin, particle porosity enhances migration and allows
stripping below the 400 parts per miliion (ppm) residual vinyl chloride
(RVC) standard. For latex resin, the short migration distance allows
stripping below the 400 ppm RVC standard. For dispersion resin, the
longer migration distance and the particle non-porosity, in addition to
thermal and mechanical stress sensitivity, make stripping more difficult.
Each of these determines resin stripping methodologies.

Lower stripping levels, required by the standard, sometimes result
in the resin being excessively exposed to high temperatures that adversely
affect the resin's heat history. This heat history is a critical parameter
for the fabricator.

SPI-05208



Table 4-11 shows comparative stripping ievels reported by PVC
plants producing varisus resin types and using different stripping
methods.

4.3.2 Suspension Resin Stripping
0f the 40 operating PVC plants in the United States, 32 of these

use the suspension polymerization process. (See Section 3.3.4 for a
orocess descrintion.) These resins are homopoiymers and copolymers and
are stripped batchwise or continuously, in the reactor or in a separate
vessel. Suspension resins have many grades with variable heat and
shear-stress tolerances.

One continuous stripping system for suspension resins has been
developed by B. F. Goodrich and is widely used throughout the industry.
In this process a pressurized stripping column feed tank is used to
release excess VC. This tank forms a transition from the batch reactor
to the continuous, multi-stage stripping column. The hot slurry is
pumped continuously from the feed tank to the stripping column through a
vapor liquid separator. The liquid slurry enters the top of a counter-
current steam stripping column and the vapor streams from the feed tank
separator and column are sent to the VC recovery system. The system can
be designed to handle porous or non-porous slurry feed with RVC content
ranging from 5,000 to 200,000 ppm. This process uses high temperatures
80° - 90°C (180° - 190°F) and a short residence time (Varner, 1980).
Levels attained in this process are often less than 10 ppm RVC in the -
stripped slurry. Disadvantages of continuous column stripping are
(Fannin, 1981):

] Decreased scheduling flexibility. Processors requiring frequent

changes in batch sizes and/or recipe modifications cannot use

column stripping efficiently.

° Difficulty in cleaning column. Due to the column's shape,
internal cleaning is not as convenient as in an open vessel.

. Increased potential for burned particles. Crevices within the
column, resulting from the contact of trays and relatively
greater number of joints, tend to retain resin particles.

This results in a long exposure to heat and consequent burned

particles.
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Table 4-11. PERCENT DISTRIBUTION OF STRIPPING LEVELS
BEING ACHIEVED BY INDUSTRY@

Suspension Concentration of residual vinyl chloride in ppmb
Range of
daily average
Plant Method® THigh Low 400 350 300 250 200 150 100 50
1 c 123 0.5 100 100 100 100 100 100 99.3 97.3
2 b 1,629 0.4 98.8 98,8 98.8 98.3 98.3 96.5 95.9 83.0
3 c 388 3 100 99.4 98.9 97.7 96.0 89.3 80.2 42.9
4 c 303 19 100 100 99.4 97.6 93.9 89.0 72.6 27.4
5 b 576 3 96.8 96.8 95.5 94.2 91.6 80.6 54.8 30.3
6 b 634 5 98,3 95.7 B9.7 84.5 75.9 61.2 45.7 19.0
7 b 631 8 98.4 95.9 87.7 81.1 68.0 50.8 29.5 11.5
8 ¢ 382 16 100 98.3 94.5 B89.5 72,9 47.5 24.9 3.3
9 ¢ 1,214 ) 81.8 75.5 67.8 58.7 46.2 40.6 35.0 30.1
10 c 1,385 22 82.5 74.6 65.8 658.8 50.0 35.1 17.5 1.8
11 541 70 92.7 90.2 78.0 63.4 41.5 26.8 146 O
12 b 514 51 93.2 85.7 72,9 59.4 37.6 21.8 9.8 0.8
13 b 684 63 95.0 90.8 80.9 63.8 4l.1 20.6 6.4 0
14 b 1,099 71 93.8 86.9 81.8 68.7 51.1 15.9 2.8 ©
15 1,056 96 75.8 60.3 46.6 37.9 20.7 6.9 0 0
Bulk
1 b 166 12 100 100 100 100 100 99.4 97.5 78.3
2 b 293 3 100 100 100 99.3 99.3 97.9 95.2 84.9
3 b 672 &6 84.3 77,7 58.1 46.4 25.1 8.9 1.1 0
Latex
1 b 15 0.2 100 100 100 100. 100 100 100 100
2 b 310 8 100 100 99.4 99.4 98,8 96.9 74.5 24.2

%gased on EPA semi-annual reports for March through September 1980 obtained

from Regional EPA offices.
75% of bulk, and 33% of latex plants.

blndiﬂdull data are percentages of time that concentration falls below
Values represent daily averages weighted on a production

specified levels,
basis.

“Method: b = batch; ¢ » continuous

Data represents approximately 50% of suspension,

(continued)
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] Mechanical stress. Because of the pumping system used in
continuous stripping columns, mechanical stress is imposed on

the slurry. For resins with a high sensitivity to this stress,
the particles can agglomerate resuiting in poor uniformity and
an increased tendency for those particles to be retained and
burned. An extreme of this situation can be equipment fouling
(i.e., plugging of filters, screens, and orifices).

. Complex process control. Continuous stripping columns must be

fed at a rate controlled to maintain certain target temperatures
and pressures. There are more variables to be controlled
simultaneously than in an open vessel.
Continuous steam stripping represents the most widely used method
for suspension resins. Many of the processors using this technology are
achieving less than 400 ppm stripping levels ranging as low as 25 ppm
RVC (Pucci, 1980). One plant using a steam stripping method, but stripping
batchwise, reports typical daily averages of 200 - 250 ppm RVC (Laundrie, -
1980). Reportedly, this plant is unable to use continuous stripping due
to the many (17) different grades of resins produced. Generally speaking,
those plants attaining the lowest RVC levels have chosen to produce ocne
or two resin grades with heat and shear stresses compatible with their

continuous stripping technology. In -some cases "

specialty” has been
sacrificed for increased production capacity. '

Firestone Corporation continuously strips suspension resins to
levels lTess than 100 ppm RVC using their own proprietary technology.
This system uses less steam than other known counter-current continuous
strippers and may be marketed in the future (Schaul, 1980).

4.3.3 Emulsion Resin Stripping

About half (21) of the PVC plants have dispersion polymerization
facilities. Of these, 6 are latex resin processes. Dispersion resins
are more sensitive to heat and shear stress than are suspension resins.

Latexes are susceptible to these stresses and when exposed to shear the

emuision can degrade into an unstable latex with & poor heat transfer
property. (See Section 3.3.5.1 for Emulsion Resin Stripping Process
description.)
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Dispersion resin slurry is usually either vacuum stripped in the
reactor or transferred to a separate vessel (blowdown tank) where it is
steam sparged. Due to their thermal instability, dispersion resins are
most often batch stripped under vacuum. Inert-gas sparging is sometimes
used instead of steam when dilution of the emulsion has to be avoided.

At least one manufacturer (B. F. Goodrich) does use a continuous
stripping procedure for its dispersion resins. The process was developed
by the company specifically for one of its dispersion facilities
(Holbrook, 1980c).

Daily averages of stripping levels for dispersion resins have been
reported as low as 15 ppm for one plant (Gilmore, 1980). Typical RVC
levels for dispersion resins in comparison to other resins are shown in
Table 4-11.

4.3.4 Bulk (Mass) Resin Stripping

Four of the forty PVC manufacturing plants produce bulk resins.
Characteristics of bulk resins resemble those of suspension resins but
the bulk resin beads are more uniform in porosity and size. These
characteristics enhance stripping efficiency. Three of the bulk poly-
merization plants surveyed strip in the reactor using steam stripping
technologies. In bulk resin stripping processes, steam must be injected
under a vacuum to avoid contaminating the process with water because
bulk polymerization is a dry process. One plant réports achieving daily
emission levels of less than 150 ppm RVC and another, less than 250 ppm
RVC.

Because the bulk polymerization process is anhydrous there are no
dryer emissions. However, those emission downstream of the stripping
process are still governed by the level of RVC removal during stripping.
4.3.5 Solution (Solvent) Resin Stripping -

Only one plant produces PVC by the solution process. This plant
operates a process for the copolymerization of vinyl chloride with vinyl
acetate and other comonomers. The solvent process is unique, from the
standpoint of stripping procedures, in that no particulate resin form
exists and thus stripping can be accomplished by distillation. The
efficiency of the distillation process results in average levels of

10 ppm RVC or less on a consistent basis.
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The stripper still operates on a conventional distillation principle
using acetone and acetone vapors. The column is fitted with perforated
trays designed to accommodate the viscous resin solution.

This company is seeking approval for a less rigorous {and less
costly) sampling/analysis plan to assure compliance {Erdman, 1980).

4.3.6 Other Stripping Technologies
A short-residence-time device, adaptable to continuous processing,

is a proprietary thin-film evaporator. This device is reported to
exhibit diffusivities of 1,000 to 10,000 times greater than those for
simple molecular diffusion. In this system, heat is transferred through
a2 metallic wall to a thin film of liquid. A mechanical agitator dis-
tributes the liquid evenly over the heat-transfer surface. Disadvantages
of this device are: design criteria limits heat transfer area of each
unit, more maintenance is required than for a non-mechanical device, and
foaming may occur.

Another device, the Parkson stripper, is a non-mechanical, plate-type,
dispersed-flow contactor. The latex is dispersed into a controlled,
high velocity stream of steam and the resulting two phase flow passes
turbulently through a plate-type stripper. The stripped latex then
discharges into a cyclone separator, usually operated under vacuum, where
the latex is disengaged from the vapor. Multistage units may be used to
achieve desired residual monomer level. This unit is applicable to
foamy, heat-sensitive or viscous products. Its advantages are: complete
absence of foam, lack of moving parts, low holdup, low residence time,
and reduced surface fouling. The main disadvantage is that the plate
design permits only a limited capacity range. _

One company's Jatex emulsion PVC facilities do not strip the resin
but instead uses a proprietary post-polymerizer. This involves the use
of a catalyst to react left-over VC. This process yields RVC levels
less tham 10 ppm, which is a level mandated by the company's internal
standard for their particular product (Smith, 1980).

4.4 FUGITIVE EMISSIONS
4.4.1 Introduction

Fugitive emissions represent one of the most difficult emission
sources in EDC/VC and PVC plants to quantify and control. Most of the
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original fugitive emissions estimates were calculated by a mass balance.
For EDC/VC plants a mass balance calculation is less accurate because
several gas streams into and out of the plant are not measured accurately
(e.g., gaseous chlorine and ethylene feedstocks). PVC plant liquid and
solid streams are somewhat easier to measure and fugitive emission
estimates are more accurate. The accuracy of fugitive emissions estimates
is also affected by whether the plant is open or enclosed, and new or
old. An enclosed plant's fugitive emissions can be determined by using
roof monitors and ventilation flow rates through the building. Fugitive
emissions from an open plant are more difficult to measure because of

the variable wind patterns causing dispersion. The newer sources have
larger and fewer reactors and fewer piping connections which reduces
fugitive emissions. These variables must be considered when assessing
fugitive emissions losses from EDC/VC and PVC plants.

Based on a recent study done by B. F. Goodrich (Holbrook, 1980a),
fugitive emissions from their enclosed existing small reactor suspension
and dispersion processes were determined (by actual measurement) to be
0.034 kg/100 kg of PVC produced or approximately 20 percent of the EPA
estimated controlled 1975 rate (de 1a Cruz, 1981). New large reactor
suspension processes were determined to be 0.0085 kg/100 kg of PVC
produced or only 5 percent of the EPA estimated controlled 1975 rate
(de la Cruz, 1981). This study was conducted following the implementation
of controls required by the current regulation and reflects the effect
of the regulation and new process technology on fugitive emissions
reduction. Sources of fugitive emissions in EDC/VC and PVC plants
inciude the following common equipment and operations:

. Pump, compressor and agitator seals,

Loading, unloading and storage operation,
Inprocess wastewater,

Sampling and laboratory analysis,

Equipment opening for c]eahing and maintenance,
Pipe and equipment flanges,

Process drains and manhole cover seals,

Process valves and pressure relief valves, and
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') Open-ended lines.

In order to reduce the fugitive emissions from the above sources,
Section 61.65(b) outlined the following three reguirements for EDC/VC
and PVC plants:

) Equipment modifications,

] Operational procedures, and

] Leak detection and elimination programs.

These three requirements will be discussed in detail in the subsequent
sections.

In addition to the above three requirements for control of equipment
leaks, fugitive emissions that could originate from water used in the
various processes or water used to meet other requirements of the regu-
lation (e.g., reactor purging at PVC plants) are required to be controlled.
Control of these inprocess wastewater fugitive emissions will also be
discussed in a subsequent section.

EPA has pubiished an advanced notice of proposed rulemaking for
generic standards for airborne carcinogens (44 FR 58662). These generic
standards would reduce fugitive emissions of organic chemical carcinogens
listed in the future under Section 112 of the CAA. The standards will
provide a quick and simpiified first step in reguliating chemical air
carcinogens by leak detection and repair programs.

The generic standards are independent of pfocess or chemical and
are based on the similarity of operations and equipment throughout an
industry such as the Synthetic Organic Chemical Manufacturing
Industry (SOCMI). Depending on the nature of the listed organic chemical
and emission sources of this chemical, the generic standards may require
“tailoring" in certain cases to reflect unique and unusual situations.
Generic standards would be followed in most cases by additional standards
that would'be developed under the proposed Policy and Procedures for
Airborne Carcinogens.

The draft generic standards need not be considered in any revision
to the VC NESHAP. The standards focus primarily on reducing fugitive
emissions through the use of an effective leak detection and repair
program. This type of program is similar to the programs currently
being used in the VC industry. In addition, EPA recently broposed
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regulations under Section 112 of the CAA that would limit benzene
emissions from fugitive sources in new and existing petroleum refineries
and organic chemical plants. The proposed regulation is similar in many
ways to requirements that the VC NESHAP outlined for prevention of
fugitive emissions (e.g., leak detection and repair program and equipment
specifications). ,

The following sections describe requirements of the regulation for
control of VC fugitive emissions. These sections also discuss new
developments resuiting from the above draft generic standards and proposed
benzene regulations.

4.4.2 Equipment Specifications

Valves, pumps, flanges and other pieces of equipment are used to
move streams of liquid VC, PVC slurry, and VC-contaminated gases to and
from various process vessels or control devices. Equipment incorporating
sealed interfaces develop leaks after some period of operation, usually
because of seal failure. The regulation requires specifications for the

following equipment used in VC service:

. loading/unloading lines,

' slip gauges,

. pump seals,

° compressor seals, and

) agitator seals.

Double mechanical seals are required on rotating pumps, rotating compressors,
and agitators. Double mechanical seals are preferred over conventional

seals to provide the greatest reduction of fugitive emissions because

they have less leakage over a long service life. The inner and outer
mechanical seals of this system provide double seal protection from

leaks, where failure of either seal does not result in emissions to the
atmosphere.

Some plants are using tandem mechanical seals instead of double
mechanical seals for better product control. Typically, EDC/VC plants
are using tandem seals to prevent contamination of the VC product stream
by water. The double mechanical seal allows seal fluid to leak into the
product 1ine while the tandem seal arrangement allows product to leak
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into the seal fiuid. When water is used as sealing fluid, the water is
required to be collected and stripped to 10 ppm or less VC. Other
sealing fluids (e.g., oils) are not required to be collected and stripped
of VC contamination.

Regulations proposed for benzene fugitive emissions specify properties
of the seal or barrier fluid. The fluid must have a vapor pressure less
than 0.4 kPa (0.1 Ib/inz) at 20°C (68°F) or it can be a heavy fluid such
as kerosene or diesel o0il. No such requirement is specified by the VC
regulation.

Other equipment requirements are double outboard seals on
reciprocating pumps and compressors, and rupture discs upstream from
relief valves. The double outboard seals provide double protection
against leakage of emissions to the atmosphere. Relief valves can be a
continuous source of fugitive emissions especially those that do not
reseat properly after relieving pressure. Rupture discs installed under
the relief valve prevent this leakage if properly installed.

S1ip gauges are no longer being used to measure the level of VC in
storage, holding, and transfer vessels. These gauges have been replaced
by more reiiable level controllers that are not a source of fugitive
emissions. Loading and unloading lines have been modified in most cases
to reduce the VC remaining to required levels following purging and
prior to opening.

Section 61.65(b)(4) allows an equivalency to the rupture disc and
Section 61.66 allows equivalent equipment to be proposed other than that
required by the regulation. For example, instead of installing a rupture
disc, leakage through the relief valve can be eliminated by connecting
the discharge iine from the relief valve to process equipment or the
recover& system. As mentioned in a previous section (Section 4.1.4),
one PVC. plant has connected many of their safety relief valves on reactors
to a flare as an equivalency for a rupture disc. VC emissions from the
polymerization reactor leaking through the relief valve are combusted in
the flare. Table 4-12 lists equivalency determinations approved or
conditionally approved by the EPA since promulgation of the standard
(Brittain, 1980c; Legro, 1977).
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The "0" ring equivalency determination for rupture discs listed in
Table 4-12 can represent a reduction in emissions and equipment main-
tenance. In the normal operation of a relief valve without a rupture
disc, the relief valve seat (metal to metal seat) 1ifts off the nozzle
slightly as the operating pressure approaches the set pressure of the
relief valve, and the relief valve begins to "simmer." "Simmering"
occurs with fluctuations in operating pressures, but many tiﬁes the
“"simmering” does not cause the relief valve to fully open. The result
can be a misalignment of the relief valve seat and continuous leakage
when the operating perssure returns to normal. If properly installed
and maintained, the use of an "0" ring between the relief vaive metal-
to-metal seat prevents the continual leakage from improper reseating.
The purpose of the relief valve/rupture disc combination was to eliminate
"simmering." If the rupture disc bursts, however, and the relief valve
does not reseat properly, then "simmering” will occur until the rupture
disc is replaced. The "0" ring does not completely eliminate "simmering"
if it is improperly installed or not maintained, but it will eliminate
the need to replace the rupture disc every time a relief valve opens.
4.4.3 Qperational Procedures

The regulation requires EDC/VC and PVC plants to use the foliowing
operational procedures to reduce fugitive emissions:

) Manual (non-emergency) venting of equipment. Al] gases vented

from equipment in VC service are to be ducted through a
control device which reduces emissions to 10 ppm or less.

. Opening of equipment (including loading and unloading lines).
Before opening equipment in VC service, the gquantity of VC in
the equipment is to be reduced to no more than 2.0 percent by
volume or 0.0950 m3 (25 gallons) of VC, whichever is larger,
at standard temperature and pressure. The quantity of VC
removed in order to meet the requirement is then to be ducted
to a control device that reduces VC in the exhaust gases to 10
ppm or less.

) Sampling procedures. Unused samples containing at least 10
percent VC by weight are to be returned to the process and
sampiing techniques should employ closed-loop systems.
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Reguirements of this section of the regulation have been met through
modification of equipment that formerly discharged directly to the
atmosphere. In most cases, the vents from equipment subject to these
requirements have been enclosed and are ducted to the plant's VC
recovery system which is then ducted to the final control device to
reduce VC emissions to the atmosphere to 10 ppm or less. All routine
manual venting of equipment is to the recovery system. Most piants use
a positive-displacement unloading procedure and transfer lines are only
open to the atmosphere when maintenance is required. When disconnection
for maintenance is required, transfer lines are purged to the recovery
system. One plant has modified the unloading lines from railcars so
that after purging the lines to recovery, the volume remaining in the
lines is less than the allowed volume of 0.0950 m3 (25 gallons)
~ (Laundrie, 1980). Plants surveyed during this study sample with
closed-loop systems and return unused sample to the process.

4.4.4 Leak Detection And Elimination Programs

The third requirement for reducing fugitive emissions from EDC/VC
and PVC plants is instituting and impliementing a leak detection and
elimination program. As mentioned above, the major focus of the draft
generic standards is a leak detection and elimination program. The VC
sources were given the opportunity to develop their own program and
submit it to the responsible Regional office for approval. The regulation
listed the following six requirements for an adequate program:

[ a reliable and accurate VC area or fixed monitoring system,

o a reliable and accurate portable hydrocarbon (HC) detector to
be used to pinpoint leaks indicated by the area monitoring
system and to make routine checks of the p]ant for small
lgaks, '

e - an acceptable calibration and maintenance schedule for the
area monitoring system and the portable HC detector,

° an acceptable number and location of monitoring points and an
acceptable frequency of monitoring,

° an acceptable plan of action to be taken when a leak is detected,
and
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° a definition of a leak which is acceptable when compared with
the background concentration in the plant.

In addition, plants are required to maintain records for at least two
years. A record of leaks detected by the area monitors must include VC
concentrations measured and recorded, and the location, date, and time
of each measurement. A record of the leaks detected during routine
monitoring by the portable HC detector must also include action taken to
repair the leak in addition to the above same area monitor recordkeeping
requirements.

The intention of the fugitive emissions control requirements is to
first establish a background level of VC in the plant following instal-
lation of required equipment and implementation of operational procedures
described above. A leak definition would then be set based on the
plant's background level of fugitive emissions. The purpose of the leak
detection and elimination program would then be to monitor for leaks
based on the definition and eliminate these leaks over time, thus con-
tinuously lowering the background levels as well as fugitive emissions.
The background levels and leak definition would be reevaluated and
redefined as the fugitive emissions level decreased over time.

After any initial waiver period for compliance, a few of the EPA
Regions evaluated the adequacy of the leak detection and elimination
programs (Battye, 1978; Battye and Hal], 1978). Evaluations were also
made during these review study plant visits. These evaluations provide
the background for the following discussion of leak detection and
elimination program requirements.

Many inconsistencies were found among the plants because each plant
designed their own leak detection and elimination programs based on the
above six requirements for an adequate program. The site-specific
differences among the plants also contributed to inconsistencies. In
most cases the requirements were addressed adequately with minimal
changes recommended by the EPA Regions (e.g., number and location of
area sampling probes). However, other requirements such as leak defini-
tions, background concentrations and routine plant surveys were not
adequate in many cases. An example of the variabiiity of the leak
detection and elimination programs among five plants is shown in
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Table 4-13. Each of the requirements for an adequate program are
discussed in more detail in the following subsections.

Leak definition.

A leak is defined on the basis of the plant's background concentration
of VC which not only varies among plants but may vary among different
areas of a plant. The background level for open plants or outdoor
equipment is usually set at zero. The regulation requires that the leak
concentration initially defined is to be reduced over time as background
concentrations in the plant are reduced. It is for these reasons that
leak definitions varied among plants and that one definition cannot be
applied to all plants. In most cases the leak definition was regarded
by the Regions to be adequate while in other cases the defined value was

too high.

A separate leak definition was usually identified for area monitors
versus portable monitors. Table 4-14 shows the range of leak definitions
for 12 PVC plants. As indicated by these leak definitions, there is a
great deal of variability. Many plants had not compiled data from which
to determine background levels, others had not defined a distance from
the leak for the-portable monitoring leak definition and many plants
neglected the storage and handling areas completely.

Area monitoring system.

According to EPA Regional personnel an adequate area monitoring
system should accomplish four purposes:

] monitor processes for leaks,

° protect employees from occupational exposures (OSHA requirements),

° identify process.conditions (e.g., start-up, shut-down, upset

conditions) that precipitate VC fugitive emissions, and

° provide background data base for relocation of sampling probes

and redefinition of leak.
The draft generic standards considered continuous area-wide monitoring
to measure ambient concentrations of hazardous chemicals, but found this
type of monitoring not as effective in locating leaks as a seal-by-seal
routine inspection. Any added effectiveness from area-wide monitoring
is minimal, plus it is a capital intensive technique. In the VC industry

4-69
SPI-05224



{panu1juod)

‘siujod gy jo er0]

|
|
SPI-05225

cALMa9mM  "UdIJ{aM-ULY - 403ea3d0
‘wayshs pareaqi ed 403123393p JH 3|GeIL04 Jpun weauys-xys aug
(w1101 yucu -21qe1104 Ajnu
) "asu "uo}jeaado 43d we3as Qid Y3 ydeabn ;
Aq K| qoam uo017313p i 3(qejsad aua s3jdwes -ewoayd seb seduy .
patIAAp pay2ayd AQ 3514S K13l :
se Ayjep jJuawd inb3 PINVYD a0 jum wIuy s)jun
TSNS ‘paepuers ‘|aaay punoaGyreq weass-aagamy oM}
Yy wdd -Gt aaoqe wdd o1 j0 TIUN WeAIS-X|S duQ
paxaagd i Lqep sbuipean. aaINdISU0D anu e
seaae pajeaqi|ed Jnoy 40 wdd G2 ueyy 43d weaays quo $43) w0 323dg u
VN cauoy  -weaboad oy  -a03juow eday 4310346 Buypeda aug wdd g sajdwes Jjun yoe3 paavagul 11 vep N
(251108 YHSO)
‘paepueys UDYI AN - uewdU0g
"SI wdd 001
¥az. ‘wayshs -ajqelaoy T wid § - wivy ‘sjuydd 99 jo (ej0f !
A23A3 L1410} juow 434 3juo bugpeas g
33u0 eaue ‘paepues qupad J03 juoy wdd g - 11 *$3p0n
noqe  Aq pairdaap wdd Qf wld ¢ - | WO )S-IALINY XS
pandad  se buiyINd yiym Kqpep ‘wdd G2 uey) BT .
‘uesb  eaue Ajydom pareaqiqed J3jeash sbugpeda ~§3beaany 494 weasys Iuo sa92feuy
V/N ~0a ON -weahnad o  -a07juom eday IALINIAISUOY IdNY] ey s#jdwes jpun yoe3 padeajuy 1t vejagy m o
e e+ e e e 2
K qaanm A...
paYIaYd pue
pareaqyed
-a3jqeyi04
Atreuotsedrdo
pPayaayd * uMop
sease |y -493) {enuue
‘AL yaam .
‘WRYSAs PP
6u} 103 juow Juawd (nba U M
MDLE ae HYREE ] -uou - URw3J04
punc.if Ay pareIdtp pajeaqiier
-qeq PANIND $. 79 ‘Aprep wdd § uey) N
anoqe sease paPIYI ueds 4230346 sbuipeas
wid 2 ‘quoN  -1eab0ad Off  -40)juow eaiy 3ALINIISUOD oM} wdd 2 ydea60yrwosyd seg v
IR weiho1d woabnid S3NP YIS 41edas a0y 1343 1RAAITU} s3ujod !
Ilqeaod LRETH yfinoayy FIUCUIJu( o A qisuodsas U0 ¢ }€I1UIIU0I Buydues /403 puow oLy
10} (aam Waudinha -4 PN pue Aaed puno.byoieg fu1.10) tuom 2310 )0 i
CUIREL SHA Y uoLIeaqLie) Fasunds ay uu..( 0&—.

SWYYI04d NOIIVNIWITI GNY NOI133130 XY

403 fuon
Paar 40}
13y
w1y

‘El-v 2198}



‘swd|qoad
IAYSUNND Juow
40§ URWIOH I IYS
tsajedas aoujm
404 - A01043dQ

‘papiaoddd ‘AL yom
‘6uydyd pue S| eleQ pareaqyied YD *J°H Iqe3sod
$405UIpuOd ‘o - Jqeidog Y1in puodsyy
* sKemueu J43d dvo
‘sysyp aany  Apybnoaoyy ‘spaepurs ‘6ujpeas wdd
-dna *speas PAYIND Waaagyp G2 - 3tqeisog sjujod gy
s03ey3pbe  sease o 3 YIpm ‘Inue J0 {®30]
*SpLnyIuen tALgep NI B DM “J0JjUOW edue J43d U3MIdS ug
futpeas e Ajrep S10313034 pareaqi (e d40j wdd G2 ueyy ‘al4
wdd G2 paIAYD dse 10 W pue £|1ep 4210346 sbuypeds wdd 2°( ‘savm vy Y s, 739
ahurg sanjdedy ybnouoyy pIPAID *)°9 A INIISUOD OM) ueyy $s3y K43A3 WeaL3s yoej G0S Seduy Yyl 3
sjujod 7y
‘Ayyep aduo ‘403 juow 0 (e10}
A(122qu04)03d SNONUJJUOD « VRN
pajeaqi e ‘(ease sooping)
(A4n3ua)) *Spu0d3s g2 vy $1333w0433ads
3190104 Jdwes ¢ 3zf eue ue) ‘Y] uelaiy om]
*2d0Is0L{ 1350 uewdlo4 ‘eaue uaajb v uy voys
Yitm -4NOxP ue jo A3} )qe *(edue s00puj)
L yep 32y NIRRT ThY -qo4d {234315430)5 23NANOI0AD W
TRIM [ ETRE.TH] “3'H a|qetaod sayndwo) ‘dnosb sayraodaodug
yoea ‘papaadu sy Y1 puodsay SIy) umop Syrauq ‘wdd | vey) s3I
Sy uoIRAq | |eI vayy ‘wdd Isaybiy 03 SAsSuUds
3y} ou sweeyd ‘potsad anujw § Yigm dnoab e puyy J3j3w04333ds
jue|d ® 4AD UOEIRN) 0} sweau)s xjw Avw ‘¥ x3dyyng
v/ ‘auop ENTRIVE | - H0J03 -uaue> wdd oot wdd 2-§ $241243-vou - KOJ03 4314004 NOI0) a
“)'H weafoad weahosd S| NpYOS J¢edaa aoy 133y LrAA U} sjujod
3qerso0d FEL Th] ybnouyy Jjueuadjuew 31q4suodsaa [F ST FETTERIV &) Huj | dwes /403 juow jue|d
40) | 3| Juandinba -gLem pue Ayaed punoabydeg 6u140) uow t3ue jo
uoL)ly $53,044g uojieaqse) /3suodsay eduy adf)
103 juow
vase 40y :
13A3)
uotIdy
papniouo) “g1-p 3lqel

SPI-05226



*SHE3| Sa)ed|pu}

nojujad a0

101 e3aae J§ A|uo Paidnpuod A3Aans auInoy o

$-5°0 € i §< $-570 §< §-G°( € §< 1
$-5°0 £ T4 . . . 01-1 £ 14 A
v 0l« 1 (11§63
S 1 ¢ » . » S 1. 52 r
201 ont 201 ‘uiw § 001 1
Let3udptjuo) b4 S {e]judpjuo) 174 Lejuspyyl ) e - S H
21 e 114 2’1 T4 et r X S¢ 9
50> 1 S 50 "ug 2l 05 50 T 1 )
i 0s I L o1 1 1 §¢-02 3
pauuLalag 00£< | paujwua o
auoy (uiw og) -up ¢ 00€-0S uoN ‘uje 09 5¢ (1
I 001< 1 001 <
I 0l< ‘Ut 9 0§< 4 §< )
0 1 S 8°0 ‘up 1 oot 28°0 1 13 8
| ¢ 001<
1'o 0052 S0 0ol < 05°0 (rujw o1) 2 £ v
(wdd) (poyag (wdd) (wdd) (pojaag awy) (wdd) (wdd) (pojaag (udd) sjuely
19Aa awp) JUIIS|SAdg uojIfu}3ag 13Aa FTETIENEY) uoj3pugpag 19A31 Wp| JUIYS)SABY uopIpuLyag
punoubyoeg 40) sbugpeay yeay punobyaeg J40) 3d4n0§ b1 3 punoubyd 40) sbuypeay yea)
) 3A11ND3sU0) woa4 sayu] BALINIISU0)

{1031ucy eaay)
$3l1{|12ey buypuey pue abeols

W3]} SAS Hups0) juoy 3tqeraod

wa)sAs Bujaoyjuoy eauy

SNOILINIZIA Xv3IT NI ALITIQVIYVA

vI-v 8lq

4-72

SPI-05227



the leak detection and repair programs are based on area-wide monitoring
for ambient VC concentrations. The effectiveness of this monitoring is
discussed below.

The most important variable for an adeguate area monitoring system
is the location of sampling probes. The number and location of sampling
probes for the area monitoring system will vary among plants ~-- this
requirement is too site-specific to set exact numbers and locations.
Many plants already had area monitors to protect work areas as required
by OSHA. As a result, this same system was utilized for EPA require-
ments and many probes'were located in worker breathing zones instead of
fugitive emissions sources. OSHA probes were located where workers
spend most of their time, thus many areas (which have a potential for
fugitive emissions) are not monitored. Some plants completely neglected
storage and handling areas which can be a significant source of fugitive
emissions. For example, the area monitors are set at different concen-
tration levels which set off an alarm when this level is exceeded. Some
alarm levels were set only for personnel safety, which can be higher
than the leak definition for a particular plant, and the EPA leak defi-
nition level was neglected. In other cases where the alarm is set to
detect fugitive emissions, the alarm is set at a level higher than the
leak definition.

Many of the plants had insufficient background data to determine if
area sampling locations and background levels set were adequate. Some
plants determine how often an alarm is sounded for a particular
concentration in different areas of the plant over time and relocate
sample probes based on these alarm frequencies. In some cases, background
levels, as well as leak defin{tions, may vary in different areas of a
plant. Some plants have located area probes close to exhaust fans and
equipment near air ventilation intake fans. The probe near an exhaust
fan responds to all leaks but there is a dilution effect, while the
probe near the intake fan does not respond at all. A compromise between
these two locations based on air fiow patterns through enclosed buildings
results in the proper piacement of probes. The sampling location near
an exhaust fan has been used in some cases to provide data for reevaluation
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of the program because VC concentrations at this point should decrease
with time.

Area sampling lines in some cases are manifolded to two or more
sampling probes. The result is that a localized leak near one probe
will often be diluted by air from other probes and thus, the leak will
not be detected until the concentration is higher than the actual leak
definition. Also, there is no way to determine if one probe becomes
clogged or broken unless sample line integrity is checked on a regular
basis. Probes close to reactors can be easily broken by reactor vibrations.
Particle filters or metal shields on outdoor probes help to provide
protection from probe and sample contamination and breakage.

Continuous air purging of probes and sample Tines is recommended to
ensure that the concentration recorded is indicative of the current
reading. Also, gases used to calibrate the area monitor provide more
representative results when injected at the sampling probe. In a recent
study (EPA 1980) done in support of the proposed standard for benzene
fugitive emissions, these recommendations were followed. Calibration
gases were injected directly into the sample probe to evaluate the
response of the area-wide monitor. Results of the calibration are
indicated in Table 4-15. The concentrations measured by the area-wide
monitor ‘were much lower than the actual concentrations of the calibration
gases. The gases were adsorbed to the inner walls of the sampling lines
because concentrations continued to increase and then sloﬁly decreased
as the gases were desorbed from the sampling line inner walls.

Another important aspect of the area monitoring system is the time
interval used to cycle all sampling points. Most plants hse more than
one instrument and usually each instrument has 10 to 16 sampling streams.
Analysis of a sample collected by a stream takes about 1 minute (20 to
90 ;eéond range), thus each stream is monitored once every 10 to 16
minutes. However, some plants have different systems, whereby cycle
time selection is more elaborate. For example, one plant that produces
other chemicals in addition to VC, uses a halogen analyzer and gas
chromotograph which chose the point to be analyzed based on four classes
of information collected - a halogen alarm level sounded, maximum time
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for a cycle, any alarm level sounded, and if no alarm level is sounded
(this is the most freguent choice of system and results in a sample once
every 40 to 50 minutes). The maximum sampiing time between each point
is 1.5 to 3.0 hours with all points monitored at least eight times every
24 hours.

Another plant does not cyclically monitor but instead uses a micro-
processor that computes statistically the probability of an excursion
over the leak definition in each sampling area and selects the area most
likely to be near an excursion. This selection is based on historical
data and time elapsed since last analysis. This system also mixes
streams to save time and if after mixing the VC concentration is high,
the instrument immediately analyzes each stream separately. An operator
can also select a stream to see if an excursion has been corrected and
review an hourly printout showing time weighted concentration averages.

Plants surveyed use one or more of the following area monitoring
systems:

° Arcas 505 gas chromatograph with flame ionization

detection (FID),

) Bendix 6000 series gas chromatograph with FID,

EOCOM Fourier multiplex infrared spectrometer (FMS-7200) with
minicomputer, and

. Miran II Infrared Analyzers with infrared spectrophotometry.
The gas chromatographs use columns to separate the VC from other compouhds.
The FMS-7200 uses two wavelength bands and is therefore more specific
for VC. Sensitivity of the FMS-7200 is less than 1 ppm. The Miran II
is not as specific or accurate for V€ and is usually used to monitor
outdoor equipment only. There are other Miran instruments that are more
appropriate for indoor monitaring. ‘

Routine surveys withﬁportab]e detector.

As mentioned above, the draft generic standards emphasize routine
Teak detection surveys with a portable monitor over area-wide monitors,
or a combination of the two. The VC industry uses a combination of
routine surveys and area-wide monitors. The portable hydrocarbon (HC)
detector is used to immediately identify the leaking equipment source
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when an area alarm is sounded and to conduct leak surveys throughout the
plant on a regular schedule. The following portable HC detectors were
used by the plants surveyed:

] Century Systems Organic Vapor Analyzer (OVA) - the instrument

measures total HC by flame ionization.

. H Nu Systems Photoionization Detector (Model P1101) - the

instrument has three concentration ranges for total HC.
Some plants favor one of these portable meters over the other or use
both, one as primary and one as back-up; both are regarded as adequate
for leak detection.

The routine surveys that are required to be conducted on a regular
basis probably represented the least consistent area in the leak detection
and elimination programs reviewed. The schedule for routine portabile
monitoring, other than following up an area monitor alarm, varied among
the plants -- from a once per shift basis to a weekly or monthly basis
or no regular schedule at all. In some cases, the routine survey was
conducted on a regular basis and in other cases, on an irregular basis
depending on area monitoring print-outs for a particular shift or day.
For PVC plants, the most thorough routine programs consisted of monitoring
the reactor daily and other equipment and areas of the piant on a weekly,
monthly, or quarterly basis. Usually the weekly, monthly, or quarterly
freguencies in most cases are determined by historical data and type of
equipment service.

Routine leak surveys usually follow an equipment checklist so that
the same pieces of equipment are consistently monitored. This not only
provides consistency, but also identifies those pieces of equipment that
chronically leak and may require more frequent monitoring. |

Instrument calibration and maintenance. _

Most plants surveyed follow the instrument manufacturer's recommended
calibration and maintenance procedures. Standard gases were usually
used for instrument calibration and the concentration of these gases was
in most cases close to the leak definition. Some plants calibrated

portable monitors with a Wheatstone bridge which only provides a check
on the internal electronics. As mentioned above for the area monitors,

4-77

SPI-05232



calibration gases ipnjected at the sample-probe location provided the
best method for calibration as opposed to injecting the gas directly
into the instrument. Also, there can be interference if other chemicals
are being produced at a facility. This should be taken into consideration
when developing a calibration and maintenance procedure as wel) as when
locating area sampling probes and conducting routine leak surveys.

Plan of action when leak detected.

In most cases, when an alarm is sounded by the area monitoring

system, the following actions are usually activated:

° a leak search is initiated with a portable monitor in that

area of the plant,

° the leaking piece of equipment is identified, and

® the leak is eliminated.
There is some variation in procedures taken once the leak is identified,
but most plants follow similar actions for elimination based on the
severity of the leak. Some leaks can be stopped immediately by turning
a valve or tightening a flange or the leak may be severe enough to cause
immediate equipment decommissioning, which requires that the equipment
be immediately put on recovery and shut down at the earliest and safest
time. The leak may also be somewhere between these two extremes, in
which case the leaking equipment can be enclosed and ducted out of the
building until the maintenance personnel can repair the leaking equipment.

In all cases, it is important that an accurate log be kept on the
leaking equipment — date, time, location, cause of leak, quantity of
emissions (if possibie), corrective action taken, and time until repair.
Shift supervisors are usually made responsible for seeing-that the leak
is properly eliminated. The equipment usually is monitored again imme-
diately after repair to verify repair and elimination of -the leak. An
accurate record of these leak abatement steps is not only required but
also identifies those pieces of equipment that chronically leak and may
require more frequent monitoring.

Recordkeeping requirements.

As mentioned previously, detailed records are to be maintained at
the facility for at least two years. These data are maintained for
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review by EPA personnel during inspections - no records on fugitive
emissions are required to be submitted to EPA. Only the original proposed
program was to be submitted for approval. Some plants maintain records
for their own benefit that are not required by the regulation, such as
the number of times a specific area alarm is activated or identification
of equipment ieaking below the leak definition. These extra data, in
conjunction with required data, can be used to determine trends — the
number of leaks found as a function of time or the background levels as
a function of time. This information can then be evaluated periodically
to identify problem areas and seek ways to eliminate the problems (e.g.,
replace chronically leaking equipment with new or different equipment).
The information can also be used periodically to improve the program and
reevaluate the leak definition.

Adeguate leak detection and elimination programs.

EPA Region VI, which is responsible for the majority of subject

sources, evaluated the programs submitted and based on these evaluations
and follow-up inspections, determined the following minimum requirements
for an acceptable program (Ramirez, 1978):
e A sufficient number of sampling points must be utilized to
detect a leak no matter which direction the wind is blowing.
() A leak patrol must survey the entire plant at least once a
week.
. An accuracy test of the leak detection system should be
conducted by introducing a known concentration of VC into a
sampling probe. The complete system should be checked once a
year and reported in the semi-annua] report.
. The VC calibration gas cylinders should be analyzed when they
are received by utilizing Method 106.
® There must be an alarm system (visual or audio) to notify the
plant personnel of a leak. This alarm must continue until
acknowledged.
® There must be an instantaneous printout showing location and
concentration of leaks when they occur.
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) The evaluation of each company's background level will be made
on a case-by-case basis in order to evaluate their definition
of a leak.

° The portable hydrocarbon detector must be calibrated at Jleast
once a week.

An additional important requirement is the development of a data base
for fugitive emissions through accurate recordkeeping. In some instances,
this recordkeeping may require additional data collection other than
that required by the regulation. The data base developed could then be
evaluated on a regular basis to reevaluate a plant's background level
and redefine the leak definition.
4.4.5 Inprocess Wastewater

Water used in the EDC/VC and PVC processes can become contaminated
with VC and be a source of secondary emissions if not contained and con-
trolled. Even though the above requirements of the regulation discussed

for fugitive emission control (equipment specifications, operational
procedures and leak detection and elimination programs) are not app1icab1e
to inprocess wastewater, it is still categorized as a fugitive emissions
source. The regulation requires the concentration of VC in each waste-
water stream containing greater than 10 ppm VC measured immediately as
it leaves a piece of equipment, and before being mixed with other waste-
water, be reduced to 10 ppm VC or less; This concentration in the water
must be attained prior to mixing with other inprocess wastewaters con-
taining 19 ppm or less VC, before being discharged to a wastewater
treatment process or plant, or before being discharged untreated to a
body of water.

There are several sources of inprocess wastewater in EDC/VC and PVC
plants. In EDC/VC plants, water from EDC purification and VC cracking
anﬁ purification (as shown in Figure 3-1) and equipment seals is con-
taminated with VC at levels greater than 10 ppm. In PVC plants, VC-
contaminated inprocess wastewater is generated from the following sources:

) water used to evacuate reactors prior to opening in order to

meet reactor opehing loss (ROL) requirements,

° water used as sealing fluid for double mechanical seals on

pumps, compressors and agitators,
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) water removed by knock-out pots used in the monomer recovery

system, and

° water used to seal gasholders.

Depending on the methods used to attain the ROL reguirement (e.g., water
piston which is discussed in Section 4.5), large quantities of inprocess
wastewater can be generated.

Inprocess wastewater from ROL methods, seals, and knock-out pots is
usually collected in a vessel and then steam stripped of VC. Water used
to seal gasholders is in contact with VC-contaminated gases and by
definition is an inprocess wastewater. This water is always exposed to
the atmosphere without treatment. Actual VC concentrations of this seal
water were not available, but for one plant using a water-sealed gasholder,
emissions to the atmosphere from the seal were calculated to be
approximately 0.79 kilograms (1.75 pounds) per year (Battye, 1978).

Removal of VC dissolved in water is usually accomplished by a
distillation column. The water collected by fugitive emissions sources,
and usually held in a vessel prior to the column, is close to saturation.
Thus, separation in the stripping column is simple because the vapor
pressure of VC is much greater than water.

4.5 REACTOR OPENING LOSS
4.5.1 Introduction

The VC emissions resulting from venting a polymerization reactor to
the atmosphere (other than an emergency relief discharge as defined in
Section 61.65(a)) constitute reactor opening loss (ROL). The ROL standard
is only applicable to PVC plants. These emissions are regulated under
Section 61.64(a)(2) and are limited to 0.02 grams VC per kilogram PVC
produced (on a dry solids basis). This regulation applies to any vessel
used as a re&ctor or as both a reactor and a stripper.

Determination of ROL emission levels is made by actual sampling and
analysis of VC levels at the bottom, middie, and top of the reactor
(methodology specified in the standard). A calculation option is pri-
marily used by processors stripping in the reactor and is based on
number of evacuations, vacuum applied, and volume of gas. The calcu-
lation (if approved) represents a waiver from testing, not an equivalent
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method of ROL determination. When the reactor serves as the stripping
vessel, the resin (after stripping is completed) contributes VC to the
headspace concentration and consequently to the ROL measurement. Reporting
of ROL emission levels is made in the semi-annual report submitted by
regulated facilities to Regional EPA offices. (See Table 4-16 for
representative reported ROL levels). _

To maintain product quality, reactors are opened for maintenance or
inspection and for removal of residual polymer adhering to reactor
walls. The frequency of openings is a function of resin types and
grades, reactor size and construction, location and method of the
stripping process, and effectiveness of reactor cleaning methods.

ROL emissions control can be achieved through various technologies
and process modifications. Basically, the objective is to:

° minimize the amount of VC in the gas phase prior to opening,

and/or

. maximize the total PVC production per reactor opening.
Reducing the amount of gaseous VC can be accomplished by evacuation to a
low absolute pressure, by displacement with water or an inert gas, by
steaming, or by a combination of these. Increasing total PVC production
may be achieved by reducing reactor opening frequency. (This also has
the advantages of reducing turn around time and minimizing employee
exposure to VC). Technologies available for controlling ROL emissions
have been developed by the various plants to suit their individual
processes. The method identified in the original standard support
document, water piston, is not applicable to all processes (EPA, 1975).
The water piston method as well as other methods are discussed below.
4.5.2 Solvent Cleaning

Solvent cleaning systems reduce the number of times a reactor has
to be opened for c]eaniﬁg. The solvent, circulated through the reactor,
dissolves the solid scale present on the reactor walls, eliminating the
need for manual scraping. Several solvents, suitable for reactor cleaning,
have been tried by PVC processors. These include di-methylformamide
(DMF), tetrahydrofuran (THF) and dichloroethane. However, there are
serious disadvantages to the use of these solvents for reactor cleaning.
These include:
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° The expense of the solvents. THF is approximately $2.00 per
1iter ($7.00 per gallon). One plant experimenting with this
chemical for ROL reduction lost 76,000 to 114,000 liters
(20,000 to 30,000 gallons) of solvent per month through the
process. This represents a loss of up to $210,000 per month.

. The creation of secondary sources of pollution (solvents
appropriate for reactor cleaning pose environmental and work-
place hazards).

(] The requirement for energy-intensive stripping operations to
remove PVC from the solvent so that the solvent can be reused.

(] The hydrocarbons present due to solvent cleaning may require
that ROL be measured by Method 106 to demonstrate compliance,
or that many more batches be produced between reactor opening.
This is because the hydrocarbon detector (alternative to using
Method 106) will measure these hydrocarbons along with VC
(U1irich, 1981).

Nevertheless, a few processors using solvent cleaning are reporting low
ROL levels. A solvent cleaning process using DMF has been patented by
Air Products and Chemicals Incorporated and is probably available for
license. This process involves filling the reactor with solvent under
an inert atmosphere. The reactor is heated and stirred while a small
continuous flow of solvent overflows the reactor top. After sufficient
time elapses, the solvent is transferred to storage and the reactor is
rinsed several times with water. The reactor is then ready for another
polymerization cycle. Solvent regeneration includes precipitation of
solids, centrifuging to remove solids, and distillation to purify the
solvent, _

4.5.3 Steam Piston ]

One PVC manufacturer surveyed uses this iechnology to control ROL
emissions for their suspension and dispersion reactors. The proéess
involves draining the reacted slurry from the reactor and placing a
puddle of water in the bottom of the reactor. A vacuum is pulled and
steam is applied to the vessel jacket. Under vacuum the water boils and
evaporates at low temperatures. The steam rises through the vessel in a
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“piston 1ike" manner and is exhausted to the VC recovery system. This
technique has proven effective in reducing ROL emissions.
4.5.4 Wwater Piston

An application of this technology was noted in a PVC suspension
homopolymer plant and identified in the standard support document.

After the slurry is discharged to another vessel for stripping, the
reactor is hydraulically filled to the nozzles with water, disb\acing vC
vapors to recovery, Steam is applied to the jacket to heat the water in
the reactor and vacuum is pulled from the top of the reactor. The
vapors in the head space are exhausted to the recovery system by way of
a knock-out pot (Laundrie, 1980).

One problem encountered in this method is the generation of large
amounts of water contaminated with VC. Another consideration is the
type of polymer involved. Diffusion rates of VC out of the polymer are
not only temperature dependent but also depend on the resin character-
jstics. If the jacket temperature is too high, polymer degradation can
proceed to the point where removal of polymer build-up is difficult
after the reactor is opened. Jacket temperatures that are not hot
enough result in decreased VC diffusion rates, thereby extending the
time required for adequate VC removal and increasing emissions when
opened.

4.5.5 Reactor Purge Air Blower

This technology is used by a suspension-polymerization plant
manufacturing homopolymer and copolymer resins. This facility strips
the slurry in the reactor. Prior to reactor opening, a purge air blower
sweeps the vapor space above the siurry. The blower discharges directly
to the incinerator.. ROL compliance is then determined by calculation
(Schaul, 1980).

4.5.6 Steam Purge (Sweep) ]

This represents the most widely used technology for control of ROL
emissions. It involves the injection of live steam under vacuum, con-
densing the waste steam, and subsequent stripping of the water. Less VC
contaminated water is generated by this process. Parameters for this
process, reported by a suspension and dispersion resin plant, consist of
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a 15-minute purge under vacuum. This procedure has consistently
resulted in ROL emission levels well below the standard for this plant
(Battye, 1978, Vol. II, p. 30). Vacuum pressures and temperatures vary
from plant to plant depending on resin characteristics and process
variables.

One problem encountered by a plant using this steam sweep technology
involves leakage by shut-off valves back into the reactor, resulting in
ROL excursions. This has been attributed to scoring of the valves and
subsequent failure to reseal properly.

4.5.7 Redox Catalysis

One company, whose latex PVC facilities substitute a
post-polymerization process for resin stripping, eliminates ROL emissions
entirely. The method involves removing all equipment from VC service

prior to opening by using a caustic wash and pickle rinse. These rinses
are treated with a catalyst which scavanges unreacted VC and the rinses
are monitored for VC until they are shown to be below 10 ppm prior to
release to the sewer. The technology is proprietary (Ferrell, 1980).
4.5.8 Water Jet Cleaning

A procedure reported for suspension resin reactor cleaning - Hydraulic
Reactor Cleaning (HRC) - used 28,000 to 41,000 kPa (4,000 to 6,000 psi)
water in a water jet cleaning system with the water jet collar fitted
directly into the reactor manway. This equipment allowed 25 to 30
batches to be run between reactor openings instead of opening between
each batch. An identical system for dispersion resin reactors aliowed 5
to 15 batches between openings. With some development expense, a spray
system of the type could be developed by any PVC producer. The HRC
technology described was developed by B. F. Goodrich and is probably
available for licensing. '
4.5.9 Clean Reactor (Closed Cleaning) Technology

This technology encompasses a wide range of techniques used to keep
reactor walls free of deposits. Included are wall coatings, recipe
modifications and mechanical cleaning devices. In conjunction with
large reactor utilization, which allows more room for internal cleaning
devices, clean reactor technology affords abatement of emissions from
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other sources in addition to the ROL. High pressure spray systems and
nozzle designs (for removal of deposits) and formulations of dispersants,
catalysts and additives (for reduction of deposits) are incorporated in
this technology. These are patented and some are available for license.
4.5.10 Nitrogen Purge

Nitrogen, used to purge the reactor under a vacuum, is
non-condensable and therefore this method is not easily adaptable to
monomer recovery without increased expense. Primary applications of
this ROL emissions control method are in Pre-Po reactor preparation for
opening. The vacuum is broken three or four times with nitrogen - the
final break being made with air. The nitrogen gas, which contains
recovered monomer, is subsequently incinerated.
4.5.11 Slurry Backfill

One plant is known to use this method to control ROL emissions for

reactors used as strippers. The process involves dispersion resins
which are stripped in the reactor. Foliowing polymerization, the slurry
is stripped under vacuum in the reactor vessel until the required resin
RVC level is attained. The reactor is then backfilled with previously
stripped slurry forcing headspace vapors out of the reactor to the
recovery system, and thus also eliminating the reactor headspace. No
further vacuum is‘app1ied because liquid slurry would be evacuated at
this point. The ROL requirement is met by this method because the
headspace vapors have been eliminated (Konter, 1980). A waiver of
testing requirements has been obtained from the Region. Resin RVC
emissions lost during transfer of the slurry to another vessel cannot
contribute to ROL emissions because these emissions would be considered
beyond the stripping operation and therefore not reguliated (Section
61.64(e)(1)).

The main advantage of the slurry backfill control technique for ROL
is the small amount of water used, eliminating the need for a large
VC-contaminated wastewater stripper. In addition to the pumps required
for backfilling, a level sensor is required to insure that the slurry is
not backed into the recovery system. This process would also appear to
be adaptable to suspension processes.
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4,5.12 Calculated Emissions
In processes where resin stripping takes place in a separate vessel,

the reactor is under pressure which allows the slurry to be evacuated
without opening the reactor. The methods described above can then be
applied prior to opening in order to attain the ROL standard. However,
when the reactor also serves as the stripping vessel, the vacuum (pulled
when the slurry is being stripped) must be broken prior to siurry dis-
charge and this constitutes a reportable reactor opening. The required
testing procedure for ROL can not be applied until the slurry is removed.
The slurry may contribute enough RVC so that the ROL standard is ’
unattainable and these measurements cannot be made until the reactor has
cooled.

The prescribed method for measuring ROL is impractical and unsafe
for those plants stripping in the reactor. If the probe measurement is
taken while the reactor is hot immediately after stripping, the high
vapor temperatures present a safety probiem to the person making the
measurements. If the reactor is allowed to cool, this not only affects
productiyity (because several hours are required for cooling) but also
results in measurements that are not representative.

When ROL measurements are made according to the present regulation,
the same VC is essentially “counted twice" (i.e., once in the resin and
once in the vapor space).

Through waivers of emission testing for reactor opening loss, PVC
plants whose stripping operations take place in the reactor, are con-
sidered to be in compliance with Section 61.64(a)(2) if the measured
reactor opening loss added to the measured resin RVC is less than the
sum of allowable ROL and the allowable resin RVC. For plants stripping
below the RVC standard, the processor is not penalized for that portion
of the RVC (removed by stripping) that contributes to the ROL. The ROL
levels are alliowed to be higher when the reduced stripping emissions are
used as a credit,

The calculation may present a problem even though the results as
calculated are correct. The calculation will not include those emissions
from leaking valves or broken equipment that may contribute to ROL
emissions, but are only found by an actual test.
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It is the policy of some Regions, in keeping with the intent of the
standard, to grant waivers of testing to those processors in the above
category. These waivers are made on a case-by-case basis, and with the
provisions that RVC samples must be taken on each batch. A calculation
may then be used to establish ROL. Formulas developed for these calcu-
lations are generally treated as confidential by the plants using them
because the formulas are considered to be potentially marketable and
they can reveal some of the nature of the process. The basis for
the ROL calculation is Raoult's Law. The general requirements for using
calculated ROL's are:

(1) Calculations must be done for each grade of resin,

(2) Parameters such as number of times a vacuum is pulled, must

remain constant, and

(3) Tests must be confirmed by standard methods.
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5.0 ENFORCEMENT AND COMPLIANCE EXPERIENCE

5.1 INTRODUCTION

Industry representatives and Regional EPA personnel presented their
viewpoints drawn from experience with enforcement and compliance under
the existing VC NESHAP. Many of these points were common to industry
and EPA regional personnel while others were specific to enforcement
problems or compliance experiences. These comments are reviewed below
and have been categorized as they pertain to requirements in the
regulation. (A11 of the following are opinions expressed by industry
and/or EPA personnel.)

5.2 INTENT OF THE STANDARD

. Health effects: Neaf]y all of the industrial representatives
contacted (and one Regional EPA person) expressed concern over
the potential revision of the NESHAP without a health effects
basis (Baise, 1980).

. The intent of the standard (with regard to emergency releases)
could be achieved by using a "bubble concept" total plant
control as an endpoint (Holbrook, 1980). It is not always
possible to achieve the 100 percent compliance required by the
current regulation. There should be "malfunction language"
written into a revision. A source should be allowed to offset
emissions in another area of the plant until inoperative
control equipment is repaired. For example, if the source's
primary stripping unit goes down but stripping can also be
done in the reactor, the siowing of production to allow longer
residence time in the reactor is a self-imposed economic
penalty and would allow the source to continue operating under
a "short-term bubble." In California (South Coast Air Quality
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Management District) a bubble or group of emissions from a
plant is allowed. Their discharge 1imit (50 grams per hour)

is based on a Dames and Moore study (Fannin, 1980). The
California Air Resources Board (CARB) set an ambient VC stan-
dard of 10 ppb. This ambient level was based on the lowest
possible detectable T1imit for VC at that time. Dames and
Moore then calculated that an emission limit of 50 grams per
hour would maintain the ambient level of 10 ppb. (See Chapter
7 for further discussion).

PVC plants that are regulated by more stringent requirements
should receive a blanket exemption from NESHAP (Holbrook, 1980).
NESHAP regulations are designed to protect the public from
hazardous air pollutants. However, in some cases, regulations
designed to protect the public from nonhazardous air pollutants

- are more stringent than a-NESHAP. For example, a new PVC

plant constructed in a nonattainment area for hydrocarbons (an
area of the country that does not meet the required criteria
pollutant 1imits) may be forced to control VC emissions more
strictly than the VC NESHAP requires. A PSD permit will not
be issued unless the new plant can show that the lower levels
can be attained.

5.3 STANDARDS FOR EDC AND VC PLANTS

Industry feels that there should be separate sections in the
regulation specifically for EDC, VC, and PVC plants (Oubre, 1980).
The regulation should identify more specifically those requirements
applicable to each plant.

Regional EPA personnel and industry note that the classification
of "in VC service" is a point of contention.

5.4 EXHAUST GASES TO THE ATMOSPHERE

Industry feels that an allowance should be made for a reasonable
amount of down time for control equipment. Emissions from
shutdown may actually be greater than emissions that would
occur if the plant were to continue operating (Ledvina, 1980;
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Holbrook, 1880). The shutdown, as well as start-up, of an
EDC/VC plant can create more emissions than are discharged by
a plant that is allowed to run for a certain period of time
without control devices.

5.5 INPROCESS WASTEWATER

® Under the current regulation, industry is required to measure
VC concentration in wastewater following stripping only at the
time of start-up of the stripper. Unless monitoring is required
on a regular basis, the effectiveness of the wastewater stripper
cannot be determined.

] One region felt that daily sampling of inprdcess wastewater
(following stripping) should be required to ensure proper
stripper operation and maintenance. (One plant in that region,
Borden Chemical, routinely tests wastewater stripper VC conceh-
trations.) Compliance with the regulations has drastically
increased the quantity of inprocess wastewater discharged from
many plants (Varner, 1980).

) The wording of the current inprocess wastewater definition
includes that water used to seal gasholders. This seal water

- should be made exempt from the inprocess wastewater definition
(wyatt, 1980).

5.6 REACTOR OPENING LOSS (ROL)

] industry and regional EPA persaonnel see a need for a separate
standard for processors stripping in the reactor. The current
regulation assumed the stripping operation was separate from
the polymerization reactor (i.e., took place in a different
vessel), which is not always the case. The resulting problem
is that the test method developed for measuring the ROL is not
applicable to plants stripping in the reactor. It is possible
to use the headspace volume of gas above the resin slurry, but
the slurry and reactor are t00 hot to measure immediately, and
after the resin is stripped to the reguired 1imit, it continues
to emit VC into the headspace (Wyatt, 1980). The proposed
revision of the standard would be based on a combination of
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ROL requirements and resin stripping levels (Ledvina, 1980;
Brittain, 1980; Varner, 1980; Holbrook, 1980). Currently,
processors stripping in the reactor show compliance by stripping
to the required levels and calculating the ROL emissions. The
only problem with this method is that the calculation does not
show valves that may be leaking back into the reactor, causing
emissions to be higher than calculated. ’

] Industry would 1ike to see a provision for monthly or semi-annual
averaging of the ROL (Holbrook, 1980). This would apply
mainly to bulk processors and other plants stripping in the
reactor.

. Concern was expressed about the prevalence of "ritualistic
sampling,” in which the reactor is opened before analytical
results of the resin samples are available and/or slurry
transferred to another vessel. The current regulation requires
that the resin must sampled to determine compliance with
stripping levels; but before the analysis can be completed,
the siurry has already been transferred to the next vessel
(Pucci 1980).

. Regional EPA personnel see a need for a prescribed method of
testing for opening of the Pre-polymerizer (Pre-Po) in the
bulk process. Because the Pre-Po is involved in only 10 percent
of the polymerization reaction and is currently defined as a
"reactor" under the standard, there are problems associated
with determining compliance for these vessels; i.e., should
equipment opening loss or reactor opening loss standards be
applied. Post-polymerization (Po-Po) reactors are opened
after every batch, whereas Pre-Po reactors are not opened as
frequently (Brittain, 1980). The intention of the regulation
was that the Pre-Po and Po-Po combined meet the ROL standard.
Industry currently applies the ROL to each reactor.

5.7 RELIEF VALVE DISCHARGES
. The primary concern about relief valve discharges, shared by
industry and regional EPA personnel, is how to determine what
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is "preventable." This point was raised more frequently than
any other by EPA regions and industries.

A1l of the industrial representatives stated that the zero
concept for relief valve discharges was unrealistic. Many
felt that frequency of discharge and the quantity of VC dis-
charged should be the basis for determining the level of
compliance (Holbrook, 1980; Laundrie, 1980).

Industry pointed out that controls for dispersion, suspension,
bulk, and solution processes differ. They suggest that the
prevalence of reactor discharges by resin types shouid be
studied (Holbrook, 1980).

Industrial personnel have cautioned against recommending
gasholders as containment for relief valve discharges. They
regard this as a safety and economic issue (Holbrook, 1980;
Laundrie, 1980; Ledvina, 1980).

An opinion expressed by industry is that 100 percent compliance
100 percent of the time should not be required and cannot be
attained. They suggest that a malfunction clause be incorporated
(Holbrook, 1980; Ledvina, 1980).

Industry sugges;ed that the VC standard could be made more
consistent with other standards (e.g., proposed benzene)
standards with regard to control of equipment breakdown that
results in emergency discharges of a certain level.

Two regions pointed out that due to substitutions of other
devices in place of relief valves (e.g., double rupture discs)
the standard should be reworded to change "relief valve
(discharge)” to "relief device, inciuding but not limited to

. . ." (Brittain, 1980).

5.8 RESIN STRIPPING

Industry feels that the language used to describe resin "grade"
is ambiguous and this affects the resin stripping regulations.
Industry and Regional EPA personnel state because each resin
grade has unique characteristics that require different stripping
techniques, allowance should be made in the standard for
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stripping levels reflecting pertinent resin requirements
(Holbrook, 1980; Laundrie, 1980; Shaui, 1980).

Industry would like relief from the daily calibration and
monitoring requirements of the current regulation (Wyatt, 1980).
For exampie, the suggestion was made by industry that longer
averaging periods should be permitted for determining stripping
level compliance (Laundrie, 1980; Mercier, 1980). Daily
compliance with resin stripping levels could be shown by
reporting certain process parameters (e.g., vacuum pulled,
temperature, time in stripper) that industry has proven achieve
the required levels. Sampling could then be required on a

less frequent basis to support the process parameters. (Note:
The preamble to the regulation, published in the Federal
Register, does make provisions for using process parameters to
demonstrate compliance. The preamble states that, "For both
reactor opening and improved stripping, it is possible that

the relationship between the emissions measured and the corres-
ponding operating procedures used to attain the emissions
measured can be established." (40 FR 59543.)

One region suggested the possibility of applying a standard for
new sources (under NESHAP) for stripping with retrofitting
requirements for existing sources. This would encourage the
industry to pursue the technology available for reducing emission
levels below current requirements. Several plants are stripping
suspension resins to less than 400 ppm by continuous stripping
(Brittain, 1980).

Sampling and analytical requirements for resin stripping in

the solution poiymerization process need to be reviewed (Brittain,
1980). The stripping requirements (in the current regulation)
were developed for the removal of unreacted VC from solid
particies of PVC. However, there is no particulate resin form
for solution resins. Solution resin stripping involves a
distillation mechanism rather than a diffusion mechanism as in
solid particles. Accordingly, solution resins can be stripped
to an average level of 10 ppm or less. Therefore, the sampling
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and analytical procedures to ensure that the 400 ppm level is
met for solution resins are relatively extensive.

5.9 SOURCES AFTER THE STRIPPER

Regional EPA personnel suggest that dryer emissions be reevaluated.
Based on a Prevention of Significant Deterioration (PSD)
application, an average suspension plant producing 90 gigagrams
(100,000 tons) of PVC resin per year will emit 36 megagrams

(40 tons) of VC per year out of the dryer stack. Indirect
drying (which would reduce drying air and make add-on control
more economical) followed by a control or product recovery
device, may be a better way to reduce these emissions (e.g.,
one PVC plant uses steam coils that indirectly heat the

resin in a rotary dryer) (Pucci, 1980).

Blend tanks and centrifuges, the next steps following the
stripping operation, have been suggested as potentially
significant emission sources (Pucci, 1980).

One region's PSD Best Available Control Technology (BACT)
analysis shows that 20 to 40 times as much VC is allowed to
escape from process units following the stripper as is allowed
from ROL and the 10 ppm exhaust emissions (Varner, 1980).

5.10 FUGITIVE EMISSIONS

One region proposed that plants submit representative data on
ambient (background) levels in annual report form, similar to
the draft generic standards. This would provide a means to
determine -the plant's progress in lowering background levels
and to establish criteria for evaluating fugitive control. A
certain percent deviation would be permitted and if the plant
achieved an average of a prescribed level, it would be in
compliance (Brittain, 1980b).

The submission of an annual report as mentioned above would
also allow the responsible EPA Region to reevaluate the Leak
Detection and Elimination Programs and, thus, reject a previously
approved program (Fiynn, 1980).

An industrial source maintains that the levels for fugitives
predicted in the Standard Support and Environmental Impact
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Statement document for the original standard were considerably
higher than actual jevels. This company has determined the
relationship of fugitive emissions to production rate and has
measured suspension and dispersion process fugitives to be 25
percent of the predicted levels for their older small reactor
suspension and dispersion plants (Holbrook, 1980)._

5.11 LEAK DETECTION AND ELIMINATION PROGRAMS

Many industrial sources, as well as regional EPA personnel,
regard the definition of a leak in the standard as unclear.
"Small" and "major" leaks need to be defined. The setting of

a de minimus level was suggested (Yonge, 1980; Oubre, 1980;
McNair, 1980; Pucci, 1980; wWu, 1980; Flynn, 1980).

As previously mentioned, regional personnel have no way of
determining the success of the programs in lowering fugitive
emissions background levels in the plants (Brittain, 1980).

One region commented that the location of monitors, while
serving OSHA purposes, may not be optimal for fugitive detection
(e.g., many sources do not monitor storage areas) (Pucci,

1980).

Several industrial representatives said that their Leak Detection
Programs, submitted to Regional EPA offices, are rarely
acknowledged (Yonge, 1980; Oubre, 1980; DeBernardi, 1980).

5.12 EMISSIONS TESTING AND ANALYSIS

Region II commented that the units for allowable emissions
from equipment opening are inconsistent. For larger pieces of
equipment, such as a surge tank serving an incinerator, the
allowable emissions should be similar to the ROL standard.
Only the smaller pieces of equipment (e.g., loading/unioading
lines) should have the 2 percent by volume or 25 galion cutoff
(Pucci, 1980).

The continuous emission monitoring standard for the primary
control device does not specify whether a "minute to minute"
monitor (as for a NSPS) or a sequential leak detection monitor
is required (Pucci, 1980). No performance specification
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exists for these continuous emission monitors in the current
regulation; this requirement of the regulation should be made
consistent with the NSPS requirements so that continuous
monitoring results can be used for determining violations of
emission standards (Varner, 1980; Pucci, 1980).

Sampling regulations for RVC are currently under the section
(61.70(c)(2)(ii) for semi-annual reporting in the sténdard.

It would be more appropriate to locate this regulation under
testing (Section 61.67) and monitoring (Section 61.68)
(Brittain, 1980).

Sampling bag sizes, specified in methods 106 and 107, are too
large for the sample (Ledvina, 1980).

Methods 106 and 107 call for "zero-grade" gas for analysis.

This method is very expensive to use on a day-~to-day basis.
Stack sampling should utilize zero-grade gas, but it is not
necessary for daily analyses (Holbrook, 1980).

Industry feels that instrumental calibration on a daily basis

is not necessary. Drift history, etc., should be allowed to
establish the reliability of the instruments (Holbrook, 1980;
Qubre, 1980; DeBernardi, 1980).

One region said that a source reported calibration requirements
for a daily span check actually caused an increase in emissions
(Pucci, 1980). .
Industry would like to establish its own program for calibration
procedures with periodic checking of internal standard operating
procedures by regional EPA personnel (DeBernardi, 1980).

Some industrial representatives feel that the standard should
not restrict analysis to specific instruments. There are
questions as to reliability and availability of parts for some
of the required instruments (Ledvina, 1980).

Method 106 for ROL measurements is not considered to be reliable.
Corrections for condensing water vapor in the sample cannot be
made reliably (Ledvina, 1980).

Region VI suggested the need for a monitoring performance
standard for backup as well as primary control devices. When
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VC emissions are bypassed to the atmosphere (e.g., in the case
of a malfunction or shutdown of a primary control device), a
backup incinerator, or a flare, the downstream monitor does
not measure any VC. Region VI feels that monitors for VC
should be located so that actual emissions of VC to the
atmosphere are always measured during all process operating
conditions (Harrison, 1979).

5.13 REPORTING

Industry made several comments regarding the lack of uniformity
in reporting requirements among the regions. Frequency of
reports and level of detail required were given as examples of
differences (Holbrook, 1980; Laundrie, 1980).

Industry suggests that the possibility of .consolidation of
permits be considered (Holbrook, 1980).

Many comments were made by Regional EPA personnel regarding
semi-annual report requirements. The regions do not consider
the semi-annual reports effective for enforcement purposes.
They feel that excursions should be reported on a 10~day basis
or immediately, with a minimum frequency of four times a year
(Thompson, 1980; Aronson, 1980; Varner, 1980).

Industry feels that semi~annual reporting should be replaced
with exception reporting (Holbrook, 1980).

5.14 RECORDKEEPING

Industry feels recordkeeping should be reduced to include only
exception or noncompliance data for the pertinent time frame
(Holbrook, 1980). This would reduce the amount of records
required to be maintained onsite.

One region pointed out that the standard does not specify a
time limit for retention of ROL records (Varner, 1980).

5.15 NESHAP APPLICABILITY DETERMINATIONS ,

Since promuigation of the VC NESHAP, several inquiries have been
made regarding the applicability of VC-use situations to the standard.
The following are examples of the type of inquiries directed to the
Division of Stationary Source Enforcement (DSSE) (Reich, 1980; King,

1980).
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Question

Are duplicate continuous
monitoring systems needed
for vinyl chloride plants?

Is EPA concerned with
short~term monitoring
malfunctions?

Are relief valve
discharges which are
due to operator error
considered violations
of section 61.65(a)?

Can a demonstration of
noncompliiance of the
reactor opening loss
standard, using an
unapproved test method,
support an enforcement
action?

When is a relief valve
discharge a violation
of section 61.65(a)?

What measures can be
taken to prevent relief
valve discharges?

Determination

No

Yes

Conditional

No

5-11

Discussion

Although backup moni-
toring equipment is not
required, it is the
responsibility of the
source to ensure that
the monitoring equipment
operates continuously.

The vinyl chloride stan-
dard does not provide for
monitoring malfunctions
of any duration - EPA is
concerned about any
malfunction.

Relief valve discharges
resulting from operator
error are considered
violations if the errors
are preventable. The fol-
lowing are examples of
preventable operator
errors:

1. Errors due to lack
of training
2. Negligence

If a source is using a
test method which has not
been approved by EPA as
an equivalent or alter-
nate test method,
information pertinent to
the method should be
submitted to EPA for
evaluation,

A relief valve discharge
js a violation if it
could have been antici-
pated and preventative
measures could have been
taken or prevented by
proper operating, main-
taining and inspecting
equipment.

Examples of measures that
can be taken to prevent

relief valve discharges
include:
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Question Determination
Are vinyl chloride tank No

cars that are transported
by rail to a viny!
chioride plant, "equip-
ment in vinyl chloride
service"?

Is a PVC sludge-drying No
facility, designed to

accommodate sludge with

some low residual VC

content, subject to the

VC NESHAP regulations?

Discussion

1. Properly instru-
menting the reactor to
detect upset conditions.

2. Injecting chemicals
to stop polymerization
reaction during upset
conditions. -

3. Venting reactor con-
tents to a gasholder and
ultimately to a recovery
system.

4. Maintaining a backup
source of power.

5. Proper training of
employees.

Tank cars are not subject
to the vinyl chloride
regulations, except to
the extent that the
requirements for purging
of loading and unloading
apply.

The regulation applies to
piants which produce EDC,
VC, or PVC. The standard
specifically places
requirements on the

reactor, stripper, con-

tainers (mixing,
weighing, and holding),
monomer recovery system,
and sources following the
stripper. If all dis-
charged material meets
the requirements of this
subpart prior to its
exposure to the atmos-
phere, this subpart does
not apply to the PVC
sludge drying facility
because the process is
not considered part of
the production processes
of EDC, VC, or PVC plants.

These are representative questions directed te many of the EPA
Regions and are indicative of the need to clarify some points in the

regulation.
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6.0 UNREGULATED SOURCES OF VINYL CHLORIDE

6.1 INTRODUCTION

The current regulation is applicable to the following types of
facilities:

(1) plants producing EDC by the reaction of oxygen and hydrogen

chloride with ethylene,

(2) plants producing VC by any process, and

(3) plants producing one or more polymers containing any fraction

of VC.
There are, however, several categorieslof VC-emitting facilities that
are not regulated under the current VC NESHAP. Many of these sources
were identified during the original study. These include PVC compounders
and fabricators, and processors who use VC as a chemical intermediate or
produce it as a byproduct.

New sources of unregulated VC emissions have been identified during
this review study. They include mobile-mounted sources, nonplant transfer
facilities, solid waste drying facilities, and disposal sites.

Many of the sources not regulated by the VC NESHAP are subject to
state hydrocarbon-emission control standards, specifically those plants
located in nonattainment areas.

6.2 SOURCES IDENTIFIED DURING THE ORIGINAL STUDY
6.2.1 Fabricating Operations
Following polymerization of vc; two major processes are involved in
the conversion of VC to a finished PVC product - compounding and fabricating.
Compounding involves the mixing of PVC resins with additives such as

plasticizers, stabilizers, pigments, blowing agents and anti-oxidants.
These additives impart certain properties that are required for handling
the polymer during fabrication as well as in the final product. Compounding
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may be done by the fabricator, the resin producer, or by independent
compounders.

Fabrication of the polymer consists of melting and shaping the
compound by various processes. Some of the major processes are:

[ Extrusion - This process consists of mixing and melting a
continuous stream of plastic and generating sufficient pressure
to force the compound through a die.

] Calendering - The compound is fed through sets of rollers to
form continuous sheets of plastic.

[ Molding - Several types of molding are used; injection,
compression, vacuforming, and embossing constitute the more
common processes.

] Bonding - The joining of two or more pieces of PVC can be
accomplished using heat (or heat and pressure), adhesives, or
hot gas welding.

Most of the residual VC (RVC) in the resin is lost at the PVC
plant. Following stripping operations (which remove RVC to levels at or
below those reguired by the regulation) further losses of RVC occur in
drying, bagging, and storage operatibns. More RVC can be lost while the
resin is in transit. Thus, operations following the stripper (and prior
to compounding operations) account for the reduction in RVC levels
entering compounding and fabricating facilities as compared with those
found in the stripped resin. The application of heat and pressure
during fabrication can cause some of the remaining RVC to diffuse from
the resin particiles. ’

A.D. Little (1975) prepared a report on VC emissions from PVC
processing industries for the EPA in August 1975. This report
quantified the vC emissions from compounders and fabricators of PVC
resins. The conclusions drawn from the study were: '

) There are more than 8000 PVC fabricating facilities in the

United States,

° Emissions from compounding and subsequent fabrication processes
together accounted for less than one-half of one percent of
the total United States emissions, and
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° The most promising control technique to 1imit VC emissions to
the atmosphere from compounding and fabricating facilities
appeared to be further reduction of RVC levels in incoming
resins. At the time of the 1975 study, average VC content of
raw resin was reported to be 300 ppm (in 1974), with PVC
production rates of 2.0 teragrams (4.4 x 109 pounds). Total
VC release from compounding and fabricating facilities during
1974 was 600 megagrams (1.3 x 106 pounds).

Since promulgation of the OSHA VC workplace standard (permissible
occupational exposure level), PVC manufacturers have reduced the RVC
content in the resins supplied to compounders and fabricators. To
control VC exposure in fabrication facilities, the PVC industry has
established a 10 ppm VC concentration limit in dried PVC resins.
Surveillance and enforcement of this requirement has been delegated to
the Plastic Pipe Institute (Cameron et al., 1980, p. 43).

In addition to the influence of the OSHA standard, requirements by
the Food and Drug Administration (FDA) have contributed to the reduction
of RVC levels in resins supplied to fabricators. PVC products that will
come into contact with humans are required to have very low levels of
RVC. Therefore, resins to be used for blood bags, food wrap, drug and
beverage bottles, etc., enter the fabricating facilities with RVC levels
well beiow 1 ppm. Bottle resin, for example, is currently provided at
levels less than 0.05 ppm (Ter Haar, 1980.)

Of the PVC plants surveyed, all report that average PVC levels in
resin leaving the plant range from <0.002 ppm to 10 ppm. Many plants
report levels of <0.5 ppm to 1 ppm. Typical reductions in resin RVC
since promulgation of the VC NESHAP are shown by the foliowing data from
a PVC resin manufacturer (Ter Haar, 1980): ' |

RVC Levels (ppm)

Resin type Prior to 1974 Current
Emulsion Resins 3.0 0.5
Bottle Resins - <0.05
Other Suspension Resins 935 2.6
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In 1979, PVC production rates were reported to be 2.8 teragrams (6.1 x
109 pounds) (Chemical and Engineering News, 1880, p. 13). Assuming that
the average RVC content of the resins suppiied to compounders and
fabricators is 10 ppm and that all of the VC is lost to the atmosphere
during fabrication (worst case assumption), total emissions from these
sources for 1979 would have been 28 megagrams (6.1 x 104 popnds) VC.

The emission levels from these sources would actually be much lower
than those cited above since average RVC content of incoming resin is
probably less than 10 ppm. In addition, VC migration studies indicate
that a very low percentage of monomer is released during fabrication.
During extrusion, for example, 10 percent of the monomer is typically
released (Ter Haar, 1980).

EPA conducted ambient air studies in which five PVC fabrication
plants were monitored. There were no measured concentrations of VC
emitted from three of these plants. The highest measured concentration
was 0.006 ppm, 24-hour average (Padgett, 1980).

6.2.2 Miscellaneous Sources

In a study done by Arthur 0. Little, Inc. for the EPA (Lyman,
1976), miscellaneous sources of VC emissions were categorized as follows:

° Industrial processes in which VC is used as a chemical
intermediate for the production of other chemicals,

[ Industrial processes in which VC is used as a minor
constituent (<50 percent by weigﬁt) for the production of
resins, and

. Industrial processes in which VC is produced as a byproduct of

the chemical reaction invoived.

The second category, use of VC as a minor constituent in resin
production, no longer represents an unregulated source, as these
processes are now_subject to the curfent VC NESHAP regulations (i.e.,
any amount of VC used for polymerization constitutes a regulated process).

Within the first category (use of VC as a chemical intermediate),
two main sources were identified by the Arthur 0. Little study:
(1) production of 1,1,1-Trichloroethane (1,1,1-TCE) and 1,1,2-Trichloro-
ethane (1,1,2-TCE); and (2) production of other special chemicals such
as certain pesticides.
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A more recent survey conducted by Conoco (McPherson, 1979, p. 75)
attributes three to four percent VC usage to the manufacture of 1,1,1-TCE.
Information pertaining to the current status of VC emissions from the
manufacture of 1,1,1-TCE and 1,1,2-TCE was not obtained during the
review study.

VC emissions from pesticide manufacturing facilities were identified
in the Arthur D. Little report. Total VC consumption was estimated to
be only two percent of the amount estimated for TCE production. One of
the two plants cited in the study, an insecticide manufacturing facility,
was contacted during the current VC NESHAP review study. It appears
that VC consumption, control technology, and emissions are essentially
the same as they were when the Arthur B. Little study was done (Vines,
1981). At that time, VC emissions to the atmosphere were estimated to
be about 0.14 kilograms (0.3 pounds) per day. ‘

The third category (VC as a byproduct) encompassed the foliowing
processes existing in the United States:

(1) the manufacture of EDC via oxychlorination, and

(2) the manufacture of ethylene amines and ethylene imines from

EDC.
The first process is now regulated under the existing VC NESHAP. Current
information on VC emissions from ethylene amine production confirms that
VC, as a byproduct'in these processes, represents a very minor source of
emissions (actual amounts not known). A representative of a plant -
manufacturing ethylene amines stated that the small amount of VC involved
is directly vented to the incinerator in one plant. In another plant,
VC is sent to the VC recovery column at their PVC facility. In either
case, storage and hahd]ing of VC is not a factor. "VC fugitive emission
surveillance in these plants has shown no detectable VC levels (Wise,
1981). '

6.3 NEW SOURCES IDENTIFIED DURING THE REVIEW STUDY
6.3.1 Mobile-mounted Sources of Emissions
Three areas of mobile-mounted emission sources have been noted by

some regional EPA personnel. These are rail cars, tank cars, and marine
unloading facilities. Department of Transportation (DOT) and Coast
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Guard regulations are primarily concerned with flammabiiity and water
poliution parameters. No designation of responsibility for VC emissions
into the air has been assigned for rail car leaks (Aronson, 1980).
Several companies have reported relief valve discharges associated with
the unloading of VC from ships at marine unloading facilities (Brittain,
1980). _
Facilities used for cleaning rail and tank cars transporting liquid
VC are often remote from regulated sources. There is a question as to
whether these facilities or the VC supplier should assume responsibility
for resultant VC emissions.
6.3.2 Nonplant Transfer Facilities
Terminals for transfer and short term storage of VC from marine

vessels are under the jurisdiction of the Coast Guard and are not regu-
lated by the VC NESHAP. The significance of emissions from these
intermediate facilities is a concern of Regions I and VI (Pucci, 1980;
Brittain, 1980). Because 16 of the 18 operating EDC/VC plants are
located in Region VI and most of these plants are proximate to marine
waters, this potential source of VC emissions is of major concern to
Region VI as well as the plants who normally take responsibility for the
emissions. In addition, many sources are clustered in the northeastern
United States and VC can be transferred by marine vessels to transfer
facilities near the sources. One of these transfer facilities was
identified in Region 1I, but has temporarily been shut down.

The unregulated source of emissions is usually from a safety relief
valve on the marine vessel {barge or ship) that discharges when overpres-
surization occurs during loading and unloading. One plant in Region VI
reported a total of 871 kilograms (1936 pounds) of VC emitted from
mariné vessel relief valves over a 3.5 year period since 1977. This is
comparable to 58 percent of the total quantity of relief valve discharges
reported during this same time period. However, in most cases, the
discharges from marine vessels are not reported because this source of
emissions is not regulated (Brittain, 1980).
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Tank farms, used for temporary VC storage and potentially for
emergency stockpiling (due to rail strikes, etc.), are not currently
regulated under the standard (Schaul, 1980; Varner, 1980).

6.3.3 Solid Waste Drying Facilities

One facility is currently installing a PVC sludge drying operation,
designed to accommodate sludge with some low residual VC content. Such
facilities are considered to be potential VC emission sources (Schaul,
1980). However, the sludges to be dried at these facilities contain PVC
resins that have already met reqguirements for resin stripping levels.
6.3.4 Disposal Facilities (Landfill)

VC emissions were recently detected in vents from a landfill in

Region II. These vents were installed mainiy for the release of methane
from the landfill. It is thought that PVC wastes, generated prior to
the VC NESHAP's stripping requirements (and therefore unregulated), were
disposed of in the landfill (Pucci, 1980). Measurements made at the
landfill vents showed levels as high as 90.2 ppm. A review of the
design proposed for the new venting system for the landfill included an
evaluation of the number and spacing of the vents as well as an accept-
able means for dealing with the VC emissions. The recommendation report
stated that a manifold burner system would substantially reduce VC
concentration, although the report did not state the level of reduction.
The burner systems suggested included a Hirt Ground Flare and other
waste gas burners. Interim control devices are being evaluated, and
these include activated charcoal cannisters and activated charcoal
tubes. VC has been measured in another landfill nearby, and Region Il
suspects that many more exist (Spatola, 1981).

Disposal of off-specification batches of PVC resin has been
identified as a potential VC emission problem. These batches cannot
always be stripped by conventional methods and thus may contain high
levels of RVC. Some off-specification batches can be sold, but many are
discarded. The State of California requires that all of these batches
be stripped to levels appropriate to that resin type, but industry
states that this is not always possible (Fannin, 1980). Ultimate
disposition of the off-specification batches has not been determined.
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7.0 IMPACT OF OTHER REGULATIONS

7.1 INTRODUCTION

The original study, which was done to support the current regulation,
found that existing regulations as well as proposed regulations had
1ittle effect, if any, on the reduction of atmospheric VC emissions from
EDC/VC and PVC plants. The Occupational Safety and Health Administra-
tion's (0SHA) regulations required a combination of ventilation techniques,
engineering and work practice controls, and respirators to reduce worker
exposure. Many of the engineering controls reduced atmospheric emissions,
for example, portable and fixed point monitoring, improved sealing
techniques, transfer line purges, reactor cleaning methods, and improved
stripping, which not only reduced emissions from PVC plants but satisfied
the demands of the fabricators (EPA 1975, p. 9-5). However, it was felt
that compliance with the standard would not be uniform throughout the
industry or significantly reduce VC emissions to the atmosphere.

Some state regulations existed for hydrocarbons and new construction
and they indirectly reduced VC emissions at some plants. Texas regulations
required two EDC/VC plants to reduce hydrocarbon emissions from the
oxychlorination reactor, thus indirectly reducing VC emissions. Louisiana
had similar regulations. New Jersey and Texas both required what wa;
specified by each state as best control technology for any pollutant,
including VC, when a source was newly constructed or modified (EPA 1975,
p. 9-105p Other regulations concerning water poliution, transport of
VC, aerosol products, and food packaging had no effect on reducing VC
emissions.

However, since promulgation of the standard in October 1976, other
regulations have evolved that can have a potentially greater effect on
VC emitted to the total environment. The following is a 1ist of the new
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regulations, policies and requirements that have been established or
proposed.
. Policy and Procedures for Identifying, Assessing and Regulating
Airborne Substances Posing a Risk of Cancer (Proposed Carcinogen
Rule)
° Prevention of Significant Deterioration (PSD)
] Resolution of the South Coast Air Quality Management District
Board (SCAQMD) adopting Rule 1005.1 - Control of Vinyl Chioride
Emissions
. Resource Conservation and Recovery Act (RCRA)
° Toxic Substances Control Act (TSCA)
Toxic Pollutant Effluent Standards as required by the Clean
Water Act of 1977
Proposed Primary Drinking Water Regulations
Potential Revision to the OSHA Workplace Standard for VC
Transport of Hazardous Wastes and Hazardous Substances
Food and Drug Administration (FDA) regulations
Other state and local air pollution regulations
These new regulations have made the acquisition of permits necessary
for construction and operation increasingly complex. The effect of the
new regulatory requirements of the VC NESHAP will be discussed below
with the federal and state laws responsible for impiementation.

7.2 CLEAN AIR ACT

The Clean Air Act (CAA) Amendments of 1977 provided a mechanism for
instituting a program for Prevention of Significant Deterioration (PSD)
of Air Quality and plans for nonattainment areas. These regulations '
provide for continued protection of the existing ambient air quality
and, in some cases, have had an effect on reducing VC emissions from new
and modified sources. The CAA recently proposed a rule for regulating
airborne carcinogens. The proposed Carcinogen Rule directly affects any
recommended revisions to the current standard that may result from this
review study. In addition, the state of California has established the
first ambient air quality standard for VC and the regulations necessary

for its enforcement.
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7.2.1 Carcinogen Rule
The Carcinogen Rule, proposed on October 10, 1979, considered

policies and procedures to:
® determine the carcinogenicity and risks for a specific pollutant,
0 establish priorities for regulatory action,
) specify degree of control, and
® provide public input to the decisionmaking process. ' The
proposed rule's requirement for periodic review of NESHAP
regulations triggered this review of the current VC regulation.
At least every 5 years, regulations would be reviewed for
possible modification incorporating technological developments
and health effects information. These reviews provide the
opportunity to consider revising the standard (EPA, 1979a).
7.2.2 Prevention of Significant Deterioration
The original, and more recently revised, PSD and related nonattainment
regulations have been responsible for reducing VC emissions from EDC/VC
and PVC plants, in certain respects, beyond the reductions required by
the current VC NESHAP. The goal of PSD is to ensure that air quality in
clean areas does not significantly deteriorate and yet maintains a
margin for future industrial growth. Clean areas, or those areas meeting
the National Ambient Air Quality Standards (NAAQS) for criteria poliutants,
are classified as attainment areas. New construction or a modification
to an existing applicable source may be subject to PSD review and specific

required analyses.

New construction or a modification to an existing source in a
nonattainment area (an area not aéhieving the NAAQS) must be reviewed
in-accordance with the nonattainment provisions of the applicable State
Implementation Plan (SIP). SIP's represent the plan of action that a
state follows to restore non-attainment areas to attainment areas. EPA
is continuing to publish control techniques guidelines (CTG) for those
industries that emit significant quantities of air pollutants in areas
of the country where NAAQS are not being achieved. CTG's provide infor-
mation to state and local agencies that can be used in maintaining air
quality (i.e., for developing an SIP). The CTG identifies reasonably
available control technology (RACT) that can be applied to the industries
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to reduce emissions, taking into account technological and economic
feasibility. No CTG currently exists that would directly affect a
regulated VC source. CTG's are in the developmental stages for air
oxidation processes, polymers and resins, which could affect VC sources
in the future.

PSD review is required for sources locating in PSD areas, in areas
designated attainment, or in areas that are unclassifiable for any
criteria pollutant. PSD areas, however, can also be designated non-
attainment for one or more pollutants. 1In such areas, significant
increases in pollutants for which the area is designated nonattainment
under Section 107 of the CAA are exempt from PSD review. If this is the
case, the facility will still be subject to review according to that
state's applicable SIP. Therefore, a newly constructed EDC/VC and/or
PVC plant (or modification to an existing plant) may be subject to PSD
or non-attainment review or both.

PSD applicability is first determined for the new source or for the
modification to an existing source. A new source is subject to PSD
review if it is: (1) one of the 28 1isted sources with the "potential"
to emit 100 tons per year or more of a regulated pollutant, or (2) any
unlisted source with the "potential” to emit 250 tons per year of a
reguiated poliutant. Regulated pollutants are the five criteria poliutants
and nine non-criteria pollutants (of which VC is one). "Potential"
emissions incorporate controls, any federal or state permit requirements
and fugitive emissions. A modification to a major source is subject to
PSD review if the physical change or change in operation results in a
significant net emissions increase. The significance level above which
PSD review is required is 1 ton per year for VC and 40 tons per year for
volatile organic compounds.

Once it is determined that the source is subject to PSD review, the
following three analyses are required:

. Best Available Control Technology (BACT) analysis,

. air quality analysis, and

) additional impact ana]yées.

The BACT analysis is the most important requirement and it provides
the data for the other two requirements. Because NESHAP regulations do
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not necessarily require BACT, PSD regulations can override NESHAP
provisions and the resulting requirements for BACT may represent a more
stringent emission control. NESHAP regulations reguire best available
technology (BAT) which differs from BACT in the procedure used for its
selection. BAT is selected on a nationwide basis considering economic,
energy and environmental impacts, whereas BACT is selected on a plant-
by-plant basis considering economic, energy and environmental ‘impacts.
For this reason, BAT and BACT may not necessarily reflect the same level
of controi. Therefore, a new VC source undergoing PSD review may be
required to impiement a level of control (i.e., BACT) that is more
stringent than the BAT required by the VC NESHAP.

The primary purpose of BACT is to minimize consumption of increments
(i.e., allowable growth within an attainment area) and thus expand the
area's potential for future growth by addressing the interrelated impacts
of energy availability, economy and environment. BACT determinations
are made on a case-by-case basis, and the results form the basis for
control strategy decisions. A BACT application may exempt a regulated
pollutant from PSD review; for example, a company requesting a permit to
construct an EDC/VC and PVC plant on the same site calculated potential
hydrocarboh emissions to be approximately 5,000 tons per year thus
making the source subject to PSD review (actual quantities of VC emissions
were not determined). However, after application of BACT, the hydrocarbon
emissions, including VC, were reduced to less than 50 tons per year
which resuited in an exemption from PSD review. The BACT determination
required more stringent control of specific VC emission point sources
within the plant to levels less than those required by the VC NESHAP
(Winkler, 1980). In another example an EDC/VC plant was allowed to
discharge approximately 80 tons per year of VC from the oxy vent under
NESHAP. However, the plant chose to incrementally remove 79 tons per
year rather than go through PSD review (Brittain, 1980).

The BACT process invoives four steps. The first, poliutant
applicability, has already been discussed. The second step is deter-
mining the emissions unit applicability for the source. A1l applicable
emissions units must be analyzed. A chemical complex producing EDC, VC
and PVC provides a good example. Each chemical and polymer is made in
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separate processing equipment with each piece of equipment containing
several emission units. Emissions from all of the units must be summed
for the entire complex which then constitutes one source. Fugitive
emissions are included in determining quantities of emissions from each
unit. Secondary pollutants (i.e., those emissions associated with a
source but not emitted from the source itself) are also included if they
cause a potential air quality standard or increment violation.

The third step in BACT review is to identify sensitive concerns
(i.e., local air quaiity concerns and potential environmental impacts).
These concerns should be quantifiable, if possible, so that various
control alternatives can be compared. This step also encourages public
involvement.

The last step is to select alternative control strategies. A base
case is first established in order to rank the alternatives and consider
them quantitatively. The base case can be considered the case that
would be applied in the absence of the BACT decisionmaking process.

The choice of the base case is dictated by existing regulations such as
New Source Performance Standards (NSPS) or NESHAP requirements. Selection
of alternatives is usually based on technical feasibility =-- previously
demonstrated technology. Innovative technology can be selected also and
PSD allows special consideration for its use.

With the creation and analysis of the base case, alternative contro)
strategies affording greater degrees of continuous emission reduction
than the base case are ranked in order of control efficiency. The
applicant then conducts an economic, energy and economic impact analysis
for each alternative control strategy. Upon completion of these analyses,
the information will be available to perform the final evaluations that
will lead to proposal of BACT.

The other aﬁa]yses required after the BACT analysis are an air
quality analysis and an additional impact analysis, both of which rely
on the BACT results. The air quality analysis must demonstrate that
NAAQS or PSD increments will not be violated. This is done for each
regulated pollutant and is accomplished by projecting the air quality
that would exist when the new construction or modification is operating.
Dispersion modeling is used to project this air quality. The modeling
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takes into consideration the impact area, other sources in the areas,
and existing ambient concentrations. The complexity of the analysis
depends on location, and in some cases, ambient monitoring will be
required. Finally, the additional analysis considers the impact on
soils, vegetation, and visibility in the affected area from the
increased emissions.

The applicant now has conducted the required analyses and based on
the results proposes BACT to the reviewing agency that has responsibility
for approval. The reviewing agency's determination is made on a case-by-
case basis and the emission rates proposed as BACT may not necessarily
be the rate ultimately specified in the PSD permit.
©7.2.3 NESHAP Delegation to States

Section 112(d)(1) of the CAA allows each state to develop and
submit to the Administrator a procedure for implementing and enforcing
emission standards for hazardous air pollutants for sources in their
state. If the Administrator finds the state procedure adequate, he
shall delegate to the state the authority under the CAA to implement and
enforce the NESHAP standards. Currently, those states that have received
NESHAP delegation that contain VC sources are Texas, Georgia, and
California. The state program must be as least as stringent as the
Federal VC NESHAP. The state can also develop a program that is more
stringent. California has developed a more progressive program that
exemplifies the effect that NESHAP delegation can have on reducing VC
emissions below those levels required by the Federal VC NESHAP.

The California Air Resources Board (CARB) was delegated NESHAP
authority and, in response, adopted a state ambient air quality standard
(AAQS) for VC of 10 parts per billion (ppb). CARB chose the 10 ppb
level as the state AAQS because it was the lowest detectabie limit for
VC at that time. Responsibility for implementing the standard was then
delegated to the local Districts (county-wide areas) within California.
The Districts' mandate is to attain and maintain the AAQS's adopted by
California, although the Districts' rules and regulations apply
specifically to the sources within their jurisdiction.

A1l of the five VC sources in California are located in the South
Coast Air Quality Management District (SCAQMD). 1In response to the
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10 ppb AAQS, SCAQMD adopted the Federal NESHAP (Rule 1005) as their
authority for enforcement of the AAQS and proposed a resolution adopting
Rule 1005.1 as their program for controlling VC emissions to 10 ppb.
Some of the major differences between Rule 1005.1 and the Federal NESHAP
will be discussed in the following subsections.

Ambient monitoring. Designated plants, or those plants subject to
Rule 1005.1, are not allowed to discharge VC in quantities that result
in ambient concentrations greater than 10 ppb, 24-hour average, measured

at any point beyond the property line of the plant where people reside
and work. Sources are required to operate up to eight air monitoring
stations in the vicinity of the plant to ensure that the 10 ppb level is
being attained. These stations are selected and approved based on
meteorological data, other available monitoring data, and location of
popu]atioﬁs around the plant. Meteorological data must also be
monitored at these stations. Records of all the data must be maintained
and monthly summaries submitted to SCAQMD. A plant can reduce the
number of required stations if no violations occur in any period of 6
consecutive months. This exemption becomes void if a significant
violation occurs. Minor, nonperiodic and infrequent breakdowns may be
overlooked.

Primary control device. A1l equipment containing more than 10 ppm
VC is required to be vented to the primary control device. The control
device must then be operated at an efficiency to 1imit total emissions
from the stack to less than 50 grams per hour. Selection of the emission
T1imit was based on worst case modeling indicating that this level of
emissions would maintain the 10 ppb AAQS. The 50 gram per hour lTimit
sets a ceiling on growth (which the VC NESHAP 10 ppm limit does not;
plants can continue to grow and discharge larger gquantities of VC under
the 10 ppm Federal standard).

‘Bubble concept. Rule 1005.1 allows a source to "bubble" or group
their emissions to the degree that the 50 gram per hour limit is
maintained. If a source requests this method of emissions reduction,
all original construction and operation permits must be submitted to
SCAQMD and new permits filed for approval. SCAQMD reissues these permits
specifying emission levels or any other conditions necessary to ensure

all emission 1imits are met.
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Reactor opening loss (ROL). ROL emissions have been reduced to a
10 ppm concentration rather than the Federal standard of 0.02 gram VC
per kilogram of PVC produced.

Operational Reguirements. Ail vent valves and relief devices

(other than emergency relief valves) upstream of stripping must be
vented to a receiving vessel. Off-specification polymer batches must be
discharged to a sealed container or stripped to required levels. Failure
of a rupture disc preceding an emergency relief valve is a violation
unless vented to control equipment.

Management plan. A management plan must be submitted for the

reduction of VC emissions. The plan shoulid include, but is not limited
to,
° A plan and schedule to locate and identify all emissions
sources that may cause the AAQS to be exceeded;
) An outline of employee training programs for preventing
emissions; -
) A method for screening operating data to identify operators
most.often responsible for excessive emissions; and
] An ‘outline of a special training program or other methods to
eliminate excessive emissions.
Leak detection. A leak is the detection of VC from any location,
other than a stack vent or designed equipment opening, from which VC

exceeds the background level of 10 ppm (measured 5 centimeters from
source). All equipment containing or using VC shall be free of leaks.
Equipment is to be inspected on a regular basis and records kept - all
Teaks are to be eliminated within 24 hours. Any leak detected during a
SCAQMD inspection is a violation.

New or modified plants. The builder must demonstrate that the
ambient air quality will not exceed the 10 ppb AAQS as a result of any

emission from a new or modified source.
Reiief valve discharges. Designated plants must install and operate

pressure indicating and recording instruments (or approved equivalents)
monitoring the discharge of emergency relief vaives and manual vent
vaives. Data from these instruments must be summarized monthly and
submitted to SCAQMD.
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Current status of Rule 1005.1. The above subsections represent a
summary of the major differences between the Federal NESHAP and the
SCAQMD Rule 1005.1. Rule 1005.1 is currently being challenged in court
by Stauffer Chemical and the B.F. Goodrich Chemical Group on the basis
that the Rule is unconstitutional.

7.3 RESOURCE CONSERVATION AND RECOVERY ACT (RCRA)

RCRA was established in 1976 for the protection of public health
and welfare by supplying guidelines to protect the quality of ground-
water, surface water, and ambient air from contamination by solid waste.
Draft regulations were issued in 1978 and final regulations in May 1980.
These regulations control hazardous wastes from “cradie-to-grave" or
from the point of generation through transportation, storage and uitimate
disposal. This will be accomplished by a manifest system. If the
generator produces hazardous wastes in sufficient quantities (greater
than 1,000 kilograms per calendar month, except for some highly toxic
wastes with lower 1imits of 1 kilogram per calendar month), he is
responsible for their disposal. On-site disposal will require a permit
with strict requirements for siting, operating, and monitoring the
facility. Otherwise, the waste must be disposed of in a facility with a
permit subject to the same strict requirements. The generator remains
responsible for off-site disposal.

RCRA will probably have more of an effect on EDC/VC plants than PVC
plants. The following EDC/VC processes have been identified as sources
of hazardous wastes (EPA, 1979b, p. 181), 1) heavy ends from distillation
of VC in production of VC from EDC, 2) heavy ends from distillation of
EDC in VC production, and 3) heavy ends from distillation of EDC in EDC
production. PVC sludge is not designated as a hazardous waste.

These solid wastes have been specifically 1isted as hazardous but
it will still be the responsibility of the generator to show that other
solid wastes originating from his facility are not hazardous. VC has
been identified as a pollutant that could cause a solid waste to be
classified hazardous (EPA, 1979b, p. 175). Also, surface impoundments,
utilized by EDC/VC and PVC plants to_col]ect waste streams, represent
disposal sites and may require upgrading to meet RCRA standards of
performance (Hanrahan, 1979, p. 23).
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One of the more common methods being proposed for disposal of
hazardous wastes is incineration. RCRA has extensive permit requirements
for direct land disposal plus long term liabilities for generators using
this method. However, incineration disposes of wastes without pretreatment
and without incurring the long term liabilities of the manifest system.
EDC/VC plants or PVC plants incinerating their hazardous wastes will be
required to obtain a permit to operate the incinerator under RCRA.

7.4 TOXIC SUBSTANCES CONTROL ACT (TSCA)

TSCA was enacted in 1976 and provides EPA with the authority to
secure information on all new and existing chemical substances and to
control the substances determined to be hazardous to public health and
the environment. Basically, TSCA was instituted to control the commerce
of toxic products and the regulations provide EPA with powers that do
not exist under any other Federal toxics-related laws. The other environ-
mental laws (e.g., Clean Air Act, Clean Water Act, RCRA) are concerned
with the control and disposition of gaseous, liguid and solid wastes and
byproducts. OSHA focuses directly on worker exposure problems. However,
TSCA deals with chemicals and products throughout their life cycle -
manufacturing, distribution, dse, and disposal (EPA, 1979b).

EPA will control the chemicals by requiring submission of a
Premanufacture Notification (PMN) before marketing a new substance not
listed in the TSCA 1979 Inventory of Toxic Substances. The PMN contains
extensive background information including test data and literature
predicting the effect that substances may have on workers, the
environment, and consumer populations. Exceptions to TSCA are foods,
drugs and pesticides that must be registered with specific agencies
(e.g., FDA for foods and drugs, and EPA for pésticides). Any chemicals
in the 1979 Inventory that are released to the environment by discharge
must be listed in any state permits (to construct and operate), RCRA
permits, and National Pollutant Discharge Elimination System (NPDES)
permits under the Clean Water Act.

EDC, VC and many polymers of VC are already listed in the Inventory,
and public health and environmental effects have been well established

for these substances. A PMN is not required unless the "old" or Tisted

7-11
SPI-05281



substance is used in a significantly new way (as determined by EPA).
However, any new chemicals used in polymer development (e.g., new
copolymers containing VC) will require a PMN prior to marketing.

7.5 CLEAN WATER ACT

Section 307 of the Clean Water Act required the EPA to publish a
list of toxic pollutants and authorized EPA to promuigate effluent
standards for those pollutants. In addition to these listed toxic
pollutants, amendments to the Clean Water Act in 1977 required that
"Consent Decree Pollutants" be added to the 1ist of toxic pollutants if
effluent limits failed to achieve water quality criteria (EPA, 1979b).
VC is one of these "Consent Decree Pollutants" for which effluent guide-
lines were developed (see Federal Register, Nov. 28, 1980; 45 FR 79318).
These effluent limitations are listed on, and enforced through, the
discharge permit required under the National Pollutant Discharge
Elimination System (NPDES).

Section 311 entitied "0i1 and Hazardous Substance Liability,"
authorizes EPA to promuigate Hazardous Spill Regulations. Under these
regulations EPA designated as hazardous those substances which, when
discharged, present an imminent and substantial danger to the public
heaith or welfare. An additional 28 chemicals have been added to the
existing list of 271 hazardous substances published in 1978 — ethylene
dichloride (EDC) used to produce VC and vinylidene chloride (used as a
comonomer with VC) are on the proposed list (EPA, 1979b). Any spill
consisting of these chemicals would result in a penalty, which is
determined on a case-by-case basis. Sources in compiiance with effluent
standards established for these chemicals in other sections of the Clean
Water Act are exempt from these requirements.

7.6 SAFE DRINKING WATER ACT

The Safe Drinking Water Act of 1974 was established to ensure that
the public is provided with safe drinking water. This protection of
public health is accomplished by EPA through the adoption of National
Interim Primary Drinking Water Regulations that specify maximum levels
for certain toxic contaminants in public drinking water. Secondary
drinking water regulations have been proposed as guidelines to the
states to ensure non-health related qualities of drinking water.
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As a guideline, a 1ist of chemicals indicative of industrial
pollution has been published by EPA — VC is one of these indicators
(EPA, 1979b). 1In addition, the EPA Office of Drinking Water, Criteria
and Standards Division, has drafted a criteria document that would be
used to establish a drinking water standard for VC.

7.7 HAZARDOUS MATERIALS TRANSPORTATION ACT

The Department of Transportation (DOT) under the Hazardous Materials
Transportation Act of 1974 has promulgated final regulations on the
transport of hazardous wastes and hazardous substances. VC, EDC, and
several comonomers are subject to these regulations. The principal
objective of this rule, as it pertains to the use of identification
numbers for the regulated substances, is to improve the efficiency of
civil emergency personnel (such as firemen and policemen) in the
identification of hazardous materials, and to facilitate the accurate
transmission of information to and from the scenes of accidents involving
hazardous materials.

7.8 OCCUPATIONAL SAFETY AND HEALTH ACT

OSHA recently published a request for information on VC and PVC in
the Federal Register on December 18, 1979 (44 FR 74928). This request
was for voluntary submission of-data and information that could be used
as part of a review of the current OSHA VC standard. OSHA is concerned
primarily with PVC dust and that the dust might cause pneumoconiosis.
OSHA is investigating to determine whether the disease is caused by
residual levels of VC in the dust or by the actual dust itself. The
progress of this investigation has not been determined to date.

7.9 SUPERFUND LEGISLATION
The Comprehensive Environmental Response, Compensation and Liability
Act of 1980 (Superfund) was recently signed into law to further the
control of hazardous substances in the environment. The purpose of
superfund is to:
. establish a federal cause of action against those responsible
for the release of a hazardous substance into the environment;
° create a $1.6 billion trust fund to be used for cleaning up
hazardous substances released into the environment or for
taking action to prevent a threatened release; and
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. create a $200 million fund for surveillance, care and
maintenance of RCRA-closed hazardous substance disposal sites,
and for any damages or environmental cleanup costs associated
with such a site.

The $1.6 billion cleanup fund will be created from $1.38 billion in
industry taxes and $0.22 billion in government revenues. The $200 million
surveillance, care and maintenance fund will be created from industry
taxes. These taxes will be on crude petroleum products, chemicals
produced, and hazardous wastes generated. Regulations for implementing
the superfund will be promulgated in the near future.

7.10 FOOD AND DRUG ADMINISTRATION REGULATIONS

The Food and Drug Administration (FDA) establishes requirements for
PVC resins fabricated into products that come into human contact (e.g.,
beverage containers, baby bottle nipples, blood bags, pharmaceutical
products, and food wrap). A processor producing these resins must meet
requirements specifying operational procedures, resin characteristics
(e.g., clarity, purity), and residual levels of VC (RVC). The FDA puts
restrictions on all process steps from polymerization through
fabrication. These resins are usually small-batch specialty resins that
are stripped under controlled conditions because of their heat
sensitivity. Also, reactors must be maintained differently (e.qg.,
cleaning requirements are specified) and frequency of reactor opening is
dictated.

7.11 OTHER STATE AND LOCAL REGULATIONS

The state regulations having the greatest impact on reducing VC
emission are those mentioned previously under the Clean Air Act. Prior
to construction or modification of a source and subsequent operation,
companies will be required to obtain permits to construct and operate.
It is through these permits that states will set limitations and
conditions for emission reduction in nonattainment areas. These
limitations may require further reduction of VC emissions below NESHAP
limits, either through'a reduction in hydrocarbons or VC specifically.
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§ 61.01  Applicability.

The provisions of this part sapply to
the owner or cperator of any stationary
source for which a standard is prescribed
under this part.

$ 61.02 Definitions.

As used 1n this part, all terms not de-
fined herein shall have the meaning given
them (1. the sct:

(a) “Act” mesns the Clean Air Act (42
TSB.C. 1857 et seq.).

(b) “Administrator” mesns the Ad-
ministrator of the Egvironmental Pro-
tection Agency or his authorized repre-
sentative, .

(¢! “Alternstive method” means any
method of sampling and analying for
an air pollutant which ts not a reference
method or an equivalent method but
whith has been demonstrated to the
Administrator's satisfaction to produce.
in specific cases, results te for
bis dstermination of complisnce.
“Commenced” means that an own-

tion t0 have & consister! and quantita-
tively known relationship to the reference
method. under specified conditions.
(1) “Existing source” means sny ote~
tionary source which s not & new source.
}) “Modification” means any physical
method of

city of the stat Y

erating design
source: -

(1) An increase tn hours of operation.
(k) “New spurce™ meanas any stationary
source, the construction or modifie

of which is commenced after the publi-
eation in the Pxvzaal Racisra of pro-
posed nations] emission standards for
hazardous air pollutants which will be
applicable to such source.

M “Owner or operstor” means any
person who OWRs. ieases, OpeTates, con-
trols, or supervises & stationary source.

(m) “Reference method™ means any
method of sampling and analyzing for an
air pollutant, as descrided in Appendix
B to this part.

(n) “Startup™ means the setiing in

tion of & y source for any

purpose.
(0) “Standard” means nationa)

[
emission standard for » pasardows alr UV
ﬂmmumwww y

tp) ~Stationary source™ means ARy
building. structurs. facility, or installa-
tion which emits or may emit any air
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tazardous by the Administeator.
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mant of Environmental Sonservation. 56 Wolf
T

(1] Nomh Carolins Kavironmental Man-
Commimion.

ageamant "Department of Natural
and X 0! Envi-
ronmantal Mansgemant, P.O. Bax T7887. Rs-
Nerth X161}, Atuation: Al
Secuon.
133) Swsve of ate

1M Biste

A-3

i) lcumw Atr Pallution Controt Au-
shortty, Juite 7001 l NT ln’x Dull Avetiua.
Vancouver, W

"éy"’ ‘w""‘""“

YY) Wisconsin—Wisconsis Department
of Natural Resources. PO Box 921, Msai-
son, Wisconsin $3707. 37

1ZZ: (Raserved)

(AAA} | Rasarvad |

(388) ~Commeawesitt of Pueric Rica
Commopweslih of Puerio Ruo Enciron:
mantal Quality uu‘. PO Box LITES Sen-
wree. PR 00010

(CCC) US. Virgin Isiands U3 Viegio

t of Conssrvation snd
Cultura) Aftairs. P.O. Box 578, Charlotce
Anun”lt Thomss. TS Visglo lslanck

m.u 301. 110, 114. 112 sod 307 of che Clesn
Ar ALt he amendsd. 42 UA.C. 1887, 1887~
§.6.7 a0 18875
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-T-od for ethyiows

plants.

§61.63 Emision
dichloride

vinyi

polyvinyl chioride but which has bot

1) “Bulk rsin’ Teans & resin which
8 produced by & polymerization proces

o which no water 15 used.

ar results fromo the production or use of

sy v

Subpert F——Notione! Lwission Stontary
Sar Vimyt Chiorive 38
(1) Btyiens dichloride by resstion of
L]

Which produce:
and

Except

o iy i nmbmu
i

) betore bang

(6.0002 Do/

sxoeed 0.3 g/kg
e oxyehiorinetion prooes.

oparation. snd met the require-

nnt I | 6.8

opened,

/B (0
m
which

8 resstar
m

8 Oxyehlortnation resctor:

a0 provided it § 61.88(a),

vinyl chioride o the

oach

mm.&mu &m&
. mw..m_ :“
i m h_w

m.-

purpose of mast-
the
mmm"m

T %
B m .u

TR
a m m.m_ww m “m ww_* ME mwmm._.._wm__.“ m..
Ma mwwM ”_w ..u “:...
%mwﬁr?%_=,r

H T B L
m umm MM mm ammw m E mmm

hwihh

of 20* C 08 P

“Wasiewstsr Gestment Rrocess™
udes ANy proces which modifes
sharacteruitics such as BOD, COD, T8S,
abd pE, usually for the
lna

ment process or discharged Untreetad s

westownter.
5.2
0Bl

been discharged 1o 8 Wastewster test

(3} Ope o mare polymers contalning
ey frectin of polymerised viny) ehio-
() This sabpert dow oot spply ®
squiptent ted in restereh and develop-

mant i the

(1) Viny! ehlerids by auy presem.

/et

hormmuu:dh Cmb-
(c) Suctins of i2is subpart other then

mant has &

08 8181 0184 (a) (1), (B}, (e IM

L
019 (3O gal) .
4147 61.68; S1.89; 81.70; ans

i
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61.66 Equivalen: squipment sad pre-
' codures.

H
w5

-3

i

-~ -

tify the owner or
operstor that approval of the methed
previously considered to be equivalent or
alternstive i3 withdrawn.

(1) Test Method 106 is to be used so

c."lCuﬂﬂ)Q 10-) )100)

Cas =kg vinyl chiorids/100 kg product.
€= The conosntraion of viny! chioride as
mneasured by Test Method 106.
2.60=Deasity of winy! chiaride et one
atmosphers and 20° C tn kg/m *
Q=Volumetric flow 8% (n m /hr as de-
Method 3 of Ap-

AD emission
Hmit is prescribed in i 61.62(8) or (b)
§ 61.63(2), or 4 61.84(8) (1), (b), (¢), o

{d), or from any control system t0 which
V are d t bde

facsor for ppm.
Z=Production raie (kg/nr). 38

(z)m::mmntohwm

are req to
B {8, ®@), M@,
() (8)(H1), o (b) (P (1)
)

§4(e), emissions are 10 be determined
uaing Test Method 107 as foliows:

Administrator for sach individual plant
st the time of the tast based on the

mam
@niarions I kg/100 kg product are to be
by uing the following egus-

(1) Eseh sample is 10 be taken imme-
diately following the stripping operation.

aupli of the Ms Te.
quired in paragrsph (g) (2)(1) of this
section.

(4) Where control technalogy other
than ar (5 sddition to & stribping opera-
tion is used to attain the emission Umit
in § 61.84(s), emissions are to be deter-

opening
aD emiasion ltmit s preseribed in § §1.64
(8)(2) 9 t0 bo Getarminad. The number
of reactors for which the dstermination

SP1-05295



whre:
C=kg vinyl
WeCapacily of the in
u-D-.g'-éy dn;y'lmu-m-(
Wre=Convernon for

chieride 2 detarmmiacd by
pertable

Aydrocarbons
clnl.nw'g
the renster Wes

= ppm by volame N
PP by velome iy

detocter which
with & sessitivity
YoNumber of beiche 8

" |
ag o
i
Eé gE
sE=kis
it

4
I
4

E
|

i
i
i
e

E

|
ik
I

oif
B

ti

!

i

f
Yeld

et
: igg
I
T
U

(9 (1)), and D)D), (B) (), (DI
(). and (b) (9 (1) P

(d) The vinyl chioride monitoring sys-
temts) used to meet the requirement in
paragraph (a) of this section is to be &
device which obtains air sampels from

ing systam to
in § $1.65(D) ($) (1) may be used to mest
the

4
]
t
:
g
g
E

1
11
i}
;
ﬁgig

1|
E
i

§
|
;
;

§ 61.6% Inkial repert.

{a) An m&
source to w, subpart
submit & statement in writing Dotitying
the Administrator thm

and procedural
® (1), (DD, BB, (D) (B, BB,

A-10

)@, (3D, and are being
mplemented.

) (1) In the case of an existing
source or & Dew source which has an
initial startup dats precsding the efec-
tive date. the statement is to be submit-
ted within 80 days of the eflective date.
Qniess & waiver of compliance s granted
under § 61.11, along with the informa-
tion under § 61.10. If 2 waiver

[ 7X¢ )]

the Administrator. -

(2) In the case of & Dew source which
did not have an initial startup date pre-
coding the effective date, the statement
s to be submitted within 80 days of the
initial startup dste.

(¢) The mln:;h to contain the

lollowing informa :
dl)x\lktdmwm:muun

compliance,

(2) A description of the physical and
functional characteristics of each piece
of equipment.

(3) A description of the methods

of . the
:’wbesuunmodon:dnnmmd

which. emission limits are
§81.65 (&) (1) (D) and D) B,

(4) A statament that each pisce of
equipment is installed and that esach

]
i
:
uk
gg
EéiEs,

!
E
|
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of s refersnce method. If the results of
the reference and equivaient or altarns-
tive methods do not agree. the resuls

pre-

the owner or operator that approval of
the method previously considered to be
eguivaient or alternative is withdrawn.

(1) The owner or operator shall in-
elude in the report & record of any emis-
sions which averaged over any hour
period (commencing on the hour) are
in excess of the emussion limits pre-
scribed in §f 61.62(a) or (D), ) 61.63(s),
or § §1.64(a) (1), (D), (¢), or (d), or for

emisions are

1 61.84(2) (2) or to which fugitive emis-
sions are required to be ducted in § 61.68
B (1)U, (B (), (D) (B), BB (D), o
(b) (8) (}1) . The emissions are t0 be mess-
ured in accordance with § 61.68.

(2) In polyvinyl chioride plants for
which 8 stripping operation is used to
attain the emission level prescribed tn
§ 61.64(¢), the owner or shall

stripper(s)

tnclude in the report s recerd of the
vinyl chioride content tn the polyvinyl
chioride resin. Test Method 107 is to be
used to determine vinyl chioride contant
as follows:

i

i
s

i
I
il
H]

i
¢
E
E

kt
g

]

!
§

B
§

i
:
i

§£
E

|
E
i
i
i

o
i
I
|
It

i
i
i

ks
i
i

|

lesi
;
i

P
i
g

j
|

!
é

R g
EE
EE

|
!
!
E

%

]

stripper (s), identified by the resin type
Topreents.

Qr,

M =Conosnration of viny: chioride in one

e m R
§61.88(b) (), tncluding the
tations of vinyl chlorids
measyred, analyssd, and recorded by the
vinyl chloride detactor. the location of

38 FR 8828, 4/6/73 (1)
a8 smended

&) FR 46560, 10/21/76 (28)
41 FR $3017, 12/3/76 (30)
42 FR 29005, 6/7/77 (38)
42 1R 0428, 8/17/77 (40)
43 Fr 2800, 3/3/78 (47)
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ORI A

fatism! Eaission Standarde fur Jazardows Atr Pollutants

Compliance Status Informtion

3

h

i

A Vst of reglomel offions 12 provided fa 081,04,

A SENC DORTIER

1. laetivicatinlomties « Tndicate the som and address of aasb soWren.

b bt dmsde otn ot W

tate

Y Gk o

e 1-18

« Indiests an aVeerustive
sengenes 13 ts be Gireruad

5 & Joation ¢1fforunt thas Thit specified Meve.
| e 4
win

4

A}
bl ]

[ 8
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[N SS IDIMTION. Sort § sl id ba Teted seserstaly for gash piwt of
%n;!'- Tor e6ch RAZPEE PO} litaRt. [Seurces ssject 61.22()) may awtt

4. mmg;g&-hﬂuhﬁlmﬁm 1lutant amitted by the
precass. cate "AR® for wshestes, "SC* for berylitum, or *HE* for mercury.

RTTtant tloa

w

£

« Provide & brief description of sach process (e.g.
n X' 10 § sercury chlor-alkalf plant, Sgrinting -ﬂm’ i

s Mum muchine shep), Uss additimal shests §f .

[=]

- gty g %

| 1 N ¥

8 1Al « Indicate the svebepe weight of the hazardous materis)
e»uunthmhm%prm(mlnm

previows twelve moaths of eperation).
P

of poliution tontrel devicss, 47 wsed to Tedwce
e on Torses veaver! scrabbay. . et
the estimted parcent of the pollutant wkich e devics

ramves fren the precess gas Stremm.
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1, WAIVER RPTUESTS

' TVER OF COMPLIANCE. Owners or opersters af sayrces wnable to operats in
CampTiance with the Metionsi Emission Stenderds for Nazirdows Atr Pollytants
prior to 90 Gays after the effective date of any standerds or ampndments which
Fequire the submission of such information sey reguest & Wiver of complisnce
from the Adwinistrator of the U.5. Envirermental Protection Agescy for the
Ciow period necessary to instal) spprosriste control devices or meke
amdifications to achiove complisnce. The Amministrator ssy 'nn! l -im
Of compliance with the standard for 3 perfod ot uzmm‘
the effective date of the hezerdous pollutant standards, 1f he "m thﬂ.
such period 15 mecessary for the installation of contrels and that Stevs
-m be taten during the period of the witver to gssure thSt the health

of porsens will de protected from imminent endangersent.

The repe s (nformation provided In Sectfor [ must sccaweny t*is spplicatien.
Applications should Do Sent to the sppropriste [PA regiemal offics.

1. Involved - Indicate the precess o nnenm -1121» hazyrdomt
FRITULEAts € WAICh amiczion CORLIRl; orw t6 be 80"

t gmrly
2. Osscride the prepesed type of cantrs! davice ts be pdded or

5. Describe the metsures that will be taken during the weiver pariod
10 ausure that the health of peraons will be pretectad
imxinent ondaigerment. (Use additional shests 1f nmcessary.)

3 {mg_g;m Seectfy the detes by vhich the fellartag
ncrammnts of progress will be ase.

« Date by which contracts for mission contre) systems or yrecess
asditications w1l bg -nm or ¢ats by which erdars will &
153ued for the 58 0f the CONpONSAt parts to eatssp!ish
anission contrel or precass mndifigation.

b6 037 c

* Bate of initistion of sn-site conftruction or installstion of
entssion aestrel squipment or precess chumge.

N e T

< Dtz by wiich en-gits canstruction or fugtalistion of emtssion contrel
awimmat or precess madificatica is to be cumplotad,

Y-18 7
i wiin o o e w
< Dats by which fins) cmmpliemce 5 to be achieved.

114 47
i i g — T ®
s. 1o . A wmiver of emisston tasting mmy be granted te
UL o sowrces of berylltm or mre: {Mtl 17, ta
the julgmnt of the A wtar of the Cavi Pnueu-l Aponcy

the swissions from the sswrce COEply with the appropridte standsrd Or 4f
the sumers or spereters of the sewrce heve Tewwastad & miver of cempliance
or B0ve baen gronted s wiver of Copliance.

Twis application sheuld the veport fon provided in
Sectien 1.

1. « State the ressons for requesting 3 waiver of antisien testing.
TEasON STALAY {5 TR the ENtISiens from the JPUrCE #TY within
the prescrived timits, sstwmntation of this condition sust Bo dttached.

[ Iudmwuuu_‘u
163 UAL. %140

A-14
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Pt tube—Type 8 (or squivaient).

108—1 o Yorn €11
cmowns ysou
INTECeTCTION

b, of this abould not be
by with the
operstion of § a4 ChAYOmAtOgTaph, Bor bY
those who Are UDfamiliar With sOUrce SAE~
pling, as thers are miny Ostails that are
beyond the scope of this prusentation. Care

prevent exposure of

to the probe so that the

chioride in nitrogen cylinders: for which the
o8

0w rate cad be regulaled pProporiional to
the stack gas veloctity

42 Bample recovery

421 Tubing—Tefion, §4 mm outsds
dlameter, 1o Sonnect bag to Fas chromato-
$Taph sample loop. A Dew unused plce 8
empioyed for sach asries of dag samples that
CORSTITUTES 6D EMUSSION ST, ADC 18 10 De d-
earded UPOR CODCIURIOD Of SDAIYSSS of those

43 Anaiysis.
431 Oss chromstwgraph—With fame

o0 Las been ceriified bT the

. The 2 musl bave
fecommended & makimum ahelf iife for sech
tylinder so that the concentration does not
changs greater than =$ percent Ifrom tbe
oartified value. The date of gas cylinder prep-
arstiop, certified viny! chlonde concertra-
oG and recommended maximum shelf !ie
Bust have beed axed to the cyiinder defore
sbipment from the gas manufecsurer 1o the
buyer. These gas mizture standards may de
@irectly used to prepare s chromatograph

e tc  strip
and 10 to 5.0 tm! hested sazm-

chart
pling loocp in sutomatic sAmpls valve.

curve as described in section 7339
8.23.1 Cyimnder standa-d: certification
of vinyl chloride tn nitro-

432 Or sp?
el 32 mx 33 mm. containing §0/100 mesk
A o OR

s 102 Y
EP-86. 30 percent on 80/80 mest AW Chrome-
sotd P. stainiess steel. 2 m X33 mm or Pore-
pak T, $0/10C mesh. stainiess steel. 1 mx93
mm s 1t b4
wend, & secondary column 1»

de 18 P! L 4
Pplaced after the
T

Tae

@0 1b each cylindar must have been certifed

¥y the manufacturer by e direct anaiysis of

each cylinder using sz anslyticsl procedurs

that the aad on the
} The

-ay o of
the analytioal aball, o2 o mintmum,

> 103 .
solumns anould then be Cpersted at 130° CF
433 Pow meters (3)—Rotameter typs,
© % 100 ml/min capacity, with flow control

aives.
434 OGas reguistornn—Por required pgas
T

cylind

433 Thermometer—Accurate to one de-
[ ] tig L of
heatad sample 100p at tims of sampis injece

ton.
430 Barometer—aAccurste to 8 mm Mg, to

oan be further altered with prior
tor. It e p ‘around gas
falls % chromatogreph during sampis ansiyuis.
chioride peak, then sup- fres. MiDtRuUm capac-
of the vinyi oy 100 ml/min
Y boare 44  Culibrats

A utilined o thres-point calibration curve.
- that the

two and use
these standards in the following way: (1) A
Righ concsntration standard (betweer 50 and
of & A

(
§and 10 ppm) tg verification of the dilution
technique used.

manufacturer usiag
L P iy, esch
calibration standard must have been veri-

. vy Mpm&”aur’?mwmﬂ using
445 Pow meter—Rotameter . paroazt ide. or (3) verif.
.‘m—-mu:-u-h 1000 mMI/min Tenge AcOUrsts to0 =1%. 0 €etio value obmined by having the
ngee meer m of ibra by the Ne-
probe to Deg. A Dw ’l:::‘l s tonal of Sta Al
fav ench serias of bag 440 Stop Weich—=Of Known accuracy. t0 Stabfiards must bs renewed On s time
&R emission test. e gus S0V 1B preparstion of sandard gas iRterval oonsistezt wita shalt life of
413 Male (9) and female (3) otalnlem _ ..o, the cylinder stansards soid.
seesl quick-commects, With ball checks (ome & Meagmta It ia Dessmsary thet all 18- ¢ Procssure.
::lw)m-mnum -..g;mu C‘: Sampling. Assemble the sampls train
) 5.1 Abal 82 {2 Pigure 106=1, Perform s bag lsek check
414 Tediar bDags. 100 Liwr capastty—~Te 513 Neltum gms o mitrogen essording to Section 7.4. Observe that all
oontain smmple. TESOR BB &19 20U S00UPA~ o, 1oy carrier gas. sonbections between ths bag and the probe
abls Aluminised Mylar bege may bo wsed, 813 Rydroges gas—Iarc grads. are tight. Pecs the end of the prode at the
provided that the Sampies are analyssd 813 Ouyseh gas Or Afr, as required DY gemtrotd of the stack end start the pump
within 3¢ hows of eollection. the dewstor—Jarc §reds. With the needls valve sdjusted to Yield &
4.13 Ripid eekproof GaRtamem fer 414 53 Caitdretion. Tae one of the TOLOWINE Sow of 0. Ipm. Aftar & period of Ume suSS.
:‘:‘ ing %o pr from sus. m:’:wmzz‘icui- eent to purge the ling severs! times has
9 5343 chioride, ” olapsed. conpect the waou! lins to th
416 Nesdn valve—To adiust sampie Sew mmp-u-:yﬁn:.rnﬂ!ﬂ- :ummmu“;nmmnm-
] turer $0 COBtAIR & AMIm percess indicases 80 S0w. Then reposition the
417 Pump—Lsak-res. MIDINUWEL GRPOS o0 enjorids fOr T80 L0 the Preparstion of sampis and vecuum lines snd begin the sc-
ny 1 tun minue. o in 7.1, I the tual sampling, keeping the rawe proportional
413 Charcenl tube-~To provent aftmbs- ., s bulx 10 the stack vejoeity. Direct the ges exiting
:‘cmm-m-m oupply of 900+ nayt the rm-‘“:::ym-"un{.p.:ul
aBalysls may hRave been per- sample period. ahut off the
419 Fiow mewr—dur cheurving mmple  SWUOISTOR SRS SO DNO S et Pump, discmnect he sempie live trom the
fow ras of Jeuring & SOV reage ‘cy1inder prepared from thie bulk supply. DG &b diwoonnect the vacuum line from
130 Ooanteing fubiag. Teben. 84 e st of pa cyRmder preparatios aad the o S Frotact the bag eonteiner
- outnige % mesmble sample  eartified ARalysis must have bess aftxed w0 oo m;m.mm-m‘u
wan (Pigums 309-1) he eylinder Defore EBipMent fram the N wept gut of @irect yuniight When et.al
manufacturer to the buyer. pomsible analysis i8 0 De performed within
.udmmm.mmhhmuhn;;utuua-‘mdn
\ o on sposthe pros- Tetion of StaDdard gas MiEtures. hours mmole eollection.
Mantion af trads Rames 633 Ophinder stonderds (J). Gas 2E- 63 Sample ressvery. With ¢ pioce of Tef-
-.--n—---—nwu vate standards (08, 10. ead § PPER VIny! MB Wubing WentiSed for that bag. connect

A
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Mrrmos {07--Dersagiwarion or Yoryt Cmo- 513 Egctrical 1ape: q o prep of & curve by an ap-
amg Cowrpr or INPaocEas WasTrwarms prevent loosenung of bottle tops. Propri ﬂﬂuma_‘ : (3) & low cop.
BSaMPLES. AND VDIrTL CHLORIDE CONTENT OF 82 Sampile recovery. 0 and 300
PorLYViNYL Cmiosmpk RExne. SiUnsy, WsT 52.0 Vials=-With seais snd caps. Purkin- Pppm; for ton of ths dUUROD tech-
CAXE. ANV LATEX SaxPEs Kmer Corporstion No. 106~0118. or squive. BIGUe used.

lant. 8313 d ond vr of
HTRONUCTION B
$332 Apalytcal ap of oalil ds. Toe ot
Performancs of this method sbould not be  Weighing to =0.00) gram. ach CAlidration sandard must Bave been
tamp by witt the 83.3. 100 uj—d Serye vy the osing reli-

OperatioD of & gus chromatograph, tor dy “A” No. 010035, or squivalent. abis procedures. Additionally, esch calibra-

thoss who are unfamilisr with sampling. as 534 Vial Sealer, Perkin-Rimer No. 100~ tion standard Mmust have beed varified by the

there are many detalls that are beyond the 0106 or equivalent. masufactursr by one af the following proce-
soops of this pressntation. Care mus: bde 83 Anaiysis. durss. and the agreamuant bDstwesn the ini-
W pr P of $31 Ows chromatograpb—Perkin.Blmer tlally determined concentration value sod
persopnal w viny: ehl 1 P Mods! P-40 Dead-spacs aDA- the YErifcation cORSEDtration valus must be
1. Principie and Appiicabiity. iymer, No. 104~000!, oF squivaient. w1tbin =5 parcene: (1) Verification value de-
1.] The basis for this method reiates to 832 O grep vy par with & gas mixture
the vapor sq tum which 18 steel. 2 @ X $3 nun. contalniag 04 pervent standard generated b & MU mAnner to
betweez RVCM, PVC, resin. water, and air 1500 03 ¢ Pek A, Perkin-Kimer the procedurs described i section 7. of
1D & ciosed system. It has beeD L No. 108-0133, or equivalsnt. 108 for preparing ges stand-
that the AVCM In & PVC resin will equili- CArbopax C can bm used in pisce of Carbopak erds using 989+ parcent viny! chioride, or
brate 12 & ciowed vemsai Quite rapialy, pro- A I i ang/or 13 pres-  (3) veriSoation value oBtained by having the
¥ided that the tempersture of the PVC restn €0t iB the sampie, s pair cf Poropek Q eoi- by tha Natwop-

8 meintsined above the glas umns b series (1 m x $2 mm followed DY 4] Buresu of Standards. All cAllbration stand-

semperature of that specific TeRID. :’l‘;::nu:])n hzwum.::r':lf:ﬁlh ards must be renewed OR & time iDtervel
13 This procedurs i3 suitable for detsr- umn been consistent wi! abeif 1ife of ths cylinder

minisg the vioyl choride menomar (VCM; Yide sdequate seperstion of vimyl ahlonas® someme Wik

N §33 Thermomstr—0 to 100° C. sccursts 7. Procedure.
con:ent of inprooess wastewswer samples. a0d O 00 U0 U pergin-Mimer No. 1060100 of 7y Sampitag

(RVCM) conwnt of poiyvinyl chioride "m'“ F¥C MW—‘“" u:,'.'m >
(PVC) resite. Wor cake. aiurTy, aod LUT  petiia Rs Ko, mxquun'un oy 1o 10% fromm & jredvaliunt rgee. ol
sampiss. It cannct be used far POIYINT 1D 535 Bepra—Bendwich TTDE. f0 MU~ tend o By seenle ot %
fused forms. SUCh a8 Shest OF cubs. I &  mauc dosiEg. 13 mm. Perkine Fo. 106 ang immediscely Higntly tap the hottle, Wrap
resolution of the vinyl chloride peax is bot 1008, or equivaient. uoemeuupouv’:u ’m?’upuu bo‘tu:::
SMUAIACIOrY fOf & PATticUISr sampie. thab §3.6 fategrator . recorder — EOWWtt - prevent the Wp from loosehning. Place an
enromatograph Deramaters may be sitersd Puckard Model S38DA. of eq g label on eAch betus. ang tecord
proviged that the precigion snd reproduci- 837 Puter drier amsembiy (3)—PerEif- tne date, time. snd sampie location both oo
bllity of the shalysis Of viny) chionide cylin. Kmer No. 3230117, or equivalent. e pottiss and in s 10§ book.
tor rds are not 1 It there 4 838 Sosp fim Pock- 713 Water 4
Fieoa 10 batiers GGt some einar hyoro. AP No. 0101-011. or squimieat %0 1l viak (vikbout (be diaw! mart be
wi .
w'uu:mumnnmm‘n: 541 Beguist ,-“m'pm_mmdnmmnum-ulun
presen sampls, then 400°C far at least 06 DOw 0 destUOY of
conArmation Of the Vvinyl chiords pesk -
mrrey y tx ot ::enmmr:ua‘:mzm(m-
, - A ore y3is. At the sampling loca.
ooy SPectroscapy. Abould be per $11 Eyarogea gae—ouwro grade. 105 fill the vials bubdis-fres. to overfiowing
2. Bange ant tviey. 413 Nitrogen gasr—aero grade 50 that 8 CONVEX MeRISCUS (OFTRS at the top
The | m-"“.nm“ 13 Atr—awo grase. The ¢Ivese water i3 Gisplaced as the sealing
rige will vary ___bm"‘"“" ’e.m d“u:u tugrmhmmmnn
- 7 : (6). Gea . Place the sluminum
B 1 e e e e " ssandards (80, 300. 3,000, and 4,000 pom vinyi 2% OT¥F the disc 404 the Beek of the viu
s upper limit may be ertended w Besded. tor whaen i I P rocerd the aere. v
1 854 Rep S SOmPONEIGE has Deen oartiSed By th4 yng gumpie jocation bota OO the visls ang
. o be ey ib a log book. All sampiss must be kept ra-
each split into three parts, yiekded o standard  tiens 72 &J::I‘o“mm be
Gaviation of 2.63% 1o & SAMPLe With 6 IR 88 the IRUAT 1 10 DrAckst the sMmple COD- Within 24 Dours. mast be ran
of 200 pmu, 4.10%5 fof & sampie with & mean 731 Resin samples—The weight of the
of 1.00 ppen, aD4 $.20% lor & SAMpl With ¢ REW BuUst MAve reoEAADRded & mAXIBUNS restn Used ust be between 0.) add ¢.5
t“.:,‘.n“" ° -mns:u':-mm:-n ::'n': “ll'l- .a‘...-“: e
Do not release vinyl chloride W the labors- PSFOSHE SOM the crtiSied vaiua. The date p e renion & TonLBSIE oo o by pre-
sory auring pe of sang- % e os. viny! Bared which will bold tne required amount
= e o et e B AR ke S e s o
bﬂtemnmn?um& ;ampis val (includ wptuln and alumi-
8311 o " ::n.m?’mhmmlnu - s oetaines.
. our ¢ waight 1s tained
mu of nayt 18 IO mmm\nuu?.un-mnnu
="-ﬂm €ylinder must have sl arti-- sequited for caleula of RVCM. 1z toe
o MARULACTUISr DY o direct ARAIY  eoase Of relatively dry restr sampies (water
‘m—nmwm umun:x_r.wm eontent <03 weight ), 100 4 of distilled
-m&l:'“ -Mnmmm w.ter -:- tocted 1Dt the vial &fter
tiom of the analytics! procedure shall. a9 & h&‘nm%wu::‘wlm\. the cup
SEhmom, ha?e utilised & thres-poift chll- eamnot e uwwi. The sampie s U
aTve. It i3 recoxnmendsd thet the »igh i an dih
mm-u—m i the ::“n:ulmnw‘::
, mampie 0
Slowing wsy: (1) 4 high CODCEBIAHIGR placed In the Perkin-Elmer besd -
sakderd (betwess 4.000 and 6,000 ppIR) 20F  lymer (o7 o } sog "7.‘32.
howr 2t 90+C
! MOBTIOn of trade nams oA spesis prog. _ NOTE: Seme alumitum vial capms Daw
BED €088 DOt COCSLILULS ndorsemmnt by the SVOTET Sctiol which Bus W removed prior
Enrrenmental Prowection Ageney. 0 placing tnto sAmpie tray. I not removed.
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srous dusage W the ibjection nesdie will
eeeur

Supension TERN SlUrTY snd Get cake
mMPiw=—51urTy must be fltered using &
mnall Buchper futinel with vacuum w yWis
wer caxe. The Alteriag Process 2ust de coOb-
tinued ouly o8 lobg &8 & suaady stream af
water fu exiting from the funnel. Excewive
Alration ttme cowsd result 13 some Joge of
VCK. The wet cale sampie (0.10 10 4.3 grams!
19 added to0 & TAFeC via! (including septum
and cap) and y sealed
Sample weight 5 then dvtarmined to 3 gecl-
Al piaces. The sampie is then placed in

subsequent anslyws. 1o these cases tis
ADAIYRUS tUpe must b edjusted to eiminate
the tnierference AD sutomsted bsckfiush
SYSTAmm CAR BiSO DR UMed 1O SOIVE thus prob-

em.

¢. B=Piuabing—The Dormal setting s 03
miautes

4. W~StsbilisgtioR time. The DOCIRA! 88t-
ung 03 minues.

4. X~Number of analyses per sampis—The
normal setung is 3.

134 Preparstion of spmple turnDisdle—Be.
tore placing any asmpie int0 turntabie. be
certain that the cenler Jection of the alu-
minum Cap bas been Temoved. The sumbered.
sympie botties ahould be Placed in the cor-
ip the tun.

table. Insert sampies In the foliowing order
Positions 1| & 3—Old 2000 ppm standards
Jor are ont

. Seal the risl as S00Q 84 POMibIe.
Determ:n: sample weight sccurate o 0.001

Total sampis weight must not exceed
G50 grams. Conaditicon he rial for ane bowr

;3 These DACSIBATY Y
afer the analvesr DAl DOt DSL used for 34
hours or longer.
Positian 3—3$0 Ppm standard, treshly pre.
Posttian 4-=800 PPIn Ftandary, fyeshly pre-
pared.
Position $—3000 Dpm Swdderd, freshly
Portion $—4000 PRID SARAAN, treshly pre.
Posision 7—Sampls ¥o. 7 (This 18 the Aret

ssmpie line from the cylipder must e
purged (InId hocd, JOr severs) miniles prior
©® Slling viale After purging. reduce i,
mie to sLOroximately 800-1000 ¢c ‘min Place
eBd of tublug oo visl (near dAim. ang
After one mInute SlOWIT remove tubing Place
MOPIUm (1 PiR! & B0CD A3 Postible o m:ni-
mige MUIXINE RIF Wilh 827.0l€. ATier the sland.
AT¢ Yials are sealed. lnject 100,) of aistilied
whTer,
ot P

82 Prep
uon curve.

Prepare two 80 ppm. two 800 ppm, two 3000
PPM. ahd two 6000 PP SIANUATS sampite
Run the cALDIAtIOn SAmpies D exictly the
SMmS manper as refuilr mmrie. Plot A.
DY IDLeETEICT Ares COuUns for eacn standard

calibrs -

8.1 Rasponse facter.

Prom the calibration curve des:rided in
Section 3. sbove, sslect tae vaiue of Co
Shat corresponds 10 A. 10T sach s3mple Com-
Pute the response 1actor. Rr, 10r e32h sample.
a9 soliows:

R:-g—' Equation 107-1

at $0+C in the apalyper. Detsrmuns the T8 of the day. DU 15 EIven 28 7 O DO €N~ 3 vipyl con-
on the wurry sample (Bection 7.3.5). wistant with the ang the tDteg or viayl fon-
724 aprocem  wastewalst SAmpier— printout.) omrsuon.
Using & tared vial (incluging septum and  After All sampies Dave been PosILionsd. in-
sluminum cap) quickly add SpprOXimistely eert the seccod set of 80, 500. 3000, apd #000  Caleulate C,, ne foliowy:
) oo of water usng s r. Seal pped X stand- AP, TN
the Yial & 2004 a4 poOsridle Determine ards must be conditioned In the Datb of Copem e (" '—’*KT-)
sampie weight accurste <0 0001 gram. Con- $0° & for ) hour (801 10 #3cwed § hours). R, T A\ m R :
dition e vial for two hours st 80°C (b the T34 Swan WETAPh  PrOgTAMe— X _
anaiyger. all Bave Egquation 167~2
73 Apsiysts. been couditionsd at $0° C fot | hour. start Where: .
731 P the anal actording 10 the MsnY- Covem Coneentration of vinel chiorive
Instal ic colums and con-  facturers’ instructions. Toese oD in the «smple. in ppm
dition avernight at 130°C. Do not connset the must be carsfully lollowed what STAFUDE Py=Lohoratory astmesphere  pres-
oxtt and of the oolumn to asucor whlls progr o pr sure, mm Hg.
" dostng y T = Ronm temperature, *K.
1311 Piov p Adyust 138 of total acilds (TS Af = Molecular  weignt of VCM
Sow rates as foliows Por wet csks. slurry, Tesin solution. and 182.5).
. Nitegen Toguistar em  PYC latex dotermmite TS for each
einger o Tead N Set Teguiator 0 smmpit by gnIng S ¥ ¢xVolume of vapor passe (Vial voiume
chromatopraph to 19 kg/cmt. Normaal So09  amly § L0 ¢ grams of sample in assaum dem8 saznpls vOJuIne ) .
% this pressure Do Bl to M0 cc/minute. Peb Defory ADd aflar placing {8 & drast = .= Wetght of sazmpie, grams.
Check with Dubble Sow metee. ovel (108 to 110° C). SAmpies must Dﬂ:r\d BuCes aa‘:“u:;] {62.960 (ec-mm-mole-
b. Burner sir suppiy-—Set Feguliator op 67l- 0 GOOSTADGC Weight. ACter Arst weigh - dogrem )
inger w0 resd 30 puig. Bt m.ﬁ- Sgre the pan to the OveR fOF & SDOCL Po- X = Henry's Law constant. Por VCN In PVC
SAromnatogTph t0 SuUPPIY aif v BUrper at & Tod Of tine end then NVWRIEE to verily com- w0 C. Katlds x 104=X, Por VCMn
3t Between 250 snd 300 ct/mMnute. Chask piste dryrem. TS is thes saleulsted s the 1 CC {APPFOXIMAte) WHStSWALET SAMDlE ST
with Subble Nowmeter. fnal sampis weignt Aivided by Inital A~ ,n"g,x-u;wﬁ:x. x
¢. Bydragen suopiy—~8et regulasor on €yt~ welght. <=Rqulidration tempersture. XK.
mar w read ;’—u ot mn"‘u "im If the tollowing conditions are me:. Raus.
SRIOIRASOQTAPR  $0  GUDRIY  BDPF W he ok $ight-  tiom 107-3 cab be simplified as followy:
34 cc/foinute. Optimnity Bydrogen flow %0 Sout pertod when Che iAscrument 4 Lsed. 1. 7,232 Ci298 X)
the most ssasitive respouse  Sach day, pricr 1D FUINING SAIADIS. tDe COI- 3. 7.:=90 (383 K
exuinguishing the fiame. Chetx fiow WA should be oDOAINODAd by running two S PxTOmm Hg.
with bubbie Wweter ané recoerd aoe of the previous days 3000 ppa ssandards. - P
73.13 oot [ SO, of by 8 Lv.sv.—.ﬁzna-.ﬁ,
WRperature o8 {ollows: are . B X
& Oven (chromstegraphic columa), §0° the visls with Uhe winyl ehioride/nitro- Where

4, 5.
Crnem («.m’(m-w--——--

¥ v =Vial volums. ce (235).
§. Gampie conains less thsn 0. percent
watag.

988 X 10~ .
- ) Equation 107-3

The 0llowing geaers! SUSton S Do wasd 1OF ARy SAMPIs WRich eoutaing VOM, PVC anbd
.

c.,.gf;fx[—',';‘f‘ux.( TSV + Kul1=T8) 1,]

Equaton 1074
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waers:
73 = Total solids.

Mors: K » taust be detarmined for sAmples
with & *ApoOr volumwe 0 Liquid volume retip
other than 35 to ). This ratid esn b Ob-
tainsd DY aqjuring the sMmp weight

stving to the tola
acligs and dansity of the PVC.

Resulw oalculsted uatng Bqustion 1074
Tepresent cONCEATIUON based on the total
sample. To obtain resulta based on dry PVC
aouvent, divide by I'S.

Por & )-ct Wastrwaler sample (that i,
#335 to 1 vapor volume to lguid volume
r8t10) X » 38 5.0 X 30-*. Thws. Roustion 107~
4 cun be sumplifed to the following:

Conn e [EXIT0 4 200820 ] Ecustion 107-5

(@owm. 113 s0d 301 (s} Of the Claall Alr Act, 43 TA.C. 106707 anef 18472 () .)

10. Baferences.

Y viny] On Con-
tant of Foiyvinyl Chioride Resing and Wer
Cake Sampiw, 8. P Ovadrich Chemicsl Co.

Test Procegure No. 1005-T. B. P.
Technicel Canter, Aveh Lake, Oho.
January 50, 3975

B. Berens. A. A, “The Solublitey of Viny
Chiaride iz Polyvisyl Chloride.” ADS-Divs-
of Polymer Chemistry, Poiymer Pre=
poines 16 (3): 107, 1074

€. A ““The Difuston of Viayl
Chioride in Polyvinyl Chioride,” ACS-Divi-
8ob of Polymer Chsmistry, Polymer Pre-
princ 5 (31 303, 1974,

4 Bersze. A R. L 3. Oriter. C. J. Toms-
Bek snd J. M. Wuitney, Analyus for Vinyl
g!_mn 8 PVC Powders by Bead-Bpade Oas

"t e p
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