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ABSTRACT

This VC NESHAP Review Study assesses the current VC regulation
through an investigation of emission control techniques and techno-
logical developments in the industry. The study encompasses evaluations
of existing and new control technologies, 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 r2v1ew eva]uates techno]og1ca1 deve]opments in the
industry and prov1des a pre11m1nary b%g;érfor possible standard rev1s16n !
Recommendations to rev1se the standard wou]d be supported by a more
detailed Phase ]I 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 1mpetus for the review was the proposed “"}

et

r-&"

s T g i
Standards for “Hazardous Air Pollutants (NESHAP) regu]at1o
The review stidy focused on four areas wh1ch are summar1zed 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), VC, and polyvinyl chloride (PVC) facilities. Recent modifications
of processes in these facilities include:

GEMC 016438




EDC/VC - The "balanced process" utilizing direct chlorination
and oxychlerination is the most common process used for pro-
duction of EDC and VC. Many newer plants and some existing
plants have incorporated oxygen plants as part of the EDC
process. The change from air to pure oxygen as a feedstock

'Q‘,.‘:'s“ e T e TSI Per ey

has resu]ted in reduced emissions from the oxychlorination -

LY

.vent
@ fietran 4

(Section 3.2.1 and 3.2.2)

PVC - Newer plants are incorporating larger reactor systems
resulting in increased capac1ty, fewer reactor‘open1ngs and

I G L Y O L Toalatt g
reduced em1ss1ons These 1arge reactor systems have a]so

Rl 7105 o om T A T doat L WS

"accounted for a decrease in the product1on of spec1a1ty PVC . g"

-t N Tt

;res1n§
il (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 VC 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,

GENC 014459




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 control 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 supp]emented by other primary contro]s

(e.g., incineration). Some plants that’ 1n1t;éiiy se]ected Y
L. e e g .
carbon adsorpt1on as a pr1mary contro].

Carbon adsorpt1on is effect1ve on a sma]]er scale for reduc1ng

fugitive emissions or for recovering VC from some exhaust

o

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.
\§Econdary pollutants (e.g., noise, smoke) have also been noted
as a disadvantage of flares. Refrigeration systems are generally
used as part of recovery systems or as back-up contro] in case
of primary control breakdown. Conta?nment devices are used to?
reduce emissions to"the atomosphere and TAcTude gasho]ders andf
pressﬁFTf'a‘ﬁ"TdTﬁE'VE??EWéT These devices coliect vapors
from various equ1pment 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

D R A

is down for maintenance,
(Sections 4.1.3, 4.1.4, 4.1.7, 4.1.8, and 4.2.3.3.1)

—

1-3

L
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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 wording in the regulation that
allows only igﬁ;f;;ﬁ%gtire1ief valve discharges.
(Sections 4.2.1 and 5.7)

. Regional personnel indicate relief valve discharges continue
to occur, but the frequency 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

mM o™ l‘ll’ oI - B 5 v S ttnal S S ot | EE!II'IIHB

plant to plant. Many of these procedures have reduced the

PR
i

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. Ry :
° Suspension Resins - These resins represent the highest
percentage of total PVC production. ZThe most widely.i

[ =4

w

[1-]
oy
1Y

- —
,g-w e T a4 1 T R T . 1t
ngtﬁ?ppfggﬁzg&hogiés,contingpus steam stripping. Many

processors are attaining levels much lower than the required
400 ppm RVC - some less than 20 ppm.

r——-‘

(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
(probably because the demand for dispersion resins is not as
great). 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 usually 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 poros1ty and s1ze) enhance stripping efficiency. TQEHE

e . Yemes |
bu]k res1n rocessors reported 6-month average strippin ’
P P g pping

.n.q.-r

1eve1§ be]ow 40 p ppm Steam stripping (under vacuum) in the

reactor'1s 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
proces§ 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
with many old small reactors. One study done by a PVC pro-
cessor indicated that, after installation of required equipment
to control fugitives and 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
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as estimated in the original standard support study. Those
from their newer large reactor systems are now 95 percent

lower.
(Section 4.4.1)

EPA Regional personnel indicate that almost all plants have
installed the required equipment specified in the current
regulation and are following the required operational procedures.

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 reguirements
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 on the polymerization
process used.

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.
(Section 4.5)

1.9 ENFORCEMENT AND COMPLIANCE EXPERIENCE

Industrial representatives and regional EPA personnel cited several
areas of concern regarding enforcement and compliance 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
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both. Chapter 5 1ists and discusses these concerns. Enforcement of

relief valve discharges is the most common concern.
(Chapter 5)

1.10 UNREGULATED SOURCES
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 1nter-

e 2

mediate or produc1ng it as a byproduct The 1mp]ementat1on of the OSHA _
o (VR BN Tl i i, Ve T

b b s e )

workp]ace standard for VC has resulted in fabricators' receiving resins

Lo e

ﬁﬁﬁtn R_F‘!gve1s of 10 ppm or 1ower This has greatly reduced emission
levels from fabr1cat1ng 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.
New unregulated 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 those 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 VC 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 chloride (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 Administration
(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, Industry was allowed 2 years, until 1978, to incorporate the

necessary controls.

ghe ex1st1ng Ve NESHAP (henceforth referred to as the regulation)
'is one of the most comp1ex air em1ss1ons standards promu]gated by the ,

':EEA. “The regu]at1on is apr;EQGfé to three d1fferent 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 Timits,
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 summarized 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 jdentified during the original support
study, and
o . 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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Tabte 2-1. EMISSION STANDARDS IN THE VT HESHAP

Section Applicability Standard Plants Involved

61.62(a}) Exhaust gases discharged to the atmosphere from any < 10 ppm EDC
equipment used in EDC purification.

61.62(b) Em{ssions of ¥C to the atmosphere from 0.2 g/kg 100% EDC product EDC
oxychlorination reactors.

61.63(a) Discharge of exhaust gases to the atmosphere from any < 10 ppm Ve
equipment used in ¥C formatien and/or purification.

61.64{a)(1) PVC reactor exhaust gases discharged to the atmosphere. < 10 ppm

61.64(a){2) Allowable reactor cpening losses of vinyl chloride .02 g ¥C/kg PVC
based on the amount of product produced between
openings.

61.64{a)(3) Discharge to the atmosphere from any manual vent valve none {except for an emergency)
on a PYC reactor,

61.64(b) Exhaust gases discharged to the atmesphere from a < 10 ppm
stripper.

61.64(c) Exhaust gases discharged to the atmosphere from < 10 ppm
mixing, welghing, and holding containers which
precede reactors,

61.64{d) Exhaust gases discharged to the atmosphere from < 10 ppm
monomer-recovery systems.

61.64{e){1} Emissions of vinyl chloride to the atmosphere from 2000 p?m - dispersion resins
the combination of all sources following the stripper. {excluding latex)

Pertains to the requirements of residual VC (RVC) 400 ppm - all other resins

levels attained with the stripping process. {including latex)

{continued]




Table 2-1. Continued

Section

Applicability

Standard

Plants Involved

61.64(e)(2)

61.65(a)

61.65(b){1)

v-2

61.65(b){2)

61.65(b}{3)

61.65(b}(4}

Emissions of vinyl chloride to the atmosphere from
the combination of all sources following the reactor
if the plant has no stripper; or from sources
following the stripper if the plant uses technology
in addition to stripping.

Discharge to the atmosphere from any retief valve

on any equipment in ¥C service {equipment contains or
contacts efther a 1iquid at least 10% by weight ¥C or
gas 10% by volume ¥C).

Fugitive emissions to the atmosphere from loading
and unloading 1ines in ¥C service
i} opening of the lines
11} ¥C removed from these lines to meet (1) and
ducted to a control system

Fugitive emissions to the atmosphere from s1ip gauges
{in ¥C service} used during loading and unloading
operations.

Fugitive emissions to the atmosphere from pump,
compressor, and agitator seal leakage.

Fugitive emissions to the atmosphere from leakage
of relief valves on equipment in ¥C service.

2 g/kg product from

the stripper (or reactor)
for dispersion PYC resins
{excluding latex)

0.4 g/%g product from the
stripper {or reactor) for
all other PYC resins
(including latex}

none {except for an emergency)

% 10 ppm

minimized by installation of
2 rupture disk or by connec-
tion of discharge to a process
Tine or recovery system

PYC

EBC, VC and PYC

£EDC, ¥C, PYC

EDC, vC, PYC

EOC, VL, PYC

EDC, VC, PYC

{continued}
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Table 2-1. Concluded

Section Applicability Standard . Plants Involved
61.65{b) (5} fugitive emissions to the atmosphere from manual < 10 ppm EDC, ¥C, PYC
venting of gases.
61.65(b}(6) Fugitive emissions to the atmosphere from opening EDC, ¥C, PYC
of equipment.
(i) before opening (i} total amount discharged

Eer oqening must be 213
y volume ¥C or 0.95 m
{whichever is larger)
{1i) ¥C removed from equipment to meet (i) and (i1) < 10 ppm

ducted to a control system

61.65(b)(7} Fugitive emissions to the atmosphere from sampling. EDC, VC, PYVC

. unused sample portions containing > 10% return to process
by weight YC
o ] sample containers in ¥C service purge into closed process
t system
on
61.65(b}){8) ¥C emissions due to leaks from equipment in YC service. minimize via formal EOC, VC, PYC

leak detection and
elimination (LD & E)
program, designed by
operator and approved
by the Administrator.

496910 N3
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Table 2-2.

SUMMARY OF REPORTING AND RECORDXEEPING REQUIREMENTS IN ¥C NESHAP

Section

Applicability

Requirements

Category

61.69{a)

61.69(b)(1}

Owner or operator of any
source to which this
subpart applies

Existing source or new
source having start-up
date preceding effective
date of regulation,

Initial Report: HNotification that equipment and procedural
specifications required in Section 61.65 {fugitive emission
control) have been implemented.

Submittal of above notification within 90 days of effective
date of regulation {unless waiver granted}.

Initial Reporting

(2) New source having start- Submittal of above notification within 90 days of initfal
up date after effective start-up date,
date.
61.69(c) Owners or operators of Notification inclusions:
above sources s List of equipment installed for compliance
¢ Description of physical and functional characteristics
of equipment
s Description of methods used for measuring or calculating
emissions
s Statement verifying that equipment is installed and
procedures are being used
61.70{a) Owner or operator of any Semi-annual reporting to Administrator {September 15 and

61.70(b)(1}

(2)

source to which this
subpart applies

Existing source or new
source having start-up
date preceding effective
date.

New source having start-
up date after effective
date,

March 15 of each year) containing the {nformation described
in subsequent sections.

Submittal of notification within 180 days of the effective
date {unless waiver granted}.

Submittal of notification within 180 days of Initial start-
up date.

Semi-Annual Reporting

{continued]
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Table 2-2. Continued

Section * Applicability Requirements . Category

61.70{c) Owner or operator of Use specified test methods (from Appendix B) unless
! above sources

equivalency or alternative method approved.
{1) Same

Semi-Annual Reporting

Reporting of any emissions averaged over one hour which are
in excess of limits prescribed for emissions from:

s EDC purification equipment

Oxychlorination reactors >
Equipment used for YC formation/purification -
PYC reactor exhaust gases U
Control systems for reactor emissions for ROL S T
Fugitives from loading/unloading lines LN
Fugitives from slip gauges

Fugitives from manual venting of gauges .

Fugitives from equipment opening emissions ducted through - !
a control system ~ w e

Fugitives from inprocess wastewater emissions ducted .
through a control system

nit

L2

{2} | Owner or operator of PVC Reporting of a record of the ¥C content in the PYC resin e

plants in which stripping using method 107 as follows: -

;ar ? | operations are used . e If batch stripped, sample each batch of each grade of A0 1 I RS

s 14 .. A resin immediately after stripping TR

) sepi o If continuously stripped, sample each grade of resin e

A B or at 8 hour intervals {whichever is more frequent} ot ) >

s Determine the juantity of materials processed by the AT

. ¢ N stripper on a dry solids basis

e e ’ e Report ¥C content found in each sample, averaged S op
separately for each type of resin, over each calendar ~

. day and weighted according to the quantity of each grade
’ of resin produced that day

L8
e fRetain records for at least two years

;1!‘

=3 " ';"_0-\'4
" {3) | Same Report record of Reactor Opening Loss {ROL} emissions .- (S e \

{continued)

3
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Table 2-2. Concluded

Section Applicability Requirements Category
61.71(a) Owner or operator of Retention of the following {nformation (for minimum of Recordkeeping
any source to which two years}):
this subpart applies
(1} | Same s Record of leaks detected by the ¥C monitoring system
(2) Same s Record of leaks detected during routine monitoring with
the portable hydrocarbon detector and action taken to
repair the leaks
{3} Same ¢ Record of emissions measured by the continuous ¥C
monitoring of sources listed in 61.70{c}{1}
{4) Same o Dally operating record for each PYC reactor including

pressures and temperatures

61.64{a){3)

61.65(a}

PVYC plants only

EDC, YC and PVC plants

Manual vent valye discharge.

Operator of source must notify Administrator within 10 days
of occurrence and submit a report containing the following:

Source of relief valve discharge

Nature and cause of discharge

Date and time of discharge

Approximate quantity of ¥C lost during discharge
Method used ?or determining ¥C loss

Action taken to stop discharge

Action to be taken to prevent future discharges

Relief valve discharge.

Operator of source must notify Administrator within 10 days
of occurrence and submit a report containing the following:

{Same as requirements for "Manval vent valve discharge”
above).

Exception Reporting




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.
1Al responses were given voluntarily and cleared of any confidential
mater1a1 prior to 1néﬁﬁ§?6ﬁ in th1s report The results presented here
w111 form the basis for pre11m1nary 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 literature 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, 1V, V,
VI, and IX were consulted. Discussions were conducted during
regional office visits, by telephone, and by mail.
Representative plants in each region were visited (three
EDC/VC plants and eight PVC plants). An effort was made to
include o1d 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 QAQPS and the Division of Stationary Source Enforcement
(DSSE) were also consulted.

Appendix B lists the locations, dates, and purposes of the meetings held

with industry and EPA personnel.
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2.3 THE VC EMITTING INDUSTRY
2.3.1 Current Number And Geographical Distribution

There are 40 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

| W
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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 1
11 New Jersey 76 0
N
New York 1 0
111 Delaware 2 0
Maryland 1 0
Pennsylvania 1 0
West Virginia 1 0
1v Florida 1 0
Georgia 1 0
Kentucky 2 1 ,
Mississippi 1 0 :
v IMinois 2 0 |
Michigan 1 0 1
Ohio 2 0 |
!
VI Louisiana 5 11 '
Ok 1ahoma 2 0 -
Texas 4 5 ‘
IX California 3 1 -
Total Plants 40 18
2-10
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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 jncreased 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 regu]ation O0f the 41 original PVC plants, L“_pi;;{;
have d1scont1nued operat1on and 3 new plants have begun operation.
Thégz newer 1arger p1§F?§, along with extensive expansions at several
other existing plants, have resulted in an approximate increase in PVC
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 plant and eguipment moderni-

zatjon, 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 10-year per1od
(1977-1986) is estimated to bef$765 7 million (1977 do]]ars) This
includes investments, capital, oher5t1ng and ma1ntenance costs for new
and existing plants (EPA, 1979).

' A“survey of 14 PVC producers indicated a 10-to-12 percent average
1055 in product1on capacity as a result of compliance requ1reﬁEHEEML»
(Chem1ca1 Week, 1979).  The reasons for lost capacity were due ﬁé1n1y to

the time needed to clean reactors and purge the different systems in an
Ro &
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effort to reduce VC emissions prior to opening to the atmosphere. The
PVC 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, X
mainly for add-on control equipment and modifications to processes- i
1- Furthermore, 'state agencies regulating hydrocarbon emissions are stimu-
lating new technology for emission reduction. The main emphasis has
been in changing from air processes to oxygen processes in the EDC
process. This makes control by combustion, for example, much easier.
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
ciosed (four on a temporary basis). Construction of new or modified ‘ |
sources is currently underway in many regions. !
2.3.3 Industrial Trends Bt s o ’
From the standpo1nt of process and contro] gnsgsmlﬁderglgp1fjgant 2 i
trend in the 1ndustry towards automat1on and computer1zat1on Among
'p1ants surveyed dur1ng tﬁ;_}éV1ew study processors ut111z1ng 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 ‘1

systems are discussed in Section 4.0.
— The tendency to minimize the number of PVC resin grades has also
-7 been noted. The "grocery store" processor, with many small reactors
producing multiple grades of resin, 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, 1979), 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 deciine 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 peﬁcent 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 1980
nameplate capacity (Chemical and Engineering News, 1980a; 1980b).

GENC 016477




2.5 REFERENCES FOR CHAPTER 2

Chemical and Engineering News. 1980a. "Viny) Chloride." July 7, 1980,
p. 9.

Chemical and Engineering News. 1980b. "Polyvinyl Chloride." October 6,
1980, p. 13.

Chemical Week. 1979. "At PVC Plants, Compliance Curbs Capacity." March 28,
1979, p. 36.

Chemical Week. 1980a. "PVC Growth Plans Lead to Big VCM Expansions."
February 13, 1980, p. 26.

Chemical Week. 1980b. "PVC: Big Plans Match Growth Forecasts." January 16,
1980, p. 33.

Environmental Protection Agency. 1975. Standard Support and Environmental
Impact Statement: Emission Standard for Vinyl Chloride, EPA-450/2-75-009.

October 1975.

Environmental Protection Agency. 1979. Report to Congress. Document
#96-38. "Cost of Clean Air and Clean Water," Vinyl Chloride Air
Pollution Control Costs. December 1579, p. 56.

McPherson, R. W.; Starks, C. M.; and Fryar, G. I. 1979. "Vinyl Chloride

Monomer . . . What You Should Know," Hydrocarbon Processing. March 1979,
p. 36.




— 1 ]

f1 3.0 PROCESS DESCRIPTION
}

3.1 INTRODUCTION

This chapter describes processes used to produce vinyl chloride
(VC) and éo 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 produce 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

14 1
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process steps are described.
Polyvinyl chloride is one of the most versatile thermoplastics

1 manufactured in the United States today. PVC resins are noted for their

J excellent chemical and physical properties. They are easy to process,

} cost relatively 1ittle to make, are self-extinguishing (when ignition

4 source is removed) and can be compounded with other resins (Shreve,
1977, p. 589). Products fabricated from PVC resins can be either

J flexible or rigid.
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Table 3-1. POINT SOURCE EMISSIONS

"BALANCED PROCESS™" EDC/VC PLANTS

—d e R3S )

Process step

Potential emission points

Regulation requirements

Direct chlorination

EDC purification

"Inprocess” wastewater
stripper

Oxychlorination

VC cracking and

purification

VC loading and storage

Product condenser

EDC crude storage, light ends
column condenser, light ends
storage tank, heavy ends
column condenser, heavy ends
storage tank

Wastewater storage tank
Wastewater stripper column

Water wash column
Oxychlorination process vent
Separator tank

EDC quench column
HC1 column vent
VC column condensor

Loading lines
YC storage tanks

Not regulated

A1l emission points are required
to be controlled to. < 10 ppm

VC removed from inprocess water is

to be ducted to a control system from
which concentration of VC in exhaust
gas does not exceed 10 ppm

Emissions from reactor are not to
exceed 0.2 g VC/kg of the 100 percent
£DC product

Concentration in all exhaust gases
must not exceed 10 ppm

Emissions from loading lines must be
reduced so that upon opening of line
to the atmosphere emissions do not
exceed 0.0038m3 of VC at STP. VC
removed from lines to meet this
criteria must be controlled to < 10
ppm upon exhaust to the atmosphere.
Concentration of VYC in exhaust gases
discharged to the atmosphere from
storage tanks must not exceed 10 ppm.




Consumption of PVC resins totalled 2.6 teragrams (5.6 x 109 pounds) in
the United States in 1978, and consumption of PVC thermoplastics was
second only to consumption of Jow density polyethylene (Hatch, 1979,
p. 176).

3.2 PRODUCTION OF ETHYLENE DICHLORIDE (EDC)

In the "balanced process" (see Figure 3-1), ethylene 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 (Clz). Direct chlorination may be simply expressed

as

catalyst
CH,CH, + C1, _cata’yst, CH,CICH,CT.

This process varies with the technology employed but usually yields a
high conversion rate; approximately 85 percent to 88 percent of the
ethylene reacts and 99 percent of the chlorine reacts (Nass, 1977,
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, catalyst |, CH,CICHLCT + H,0.
An oxychlorination reactor uses the available HC1 formed from the EDC
cracking process in the "balanced process." EDC produced in the oxy-

chlorination 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 HC1 with CHZCH2 (oxychlorination) is subject to

3-4 GENG 015482
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requirements in the reguiation of EDC production (see Table 2-1). The
direct chlorination step (or any other method) used to produce EDC is
not required to meet stipulations of the regulation. Regulation of the
oxychlorination step is needed because HC1 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

Typicdally, 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 chiorine) are bubbled up through
liquid EDC. Mechanical agitation may also 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 1958. The oxychlori-
nation process (see Figure 3-1) allows the production of VC from two
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chemical feedstocks, chlorine and ethylene, 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).

A1l oxychlorination reactors use copper chloride for the reaction
catalyst (Albright, 1967, p. 219), Sodium or potassium chloride can be
mixed with the copper chloride to lower the melting 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.
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The oxychlorination process vent is subject to the current -regulation.
Emissions from oxychlorination reactors must not exceed 0.2 grams of VC
per kilogram of the 100 percent EDC 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 oxychlorination product stream can include

VC, vinylidene ch]oride,‘éthy] ch]oride,Jl,l—dich]oroethane, 1,2-dichloro-
ethy]ene,“trich]oroethy]ene, chloroform, “carbon tetrachloride, methyl
ch]oride,dmethy]ene chloride, chloral, and high boiling compounds (McPherson, 1979,
p. 78). These byproducts must be removed prior to cracking the EDC to

produce VC.
Acetylene 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 trichloroethylene
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 stiream 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




.

unit and the cracking furnace, VC contamination 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 unless the
equipment is out of service or opened. Prior to opening any equipment,
Section 61.65(b)(6) of the regulation requires that the quantity of VC
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 chloride, 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 column 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). A1l
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 dichloride 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 1ight ends distillation 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

——e
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are usually removed by chloripation pr{or to distillation (McPherson,
1979, p. 79).

A method for formation of HC1 from the light and heavy 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 s 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 Chloride by Dehydrochlorination of EDC

Thermal dehydrochlorination, commonly known as cracking, is the
separation of hydrogen and chiorine 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

CH2C1CH2C1 e CHZCHC1 + 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 updesirable 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




(see Figure 3-1). Some systems quench the process stream with crude EDC

to reduce formation of byproducts and to partially condense EDC from the

product. Byproducts formed in the furnace reactor tubes in addition to

HC1 are tars, carbon, chloroprene, butadiene, and trichloroethane. i
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 step in purification of the product stream as
mentioned above is normally a quench of the hot effluent with liquid 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, HCl is separated from the product stream.

Acetyliene and some ethylene byproducts will also come off with the HC1,
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 o
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

New emissjon data has not been obtained from EDC/VC plants since
the regulation was promulgated. Prijor to promulgation, EPA estimated VC
emissions from the 17 existing EDC/VC plants to be approximately 11 giga-
grams (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

———
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within an EDC/VC plant producing 316 gigagrams per year (700 million pounds
per year). These four areas were the EDC purification light 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 PRODUCTION 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 licensing 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 polymer 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.
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Table 3-2. POINT SOURCE EMISSIONS TYPICAL OF
SUSPENSIQON AND DISPERSION PVC PLANTS

Process step Potential emission points Regulation requirements

VC unloading and storage Loading lines, VC storage tank Emissions from loading lines must be
reduced so that upon opening of line
to the atmosphﬁre emissions do not
exceed 0.0038m~ of VC at STP,

VC removed from lines to meet this
criteria must be controlled to <10
ppm upon exhaust to the atmosphere.
Concentration of exhaust gases
discharged to the atmosphere from
storage tanks must not exceed 10 ppm.

Mixing, weighing and Mixing, weighing and holding Concentration of VC exhaust gases
holding tanks before tank vents discharged to the atmosphere must not
stripping operation ;exceed 10 ppm.
[ !
Polymerization Polymerization reactor opening ROL from each reactor is not to exceed
Joss {ROL) 0.02 g VC/kg PVC products.

Polymerization reactor relief No discharge to the atmosphere except
valve discharges for aniemergencyirelief discharge

Polymerization reactor rupture Concentration of YC exhaust gases

disc discharges discharged to the atmosphere must not
fé;tﬁdﬂ}@jot required to be~_
Creported, o

Stripping Stripping vessel vent Concentration of VC exhaust gases
discharged to the atmosphere must not
1exceed™10 ppm3
] ,

{continued)
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Table 3-2. Concluded

Process step Potential emission points Regulation requirements

5 Monomer recovery system Recovery system exhaust Concentration of VC exhaust gases

vent knock-out pot discharged to the atmosphere must not
,.exceed”10 ppm. *

6 Blending (mixing, Slurry blend tanks and Not regulated.*
weighing and holding holding tank vents
tanks after stripping
operation)
7 Drying, sizing, screening Centrifuge vents, dryer vent
of dewatered resin stacks, storage silos, baghouse Not regulated.*
vents, screening operation vents
E: 8 PVC 1oading and storage Storage silos Not regulated.*
-
9 "In Process" wastewater Waste-water storage tank VC removed from in process water is

stripper waste-water stripper column to be ducted to a control system from

which concentration of VC in exhaust
gas does not exceed 10 ppm.

- M ° - - il - e . s
*1f-a:PVC plant is using stripping to control VC emissions, emission sources beyond the stripper ¥
* are not regulated.
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A plant manufacturing polymers containing any amount of polymerized
VC is subject to the current regulation. The reguirements of the regulation
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 long 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 (1 H (1
Vo b
R- +C=¢C » R-C-C-
P i I
H H H H
Radical + VC molecule » Polymer radical

Radicals are transferred from the polymer by a reaction with a VC
monomer to y1e]d a polymer and free rad1ca1 \The transfer reaction

o P sk w2 ta o [y -('.H.zﬁ-.u.h _;--E
increases with’ 1ncreas1ng temperatures This' character1st1c of theé

- react1on kinetics allows a desired molecular we1§hf EB‘BQ'SBZ§1BQE E& ¢
contro111ng reaction temperature (Cameron, 1979, p. 39). Radicals are

“also transferred by reacting with h§drogen 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. Polymerization

rate is controlled by choice of the appropriate initiator.

3-16
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The polymerization reaction is exothermic and the reaction rate
must not be allowed to accelerate 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

11nes.to 070038 cubic meters (0 13 ‘cubic feet) oF"]ess at standard

temperature and pressure ﬂ]sp the VC removed from loading and un]oad1ng
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 railcar,
tank car, barge or marine vessels. Some companies add about 100 ppm of
phenol to inhibit polymerization during transport, but this péEEi?EZ'is
no longer common.

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 V€ 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
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incorporating a 4-way valve in the pumping lines. Instrumentation of
the system usually incorporates 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 1iquid or gaseous VC and PVC slurry during various stages of the
PVC process. Many of the 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-serviceﬁ'ﬁot 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
"jn-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 liguid VC
(or other co-monomers) suspended in water. These droplets are formed by
agitation and the use of protective colloids or suspending agents.
Protective colloids 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 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 are 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

—

] L mEm 3
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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 & 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 0.6050 jnches) with low to medium molecular weights.

.
i
i
i
1

—
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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, 1977,

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 formed in
the dryer. 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 slurry
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. 1In 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
'ESE'SG%"&"SE“"Ean amm?éﬁ{?;d”&ﬁaﬁﬁﬁs and respond to emergencies °
(such as h;;:n;;;ssure in the rézzﬁor) ! They can be programmed to take

L T e

necessary action to bring an upset cond1t1on 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 Tower 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. Emulsifiers (soaps and surfactants) are used
to disperse VC in the water phase. Soap micelles (i.e., colloidal
aggregates that are formed above a critical emulsifier 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
small 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. Strong 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 complete. 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 Eaaétlcaféijs{§3j3 This is done in
the reactor or in a separate vessel. -?HZ*?é§u1atioﬁ requires that latex
resins be stripped to 400 ppm RVC. Latex resins are usually sold in
so]ufion, 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 emulsifiers. 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

GENC 01450




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
lower 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 inhibit 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 performed. The salts
(calcium 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

Bulk (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 plants are summarized in
Table 3-3. The first stage is the formation of a "seed" resin in a

vertical pre-polymerization (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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Table 3-3. POINT SOURCE EMISSIONS TYPICAL OF BULK PVC PLANTS

Process step Potential emission points Regulation requirements

1 VC unloading and storage Loading lines, VC storage tank Emissions from loading lines must be
reduced  so that upon opening of line
to the atmosphgre emissions do not
exceed 0.0038m™ of YC at STP,

VC removed from lines to meet this
criteria must be controlled to < 10
ppm upon exhaust to the atmosphere.
Concentration of exhaust gases
discharged to the atmosphere from
storage tanks must not exceed 10 ppm.

2 Mixing, weighing and Mixing, weighing and holding Concentration of VC exhaust gases
w holding tanks before tank vents discharged to the atmosphere must not
5 stripping operation exceed 10 ppm,
o
3 Pre-polymerization Polymerization reactor opening ROL from each reactor is not to exceed
loss {(ROL) 0.02 g VC/kg PVC products.
Polymerization reactor relief No discharge to the atmosphere except
valve discharges for an emergency relief discharge.
Polymerization reactor rupture Concentration of VC exhaust gases
disc discharges discharged to the“atmoiﬂ.h_eim'-"sg,ﬂot
exceed 10 ppm.~ Not required to be
(:feporte . _:::::)
4 Post-polymerization Polymerization reactor opening ROL from each reactor is not to exceed
é? {stripping in reactor} loss (ROL} 0.02 g ¥C/kg PVC products.
ps .
2 {continued)
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Table 3-3. Concluded

Process step

Potential emission points

Regulation requirements

5 Monomer recovery system

6 Blending (mixing,
weighing and holding
tanks after stripping
operation)

7 "Inprocess" wastewater
stripper

8 PVC loading and storage

Polymerization reactor relief
valve discharges

Polymerization reactor rupture
disc discharges

Recovery system exhaust
vent knock-out pot

Dry resin blend tanks and
screening operation
baghouse vents

Wastewater storage tank
Wastewater stripper column.

Storage silos

No discharge to the atmosphere except
for an emergency relief discharge

Concentration of VC exhaust gases
discharged to the atmosphere must not
exceed 10 ppm. Not required to be
reported.

Concentration of VC exhaust gases
discharged to the atmosphere must not
exceed 10 ppm,

Not regulated.*

VC removed from in process water is
to be ducted to a control system from
which concentration of ¥C in exhaust
gas does not exceed 10 ppm.

Not regulated.*

*If a PVC plant is using stripping technology to control VC emissions, emission sources beyond the stripper
are not regulated.
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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 into 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

.'ri'm_ - ;

conversion,

e | Total cycle time for the Pre-Po is 2 hours (Dubec, 1980) which is
l 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.
i 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
_J 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 are 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

E Em W a3

I 3 '

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
‘j 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.
d
3-27
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The Po-Po is opened after every batch for cleaning. VC concentrations
that are emitted when the Po-Po reactor is opened must be measured in
order to meet the ROL standard. Polymer removed from the Po-Po reactor
(already dry) is pneumatically conveyed to screens that remove oversize
particles. Batches may be blended 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 1iquid 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 solvent.

VC and vinyl acetate are soluble in the solvent. The monomers and

solvents are mixed and charged to the reactor separately from the inpitiator

homogeneous solution. ical solvents listed in the literatute

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 column., 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.

3-28 BENC 016506

——

]
]
-




¥C and Solution

Co-Monomer Polymerizati
Storage Reactor

¥C unloading

Process Steps
@ ¥{ Storage and Unloading
@ Nixing
@ Solution Polymerization Reactor
@ YL Recovery
PYC Storage ® Coagulation
and Shipment @ Orying

@ PYC Storage and Shipment

Figure 3-5. Solution process flow diagram.
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Table 3-4, POINT SOURCE EMISSIONS TYPICAL OF SOLUTION PROCESS PVC PLANTS

Process step Potential emission points Regulation requirements

VC unloading and storage Loading lines, VC storage tanks Emissions _from loading lines must be
reduced so that upon opening of line
to the atmosphgre emissions do not
exceed 0.0038m~ of VC at STP.

VC removed from lines to meet this
criteria must be controlled to <10
ppm upon exhaust to the atmosphere.
Concentration of exhaust gases
discharged to the atmosphere from
storage tanks must not exceed 10 ppm.

Mixing, weighing and Mixing, weighing and holding Concentration of VYC exhaust gases
holding tanks before tank vents discharged to the atmosphere must not
stripping operation exceed 10 ppm.

Solution Polymerization Polymerization reactor opening ROL from each reactor is not to exceed
Reactor loss {ROL) 0.02 g VC/kg PVC products.

Polymerization reactor relief No discharge to the atmosphere except
valve discharges for an emergency relief discharge.

Polymerization reactor rupture Concentration of VC exhaust gases
disc discharges discharged to the atmosphere must not

exceed 10 ppm. Not required to be .
reported.

VC recovery {stripping) Recovery condenser vent Concentration of VC exhaust gases

discharged to the atmosphere must not
exceed 10 ppm,

{continued)
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Table 3-4. Concluded
Process step Potential emission points Regulation requirements
5 Coagulation Resin solution storage tank Not regulated.

condenser vent, resin -
precipitation vent

6 Resin drying Dryer vent Not regulated.

7 PY¥C storage and loading Silo vents Not regulated.
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After stripping, the resin in solution is recovered by coagulation.
A constituent is added to the solution reducing the solution solubility
of the copolymer resin and allowing the copolymer 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 penumatically conveyed to 1
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 following emissions limits:

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

. 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; relief valves must bg_ﬂ_
connected to a control device. Equivalency-ET;;;es 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 Dispersion (Emulsion) Type Resins
The following reactor parameters are common to suspension and

e . »
™ ——d

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 l{ﬁB Sgblcjmeters 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 gallon)
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

_— e R

Load

basis.

Reactor Construction - reactors are of stainless steel,
glass-lined carbon steel, glass-lined stainless steel or
stainless steel-lined carbon steel construction. Choice of
material is dependent on corrosion resistance required and
desired 1ifetime 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.

Operating Temperature and Pressure - for suspension resins,
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
temperatufes (Lamorte, 1978, p. 23).
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Agitation - mixing blades are usually of either retreat curve
or turbine-type and provide the agitation speed that directly
affects product quality (Cameron, 1979, 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
tbaffles 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 require-
ments of the agitator drive motor are usually monitored by an
amperage meter. This monitoring instrument 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 liquid 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 walls is
due mostly to a reaction of VC in the gas phase with oxygen, a
common contaminant in the reactor, or possibly from HC1 formed
by hydrolysis between liquid VC and water. 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 Festms 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
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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 results 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 severa1 t1mes to remove po]ymer build-up.
‘Some have found this technique successfu] whi]e others hay_e_.;,15

ol T T

"‘ TR e TR

abandoned the approach because of high cost and potential
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_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 wa]]s 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 (about 2 hours)
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 cooling.
The Pre~Po reactor vessel stands upright with the agitator

1shaft 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 Relief 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 Jower 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. fﬁ?ﬁ%“?éi{éf”va¥63"r51éagé§:
i?ﬁéfﬂécdd§ﬂare"due to premature rupture disc failure.- g
Polymer build-up is not a problem in the solution reactors. When
cleaning 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 B5 percent of the total nationwide emissions of VC.
Emissions data submitted by PVC producers were used to calculate emissions
estimates for seven areas within a typical PVC 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 VC was discharged to the atmosphere (these
emissions are now controlled with the primary control device).
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° Slurry Blend Tank, Centrifuges, Dryers and Storage Silos -

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 also compiled for VC losses during equipment "
purges. These purges represent VC lost when equipment is taken out of i
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

e

-..-)

Tables 4-1 and 4-2 identify 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 suppOﬁEV
study (EPA, 1975), comply with the applicable current standard. fﬂctua1.
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cases, well below the 10 ppm level for exhaust gases. EDC/VC plants
using a pure oxygen (or combination oxygen and air) feedstock 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 technologies that industry
is currently using to accomplish the various requirements of the regulation

.2

a—at J

and to achieve actual emissions reductions. Improvements and new

" developments in control technology since promulgatidn of the regulations

—d

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 be éontro]]ed to meet a set standard. The sources of
these exhaust gases, the applicable standards, and control technologies

e
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Table 4-1. POINT SOURCE EMISSIONS AND TECHNOLOGIES FOR CONTROL
DISPERSION AND BULK PVC PLANT

IN TYPICAL SUSPENSION,

Process step

Potentisl emission points

Regulation requirements

Contro! techmology

¢y

¥C unloading and storage

Mixing, weighing and
holding tanks before
stripping operation

Polymerization

Stripping

Monomer recovery system

(Blending, mixing,

weighing and holding

after stripping
operation)

Loading Tines, ¥C storage tamk

Kixing, weighing and holding
tank vents

Polymerization reactor opening
Toss {ROL})

Polymerization reactor relfef
valve discharges

Stripping vessel vent

Recovery system exhaust
vents and knock-out pot

Sturry blend tanks and holding
tank vents

Emissions from loading 1ines must be
reduced so that upon opening of line
to the ltnosph}re enissions do not
exceed 0.0038m™ of ¥C at STP,

¥C removed from lines to meet this
criter{s must be controlled to <

10 ppm upon exhaust to the atmosphere.
Concentration of exhaust gases
discharged to the atmosphere from
storage tanks must not exceed 10 ppm.

Concentration of ¥C exhaust gases
discharged to the atmosphere must
not exceed 10 ppm.

ROL from each reactor 1s not to exceed
4.02 g ¥YC/kg PYC products.

No discharge to the atmosphere except
for an emergency relief discharge,

Concentration of ¥C exhaust gases
discharged to the atmosphere must not
exceed 10 ppm.

Concentration of ¥C exhaust gases

discharged to the atmosphere must not
exceed 10 ppm,

Controlled by stripping standards

Purged to monomer recovery system

Incinerstion, solvent absorption or
carbon adsorptfon

Yented to wmonomer recovery system
followed by incineration, solvent
asbsorption, carbon adsorption, or
combinations of these

Solvent cleaning, stesm piston,
water piston, reactor purge alr
blower, steam purge, etc., used
before opening

Yented to atmosphere or wmonomer
recovery systewm

Shortstop, contairment, fmitrumentstion,
{mproved operator training, etc.

¥ented to monomer recovery system
followed by incineration, solvent
asbsorption or cerbon adsorption

Gasholders used in some fnstances to
collect all recovery vents and/or
refrigeration to condense ¥C followed
by incineration, solvent absorption
or carbon adsorption

Stripping techmology

025910 INag
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Table 4-1. Concluded.

Process step

Potential emission points Requlation requirements

Contrgl techrology

Drying, sizing, screening
of dewatered resin

#VC loading and storage

"lnprocess* wastewater
stripper

All of the sbove process
steps

Centrifuge vents, dryer vent Controiled by stripping standards.
stacks, storage sitos, bag-

house vents, screening

pperation vents

Storage silos Controlled by stripping standards.

Wastewater storage tank ¥C removed from in process water {s

Wastewater stripper column to be ducted to a control system from
which concentration of ¥C 1n exhaust
gas does not exceed 10 ppm.

Fugitive emissions sources Equipment specifications, operstional
procedures and leak detection and
elimination programs.

¥C collected from equipmeat seals and
operational procedures are to be
controtled to - 1O ppm upon exhaust
to atmosphere,

Stripping technology

Stripping technology

¥C removed from wastewater by steam
stripping fn column or batch vessel,
vented to monomer recovery system followed
by incineration, solvent absorption or
carbon adsorption

Double mechanfcal seals, double outboard
seals, rupture discs or equivalent
equipment; closed systems and equipment
purging to monomer recovery system; ares
ronitors, portable monitors, routine leak
surveys and meintenance programs

¥Yented to monomer recovery system followed
by incineration, solvent absorption or
carbon adsorption




Table 4-2.

"BALANCED PROCESS" EDC/VC PLANTS

POINT SOURCE EMISSIONS AND TECHNOLOGIES FOR CONTROL IN

Process step Potential emission points

Regulation requirements

Control technology

1 Direct chlorination Product condenser

2 £0C purification EDC crude storage, light ends
column condenser, 1ight ends
storage tank, heavy ends
column condenser, heavy ends
storage tank

k] “Inprocess” wastewater
stripper

Wastewater storage tank
Wastewater stripper column

Water wash column
Oxychlorination process vent
Separator tank

4 Oxychlorination

5 ¥C cracking and
purification

EDC quench column
HCY column vent
¥YCK calumn condenser

v

Loading Iines

6 ¥C loading and storage
’ ¥C storage tanks

H A1 of the above process
steps

Fugitive emissions

Not regulated,

A1l emissfon points are required
to be controlled to < 10 ppm.

¥C removed from Inprocess water is

to be ducted to a control system From
which concentration of ¥C in exhaust
gas does not exceed 10 ppm.

tmissions from reactor are not to
exceed 0.2 g ¥C/kg of the 100 percent
EDC product,

Concentration in all exhaust gases
must not exceed 10 ppm.

Emissions from loading 1ines {and any
other equipnent 1n YC service} must
be reduced so that upon opening of
line to the at.mspgere enissions do
not exceed 0.0038m~ of ¥C at STP.

¥C removed from 1ines to meet this
criteria must be controlled to <

10 ppm upon exhaust to the atmosghere.
Concentration of exhaust gases
discharged to the atmosphere from
storage tanks must not exceed 10 ppm.

Equipment specifications, operational
procedures and leak detection and
elimination programs.

¥C collected from equipment seals and
operational procederes controlted to <
10 ppm wpon exhaust to the atmosphere,

Not regulated

Encineration

Wastewater steam stripped in column or
batch vessel, ¥C can be recovered by
refrigeration and exhaust gases
incinerated

Process modi{ficatfons; Incineration;
pure oxygen feed and Incineration

incineration

Closed systems, carbon adsorption and
purge to monomer recovery system

Incineration

Double mechanical seals, double outboard
seals, rupture discs or equivalent; purge
to monomer recovery system; and area
manitors, portable monitors, routine
leak surveys and maintenance programs

Incineration
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Table 4-3.

EMISSION REDUCTION FOR 316 Gg/yr EDC/VC FACILITY IN COMPLIANCE WITH CURRENT REGULATION

a b Estimated
. Uncontrolled Regqulated actual
Emission Current emissfions emissions emissions
source standard ____ {kg/yr) {(kg/yr) (kg/yr)
Telian © 2
Relief valve ge Unknown 0 1,950° '
discharges Q Y,
Primary control 10 ppa 916,400 3,160 @34}&@.‘ syt /O
Oxychlorination 0.02 kg/100 kg 113,760 100, 3009 25,000°
vent EOC product
Fugitive Work practice and 379,200 37.920f 10.0{)0g
enissions equipment standard
Total emissions 1,409,360 141,380 40,110

3gased on EPA emissions estimates developed from emissions data submitted by Industrial sources.

bnepresents emissions from EDC/VC meeting current standard; actual emissions are lower.

£
Based on relief valve discharge data f 4-22 and EDC/VC production data for 1977-1980 {Chemical
and Engineering News, 1980a).

dAssunes balanced process and 100 percent conversion during £DC cracking.

SEstimate represents an average of emissfon levels ranging from plants using only air and not incinerating
the oxy vent to those using oxygen and Incineration. This estimate is based on very limited data
{DeBernardi, 1981},

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

Ipased on results of a fugitive emission study done in an EDC/VC plant {Blacksmith, et al., 1980}.

\ e




-Table 4-4,

Emission
source .

Current
standard

Uncontrolled?
emissions
{kg/yr)

Estimated
actual

emissions
{kg/yr}

Regulatedb
emissions
{kg/yr}

Primary control

Relief valve
discharges

Combined sources
after resin

10
PP et
—Zere-discharge—

400 ppm - suspension,

326,400
136,000

850,000

680 680~
f — 4,780°

136004

27,200

EMISSIONS REDUCTION FOR 68 Gg/yr PVC FACILITY IN COMPLIANCE WITH CURRENT REGULATION

48

o 2090 2575700

latex, and bulk

stripping [2000 ppm - dispersion]

[74.,800] ‘ C g

104 000" A7

e
~1.360

[136,000]

Work practice and 1,040,400 260,200°
equipment standard .

Reactor opening 0.002 kg/100 kg
loss P¥C product

Fugitive
emissions

~

4145225-65:1 f‘“”‘”L{'/<\

Dpperes ¢i4L¢,L4ﬂ

Waa&- Mg iy
[185,620] e

312,800 1,360

789,430
[398,240)

Total emissions 2,665,600

— o d &
YBased on EPA emissions estimates developed from emissions data submitted by industria? sources.Aﬁéffé

780
-4
SO RSO

CBased on relief valve discharge data from Table 4-21 and total PYC production for 1977-1980 (Chemical

—L"
and Engineering Mews, 1978; ibid. 1980b). Emission value includes 580 kgfyr for nonreactor relief < f;i/:s d»
valve discharges and 4,200 kg/yr for reactor relief valve discharges. Py o

~5

Passumes 75 percent reduction following installation of required equipment and elimination of leak 4
detection and elimination programs.

bRepresents enissions from P¥C plant meeting current standard; actual emissions are lower except for
relief valve discharges.

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

fReflects a 90 percent reduction. Data indicate that fugitive emissions are now 75 to 95 percent lower
than EPA 1975 estimates (Holbrook, 1980a).
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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 requires zero emission levels during periods
of control equipment shutdown and for this reason most plants maintain 3%
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 solvent 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.




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.
Incineration 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 compliance 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 cohh]iance
test parameters, i.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
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One of the major VC and PVC 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 980°C (1,600°
to 1,800°F) is maintained which burns the exhaust gases to less than
10 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.
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Incinerators are equipped with flame arresters or flash-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

Lahen " L ot ] -e-l

scrubbers for HC1 removal are incorporated when required by state

regulations.

o

Continuous monitoring of incineration stacks and compliance tests
have shown VC levels ranging 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

z2o5ss N M

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., HCl1 and C12 generation from

combustion and high total dissolved solids (TDS) levels from
scrubbing).
Supplemental fuel and high maintenance requirements represent

1 N e M

additional expenses. One of the major maintenance

oy
. .

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 iﬁcinerators
designed to handle over 45 kilograms per hour VC). A PVC plant
(with a production rate of 68 gigagrams per hour of PVC resins
per year) uses 26.5 cubic meters (7,000 gallons) of No. 2

fuel oil 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 analysis
(Laundrie, 1980).

. Location of the incinerator requires "safe radius" 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 oil scrubbing system. This hydrocarbon 0il contacts the stream
in the vent condenser line countercurrently, recovers vinyl chloride,
and provides a stable load to the incinerator. This i5 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,
When used, they are maintained for back-up control. The long term
reliability of these units is limited by the corrosivity of the vinyl
chloride stream. One plant is considering the use of "expendable"

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 compliex in order to reduce hydrocarbon emissions.
One plant uses a flare as an equivalency to the use of a rupture disc

New
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upstream from the safety valve. (This represented an approval on the
basis of an equipment standard as opposed to an emission standard.) 1In
this case the relief valve 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

MMM

— g

monitored reliably. There are other objections to the use of flares.
—jkl ) Flare efficiencies have not been determined.
) There is a need for a large capacity, low pressure vapor/

e

liquid separator.

. The safe radius restriction can be prohibitive for flare
location, For example, this radius would 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 leve)
(Finch, 1980).

() Secondary pollutants (e.g., noise, hydrogen chloride, smoke)

g

are produced by the flaring process, thus elevation or
jsolation of the flare is required.

) Capital costs. Elevated flares cost between $30,000 and
$100,000; ground flares can cost as much as ten times as an
elevated flare for the same capacity (Neveril, iggg? p. 5-76).

) Energy use consideration. For general consideration, the

oy Sl R e

quantity of steam required can be assumed to be 0.4 kilogram 5‘

steam per kilogram of hydrocarbon (0.4 pounds of steam per -

pound of hydrocarbon) (Neveril, 1980). Also, the dilute gas i
e

streams present in both EDC/VC and PVC plants cannot burn
without the addition of natural gas or other fuel. .ﬁ11 the
heat produced is wasted.

-

One company has two flares — one servicing the large chemical

i

complex and the other installed specifically for PVC process emissions.

J—

The latter was originally designed for emergency releases and would
accommodate two simultaneously-discharging reactors. The stack is

99 meters (325 feet) tall, thus overcoming the "safe radiation distance"
problem. Two vessels {one dry knock-out (KO) drum and one water-sealed

— &

drum) provide enough knock-out volume capacity to keep the liquid from

BENC 014530
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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).

i ' Two PVC plants using carbon adsorption as primary control: for
b 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.
Back-up control for one plant is a boiler. With the VC levels from
? carbon adsorption below 10 ppm, the boiler can also accommodate effluent
' from the adsorber without HC1 corrosion problems,
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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 lean solvent comes off at the bottom of the column. The warm, lean
solvent passes back through the heat exchanger and another cooler before
returning to the stripping column for another cycle. The vent gas
absorber system described above was developed by B. F. Goodrich who
plans to license the technology; it is commercially available. The only
other solvent absorption system used by the plants surveyed in this
study is a proprietary system designed by the company using it.

GENC 014532
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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, VU 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 some 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 1jmited to

monomer-recovery systems and in some cases, installation of refrigeration
units was in response to hydrocarbon control for SIP compliance.

A typical application of this control technology in a recovery
system can be illustrated as follows: Vents from compressor relief
valves, pumps, transfer 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
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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, including 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.} cubic meters per second (200 cfm)) and two
0.0] cubic meters per second (30 ¢fm) vent compressors represents a
$45,000 capital cost and a $1,000 annual operating cost (Laundrie,
1980). o
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 substantially
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

carbon. The gas streams treated in this way contain less than approximately
1 ppm of vinyl chioride and no detectable amount of ozone or ozonides.
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Another process (patent assigned to Stauffer Chemical Company) is also

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

The process can be used to treat gas streams that arise in the ethylene
oxychlorination processes, ethylene dichloride cracking operations, VC
pelymerization 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 polymerization 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 Hiuls 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.

Relief valve discharges, which cause short-term peak emissions,

R—"" ]
represented approximately 4 percent of total emissions from a typical
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PVC plant prior to promulgation of the regulation (EPA, 1975, p. 5-6).
Relief valve discharge emissions were not quantified for a typical

...-.,.'

EDC/VC plant. The major concern during the original standard support
study was for relief valves located on PVC reactors because these relief

-amq

valves represented a large source of emissions. PVC plants prevented
reactor relief valve discharges by equipping reactors with instruments

o
:

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 manually 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 hold 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.

| e e [T

When a relief valve discharge occurs, the plant is required to notify

Ty e

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

i |

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

discharges.

4.2.2 Emissions from Safety Relief Valves v
The intention of Section 61.65(a) was to eliminate relief valve -
discharges through the proper combination of control equipmene 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 e
the proper combination of control techniques (e.g., instrumentation, ;ﬂ

short-stop agents, or gasholder). The plants with preventable relief
valve discharges would then be subject to enforcement actions until f
relief valve em1selgns were. el1m1nated T A T e «
Ln egipna] enforcement personneluind1cate .that releases are i? g 1
‘&KZ cod??ﬁf?ﬁE‘ES‘S??ﬁr and the’ majority of Qfolatfons:appearﬂto‘be P event-w .

‘*'able As mentioned, the concern during the original standard support
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study was for relief valve discharges from PVC reactors that have the
potential to discharge the entire reactor contents. Prior to the regula-
tion, relief valve discharges were not accurately measured but typically
2200 kg (5000 1b) of VC was released in a 5 to 10 minute period (EPA

1975, p. 4-30). With the change to larger reactor systems, the potentiiig
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 largest 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 (Br1tta1n
1980; Diem, 1980; Aronson, 1980; West, 1981). TFZ?Z’E&”ETBnts were

responsible for 533 relief valve discharge events totalling approx1mate1y

A A I ok ant e e

450,000 k11ograms (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 1025 kilograms (2275 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
typical events less than 10 minutes in duration. The average PVC non-
reactor relief valve discharge was approximately 540 kilograms (1200 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 DISQHARGES AND QUANTITY
OF VC EMITTED FROM 32 REGULATED SOURCES™ FOR THE PERIOD
1977 to 1980

Reactor and non-reactor relief
valve discharges

Events kg VC (1b VC)

1977P 149 90,804 (201,787)
1978P 130 126,835 (281,856)
1979 156 153,212 (340,472)

1980°¢ 97 75,718 (168,260)
TOTALS 533 446,569 (992,375)

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

bRe1ief valve discharge data for 1977 does not reflect data from 1 EDC/VC
p}a?t7and 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 4-6. RELIEF VALVE DISCHARGES FROM PVC PLANTS FOR
THE PERIOD 1977 to 1980

Non-reactor relief valve discharges Reactor relief valve discharges
pPvC
plants? Events kg VvC (16 VC) Events kg vC (1b vO)

1977 18 9 17,550 (38,999) 118 65,028 (144,507)

£
é} 19?8b 23 6 1,742 (3,869) 102 111,375 (247 ,500)
1879 23 50 11,912 (26,471) 77 129,689 (288,199)

c .

1980 23 26 17,998 (39,996) 53 52,174 (115,941}
TOTALS 91 49,202 (109,335) 350 358,266 (796,147)

3The 23 PVC plants represent 58 percent of the total number of PVC plants in the U.S.; 2 of these PVC plants
reported no relief valve discharges for the 4 year period.

bRe]ief valve discharge data from 5 plants is for 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

i

Non-reactor relief valve discharges i

EDC/ve, >

plants Events kg VC (b vC) 21:
1977 8 22 8,226 (18,281)
1978 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
plants in the U.S.

M Ok i el e

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 Regional
offices, the rate of reactor and non-reactor Hischarges 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 reljef
valve discharges may also be due to the wording of the regulation that
states on]y "relief valve" discharges are required to be reported,

P]ants us1ng ‘other safety relief devices (e.g., rupture discs only) are f f?k*
not’ requ1red to report discharges through these dev1ces 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 following sections. '
4.2.3.1 Process Variations, The frequency of, and ability to

control, relief valve discharges from reactors vary among the different
polymerization 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 4
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‘T
" reactors have fewer piping connections, valves, and mechanical operat1ons
e S —maeer % AT AR e <
per kilogram of monomer transformed to res1n 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 closer to the rated
pressure and when an upset condition develops it becomes more difficult
to short-stop the reaction 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 transfer and

ety eem e

control of the reaction. The older smaller reactors are usually glass-
lined which has an insulating effect on the reactor and results in

r—-....q!

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 buik process is anhydrous and no
water or suspending agents are used, the process generates no feam 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-polymerization (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-

]
i
i
1
|
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L

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

-
-3

initiator charged to the Pre-Po to be used up and complete the reaction.

c

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 ex~ly stages of the reaction and

A e

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 and
mixing is not turbulent. As a result, the short-stop agent is not
distributed rapidly or completely enough throughout the slurry.
Rhone-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 developed 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 1ike the other
processes. The solvent, 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 d1scharge to the atmosphere caused by an acce1erated
reaction. Reactqr re]1ef valve d1scharges thaf'have occurred were due

TRy PR T i v

i

to a premature failure of the rupture d1sc under the relief valve .

et il b R

(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 relief valve
discharges common to suspension and dispersion processes follow.

. The hydraulically full (hydroful) condition resulting from too
much liquid 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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T Hydroful Condition /3

The VC liquid charge expands up to 20 percent to fill the reactor
when heated to reaction temperature. Therefore, an 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 dissolved or entrained in the VC liguid 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
relief valve to open is quickly relieved by liquid and vapor flows

BENC 014544
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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
does 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 1000 kPa (150 psia). As the reaction
proceeds, the polymer tends to coat the inner walls of the reactor
reducing heat transfer effectiveness and, because reactors are no longer
opened as often, more consecutive batches are run and polymer continues
to coat the inner reactor walls. However, new clean reactor technology
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 build-up and Toss 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 evolution at some point above
thé%géﬁgzrcent conversion level, Heat transfer effectiveness and conirol
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 and liquid from the lower part of the reactor
moving toward the slurry surface by convection currents will flash
suddenly and cause a rapid increase in reactor pressure.

Inadequate heat removal during the auto-acceleration period will
usually result in a major discharge (possibly the entire contents of the
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reactor) because of the rapid rise in temperature. Ap 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 the sum of the VC and water vapor
pressures reaching the relief valve discharge pressure setting.
oryy;t . However, if the reaction is in its later stages (greater than
UZ' 80 percent conversion), most of the VC will have been used up and because

/4‘ the polymer density is higher (almost twice as high) than that of the V(

density, the liquid level will be lower in the reactor. There would be

oam I T e By
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a lesser discharge through the relief valve under these conditions. In
the earlier stages of the reaction all of the VC would be vaporized,

unless a shortstop agent were added to the reactor to kill the reaction.
Addition of a shortstop agent usually requires that agitation still be
available for distribution throughout the slurry. 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 controls

el el Bkay ey

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 valve discharges.
4.2.3.3.1 Current generic preventive methods. Methods currently i
-

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

Shortstop systems k

A shortstop or kill agent system can be used to stop the polymerization
reaction when upset conditions develop. A shortstop system injects a

B 0T

chemical agent into the reactor which terminates the reaction by inhibiting
the action of the initiator. The system is either manual, automated, or

. o

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). Depending on the kill agent system used,
success of the manual system is usually dependent on having agitation
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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.

Several variations of the automated shortstop system exist. The
newer computer-controlled plants have built-in programs that recognize
the upset condition by 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
lost 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 employed 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 slurry
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 overcharging and the subsequent hydroful condition. A level
control on the reactor that is attached to an alarm system would indi-
cate overcharging. One company indicated success in using a radioactive
source detected by jon 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.
Auxiliary Power Supply

The effectiveness of thé 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 1ines keep power constant and prevent sudden surges and
dips in power or a complete loss of power. Emergency back-up power is
usually supplied by diesel-driven generators.

Back-up power may also be supplied in the form of an auxf]iary
source of instrument "air" that would be necessary to open valves to
recovery or for the injection of shortstop 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 (Ledvina, 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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would be connected to existing recovery systems or control devices.
Variations of this type of system are currently used by some PVC plants.

The 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 reductijon.
The vent 1ine would be set at a pressure above normal operation pressure, 'F‘""'
but below the safety relief valve pressure. The vent line would then
automatically open at this pressure or it could be activated from the

control panel.

A computer program developed 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 ithe 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

. 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 control
device; slurry is pumped from the blowdown tank. It is assumed that

pressure in the system is atmospheric and back-pressure from the vent to
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 also give a history of conditions in the reactor
and determine when the relief valve will close. The estimated ﬁﬁt cost

f

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 Jiter
system (10,000 gallon) 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

Y gty e e e o m r

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

Chilled Water System
Many plants maintain a separate supply of chilled water other than

—

normal jacket cooling 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

mR o

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 E
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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help to minimze reljef valve discharges. The different levels of computer
control help to eliminate common OEEtEFQf’ng°r5 and aid the operator in ;
detecting potential problems, but the computer. does.not.provide the ...

_decision-making capabilities that are only found in experienced operations
peg§gnne1.f 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
a run-away reaction and the relief valve discharge if it occurs (Laundrie,
1980).

Flares
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 installed between the relief valve and flare to prevent
liquid 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 QOther 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 failure, 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 gasholder 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

L) _...1‘

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 discharges.
One plant relieves pressure to the 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 plant installed a knock~out tank to prevent this

g MR Bom et

carryover, but it does not always handle the relief valve flow. Also,

this plant's gasholder is part of the recovery system and capacity is r

not always available to handle the entire VC charge to a reactor. ke
The auxiliary vent system previously described for minor relief .

valve discharges would not be as effective in preventing a discharge i_

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 gasho]der for the purpose of containing a major relief valve
discharge would have to be designed to accommodate a worst-case condition

T« mEm

for one reactor (the entire reactor charge), and would have to be dedicated
to that service only. Simultaneous discharges from many reactors would

L

require many gasholders. The same knock-out tank described for the

r—
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auxiliary venting system would be a part of the gasholder containment
system. There would be a separate line from the knock-out tank that
would go directly to the existing recovery system or control device 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 of a major release.

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 Decehber, 1979,
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 m> (500,000 ft3) capacity to be approximately $3,000,000




Table 4-10. ESTIMATED COST FOR INSTALLATION OF A GASHOLDER

Equipment

Cost for 38,000 liter
(10,000 %?11on) reactor
1979

Gasholder

Piping

Safety

Site development

Header extension from KO tank
Engineering and construction
Contingency

Operation and maintenance

Total System Cost

$ 883,400
382,200
70,400
232,900
600,000
1,070,000
648,000

94,200

$3,981,100
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(Holbrook, 1979). Their cost was based on earlier dollar values and did
not include operation and maintenance costs. Conoco estimated a gasholder
system alone without the auxiliary venting system (i.e., knock-out tank
and blowdown tank) to be between $2,000,000 and $4,000,000 for fabrication
and installation of a gasholder with synthetic rubber seal and 14,000 m3
(500,000 t3) to 42,000 > (1,500,000 ft3) capacity. The 1life of the
synthetic rubber seal is estimated at about 2 years and the replacement
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 gasholder
system for containment of a relief valve discharge will approach $5,000,000.
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 line plugging
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 fi11 rate of a conventional gasholder, which is
limited by expansion of the inner seal, will also limit the

BENC 016235




e e

venting rate. The maximum piston velocity for a rubber-sealed

gasholder is approximately 4.6 m (15 ft) per minute and would f-
require about 6 to B minutes to fill - this seal expansion

rate thus may 1imit the venting rate of the reactor contents, F‘
A venting system to the atmosphere must be present on the :
gasholder should the gasholder not be able to accomodate the r
discharge. L_

. For a gasholder with a capacity of 14,000 m3 (500,000 ft3) to
42,000 m3 (1,500,000 ft3) a horizontal knock out vessel with a
capacity of 8,000 m3 (300,000 ft3) to 14,000 m3 (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 controlied,
therefore the KO drum pressure must be atmospheric.

[ The potential for back-pressure on the reactor relief valve
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 explosion 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

E™7 T ™™ el e e e prs [

of the high concentration of VC at low pressure in the gasholder
and Tow velocity of the vapor.

The above gasholder containment system could be designed into a PVC 5
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 directly to the atmosphere will always
be required.

Another containment device that can be used to help prevent relief
valve discharges is a blowdown or spare slurry-holding vessel. These
vessels are usually used for stripping the batch of residual VC or for
blending with other batches. A blowdown or holding tank is a constant
velume, nonpressurized vessel (some may be pressurized) that would allow

1 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

, chilled water and short-stop agent waiting for control of a run-away
L reaction. ODischarge 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

— e

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
purpese of 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
r pressure and the pressure relief valve setting. The vapors from this
system go to recovery or the primary control device.
Other Methods for Preventing Reljef Valve Discharges
B Prior to charging a new batch, pressure tests can be run on the nZ z;: e
reactor. These tests will assure that rupture discs will not fail
prematurely. One plant also monitors all plant devices (e.g., ;;Tves,
pumps, flowmeters, instruments, controllers) before charging the reactor
to verify their successful operation and ensure safe operation during
the polymerization reaction (Holbrook, 1980).

——
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Another newer preventive method is a multiple initiator system.

This system maintains a high initiator rate early in the reaction cycle [l

and a slower initiator rate during that part of the cycle when auto-

acceleration is expected to occur. The system thus maintains a near r’

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 Lo
plants. These plants all use a combination of equipment and work practice

r-rn«

procedures to prevent or minimize relief valve discharges to the atmosphere.
Several of these systems are discussed in the following subsections.
B. F. Goodrich Company-- B. F. Goodrich produces PVC resins by the

ot

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 high volume
liquid ring compressors. Following is a discussion of their relief
valve discharge prevention systems (Holbrook, 1980c).

B. F. Goodrich has reduced releases from reactor safety relief
valves in their large reactor suspension PVC systems. This was accom-
plished through process .control with emphasis on early detection and
analysis of abnormal conditions. A totally computer-controlled system

1 Y et TN -

was installed to detect these abnormal conditions and take the appropriate
action with a minimum of operator involvement. A thermal model was
developed to simulate the typical controlled polymerization reaction

and a kinetic model was developed to compare the typical reaction with

[ apnt A N

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. Equip-
ment failure is prevented by an emergency generator, back-up instru-

mentation, and preventive maintenance followingla regular schedule. The
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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 followed 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 liquid 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.

. 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.g.,
valves, pumps, flowmeters, instruments, and controllers) are monitored
before the reactor is charged to verify their successful operation 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 computer.

Installation of redundant equipment (pumps, compressors, and

flowmeters).
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The above combination of conirol 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 polymerization.
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
slurry is sent to a blowdown tank, and vents are opened to a separator
recovery tank (knockout tank) to relieve reactor pressure. The accelerated
polymerization reaction (high reactor pressure and temperature) prevention
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 shortstop
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 tb 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
loss 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
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pressure was ajlowed 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 ki1l agent was pressured through a nozzle (no spray nezzle 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.

These tests confirmed that, if sufficient killing agent is injected,
the polymerization reaction can be stopped and the rising reactor pressure
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 equipment redundancy
are the most important requisites 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 occur. 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.
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The early detection 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,
a panel switch can be used to override the controller, sending

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 next charge.
Low amperage can result from a failure in the agitation system.
There is a back-up power system for the control panel.
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
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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
agent for two complete kills in one reactors. Two racks of back-up
nitrogen bottles are available for instrumentation use.

To contain a plant fire, which could result in an an emergency
discharge, a fixed-spray fire fighting system was installed throughout
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 handled 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.

Both 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
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programmable logic controllers for its interlock control system. The .
Oklahoma City plant uses a hard-wired relay logic system. E
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

-
y
H

disperse throughout the dry slurry. Pre-Po reactor control 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.

Hooker Chemical Company prevents reljef valve discharges through a
combination of equipment installations and work practice procedures
(Dubec, 1980). Pre-Po and Po-Po reactors are mounted on scales that
provide back up control for overcharging of reactors. In order to
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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 contro1 the
temperature.

-

° The Po-Po reactor undergoes degassing.

;S

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

. 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. -

— g
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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 controlled.
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 relief valve discharges.

General Tire Chemical Division--General Tire has older, small

reactor technology for the suspension process and uses a gasholder with
. 3 3 . . Lo
a capacity of 1,400 m~ (50,000 ft”) to help prevent relief valve dis- '7,Jt
charges from the suspension reactors (Laundrie, 1980). The maip purpose
_of the gasholder is for venting compressor relief valves, pumps, transfer_:;zgzsg,
lines, weigh scales, condensers and knock-out tanks. Emissions from

reactor opening and the slurry and wastewater strippers are also vented 04~I?ES
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 gasholder to relieve
pressure. A KO tank prevents entrained slurry 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.
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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. M»LAAL*/i‘
If the above_proceduyre is not successful, then the reltief—vatve 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,
single or in series, or combination in-line rupture disc and relief
valve. In most cases non-reactor relief valves discharge less 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 common
cause of discharges. Section 61.65(b)(4) requires a rupture digc 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
jnitially 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
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solved by a reliable quality-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
susceptible to cracking at the welds. Finding the compatible
rupture disc sometimes requires trial-and-error.

Corrosion of rupture discs. Failure of many discs is caused

by corrosion from process material coming into contact with

the disc. Corrosion caused by plant location is also a problem.
Plants located near ocean shorelines experience corrosion
problems caused by the salt-water mist. Corrosion probtems

are usually solved by finding the right disc material such as
nickel or stainless steel, or by 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 willing 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 inspection 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.
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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 includes the following

(Ledvina, 1980):

. The rupture disc is assembled in the shop between two flanges
prior to installation below the relief valve on a reactor or
other piece of equipment. This allows the disc to be pre-torqued
in a safety head device and reduces handing during installation.
After installation and before the equipment is put in service,
discs are hydrostatically tested to insure reliability. The
discs are tested up to 90 percent of burst pressure after
installation. (Reactors are pressurized above normal operating
pressure before charging).

Upon receipt of a disc shipment a percentage of each lot is
randomly selected and pressure checked for quality and actda]
pressure. The lot is rejected or accepted by this procedure.
Discs are changed every six 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-- S1ip gauges, which have a probe that

moves through the gas/liquid 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 level 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.
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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, 1978). This was a combination
operator error and level control failure. Most of the discharges are
much lower and usually 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
caused by closing a valve too quickly and can be prevented by manually
closing the valve slowly or instrumenting the valve to close slowly.

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 overpressured,

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, 1978).

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 controlling emisstons of RVC
Tost 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 distribution 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
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emission levels now represents a primary reason for stripping to Tower
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 limits as required {t
by Section 61.64(e)(1): ‘
] 2,000 ppm for dispersion resins (excluding latex). {,
e 400 ppm for all other resins (including latex) averaged

separately for each type of resin. Included in this category

tc\wq

are suspension, bulk and solution resins.

The prescribed emission levels are assigned without regard to
grades of the resin types although different qrades of resin have unique
characteristics with respect to stripping efficiencies. Determination
of the RVC concentration is to be made by sampling immediately 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 required from each

i N e Pl et

processor regulated by the standard.
Variables that affect stripping levels are: batch vs. continuous

{ o

stripping, homopolymer vs. copolymer resins, and reactor vs. non-reactor
stripping. 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.

Table 4-11 shows comparative stripping leve]s reported by PVC plants
Broducing various resin types and using different stripping methods.
4.3.2 Suspension Resin Stripping

Of the 40 operating PVC plants in the United States, 32 of these
use the suspension polymerization process. (See Section 3.3.4 for a

—
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Table 4-11. PERCENT DISTRIBUTION OF STRIPPING LEVELS ML’Q(r
BEING ACHIEVED BY INDUSTRY2 v

b

Suspension Concentration of residual vinyl chloride in ppm

Range of
daily average
m
Plant Method® THigh Low 400 350 300 250 200 150 100 50

1 c 123 0.5 100 100 100 100 100 100  §9.3 97.3
2 b 1,629 0.4 98.8 98.8 98.8 98.3 98.3 96.5 95.9 89.0
3 c 388 3 100  99.4 98.9 97.7 96.0 89.3 B80.2 42.9
a ¢ 303 19 100 100  99.4 97.6 93.9 89.0 72.6 27.4
; 5 b 576 3 96.8 96.8 955 94.2 91.6 80.6 54.8 30.3
| 6 b 634 5  98.3 95,7 89.7 B4.5 75.9 61.2 45,7 19.0
7 b §31 8  98.4 95.9 87,7 81.1 68.0 50.8 29.5 11.5
| 8 c 382 16 100  98.3 94.5 89.5 72.9 47.5 24.9 3.3
I 9 c 1,214 4 Bl.B 755 67.8 58.7 46.2 40.6 35.0 30.1
10 ¢ 1,98 22 8.5 74.6 65.8 58.8 50.0 351 17,5 1.8 — F7K Pﬂ/”"}‘
; 11 541 70  92.7 90.2 78.0 63.4 41.5 26.8 14.6 0
: 12 b 514 51 93,2 85.7 72.9 9.4 37.6 21.8 9.8 - 0.8
' 13 b 684 63  95.0 90.8 80.9 63.8 41.1 20.6 6.4 0 — 7 R
14 b 1,099 71  93.8 8.9 81.8 66.7 51.1 159 2.8 0
15 1,056 96 75,9 60.3 46.6 37.9 20.7 6.9 0 0
Bulk
b 166 12 100 100 100 100 100  99.4 97.5 78.3
293 3 100 100 100  99.3 99.3 97.9 95.2 84.9
3 b 672 S6 84,3 77.7 58.1 46.4 251 8.9 1.1 O
Latex
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

j : %gased on EPA semi-annual reports for March through September 1980 obtained
: from Reqional EPA offices., Data represents approximately 504 of suspension,
75% of bulk, and 33% of latex plants.

! bIndividua'l data are percentages of time that concentration falls below
! specified levels, Values represent daily averages weighted on a production
' basis.

‘Method: b = batch; ¢ = continuous
. (continued)
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I Table 4-11 {Concluded)

Dispersion Concentration of residual winyl chloride in pﬁ;b

Range of
daily average

Plant Method® q Low 2000 1900 18060 1700 1600 1500 14060 1300 3200 1100 1000 900 800 700 600 500 400 300 200 100

1 b 1,245 15 100 100 100 100 100 100 100 100 99.4 9.8 98.8 98.8 98.2 97.6 97.6 95.8 89.3 75.0 38.1 9.5
2 c 1,949 132 100 99.3 93,7 90.9 84.6 79.0 71.3 61.5 54.5 42,7 39.9 32.2 20.3 19.5 14.0 9.1 6.3 2.8 1.4 0
3 b 2,364 418 99.4 96.6 92.2 B7.2 B2.7 70.9 62.0 50.8 43.0 33.5 27.4 21.2 11,2 8.4 3.9 1,7 ¢ i ¢ o
~1:~Q4{r‘-‘ b 5,515 49 85.6 83.5 81.4 79.4 76.3 73.7 71.2 68.6 65.0 6.3 55.2 51.5 45.9 36.6 28.4 18.6 9.3 5.1 2.1 0.5
“"RJL)“"‘S b 14,092 297 80.3 78.0 76.4 76.4 74.0 72.4 71.7 68.5 66.1 59.1 51.2 37.8 236 15.0 7.9 3.1 1.6 0.8 0 o
& b 4,129 89 8.8 80.2 78.4 74.3 71.3 67.1 64.1 56.9 52.7 45.5 39.5 31.1 24.0 16.2 10.2 7.8 4.2 2.4 0.6 O
Iy.ﬁ%. ~7? c 6,066 644 70.7 62.6 58,5 55.3 45,5 37.4 26.0 22.8 14.6 10.6 B.9 7.3 4.1 0.8 0O o 0 0 0o 0

o Y8ased on EPA seml-annual reparts for March }hrough September 1980 obtained from Reglomal EPA offices. Data represents approximately 40% of
&n digpersion plants.

bIndlvldual data are percentages of time that concentratfon falls below specified levels. Values represent daily averages weighted on a
production basis.

CMethod: b = batch; ¢ = continuous
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process description.) These resins are homopolymers 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 liguid slurry enters the top of a counter-
L 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

I 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

e (Fannin, 1981):
. . Decreased scheduling flexibility. 7$§;§§§§;£§2§§331;1"b frequent .
L ?}?qﬁangegwfnﬂﬁatch sizégfahd/dr'reqibg;@QQifjgatiQngjz;;::??ﬁzgff;'
__column strjppiaéngjjgiggélgkﬁ;f
. Difficulty in cleaning column. Due to the column's shape,
internal cleaning is not as convenient as in an open vessel.
0 Increased potential for burned particles. Crevices within the
column, resulting from the contact of trays and relatively
l‘ : greater number of joints, tend to retain resin particles.

e This results in a long exposure to heat and consequent burned

I“ particles.
b ] Mechanical Stress. Because of the pumping system used in
, continuous stripping columns, mechanical stress is imposed on

l“ the slurry. For resins with a high sensitivity to this stress,
the particles can agglomerate resulting 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).

4-55
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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.

ey ey oy ra

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 rahging as Tow as 25 ppm
RVC (Pucci, 1980). One plant using a steam stripping method, but stripping

r"’ﬂ

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 Towest RVC levels have chosen to produce one
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 less 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

A s ME  Mass My 7

"

e
L

are more sensitive to heat and shear stress than are suspension resins.
Latexes are susceptible to these stresses and when exposed to shear the
emulsion can degrade into an unstable latex with a poor heat transfer

r-v- -

property. (See Section 3.3.5.1 for Emulsion Resin Stripping Process

-y

description.) ‘»

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
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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 4-9,

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 reports 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.

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
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exhibit diffusivities of 1,000 to 10,000 times greater than those for
simple molecular diffusion. In this system, heat is transferred through
a 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 latex 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 than 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
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
0old. An enclosed plant's fugitive emissions can be determined by using

BEMC 014576
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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 actua) measurement) to be
0.36 kg/100 kg (0.36 1b/100 1b) of PVC produced or approximately 25 per-
cent of the EPA estimated 1975 rate ajﬁew large reactor suspension
processes were determined to be 0f91~kg/100 kg (0.07 1b/100 1b) of PVC
produced or only 5 percent of the EPA estimated 1975 rate. 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 include the following common equ1pment

and operations:
[ Pump, compressor and agitator seals,

Loading, unloading and storage operation,

Inprocess wastewater,
Sampling and laboratory analysis,
Equipment opening for cleaning and maintenance,
Pipe and equipment flanges,
Process drains and manhole cover seals,
Process valves and pressure relief valves, and
. Open-ended lines. 3
In order to reduce the fugitive emissions from the above sources,
Section 61.65(b) outlined the following three requirements 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.
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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

=M

discussed in a subsequent section.

) [

EPA has published 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 i‘

listed in the future under Section 112 of the CAA, The standards will
provide a quick and simplified first step in regulating chemical air

(NI

carcinogens by leak detection and repair programs.
The generic standards are independent of process or chemical and

Pt

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

el

Airborne Carcinogens.
The draft generic standards need not be considered in any revision

r
to the VC NESHAP. The standards focus primarily on reducing fugitive L.
emissions through the use of an effective leak detection and repair .
program. This type of program is similar to the programs currently i_

being used in the VC industry. In addition, EPA recently proposed
regulations under Section 112 of the CAA that would limit benzene
emissions from fugitive sources in new and exjsting petroleum refineries
and organic chemical plants. The proposed regulation is similar in many

&n

ways to requirements that the VC NESHAP outlined for prevention of
“fugitive emissions (e.g., leak detection and repair program and equipment

s

specifications).
The following sections describe requirements of the regulation for

r"".‘

control of VC fugitive emissions. These sections also discuss new
developments resulting from the above draft generic standards and proposed
benzene regulations.

—
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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,

) s1ip 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 contrel. 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 line while the tandem seal arrangement allows product to leak
into the seal fluid. 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., 0ils) are not required to be collected and stripped

of VC contamination. _______~ﬂ":~——— -—_ﬁ.qhuﬁh‘hﬁm
////,’f""ﬁzacqét1ons proposed for benzene fugitive emissions specify hx\
s properties of the seal or barrier fluid. The fluid must have a vapor
/ pressure less than 0.4 kPa (0.1 1b/in2) at 20°c (68°F) or it can be
\ a heavy fluid such as kerosene or diesel oil. ENo.such. reéaf:ément is‘i;}

)i,

TS T S o
»

Yspecified by the : -
\\\“~\hf___ Y e vCc regulg@lgg_ﬂ_ ’__ﬂ”__‘#___u_,wﬂ-
Other_equipment _requirements-are double-outboard seals on

reciprocating pumps and compressors, and rupture discs upstream from
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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 reliable 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 line from the relief valve to process equipment or the
recovery system. As mentioned in a prev1ous sect1on (Sect1on 4.1.4),

¢ nehgﬁa 1ant ~has™ connected many of their safety re11ef va]ves on reacters *

i e i e

é‘ﬁmrn i Tl

to a f]are as an equ1va1ency for a rupture d1sc VC emissions from the

P

po]ymer1zat1on 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
(Br{ttain, 1980c; Legro, 1977).

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 reljef valve seat (metal to metal seat) lifts 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 times 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 valve metal-
to-metal seat prevents the continual leakage from improper reseating.

BENC 015580
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Table 4-12.

i T T

APPROVED OR CONDITIONALLY APPROVED EQUIPMENT EQUIVALENCY DETERMINATIONS

Equipment Required
By Regulation

Equipment Equivalency
Request

Discussion

Rupture discs under 1. RV's equipped with "0" 1. Approved under following conditions:
all relief valves (RV) ring seat pressure ¢ Ethylene propylene rubber {EPR} rings must be used
{Section 61.65(b)(4)) seals unless other material approved.
o Only can be used with RV having disc seat such that
no leaks occur during simmering.
¢ Hust be maintenance program for replacement (per
year, each RV event and when leakage occurs).
¢ HMaintenance program records (keep 2 years).
o Describe affected RV's prior to modification.
Double outboard seals 1. Pressurized system — 1. VYolume between the inboard and outhoard seals will be
on all reciprocating the vent space between pressurized with inert gas that will be continuousty
compressors (Section the two seals is purged to recovery and primary control device.
61.65{b}{3){iv}) pressurized with inert Leakage is into the compressor rather than to the
gas atmosphere and less maintenance is required.
2. Packing rings in place 2. Conditional approval if packing rings are vented at
of seals low pressure to a control device. Venting at pressures
betow atmosphere could lead to dilution with ambient
air. Pressure between seals must be specified and
flow rate monitored for leakage.
Double mechanical 1. Liquid seals with 1. Conditional approval provided mechanical seal used
seals on rotating packing modified by on drive shaft. Idle end will not penetrate “box"
compressors and adding two "boxes" which has a vapor tight seal. Drive end will have
vacuum pumps (Section placed over idle and similar "box" containing mechanical seal. Both
61.65(b)(3)(i) and drive ends of unit "boxes" are vented back into process at 1 psig to
(1ii)) reduce emissions.
2. Labyrinth seals 2. Used on centrifugal compressors.
{continued)




' Table 4-12.
1

Concluded
Equipment Required Equipment Equivalency

By Regulation Request Discussion
Double outboard seals 1. Reciprocating Hill-McCanna 1. This pump equipped with four separate layers of
on reciprocating Type K pump with seals, packing material combined with a Merco Nardstrom

* pumps (Section 61.65 shaft lubrication, regular lubricator. A sealed pump must be used to
{b){3)(ii)) leakage inspections and lubricate the stuffing box and lubricant levels
menitering checked on regular basis. A VC monitoring point
must be close,
2. Double packing pumps with 2.

venting of water lubricant

Water lubricant between the seals would be vented
to a control device

to the wastewater stripper which controls VC

emissions to 10 ppm or less,
& Double mechanical 1. Pressurized grease system 1. Would only be applicable to the bulk PVC process
¢ seals for horizontal . which employs horizontal agitation.
agitators (Section
61.65(b){3){v)}
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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 reguiation requires EDC/VC and PVC plants to use the following

operational procedures to reduce fugitive emissions:

. Manual venting of equipment. A1l 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 quantity 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
sampling techniques should employ closed-loop systems.
Requirements 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. M lants 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 ?.T%r?&je.rg‘!nes so that after purging

the lines to recovery, the volume remaining in the lines is less than

GENG 016583
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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 implementing a leak detection and

™o o e Em

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:

me

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

. 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 plant for small
leaks,

. 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

Y eY e S e

) 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

S

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
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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 definitijon and eliminate these leaks over time, thus con-
tinuously lowering the background levels as well as fugitive emissions,
The background levels and Teak definition would be reevaluated and
redefined as the fugitive emissions level decreased over time.

Following the initial two-year waiver period for compliance, the
EPA Regions evaluated the adequacy of the leak detection and elimination
programs (Battye, 1978; Battye and Hall, 1978). Evaluations were also
made during this 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 variability of the leak
detection and elimination programs among five plants is shown in 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.
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1 Table 4-13. LEAK DETECTION AND ELTIMINATION PROGRAMS
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Tevel
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points interval 1 1 o0 ¢ maintenance throuyh check portable
A :vr for repir schedules pragran program H.C.
A Gas chromatograph 25 powm Twa consecutive Arez monitor- Mo progran-  Hone. 75 ppa
readings qreater span checked areas above
than § ppm daily, GC*s Checked bache
caltbrated dictated by ground
foremin - non- weelly; ares level,
written rquipment munitoring
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weekly,
annat tedr- ALl areas
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A separate Jeak 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 (0SHA 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
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 adequate area monitoring system
is the Jocation 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 bréathing 2zones 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
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Table 4-14.

VARTABILITY IN LEAK DEFINITIONS

Plants

Area Monitoring System

Consecutive
Readings {or
Persistent Time
Period)

Leak
Definition
{ppm)

Background
Level
{ppm)

Portabie Manitoring System

Inches From
Source (or
Persistent

Time Period)

Leak
Definition
(ppm}

Background
Level
{ppm)

Storage and Handling Facilities
{Area Honitor}

Consecutive
Readings {or
Persistent Time
Period)

Leak
Definition
(ppm)

Background
Level
{ppm}

0.50

2 (10 min.)
1

0.82

>100 0.5

100 1 in.

>50 6 in.

Hone
Determined

1
0.5
1.2
Confidential
1 to2

25 5

50-300
>300

3 in. {30 min) None

Determined

10 3 in. 1

50 12 in. 6.5

25 i.2
25 Confidential

1 to 2

*

1
4

K 25 3 t-10

L >5 3 0.5-5

*

>5

2500 0.1

<@.5
1.2

Confidential

T
Routine survey conducted only if area monitor printout

indicates leaks.




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 definitions, may vary in different areas of a
plant. Some plants have located area probes close to exhaust fans and
equipment pear 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 flow patterns through enclosed buildings
results in the proper placement of probes. The sampling location near
an exhaust fan has been used in some cases to provide data for reevaluation
of the program because VC concentrations at this point should decrease
with time.

Area sampling lines in some cases are manifolded to 2 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 i1f 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 lines is recommended to
ensure that the concentration recorded is indicative of the current
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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

[

.fug1t1ve emissions, these recommendations were followed. Calmbrat1o

gases were injected d1rect1y into the sample probe to eva]uate the e
response of the area-wide monitor; Results_;¥uzﬁe 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 slowly 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 use 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 second 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
for a cycle, any alarm level sounded, and if no alarm level is sounded
(this is most frequent choice of system and results in a sample once
every 40 to 50 minutes). The maximum sampling 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
Tikely 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.
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Table 4-15. CALIBRATION RESULTS FOR AREA-WIDE MONITOR

Laboratory analysis Area-wide monitor
Calibration Vendor analysis {ppm) reading {ppm)
gases {ppm) Sample 1 Sample 2 Probe 1 Probe 2
Benzene 5.37 5.00 6.00 0.04 0.00
Toluene 54,30 53.00 52.00 18.16 44.39
{para)xylene 28.10
48.00" 45.00" 21.29" 19.40"
{ortho)xylene 22.00

*
The laboratory analysis and area-wide monitor measured total xylene.

vi-v
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Plants surveyed use one or more of the following area monitoring
systems:
. Arcas 505 gas chromatograph with flame ionjzation
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 compounds.
The FMS5-7200 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 VC and is usually used to monitor
outdoor equipment only. There are other Miran instruments that are more

appropriate for indoor monitoring.
Routine Surveys With Portable Detector

As mentioned above, the draft generic standards emphasize routine
leak 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
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 portable
monitoring, other than following up an area monitor alarm, varied among
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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 plant on a weekly,
monthly, or quarterly basis. Usually the weekly, monthly, or quarterly
frequencies 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,
calibration gases injected 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 well as when
locating area sampling probes and conducting routine leak surveys.
Plan Of Action When Leak Detected z

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

system, the following actions are usually activated:
e 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
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severity of the Teak. 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 alsoc 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 possible), 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
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 leaking 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.
Adequate 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
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and follow-up inspections, determined the following minimum requirements
for an acceptable program (Ramirez, 1978):

. 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 detectieon 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-annual 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.

. 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 least
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 applicable
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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 10 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
and 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 opening loss (ROL) requirements,

water used as sealing fluid for double mechanical seals on
pumps, compressors and agitators,

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 requirement (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,
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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 reactor 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, middle, 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
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.

B ROL emissions c¢ontrol 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.
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Table 4-16. REACTOR OPENING LOSS REPORTED BY REPRESENTATIVE COMPANEES
(Data from September 1980 Semi-Annual Reports)

Company Resin Number of Humber out of Compliance czgﬁﬁﬂfzzzlnn Control
{code) type openings compliance rate or actual technology
A suspen. 72 2 97.2%
8 suspen. 47 1 97.9% actual
c suspen, 757 2 99.7% calculation | Water Piston {Displacement)
1] suspen. 215 0 100% Steam Sweep Technology
E disper. &0 2 96.7% actual
F disper. 166 0 100%
G disper. 0 100% Solvent Cleaning/Closed Charge Technology
H bulk 5668 18 99.7% actual Steam Injection
I bulk 1340 0 100% calculation | Steam Sweep Technology
J Tatex 0 100%

Redox Catalysis




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 cleaning. 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-methy)formamide

(DMF), tetrahydrofuran (THF) and dichloroethane. However, there are
serious disadvantages to the use of these solvents for reactor cleaning.
These include:

. The expense of the solvents. THF is approximately $2.00 per
liter ($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.

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
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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 technology to control ROL
emissions for their suspension and dispersion reactors. The process
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
"piston 1ike" manner and is exhausted to the VC recovery system. This
technique has proven effective in reducing ROL emissions.

4.5.4 Water Piston

An application of this technology was noted in a PVC sﬁspension
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, displacing 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 cﬁaracter-
istics. 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.
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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 slurry. 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
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 opehing between
each batch. An identical system for dispersion resin reactors allowed §
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 C(lean 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
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. Following 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 applied because 1iquid slurry would be evacuated at
this point. The ROL requirement is met by this method because the
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headspace vapors have been eliminated (Konter, 1980). A waiver of
testing requirements has been obtained from the Region. Resin RVC

ponis Bt T

emissions lost during transfer of the slurry to another vessel cannot
contribute to ROL emissions because these emissions would be considered

M

beyond the stripping operation and therefore not regulated (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 regquired
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.

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 slurry 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

=1 & e B M M M 7

unattainable and these measurements cannot be made until the reactor has
cooled.

r—

. 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 problem to the person making the
measurements. If the reactor is allowed to cool, this not only affects

productivity (because several hours are required for cooling) but also

results in measurements that are not representative.
wWhen ROL measurements are made according to the present regulation,
the same VC is essentially "counted twice" (i.e., once in the resin and

Tt e

S

once in the vapor space).

GENC 016504




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 allowed to be higher when the reduced stripping emissions are
used as a credit.
The calculation may present a problem even though the results as
L‘ 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.
l 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 Raolt'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. A
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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. (A1l of the following are opinions expressed by industry

and/or EPA personnel.)

5.2 INTENT OF THE STANDARD
. Health effects: Near]y al] ‘of the ‘industrial Tepresentatives i

contacted (and one Reg1on§lﬂ§£ﬁ‘psrfpn)JngEeSEgg_c9ncgrn“ggg5~'
The potential rev1s1on of the NESHAP w1thout a health effects
basis (Baise, 1980) !

'Thém;ﬁiént 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 slowing 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

.
.

BEMC 0146610




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 1imit for VC at that time. Dames and
Moore then calculated that an emission 1imit 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 (Molbrook, 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
poliutant 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
appticable to each plant.

Regional EPA personnel and industry note that the c]éssification

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, 1980). 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 inprocess wastewater
(following stripping) should be required to ensure proper
stripper operation and maintenance. (One plant in that region,
Borden Chemical, routjnely‘tests wastewater stripper VC concen-

trations.) zééﬁh /
increased the quantity of “inprocess wastewater discharged from -
many piants (Varner, 19807, ¢

The wording of the current inprocess wastewater definition

fﬁiiﬁzﬁ¥agdﬁéikbn§"hés”dﬁastica11y

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 personnel 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 resu]tiﬁg 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 too hot to measure immediately, and
after the resin is stripped to the required limit, 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

hman |

to the reguired levels and calculating the ROL emissions. The

T ™M

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 like 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

P prem

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 slurry 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

™ ey pen

!"""!

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 i_
equipment opening loss or reactor opening loss standards be
applied. Post-polymerization (Po-Po) reactors are opened i_
after every batch, whereas Pre-Po reactors are not opened as
frequently (Brittain, 1980). The intention of the regulation i;

was that the Pre-Po and Po-Po combined meet the ROL standard.
Industry currently applies the ROL to each reactor.

Qe

5.7 RELIEF VALVE DISCHARGES
. The primary concern about relief valve discharges, shared by
industry and regional EPA personnel, is how to determine what

-

Lann
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is "preventable." Th1s po1nt“was ra1sed more frequent]y than

——

any q}her by EPA reg1ons and industries.
A11 thiﬂe 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 bas1s for determ1n1ng the level of
compliance (Holbrook, 1980; Laundrie, 1980). -
Industry po1ntéd‘oﬂt that controls for d1spers1on suspension,
bulk, and solution processes differ. They suggest that the
prevalence of reactor discharges by resin types should 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 suggested 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 reljef valves (e.g., double rupture discs)
the standard should be reworded to change "relief valve
(discharge)" to "relief device, including but not limited to
" (Brittain, 1980).

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; Shaul, 1%80).

] Industry would 1ike relief from the daily calibration and
monitoring requirements of the current regulation (Wyatt, 1980).

e T e Bl

For example, the suggestion was made by industry that longer
averaging periods should be permitted for determining stripping
level compliance (lLaundrie, 1980; Mercier, 1980). Daily
compliance with resin stripping levels could be shown by

o

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

papetz]

less freguent 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 New Source

71 R e e

; o Standard (under NESHAP) for stripping with retrofitting require-
4 ] ments for existing sources. This would encourage the industry [:
* g to pursue the technology available for reducing emission
j, 5 levels below current requirements. Several plants are stripping
jf suspension resins to less than 400 ppm by continuous stripping

(Brittain, 1980).

) Sampling and analytical requirements for resin stripping in
the solution polymerization process need to be reviewed (Brittain,
1980). The stripping requirements (in the current regulation)
were developed for the removal of unreacted VC from solid
particles 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

— £ s T

solid particles. Accordingly, solution resins can be stripped
to an average level of 10 ppm or less. Therefore, the sampling

[
L

BENC 016615

-




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 megagrams
(100,000 tons) of PVC resin per year will emit 36 megagrams

(40 tons) of VC per year out of the dryer stack. Indirect 19%0
drying (which would reduce drying air and make add-on control 75““‘277}~
[

more economical) 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.

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 (Flynn, 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 levels. 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; Wu, 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 ptants (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 Il 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 standari;
Only the smaller pieces of equipment (e.g., loading/unloading
lines) should have the 2 percent by volume or 25 gallon 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 mbnitor
is required (Pucci, 1980). No performance specification

BENC 014617




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 determihing violations of
emission standards (Varner, 1980; Pucci, 1980).

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

It would be more appropriate to locate this reguiation 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 reljability of the instruments (Holbrook, 1880;
Oubre, 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 Tike 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 107 for ROL measurements is not considered to be reliable.
Corrections for condensing water vapor in the sample cannot be
made reliably (lLedvina, 1980). '

Region VI suggested the need for a monitoring performance
standard for backup as well as primary control devices, When




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).
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5.13 REPORTING

. Industry made several comments regarding the lack of uniformity
in reporting requirements among the regions. Freqhency of
reports and Tevel 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 regard1ng

rrry AT o
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1}* semi- annua] report requ1rements The regions ‘do not cons1der
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'ﬁ/ the sem1 annual reports “effective for .enforcement purposes, ?
They feel that excursions should be reported on a 10-day basis

;I .\ or immediately, with a minimum frequency of four times a year
ﬂ; .l,f’ M (Thompson, 1980; Aronson, 1980; Varner, 1980).
l}asﬁtt jb’t ] Industry feels that semi-annual reporting should be replaced

v;»szy with exception reporting (Holbrook, 1980).
5.14 RECORDKEEPING

] Industry feels recordkeeping should be reduced to include only
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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 1limit for retention of ROL records (Varner, 1980).

75.15 NESHAP APPLICABILITY DETERMINATIONS
Since promulgation of the VC NESHAP, several inquiries have been

g Eem M T

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 Determination

Are duplicate continuous No
monitoring systems needed
for vinyl chioride plants?

Is EPA concerned with
short-term monitoring
malfunctions?

1

Are relief valve Conditional
discharges which are

due to operator error

considered violations

of section 61.65(a)?

Can a demonstration of
noncompliance 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?

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-
Towing 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
is 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
cars that are transported
by rail to a vinyl
chloride plant, "equip-
ment in vinyl chloride
service"?

Is a PVC sludge-drying
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
plants 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 to many of the EPA

Regions and are indicative of the need to clarify some points in the

regulation.

5-12
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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 frac. n
of VC.
There are, however, several categories of 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 SQURCES 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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Fabrication of the polymer consists of melting and shaping the ‘

may be done by the fabricator, the resin producer, or by independent
compounders.

iy’

compound by various processes. Some of the major processes are:

‘ﬁ

o——

. Extrusion - This process consists of mixing and melting a
continuous stream of plastic and generating sufficient pressure

——
B ’

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 required by the regulation) further losses of RVC occur in
drying, bagging, and storage operations. 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 Eemaining RVC to diffuse from
the resin particles.
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

e T4 BM e O 7T oy

BENC 016425

—




The most promising control technique to Timit 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.

i s e al Py ——
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establlshed a_ 10 ppm_ VC concentrat1od“ﬂ1m1t in dried PVC resins.
Surve111ance and enforcement of this” Trequirement has been delegated to
the Plastic Pipe Institute (Cameron et al., 1980, p. 43).

In addition to the influence of the DOSHA 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 below 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 Tlevels of <0.5 ppm to 1 ppm. Typical reductions in resin RVC
since promulgation of the VC NESHAP are shown by the following data from

a PVC resin manufacturer (Ter Haar, 1980):

RVC Levels (ppm)
Resin type Prior to 1974 Current

Emuision 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, 1980, p. 13). Assuming that
the average RVC content of the resins supplied 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 pounds) 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 monjtored. 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 D. 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 weight) for the production of
resins, and

) Industrial processes in which VC is produced as a byproduct of
the chemical reaction involved.

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 current 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 D. 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.

GENC 016627
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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 D. 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 following
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 handling of VC is not a factor. VC fugitive emission
surveillance in these\p1ants 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

e ¥

some regional EPA personnel. These are ra11'tars:’iéhk cars, and méripe !
unidéd{ﬂaq?éE111ties.“}Department of Transportation (DOT) and Coast
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Guard regulations are primarily concerned with flammability 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 relijef 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 resuitant 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 II, 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
marine 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).

Tank farms, used for temporary VC storage and potentially for
emergency stockpiling (due to rail strikes, etc.), are not currently
reqgulated under the standard (Schaul, 1980; Varner, 1980).
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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 requirements -for-resin stripping levels.
6.3.4 Disposal Facilities (Landfill) B ‘

VC emissions were recently detected in vents from a landfill in
Region II. These vents were installed mainly for the release of methane
from the landfill., It is thought that PVC wastes, generated prior to
the VC NESHAP's stripping requirements, 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 acceptable 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
little 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 1ine 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 was
specified by each state as best control technology for any pof]utant,
including VC, when a source was newly constructed or modified (EPA 1975,
p. 9-10). Other regulations concerning water pollution, 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 list 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)

e Blans

Resolution of the South Coast Air Quality Management District
Board (SCAQMD) adopting Rule 1005.1 - Control of Vinyl Chloride
Emissions

i

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
.
.

om Mmes e T

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

L o

new regulatory requirements of the VC NESHAP will be discussed below
with the federal and state laws responsible for implementation.

™

e~
i

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)

a=Tn

r

of Air Quality and plans for nonattainment areas. These regulations
provide for continued protection of the existing ambient air duality
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

e

_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,

. 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 b 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 pollutants,
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 achieving 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. In such areas, significant
increases in pollutants for which the area is designated nomattainment
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 listed 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
regulated pollutant. Regulated pollutants are the five criteria pollutants
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,

(] ajr quality analysis, and

] additional impact analyses.

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 require 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 control. Therefore, a new VC source undergoing PSD review may be
required to implement 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

i 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
hydrocarbon 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 resulted 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

lﬁ year rather than go through PSD review (Brittain, 1980).

The BACT process involves four steps. The first, pollutant

' 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 inciuded 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 quality 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 control
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 analyses 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 poliutant 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, I1linois,
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 lTowest detectable 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). In 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.

1 s ene

Ambient monitoring. Designated plants, or those plants subject to
Rule 1005.1, are not allowed to discharge VYC in quantities that result

r—

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

e

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
populations 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.

B3 el M N

Primary control device. A1l equipment containing more than 10 ppm

1

VC is required to be vented to the primary control device. The control

FLE
"

device must then be operated at an efficiency to limit total emissions
from the stack to less than 50 grams per hour, Selection of the emission
limit was based on worst case modeling indicating that this level of
emissions would maintain the 10 ppb AAQS. The 50 gram per hour limit
sets a ceiling on growth (which the VC NESHAP 10 ppm limit does not;
plants can continue to grow and discharge larger quantities 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 limits 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 V(

per kilogram of PVC produced.
Operational Requirements. A1l 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. Reactors and other equipment upstream
of stripping must be equipped with automatic pressure reduction systems
(APRS) that will open when necessary at a setting between normal

operating pressures and emergency relief pressures. (Normal vapors from

the APRS must be contained.)
Management plan. A management plan must be submitted for the
reduction of VC emissions. The plan should 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
leaks 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.
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Relief valve discharges. Designated plants must install and operate

pressure indicating and recording instruments (or approved equivalents)
monitoring the discharge of emergency relief valves and manual vent
valves. Data from these instruments must be summarized monthly and
submitted to SCAQMD.

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 "cradle-to-grave" or
from the point of generation through transportation, storage and ultimate
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 limits 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,

These solid wastes have been specifically listed as hazardous but
it will still be the responsibility of the generator to show that other
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solid wastes originating from his facility are not hazardous. VC has
been identified as a poilutant 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 collect waste streams, represent
disposal sites and may require upgrading to meet RCRA standards of
performance (Hanrahan, 1979, p. 23).

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 1iabilities 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 pubiic 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, liquid 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, use, 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 pesticides). Any chemicals
in the 1979 Inventory that are released to the environment by discharge
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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 listed
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
1ist of toxic pollutants and authorized EPA to promulgate 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 list of toxic pollutants if
effluent 1imits failed to achieve water quality criteria (EPA, 1979b).
VC is one of these "Consent Decree Pollutants" for which effluent guide-
lines may need to be developed. If developed for VC, these effluent
limitations would be listed on, and enforced through, the discharge
permit required under the National Pollutant Discharge Elimination
System (NPDES).

Section 311 entitled "0i1 and Hazardous Substance Liability,"
authorizes EPA to promulgate Hazardous Spill Regulations. Under these
regulations EPA designated as hazardous those substances which, when
discharged, present an imminent and substantial danger to the public
health or welfare. An additional 28 chemicals have been added to the
existing 1ist 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
-aetermined on a case-by-case basis. Sources in compliance with effluent
standards established for these chemicals in other sections of the Clean
Water Act are exembt from these requirements. )
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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,

As a guideline, a list of chemicals indicative of industrial
poliution 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 V(C standard. O0SHA is concerned
primarily with PVC dust and that the dust might cause pneumoconiosis.
0SHA 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.
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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
(] 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
obtain a permit from the FDA. This permit specifies operational
procedures, resin characteristics (e.g., clarity, purity), and residual
levels of VC (RVC). The permit 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.g., cleaning requirements are specified) and
frequency of reactor opening is dictated by the permit. '
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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 l1imitations and
conditions for emission reduction in nonattainment areas. These
limitations may require further rediction of VC emissions below NESHAP

Timits, either through a reduction in hydrocarbons or VC specifically.
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4/9/81
TRW/EPA
RTP, N.C.

REVIEW OF THE VC NESHAP 4
PART 11

The objectives of the "Part II: Vinyl Chloride Standard Revision"

are to:
° Determine the Best Available Technology (BAT), and

. Obtain additional information required for revisions
to those parts of the standard (identified during
Part 1) that need to be changed.
To accomplish this, the following areas will be investigated:
(A) Oxychlorination Vents. The objective will be to
investigate existing technology and compare emission
levels from processors using:
(1) air without incineration, --
(2) air and oxygen with and without incineration, and
(3) oxygen with incineration.
Cost analyses of these control systems will be determined.

Relief Valve Discharges (RVD's). An investigation

is necessary to determine technically feasible equipment
and procedures for RVD prevention, costs of these, and
Timitations of their application to older plants.

Resin Stripping. The objective in this area is to

determine the advisability of requiring a more stringent

standard. The following aspects of stripping technology
will be evaluated:

(1) Those factors involved in very efficient
stripping processes and restrictions (if any)
to using those processes for other resin
grades/types,

Factors inherent in resin grades that are
reputed to be resistant to low-level stripping,
and

Correlation, if any, between newer plants and
lTower stripping levels.

3
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Cost analyses will be included in the investigation of
efficient stripping technologies.

(D) Fugitive Emissions. New requirements may be needed for
Qs;;p]ants (e.g., similar to benzene fugitive emission
regulations for new sources). Fugitive emissions in
existing plants will be addressed through contacts with
the regions regarding: )

(1) Acceptable E6?§£%a§ﬁ§§fizz and
(2) Standardization of leak check frequency and
leak definition,
The elimination of fixed monitoring requirements is a
possibility.

~ (E) Malfunction Clause Provision. In order to determine the
feasibility of plants operating without a back-up for
their primary control device, the following information

is needed:

(1) How often do primary controls malfunction?

(2) what options for control are available during
such malfunctions and what are their costs?

(3) For what periods of time do malfunctions occur?
(How long is it before the primary control device
can be repaired?)

(4) What are the causes of malfunctions?

(F) Unregulated Sources of VC. Several unregulated sources
of VC emissions were identified in the original study
for the existing standard, as well as in the Part I
Review Study for this project. The objective for this
area i1s to determine the significance (if any) of VC
emissions from:

(1) Fabricators — Although OSHA workplace regulations
have resulted in the incoming raw material residual
vinyl chloride (RVC) levels' being Towered to
10 ppm or less, a survey of final RVC levels in
resins leaving PYC plants is needed. The determi-
nation of these levels will allow a more reliable
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estimation of the VC emissions from fabricating
facilities.
Trichloroethane and certain pesticides —
These facilities were identified as using VC as a
chemical intermediate. The extent of VC emissions
from these sources cannot be determined without
process information.
Landfills — During the Part I Review Study
landfills were identified as a source of VC
emissions. Off-specification batches of PVC
are potential contributors to these emissions.
Information required in this area includes:
. what are the roles of other regulatory
agencies/branches in this matter?
how are off-spec batches being stripped,
and if they are not stripped, what are
disposal procedures?

(4) Marine loading/unloading facilities — Emissions
of VC from these sources have been reported in
two regions. Information is needed to determine:
. where the emissions are coming from,

) if they are RVD's, can they be prevented, and
. what role other agencies (e.g., Coast
Guard) play in control of these emissions.

(G) Miscellaneous Administrative Changes. The objective here
will be to obtain the necessary information to:

o (1) Standardize definitions and requirements (e.g.,
Reactor Opening Loss (ROL) for those processors
stripping in the reactor),

(2) Consider certain exemptions from the standard (e.g.,
gasholder seal water from inprocess wastewater
definition, solution and bulk processors from
certain resin-stripping requirements), and
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(3) Consider elimination of certain requirements

(e.g., fixed monitoring for fugitive emission

detection).
The necessary information will be solicited from pertinent
sources.

GENC 014451




DATES AVAILABLE TO DISCUSS PHASE II TOPICS FOR VC NESHAP REVIEW

Relief valve Resin Primary control
discharge stripping malfunction

Air Products

BF Goodrich
Borden
Certainteed
Conoco

Diamond Shamrock
Dow

Ethyl

Firestone
General Tire
Georgia Pacific
Goodyear

Great American
Hooker Chemical
International Mat'ls.
Pantasote
Shintech
Stauffer

Tenneco

Union Carbide




APPENDIX A
VINYL CHLORIDE NATIONAL EMISSIONS STANDARD FOR HAZARDOUS AIR POLLUTANTS
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Suispart A—Oerwrsl Provisiem

§ 6101  Applicability.

The prurisions of this part apply to
the ownier or operator of any stationary
source {or which a standard {s prescribed
under this pait.

§ 6102 Definltions

As used In this part. all terms not de-
fined herein chall have the meaning given
them L& the act:

(s} “Act” means the Clenn Alr Act (42
TAH.C. 1857 et seq,),

(b} “Adminlstrator” means the Ad-
ministrator of the Povironmentsl Pro-
tection Agensy or his authorized reptw-
santative, |

(c) "Altetnative method™ means any
method of sampling and analymihg for
an air pollytant which is not a reference
method or an equivalent method but
which has been demonstrated to the
Administrator's satisfaction to producs,
in apecific cases, results ta for
his deter tion of )i

erating deaign ity of the stationary
[

(1) An increase tn hours of apereation,

(k) “New source” means gny statlonary
myuree, the constryction or modification
of which {5 commenced after the publ-
catlon i the Feornar Racisto of pro-
posed national 4 dards for
hazardous afr pollutants which wil] be
applicable to such source,

) “Owner or operstor” means any
person who owns, lenses, operutes, con-.
trols, or supervises & stationary souTos,

{m) "Raference method” means any
method of asmpling and analyzing for an
alr pollutant, as described {n Appendix
B to this part,

{(n) “Startup” means the stting tn
operation of a statiaoary ssurce for any

Purposs.

(0) “Standard” means a nationa)

fasf dard for s rdoys afir
pallutant propossd o promulgated snder
this part.

(p) “Statlonary source™ mexns any
bullding, structure, facility, or installs.
Uon whith emits or may emit any alr

] which has been detighated as

{d) “Commenced” means that an owti
¢ or opersior has undertaken A con-
tnyous program of comstruction or
modification or that an owner or operator
Bas entered i1to a contractual obligation
to undertake and complete, within a rea-
sonable tine, a continuous program of
construction or modifieation.

(¢) “Compliarce schedul¢™” means the
date or dates by which a source or cate-
gory of sources {s required to comply with
the standards of this part and with any
steps toward such compliance which are
st forth in & walver of campliance under
§ 81.11.

(1) “Construction™ means {abrication.
erection. or installation of » stationary

BOALCE.

gy "Effective date” (s the date of
promulgation in the Froraat Redisrss
of an applicable standard or other regu-
iation under this part,

th) "Equivalent method™ means any
method of sampling and analyzing for
an air pollutant which has been demon-
strated to the Administrators eatisfac-
tion to have s consistent and guantita.
Uvely Incwn relationship to the reférence
method, under specified conditions.

() "Exuting soufce™ means any sta-
Uenary source which is ot & new soures.

i) “Modification” means any phyzical

L} in, or ¢h in the hod of
operation of. 4 stationary source which
thereasss the amount of any barardous
oir pallutant emitted by such sourcs or
which results tn the emisdon of any
barardows air pollutant not previously
emitied, except that:

(1) Routine maintenance, repalr, and
replasement ahall not be considered
phyuical changet, and

(1) The following shall met b om-
sideryd & change in they mathod of
eperation

mAnl'nﬂ-hmpMuﬁunh
¢ wch torease domt Dot exswmd the o9

hazardous by the Admintstrater,

§61.03  Units and abbreviations 2

Used in this part are abbreviations and
symbols of uniu of measrure. Thess are

{a) Bystam Internaticnal (HI) waits
of measiTe:

Amaprre

g a mlitieram = 10

it it x 10 prier
Mg = wrgagrwm w 107 gram
-l x ol e

M= pewion

B = panogrem x 18- graim
B = HADCEMEIE x 10wy
Fa = puacal

= s

Y= vals

Wawait

Swamp

A= ERCTOETAM & )0 gresn

W) Othar gnits of Kussure:

*Cw dogrer Oriaius (s tgrads )
#im w cubie fowt pur mipuie
& = cuble Gancerter

Wi day

*Fm dogres Fahrenbeit
Rtmaguare My

IVasabie fort

ol w guilon

B inen

in Ngw ihches of Wrreary
A K O w il jon of waser
Jmbver

t@acoBs 133 abd WIie) of W Clean Anr
AL, o amymid 41 DEC, TeT-T.
137¢ e} 1)

§61.04 Addrem.!

&) All reports, Ucationa
submitialy, and other communications te
the Adminlstrator pursuant Lo this part
shall be submnitied in duplicate and ad-
dressed Lo the apprupriate Regional Of-
fice of the Environmenta] Protectlan
Arxency, to the attention of the Dirwcior,
Enforcement Division. The regional of-
fices are a3 follows:

Ragion I (Connecticut, Maine, New Hamip.
3 ustts, Rhode Island, Ver-
mabit), Jobn P, Kennedy Pedersl Bullding,
Boston, usetiy 02203,
Ragion I (New York, New Jersey, Puerto
:.l:v;lf'l:: r’:]l“u,' P;:'lrl.l Office Build.
3 ! Flazs w; uare ew
York, N.T, 10007, fpuley Square), M
Region I (Delaware, Diatrict of Calumbts,
Fenraylvania, Maryland, Virginta, West Vits
Fint), Curts Bullding, Kixth and Walgut
Servets, Phllasalphia, Penosylvania 19104,
Rarion IV (Alabama, Florids, Osorgla, Ml
alasippt, Kentucky, Morth Caroline, Soyth
Carollna, Tennawsse], Bulte 300, 1421 Pesch-
wee Strest. Auasts, Oeorgia 30209,
Ragion V (Dltnow, Indians, Minnesota,
Michigan, Ohio, Wisconsini. 230 ‘"‘ﬂ,b'"-

Region VI (Jowa, luuu. Missour], Mes
wfuaka), 1735 Baltitoors Btrest, Kanaas City,
Misssur] €3104.

Beglon VI (Colardo, Montata, Worth .
kota, Bouth MX-O Ttah, Wyoming), 194
Lincotn Towwrs, Lingoln Swrest, Da .

% Danwwr.

Ragion IX (Artsons, Cutiforsta, Rawsll,
Revada, Quam, American Samon],
farkia Street, San Franctaco, California #4111,
Fegion X (Washington, Oregen, ldabo,
Alsaks), 1300 @Eth Avenus, Saattle, Weab-
(ngian #8901,

(b) Bectlon 112(d) directs the Admin-
Wtrator @0 delewnte to esch State, when
Sppropriste, the authority to {mplement
and enfores the pational emission stand-
ards for bazardous air pallutants for ata-
Uomary sources located In ‘such State.
All infarmation required to be submitted
W0 EPA under paragraph (s) of this see-
tiot,, must also be submitted o the ap-
propriate Btats Agency of any State 0
which this authority has been deleguted
(provided, that each specific delegation

B4y exempt aources from s certain fed-
-uormnumncmmmt).m
.‘mm 0 malling sddress for thaee
Whost Selegution t has been
approved s s fallown: e

BENC 015653
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(4) (Besrved)

m-a--u-nn Twpir-tnatt of Wo-
faw Bouwe, Au-

(M) ate of Alaby
« Devwian, Alr Follution CM!NI m
w45 8 Mrggnnuh attwet, Montgomery,

Ambama M104.

{C) [Ramerved ]

(D) Arisons

Fima Coeunty Atr Pollution Contrel Dus-
it ul Wt Congres Strest, Tuosod AL
"l

=1 d'lt!l”? Mrea

(P) Cmiferna 4T

BAY At Alr Follutiop Cootrol DhstHet,
8 Ellis Btren. San Francisco. CA #4108

Dul Norie County Alr Pollution Contrel
Putnet, Courthouss. Creacent City, CA #3531,

Prmns County Alr foliution Contrel Dis-
Wit §15 8 Cedar Avenue. Freano, CA #B37R.

Humbaldt County Alr Follution Control
Dudtrict, 4500 5 Broadwey. Kureks. CA #3301,

Karn County Alr Follution Control Dis-
wict, 1700 Flowsr et (F.O. Box #W7)
Bakarsfiald, CA K302

Magers County Alr Poliution Control Dise
trict, 135 W. Ycosemits Avenur. Maders, CA

Mendocine County Alr Poellution Control
Dutrict, OCounty Courtbouss, Ukiah, CA

Montsrey Bay Unified Alr Pellution Con-
wol Disuiet, 420 Chureh Stywwr (F.O. Box
+4T), Balinas. CA 83901,

Morthern Sonoms County Afr Pollution
Congrol District, 3313 Chanate Rosd, Santa
Rowa. CA #3404

SeacTemento County Alr Pollution Control
Déstrict. 3701 Branch Centar Road, Bacra
madito, CA 05837

Safy Disgo County Alr Poliution Control
Dwstrict. 9180 Chesapsake Drive, San DHeygo,
CA IR

Ban Joaquin County Alr 7 Cantrel

cowta, Maljbe oez30)
(V} [Rawarved!
(W) Mamashustts Dwpartywnt of Eavie
renswmtal Quality Ingineering. Division ¢f
Alr Quality Control. #00 ﬁn;lnmn aaet,
Boston, Mamachusetts 031111
{X) State of Michigun. Afr Follution Con.
wol Division, Michigen Dwpartment of Xaty-
rul Ragourcas, Stevens T Mason ‘\!J.Iqu.
#ih Foor, Lansing. Michigan 48926,
(T) Minfeots Pollution Coatrol Agency,
Division of Alr Quality, 1% West Oounty
Buovat B, Romrvilie, MO0 G413,

1Z) {Rewirved]
(AA)} [ Rasgrved |

(05)=~(0D) [rowervst].

(XK} Mew Mampahirs Alr Poliutien Con-
trol Agency. Department of Nealth and Wel-
fatv, Juite Laboratory lundln(Tymu Crrive,
Concerrd, New Hampuhiry 03301,
(FF)—ate of New Jerwry! New Junary De-

porament of Enviesiosental Froweuco.
John Puch Fam, P.O. Sox 87, Treasws,
e Jurry onezs

(00) |Raserved]

{HH) Mew York: New York State Depart-
toent of Invironmental Conservation, 80 Wolt
Road, Albany, Mew TYeorx 13033, attantiou:
Division of Alr Rasources §

I Nmn Carahina Iavironmental Man-

Tawtrict, 101 I Marsiton Strwet (PO, Bar
2000}, Stockton. CA 95201

Sants Barbars Alr Polution Control Du-
tlﬂ“.o 440 Calle Rasl, Sants Berbars. CA
wite,

Sanmisus County Alr Pollution Control
Dustrict. 810 Scenic Drive, Modesto, CA §A230.

Trinity County Alr Pollution Control Dis-
wict. Box AJ. Weavervilie, CA 0600]

Venturs Caynty Air Pollution Control Dis-
tru.'li €18 T Sants Clars Btrest, Ventura, CA

{3 Bats of Colorado. Colorada Alr Pol-
fwilon Contral Divigion. 4910 11th Awe-
wes, Dynver, Colorads $0T30.

(N} stats of Owvnnpecticut, Departmwnt
of Environmenwual Protaction. Btate mﬂ
Pullding, Hartford, Conpetticut 00118,

(l) Mate of Delaware (for l’nﬂ Mt-'m

[
uuus SdphLll eanctels plANLE Horugr ves-
amis for priroleum liquids, and srwage treal-
fsnt ph.nu nlyy Delawary Dtmcal ol
Matyral R and } Con-

Department of Natural
and lﬂetwml: Resources, Diviion of Envi.
roamental Managemesnt, P.O. Box 27627, Ra-
ieigh. Mortn cnﬁllnn 27611, Attention: Alr
Quality Ssction

{3J) State of Morth Dekota. State De.
partment of Health, q’uu Capital, Bumarck,
North Dakots 54501 1

(KK} =(LL) [Ruervet)

1Ay luu of Orqonmbﬂnnmcm of

Sureet, Poruiand, o’-m #7204,

(M) (a) C of ™ ) 1
{(esewpt for City of Philsdelphia u:d Alls-
gheny County) Pennsylvania Department of
Knvitonmenta) Resources, Bureau of Alr
Quality and Noise Control, Fost Qfice Box
204). Harrisburg. Peonsyivanis 17130

(b) City of Philadelphis. PRiladelphis De-

t of Public Healld Alr Mansgement
Services. J01 Arch Gurvat, Fhiladelphla, Penn.
syivania 19107, 33

(00) [Rasarved|

{(Fr®M) luu of South cnnllu. Office of Tn-

trel, Edward Tutnall Busding, Devar, Dal
190014

=(K) |Reserved]

(L) Mats of Georgis. rro~

Dapartment
of Health end tnﬂmnnunul Cantrol.
Bul] Sureet. Columbla, South Carclina 2s2013Y
(QQ)=~{TT| [Mimarved|
{UU) State of Vermont. Apency of Fuvi.

twrtion Divistan, Department of Netural Ra-
wyaross, T Washi

(Mi={0) |Raverved |

(P) State of Indiana Indisns Atr Pollu-
ton Cobtrol Board, 13K Wait #lehl.ln
reet, 14, (B EI0E.

(Q)=(R) [Reserved|

al) Divislon #f Alr Pollvtion Cemtrel, De-
parument for Nuturel Ressurcst and Envi-

UA U7, Fr T
. oo
) (remwrvet|.

] Protgrtion, Rax 489, Mootpeller,
Yermont 00802,
(VV) Commanwwith of Virginia, Virginia

(WW) (1) Weaningwon; State of Wesning-
fon, Dwpartieat of Realogy, Clympis. Weah«
Forthwast Alr Pollution Autherity.

2T Flaner Bulidiag, Second and PMne
Sowrts. Mount Yernon, Waahingten #3723

{17} Bporate Ceunty Ar Pellution Oum-
Gl Autharity, Narth 811 Jeferwon Spokans,
w o #2001,

{7) Takima County Clemn Aly Authomey

sabingon

mm“fv\m Takima W

(Y1) Ojympie Alr Pollutich Costrol Ay.

thority, 120 Eust Staty Avenuse, Olympia,
n MS01.

{vil) Southwast Alr Polluuon Cantrel Au.

thority, Suite 7601 K. NT Rasel Dall Avenue,

Vancouver, Washington sesss. 1)

(XX) [Raserved}

(YY) Wuconsin—Wisconsin Department
of Natural Reource, PO, Box 792). Mag,-
w8 Wiconstn 33707 3

{ZZ) {Ramarved]

{AAA) |Rawarved |

(BB E) —Commoneweiib of Pueria Rico

nu‘. PO Box 11THS Man-

i

turce, PR 30R10

ICCC) UB Virgio Jajands- TS Virgin
Isisnds Dupuriment of Conservation a‘nd
Cultural Affairs. POQ. Nox 378, Chariotie
A.muu, #t. Thomas. US. Virpin lalanay

(Bact. 101, 110, 111, 112 and 301 of the Clean
AT AZL 4w amended, 43 US.C. 1857, 148%c-
8, 4, Tand 1887g )
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§ 61,05 Prehibivd sctivition

{a) Aftar the sfective date of any
standard prescribed under this part, no
ewher or operator ahall construct or mod-
ify any stationary sowte subject to such
mandard without first obtatning written
appruval of the Admintstrator in accord.
ance with this subpari except under an
exemption grunted by the Prexident
whder saction 112(e)(2) of the act
Soutces, the construction or modification
of which commenced after the publica-
tion dsts of ihe standards propesed to
e applicable to such source. are mbject
to this probibitien.

{(b) After the effective date of any
standard prescribed under this part, no
ewnar or opersior shall oparate any new
souree in violaticn of such standard ex-
expl under an exemptico grented by the
President under section 112(¢) (2) of the

t,

(¢) Ninety days alfter the ¢ffective data
of any standurd preseribed under this
part, Bo owner or oparator shall aperate
any existing stationary source in visla-
tian of such standard, except under &
walver granted by the Adminlstrstor in
sccordance with this gubpart or under
an exemption grahited by the President
wader section 112(e) (D) of the wet,

(d) No owner or operator subject to
the provisicns of this part shall fal to
report, revise reports. of Meport source
st results as requited under this part.

§61.06 Determination of comstruciom
wr paodification.

Upon written application by an owner
or operator, the Adtriinistrator will make
& determination of whether actions taken
or intended to be taken by such owner
or operator constituts ¢omstruction of
modification or the commencement
thereo! within the meanting of this part.
The Adminisirator will within 30 days
of recaipt of sufficient informatian to
evaluate an application, notify the owner
or operstor of his determinal

§ 6107 Applicati for app 1 of
tion or Jifcati

(s) The owner or operator of any new
source to which s standard prescribed
under this part is applicable shal), prior

is

ation of the souree, Including & demcrip-
Sar of any squipment to be uesd for
econtrol of Such technaica) in-

formation aball include cmlculations of
emission estimates {8 mficient detal) o
permit aseszment af the validity of such
ealeulationg,

§ 61.08  Approval by Administretor,

(a) The Administrator will, within e
days of receipt of suficient tnformation
to evaluate an application under § 61,07,

that a stationary source for which an
applieation pursusnt to § 61.07 way sub-
mitted will, {{ properly operated, not
cause emistions in viclation of  stand-
ord. he will approve the construetion or
modification of such source.

(¢) PHor W denying any spplication
for approval of eonstruction or modifica-
than pursuant to this sectiean, the Admin.
istrator wil]l notify the owner or operutor
making such application of the Admin-
fstrator's intenton to lasue such denial,
together with:

(1) Notice of the Information and
findings ont which such intended dental
s based, and

(2) Notice of opportunity for soch
owner or operator to present, within sxh
time Mmit as the Administrator shall
specity, sdditional infermation o argu-
ments o the Administrator prior to final
sction oo such application.

(d} A final determihation to deny any
application for approval will be in writ-
ing and will sat forth the specific grounds
on which such dental is based. Buch final
determitiation will be msde within 60
days of presentation of additional infor-
mation or arguments, of 60 days aiter
the final dnu specified for presentation
\f no presentation {s made.

{#) Naither ths submission of an ap-
plication for approval nor the Admin-
istrator's granting of approval w em-
struct or modify ahall:

{1) Relleve an owner or oparator af
legn) 1 tbility for It with
any applicable provision of this part or
d my othar applicable Federal. Stats,

local requirement. or

(3) Prevent the Administtator from

to the dats on which construction or
modificatd ' .

or
within 30 days alfter the effoctive date
iIn the cise of & NeW gource that alresdy
Bas conmanced construction or medifi-
eation and has not begun operation, sub-
mit to the Administrator an Iwuﬂﬂm
for spproval of such construction
modification. A sephrute | lnuuﬂmmn
- d for each Y scurce.
{b) Each lication ahall tnelude:
(nmmcmd.wulo!hw

plicant.

1) The location ar prop<esd lcation
of the source.

(3 Techoical tnf o ma
the proposed nature, size, design, opetat.
fng dexign capacity, and tosthod of oper-

ting or enforving this part or
taking any othet action under the act.

§61.09 Natification of starmp.

(a) Any owner or operalar of & pource
which has an initial startup after the
efective date of & standard prescribed
wnder this part shall furnish the Admin-
tstrator written notification as rollﬂl'

(1) A notification of the
date of initial startup of the source not
more than 90 dayy nor s than 30 daye
prior to such date

(3) A nodfication of the actual dale

A-4

of mitll startup of the sowoe within 13
days after such date.

[T mdmwuu-—-mn
(A OAC TU4Nn

§€1.10 Sowrce reporting sad wuiver re
L L

(a) The owner ar operator aof any
existing source, of ANy NEW WOWTT to
which & standard preseribed mnder this
part is applicable which bad an initial
startup which precaded the effective date
of a standard prescribed under this part
shall, within 80 days after the efective
dats. provide the following information
in writing to the Admintstrator:

(1) Name snd sddress of the owner
or operater.

(2) The loeation of the source.

(3) The type of hazardous pollutants
emitted by the stationary source,

{4} A brief description of the nature.
size. design, and method of operation of
the stationary source including the op-
ersting design capacity of such sdurce.
Identify each point of emision for sach
hazardous poliutant.

(8) The average wright par month of
the Basarvdous materials being p
hm-‘mﬁ,mrth-hnu montha
preceding the data of the rwport,

(8) A deseription of the existing son-
hl oquwm% for sach emission point.

) Primary control devieeds) for esct

[§ 4] Aluumnlhmmcrmr-
stor of the source a8 to whethar he can
mply with the standards prescribed in

this part within 80 days of the sffective

.

) mmmmdmm
ing souree ble to
mmmmmmdpmﬂhdmm
this part may requast a waiver of com-
pl.hnu with lueh standard for & period

pcl
b tnstalled to comply with the standard.

(2) A compliance & duh incluatey
the date each step toward compliance wil]
be reached, Such Ust shall Include a5 &
minimum the following dates:

(1) Duts by which sontrests for etuls-
on ¢ontrol systems or process modifica.
tors will be awarded, or date by which
ardars will lu lawand for the muhnu
of eomp t parts o
mewmmﬂm

(1) Date of itistion of onsits eon-
m“ﬂﬂ'mﬂulmde-
trol squi t or p

1) Dete by which ansite constrac-
tion or installation of envdssion control
suipment or procss modification i 0
i complated; and

{iv) Dats by which final compliance b

BEMC 014457
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= bo achisved.

3 A dascription of tntertm emision
eontral steps which will be taken during
the waiver period,

{e) Chunges in the Imformation pro-
vided under paragraph (a) of this secticn
Sl te provided to the Administrater
within 30 days after such change, exoept
that if changws will result from modifies -
Hon of the source, s defined tn | 61.02
(1), the provisions of | 61.07 and § $1.08
ure applicable.

(d) The format for reporting under
this section 13 included as Appendix A of
this part. Advice on reporting the status
of complinnce may b oblained from the
Administrator,

[ mdmwuuu-—n‘
2 DAL 14,

§61.11  Waiver of ewsplissca

(a) Based on the information provided
I8 any requast under § 61.10, or other in-
formation, the Administratar may grant
& waiver of eomplinnes with & stand

§61.32 Fuimion watt snd mumitaving.

(a) Emimion tats and monitoring
shall be conductad and rfyported as st
forth i this part and Appendix B to thiy
part.

(B) Tha owper or coerator of & new
source subject to this part, and st Uw
or operator of an existing source mb-
HIMMMMpNMewm
0 be provided, smission testing fardli-
tlan as followa:

(1) Sampling ports sdequats for test

el ich

ator s s atternative {o
mum»uxnmw

Ulnr, 114 of the A Ast u
aoac N.Mn.w —

6115 Avallability af infermation.??
The avallability to the public of in-
formation provided to, or otherwise ob-
by, the Administrator under thu
p:.nnhnnhuvmedbyhn:n(mu

(1) Bafe acoms W0
form(a).

) Urilities for sumpling and testing
equipment,

(2) fafe sampiing platiormis).
sampling

O 114 of the Al At o8 sbamuind
[t ]-F ¥4 NNM.W

§ 6113 Waiver of amission Wuts,
(a) Emiagon (mta may be tved

. llldmm‘l“-“‘
43 TAL Talan.

§ 6116  State awtharity.

(a) The provisions of thiz part ghal
not be construed in any manner to pre-
cluds any suu or politieal subdivision

33 Mapd.u lnd m!aﬂ.tu ADy el
son I applicable to a

upen written applicaticn to Q?OMMB.\.IA

uummummnummm

mmru.um“
the

tulpeﬂodmlumdlnllmntm
the effactive date of such standard,
{b) Buch wwiver will be In writing and

rd, or if the acurce
uomum under a walver of compliance
or has requested & waiver of

dssion Mmiting tegulation (s oot les
stringent than the standards prescribed
under this part,

) R ing the owner or operator

(5) X application for walver af the
mmwn et iy mm such applization

will:
(1) Idatify the statl y
-ve

e,

(3) Bpecify the termination date of
the waiver. The waiver may be termal-
aated at an esriler date if the conditions
spucified ynder paragraph (b) (3) of this
section are not met.

(3) 8pecily dates by which staps to-
ward compliance are to be taken: and
tmpose such sdditional conditions as the
Adminlstrator determines t tw Deca-
mry (o assure installation of the neces-
mry controls within the walver pariod.
and o sarure protection of the health
of peraots during the waiver period.

(¢} Prior to denying any request for
& waivet fursusnt W this section. the
Administrator will potify the owner or
operstor making such request of the Ad-
ministrators intention 0 lwsue such
damial, together with:

11} Notice of the information snd
findings on which such intended danial
8 based, and

(1) Notice of opportunity for such
swner or operator 0 praent, within
mch time Jimit as the Administrator
spucifien, additional information or argu-
| to the Admintstrator prior (o inal
action ot such requast.

(d) A Bnal determination to deny any
requast {or & waiver will by in writing
and will st forth the mpecific grounds on
which sch denia) is bamd. Buch final

days after pr tation of add I tn-
fermation or aryuments, or 80 days after

the information re-
qulnd by ¢ 81. w. The APPropriate farm
is contained In Appendix A to this part

(c) Approval of any waiwer granted
pursusnt to this section ahall not abro-
gate the Administrstor's authority under
the act or in any way prohibit the Ad-
ministrator from later canoebing such
waiver. SBuch cancellation will be made
only aftar notice 14 given to the gwner
ar operator of the mures.

[ mdmwuu-m
(4X DAL Tal4n,
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(a) Methods 101, 102, and 104 in Ap-
pendix B to this part shall be used for
all source tasts required under this part,
unies an squivalent method or an al-
tarpative pwthod has besn spprowed by
the Adminfstrator.

(b} Method 103 in Abpendix B to this
part 13 hereby approved by the Admin.
fatrator as an at method for
::I)n‘vuﬂbhclhlll_”(l) and § §1.42

{¢) Tha Administrator may, sfter no-
tice to the owner or operator, withdraw
appToval of an  alterhative method
grunted under paragraphs (a), (b) or
(d) of this section. Where tha tast rewults
mmumunmmumm

the final date specified for such p
tagan, f oo presentation ts made.

(e} The grunting of & waiver under
thia section shall not abrogate the Ad-
ministrators authority under ssction 114
of the art,

indt har & soures i i
compliance with s standard, the Ad-

(d) Mathod 108 in Appendiz B 1o this
part is hereby approved by the Admints-

of 8 statiocnary source, other than & sta-
tonary source owned or operated by the
United States, to obtatn permits, Ucenaes,
or approvals prior to {initiating construe-
nmu.ru Hon, or operaton of such

Ulee 114, Ack a0 emanded (4O
TAL. Y410, o .

§61.17 Circwmvention. ’

No owner ar operator mubject to the
provizsions of this part shall bulld. erect,

mstall, or use any article machine,
squipment, process, or method, the use of
whith conceals an emimion which would
otherwise constitute a viclation of an
applicablse standard. Buch concealment
Mudu.dl:lutumnmud o, the use of

to achi m

with & vixible emissions mnmu. and
tha plecamenl carrying out of an opern-
tion to avoid coverage by o standard that
applies only to operations larger than a
pacified aize.
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Subpart F—MNotional Eminslion Sareterd
far Vit Chiwrin 30

§ 6168 Apyplicabilisy.
(a) This subpart applis o plah
which produce:
(1) Ethylne dichiorids by reaction of
chloride with

() This subpart dom net apply W0
qmmmtwmmmdﬂnhp-
et I Ahe y
mmlmmme-dmmnmp-
memt has & cApASity of Do mvare than

®19m* (50 qul).
tc) Bections af this subpart other than
1 61.81; 8104 (@) (1), (D), (¢}, and )}

81.47; llll ll.ll. ll 10; and §1.71 do
mot apply W uand i

snd development if the reactor used to
polymertse the viny! chioride processed
fo the equipment has & capacity of
greater than 0.19 m’ (80 ) and DO
mary than 4 87 m * (1100 gal) .

§61.61 Dufuithene

Terms used In this subpart are defined
fn the Act, t Subpurt A of this part, or
o this section s follows:

(s) “Ethylene dichloride plant™ -

and pH, \mll-ll: (m' mepmotmt-
snd s it

dnumtmc!udcmmmem
of which ia o remove viny| chloride frem
water to mest Tequirements of this

mabpart.

<) “In viny) chloride service™ means
that & ples of equipment ¢ontains of
sontacts either & Ligquid that i af hest
10 parcent by weight vinyl chloride or a
gas that fa at et 10 percent by volume
vinyl chloride,

cially sdopted by the plant owner or

and solution procases.
(1) “Grade of resin” mmany the s~
divixion of resin classification which de-

(0) “Ethylens dichloride thon ™
cludes any part of the process of ethyl-
- fallows

protuced.
(p) ~Vinyl chloride purification” in-
cludes ahy part af the procsss of viny)

§46142 Emimion -IW (or ethylrne
dichheride plants. 7
(a) Fthylene dichloride purtication:

lene
hm:omm-mnuodn
181.45 This requirement dos Dot
spply w .qulpmml that has been opened,
i out of operation, and met the tequire-
In §6165(D) () D) befors being

opaned.

(b) Oxychliritation reactor: Exeept
a4 provided in § 41.85(a), emimsions of
vinyl chloride to the monphcu fram
each oxychlorination resctor are not to
umd‘o.:hgflu (:lm;’l:‘/lb) of the 100
Pervent ¢ ene product from
thw ecychlorination process.

§61.63 Emiminn wtandard for vinyl
chloride plants.

An owher or operator of a vinyl chio-
rldthllnnhnnmplywﬂhmnrqmn-
ments of this mction and § §1.65

(a) Vinyl ehloride formation lnd puri-
fScation: The concentration of vinyl
shioride ln all exhaust gaies dllchnnd

0 the bere from any 4
hud in vinyl chioride formation and/er

fication s not to d 10 ppym, x-
Gept as provided in § 61.45(a), This re-
quirenent dots not apply to equipment
that has been opened, i3 out of dperstion,
and met the requirement in § 61.85()
(#) (1) bafore buing openad.

§ 61.64 Emiswion siandard for palyvinyl
ehluride planis, -

An owner or opamater of & palyviny)
mmcm“pﬁwmmw
of this and § 01,88,

ehloride production which fall vinyl
chioride formation and in which finiahad
vinyl chioride i produced,

(Q) *“Raeactor” includes any vesul In

taly following the
than step th the plant procass fiow,

(n) Raactor, The following require-
ments spply to reectors:

(1) The concentration of viny! ¢hlo-
ride in all exhaust gases discharged to
the atmosphere from each reactor i not
to exceed 10 PPm, except s provided in
paragraph (a)(1) of this ssction and
4 61.65(a).

(2) The reactor opening loss from esch
reactor iz oot to wcasd 0.02 g vinyl
chioride/kg (0.00002 1b viny] chloride/
Ib) of palyvinyl chioride product, with
the product determined on a dry solids
bmsis. This requirement applies to any
waise] which fo used & & resstor or as
both a reactor and a stripper. In the
Wik process, the pProduct means the
yroas product of mbﬂlmnm and
potpolymeritation,

(3) Manual vent valve dhchu'n rx-
oIpt for AN eMaTEeDCY BAnUA]l vent valve
dhr.hnm lhm Is w ba no diacharge to

(t) “Btandard temperature”
temperature of 307 C (09° 7). W

(a) “Slandard presure” means o
-W‘dmmd!l(nmnd

by taking
Wit W0 Drevent the discharge. Within ll
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days of any decharge W the o tmostbare
from any manual veat valve, the cwrar
& oparsior of the souTos from which the
diacharge occirs ghall submit to the Ad-
ministrutor & rYport {n sriting contain-
iy ibformetion an the sowve, hature

%otal viny) chioride joss durmg the dis-
eharge, the method mad for determining
the viny]l chloride los, the action that
wes taken o prevent the discharye, and
monture adoptat to prevent future dis-

M) Stripper. The cancentration of
vinyl chloride in all exhatst gases dis-
sharged to the atmosphere from sach
siripper i not 0 excend 10 ppm, except
& provided In § 61.45(a). This require-

apply

and

met the requirement in § $1.85(b) (§) (1)
before heing opemied.

(c) Mixing. weighing, end Aolding

sripper (or the reactor If the plant has
B0 stripper) in the plant proces flow s
ot t0 exceed 10 DD, axcapt sy provided
in { §1.45(s). This requirement does not

o equipment that has ben
epened, (s out of operation, and met the
requirement in § 61.45(b) (§) (1) bafore

haust gasex discharged to the atmos-
phefy from each monomer Mecovery ays-
wm s Dot to excend 10 ppm, except as
provided in § 61.85(a), This requirement
dom ot apply w equipment that has
bewn opened, I out of operstion, and met
the requirement in § 61.85(0) (§) (1) be~
fare being opetied.

(¢) Sowrcer following the stripper(s),
The following requirements apply to

sources following the stripper(s) (or the
Mactor(s) U the plant has po sirip.
puer(s}] In the plant process fiow in-
sludiig but not Umited to, centrifuges,
euncentratars, bland tanks, filters, dry-
o, conveyor air discharges, baggers,
slorage comtainers, and Iaprocess wiste-

water:
(1) 1o polyvinyl chleride plants using
otripping tachnology W eontrol vinyl
smizslons, the weightad averagy
reaidual viny! chloride eoncentration in
all grades of pulyvinyl chlorsds ream
processed through the stripping opera-
tion oo each aal day, d

addition o stripping, emierions af vinyl
chioride 0 the atmospbers may Dot

M1 g/kg (0.002 IvAL) product frem
the strippar(s) (or reactor(s) if the
planit has Do stripperta) ) for dispervion
polyviny! chloride reains, exeluding latex
resing, with the product determined on a
dry solids buxis;

(n 04 g/kg (0.0004 1bAb) product
from the strippers (or feactor(s) if the
plant has po stripperts) ] for all other
polyviny] chlotide raing, including latex
rains, with the product determined on
» dry solids basis.

§61.65 Embuivm mandard for sthylime
dichloride. vinyl chioride and paly.
viayl chioride plants

AD cwner or operator of an ethylane
dichloride, viny! chloride, atid/or poly-
viny] chloride plant shall eomply with
the requirements of this saction.

(a) Relie) valve discharge. Except for
AN emergency rellef discharge, thers is
0 by Do discharge to the atmosphere
from any relie! valve oo any equipment
in vinyl chloride service. A emergency
relie! discharge means a discharye which
oould not have been avalided by taking
msasurst to prevent the discharge. With-
{n 10 days of any relie! valve discharge,
the owner or operator of the source from
which the relief valve discharge oecurs
shall submit to the Adminisorator a re-
port th writing containing information
oo the source, nsture and cause of the
discharye, the date and time of the da-
charge, the approximate total vinyl chio-

ride lows, the sction that was taken to
prevent the discharge, and -
adopted to prevent future discharges.

. (b)' Fugitiog tﬂ.thm sources. (1)

and d4 bines: Vinyl o

chloride emissions from Joading and un-
loading lines i vinyl chloride service

twduced a0 that the parts bined con-

from the siip gmuge through a eontrol
aysiam from which the concantration of
vinyl chloride tn the sxhaust gass does
hot excesd 10 pom, or squivalent as pro-
vided {n | 81.88.

41 Rotating gumps. Vingl chloride
emiszions from seals on all rowting
putnis i vinyl chloride service are to be
minimized by installing seallety pumps,
pumps with double mechanicsl seals, or
squivalent s provided in 9148 It
double mechanical weals are used. vinyl
chioride emimions from the seals art o
e d by ining the pres-
mure between the two seals 20 that any
Jeak that occurs 4 into the pump; by
ducting any vinyl chioride bwtween the
two sealy through a control gystem {rom
which the concentration of vinyl chlo-
ride (n the exhaust gases does pot ex.
ceid 10 ppm; or equivalent as provided
in § 0108,

(1) Reciprocating pumpy. Vinyl chlo-
ride etnilssions from seals on all recipro.
esting pumps in vinyl chloride service
Are to be mintmized by installing double
outboard stals, or aquivalent as provided
tn § 4186, If double outboard asals are
used, viny! chioride emissioms from the

pump; by ducting any vinyl chioride be-
tween the two seals through a control
system from which the concentration of
vinyl chloride in the exhaust guaew does
Dot exceed 10 ppm: or equivalent a
Provided in § 61.44.,

(1)  Rotating compremsor. Vinyl
chloride smisions from sewls on all yo-
tating compressors in viny! chloride
Tvice are to be minimized by

3
g
%
g
E_

chlaride wmiasions from seals on all re-

tain oo greater than 0.0028 ' (0.13 £t
of vinyl chl at dard

iyw and pressure: and
(1) Any vinyl chioride removed from
a joading or unloading line i ascord-
ancey with parsgraph (b) (1)) of this
tion is to be ductad through s contrel

immediately after the stripping opers-
oo iz leted not d:

chioride

dlsperuion rwsing, sxeiuding iatey restna;
(1) 400 ppm for all other palyvinyl
shlorkde resins, including latex resips,
.vmmnhl:loruchtmodm—

®:or

(2) In palyviny] chloride plants ocon-
trolling viny! chlorvie emisslons with
Sechoology other than stripping or i

system from which the concentration of
vinyl chloride in the exhaust gases dows
not exceed 10 ppm, or equivalent as pro-
vided Lo 1 #1.86.
(3) 3lip paupes. During loading or un-
opeTAticns,

D
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Malting agitadors with doubls mechani-
oal swils, or equivelent as fwovided in
§ 6146 If double mechanical ssals Are
i, viny! chiaride emimicrs from the

af tbe gunarsl ares of the plant wherva
lmak is located. A viny] chloride monitor-

() Manug! senting of paest. Except
a8 provided in § §1.64(a)()), all
which are manually veoted from: equip-
meat in vinyl chloride sarvice are to be
ductad threugh & control gystem from
which the concentration of vinyl chloride
i the exhaust gases doss not excesd 10
pxn ; or squivalent as provided {n § §1.44.

(8) Ope af  equi; 2 myl
ehloride from in
squipment (ineluding loading or utijosd
fng liney that are not opened to the &
moyphiere after sach Joading or wilosd-
m::um) are 10 be minimized os

(1) Before opentng any squipmen

R

T

g

10108
(T) Samples. Unused portions of sam-
ples containing at least 10 p by

with a senaitivity of at least 10 ppm
and is of auch deslan and size that it can
b used to messure emissions from local-
fad potnts.

(111) It provides for an acceptahle eali-
bration and matntenatce scheduls for
the vinyl ¢hioride monitoring system and
portable hydrocarbon detector, For the
vinyl chloride manitoring system, a dally
span check i to be eomducted with a
coneentration of viny! chloride equal to
the concentration deftned as a leak ac-
cording to paragraph (b) (8) (vi) of this
section. The calibraticn & to ba done
with sither:

(A) A calibraticn gas mirkire pre-

) 1

cmtaing & definition of leak
Which & acceptable when compared with
the backgTound cancentrations of viny)
chloride tn the arwas of the plant to be
maonitored try the vinyl chloride menitar-
tng syvtem. Messurements of background
concyntrations of vinyl ehloride tn the
aroas of the plant £o be manitored by the
vitty] chleride monitoring system wre to
be included with the description of the
program. The definition of lesk for a
v plant may vary among the differ.
ant aress within the plant and is also to
change over tme as backgTound can-
cenirations in the plant are reduced.

{9} Improcess wastewater, Vinyl chlo-
ride emissions to the atmosphers from
nprecess wastywnler are t0 be reduced
as follaws:

() The concentration of vinyl ehlo-
ride in sach \Nprocean wastewater stream
containing greater than 10 ppm vinyl
chioride messured immediately as it
leaves o plece of equipment and befors
being mixed with any other inprocems
Wastaywaler stryam 15 to be reduced to no
more than 10 ppm by welght before being
mized with any other inprocest wastews -
ter stream which contains Jess than 10
ppm vinyl chioride; before being expossd
to the atmoshere; bafore being dis-
eharged to & wnstewatsr treatment proc-
s ; or before being discharged untrested
83 & wailewater. This paragraph does
apply to water which (s used to dlsplace
viny! chioride from squipment before it

pared {ram the gase spactfied in eactl
541 and 522 of Twst Method 106 and
o accordsnce with section 71 of Twt
Mathod 104, or 38

i opened to the at here in accord-
ance with §61.84(x)(2) or paragraph
() (€) of this section, but does not apply
to water which i used to wash out equip-
ment after the equipment has already
baan d to the in ac-

manufastyrer. The manufactursr roust
have recammended & mazximuen shalf Jite
for each cylinder s0 that the conmentra-
tion dom not change greatr than =B
pareent from the certified value. The date
of gus cylinder preparation, cartified
ml‘ chloride conestitration and rwoom-

weight vinyl chloride are to be retwrned
w0 the p and 1t hniq

arY to be such that sampis contaimers
vinyl chloride service are purged into &

rograin ks to be submitted on & da
scheduled by the Adminwtratar, AD-
woval of & program will be grunted by

d 4 shelf ife must have
been affized to the cylinder beforw ahip~
mmt from the manufacturer to the
Buyer, If a gas chromatograph & used o

tion $.23.1 and §23.3 of Tt Method
106 {or cartification of cylinder stand.
nds and for establishment and vertfica.
tion of cgnanthu standasds are to
followed.

{v) Thw location and nuinber of pointy

o be montlored end the freauency of
wmonttoring orovided for in the program
acewttable

physical layout of the plant.
v) Tt comteing an acoeptable plan of
sction &0 ke takep whan & lask & da-

cordance with Ill.uu)(u or para-
araph (b) (8) of this section.

(i) Any vinyl chlaride removed from
the inprocess westewater i accordatice
with paragraph (b) (9} (§) of this section
5 to by ducted through & control aystam
{ramn which the concantration of vinyl
chlotide in the exhaust gass does not
:o.e:d :g pom, or squivalent as provided

1.48.

) The requirenwmts in parsgraphs
(1), (b)), (B)(S), (D)), (BI(D)
and () (§) of this metion are o be in-
corporated into & standard opwrating
procedure, and made available upon re-

quest for L by the Ad ]
tor. The dard ting procedure is
w toclud: for ing the

vinyl chloride in equipment &4.73 m’
(1,250 gal) {n volume for which an emis-
ston limit s prescribed In § 61.85¢b) (6)
{1) pricr to opening the equipment and
uvaing Twst Method 104, & portable hydro-
oarbon detector, or an equivelent or al-
ternative mathod. The method of Mess-
wement s o meet the requirements in
§ 61.6T(g) ($) (1} (A) ar (g2 {(3) (1) (W) »

ul“‘\hw‘.u““
143 DAC Tudn,
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6168 Eauivalewt squipmant snd pre-
' apbures
Thyman writien application from an owo-

Erounds to dipat Ver ittt
wlnﬁulmmtwdurmun method,
bt may require the ume of a refersnce
thod. If the results of the referwnce

o or operator, the A may
approve use of equipment or procwdure
which have been demotutrated w his
setizfaction to be equivalent in tems of
reducing viny! chioride emimions to the
stmasphere to those prascribad for cam-
pilance with s specific paragraph of this
subpart, Fur An exuting source, Any re-
queit for using an squivalent method as
the initial messure of mw »to e
L d to the A within
30 days of the efective date. For & Daw
source. any request for using an equiva-

hm. method {2 %0 be submitted o the

and squivalent or alternstive methods
do not agree, the results obtained by the
reference method preval. and the Ad-
winistrator may notify the owner or
operator that approval of the methed
previously corsidered to be equivalent or
alternative is withdrawn.

(1) Twest Method 104 is to be used to
determine the vinyl chioride unsmom
from any source for which an emt

u=|r.'-(l.ln0 19-] 11009

Whare:

Ces= kg vinyt chloride/100 K product.

Ca=The sonoentration of vinyl chiorde as
messured by Tet Mathod 106§,

3.00=Dupsity of vinyl chioride ai ona
atmosphere add 29" C 14 kg/m .

Q=Volumetric HOW fats In m */he sa de-
termiined bY Refetince Method 7 of Ap-
pandir A w PFart 80 of this chaptar

10~ = COBvaTSion (astar for ppm.

Hmit is prescribed i 4§ 61.82(0) or (D)
1 61.63(a), or ¢4 61.864(0) (1), (B), (&), OF
d), or from any contral mumso-m

of construct
required bv §61.07,

§ 61,67 Emimion tests.

(a) Uniess s waiver of amission testitg
is obtained upder {6113, the owner or
operator of a souwrte o which this sub-
part applies aball test smmissions from

the source,

(1) Within 90 days of the efective date
#n the case of an existing source of &
fw source which has an initial startup
date preceding the effective data, or

(3) Within 90 days of startup in the
case of & new source, injtial startup of
which occurs after the effective date.

(b} The owner or opwrator shall pro-
vide the Administrator at lesat 30 days
prior notice of an emisxion test to aford
the Administrator the opportunity to
have an observer prasent during the test.

{(e) Any amiszion tat 1 t0 be con-
ducted while the squipment being tasted
M operating at the maximum production
rate At which the squipment will be op-
erated and under other relevant condi-

are required to e
Mtedlnl.l“(ll(ﬂ) onawmch fugl-

Are T d to ducted
h FOLEMBI AN, (B(D), (B)(H),
(b) (&) (1), or (D) () (1),

[} Pormhrun.mnnphhhh
eollectsd. The sampling site is to be &t
Jeast two stack or duct diameters down-
stream and one half diameter upstream
from any fSow disturbance such A &
bend, expansion, contraction, or visible
flame. For a rectangular croas section an
squivalent diameter i3 t0 be detarmined
fram the following squation:

(langth) (widih)
X!

The mupling paint tn the duct & to
be at the centroid of the croms sectiom,
The le &5 10 be axtructed at a rate
proportional to the gas velocity at the
sampling point. The sample is to be
takens over & minimum of gne hour, and
s to contain a minimum volume of 50
liters corvected to standard conditions,
) Each ixsion test ia O af
thtwe runs, For the purpose of determin.
ing emissions, the average of results of
nunmummlymnvmnuuh
d on a time weighted basis. 3

esquivelent diamrter =2

thotis as Ay be ypecified by the Admins
Tator based on representative perform-
ance of the source.

d) (Reserved)™

(9) When at all posaible, sach sample
s to be analyzed within 24 hours, but in
BO chsg In exeess of T2 hours of sample
eoliection. Vinyl chloride smissions are
10 be determined within 30 days after the
amizaton test. The owner or opetator
sha)l report the determinations to the
Administrator by a registered letter dis-
patched before the close of the next busi~
Dess day following the determination.®

(1) 'The ownar of operator ahal) retatn
at the phm. and maks lnlh.hh apan

t, for L tion by the A

(i) Por £8s streams containing more
than 10 percent oxygen the concentra-
ton of vinyl chloride as determined by
Twt Method 108 is to be corrected to 10
percent oxygen (dry basts) for determi-
pation of emissions by using the follow-
ing equation:

Co st mCy L
I —poroens O,

whare:
€ =The of winrt
T shlorids 1n the sthaust s, 0OrTeched

& {Q-pareant OXygen.
ComTha of viny) -
messured by Tast Method 104.

trator, for & minlmuts of 3 years records
of emimion tes! results and other data
nended Lo determine emisalons,

(g) Utless otherwise specified, the
owner or operator ahall use tast Tt
Methods in Appendix B to this part for
mch test a8 required by
@Y, Py, (P@, (@), and
(g} (§) of this mctioh, Unlems 4D equiva-
ut method or an altamnative -ﬂ.hml

09 = Parcenit oXYEWA 1n the ambieit air at

10.8 = Percent atyged |0 the ambient air at
wiabdard sonditions. it the 10.0-par-
whl GRTEED 0 which the cwrection B
ring madd,

Pwrcant O, = Percent oxygen in the exhaust
e - l\-uuM by Rafervncs Mothod

in Appandiz A of Part 90 of this chap

(iv) Por thime emiasion sources wharse
the emission Umit &4 precribed in terms
of mass rather than eoboen trallon, mass

R4 tn kg/100 kg product arv (o be

bas been approved by the Administ
o the Admini finds e

by using the following equs-

I=r rate (Kg/hr). W

€2) Test Method 107 ia to be used to

¢ the cancsntration of vinyl

chloride in esch inprocess wastewater

strenm for which an emiszion Mmit L
prascribed in § $1.63(0) (P (1),

(3) Where a stripping operation i
ted to attain the emission Hmit in § 61.-
Sd(e), emissions are o be determined
taing Test Method 107 as follows:

(1) The number of strippwrs and sam-
ples and the types and grades of resin o
be sampled are to be detarinined by the
Adminlatrator for each individual plant
at the time of the test based on the
plant's operation.

(1) Each sample {2 to be taken imme-
diately following the stripping operation.

i) The corresponding quantity of
matarial processed by each stripper s to
be determined on & dry solids basis and
by a method submitted to and spproved
by the Administrstor.

(lv) At the prior requast of the Ad-
mnhmwr. the o‘melr :; OperRLor nuu

L Lot [+}
numd in paragraph (@) (3 of th
saction,

) Whm control technalegy other
than or in addition $o s stripping opers-
Hon (s used to sttain the emision Wmit
in § 61.64(s), emiskions are to be deter-
tined as follows:

(1) Tet Method 106 is to be used to
determine atmospheric emissions from
all of the process squipment simultane-
ously. The requirements of parsqraph
(g) (1) of this saction are to be met.

(1) Taat Methnd 107 Is t0 be used to
determine the concentration of vinyl
chloride in each inprocess wustewater
stream subject to the amission mit pre-
scribed in § 61.44(0), The mass of #iny!
c¢hloride In kg/100 kg product in each
in process waitewalsr stream is to be de-
termined by uxing the following equs-
ton:

1C « R 10+ {100]
c..,—m-_T._-
whare!

Cag=ig vinyl chiwideritd ky puhﬂ
Camiiw twntwmtration of vinyl thieride = mrwmred
Toal betium

vy [
l-mnnnumlm . T il I et dren
nu R W WhCh I LR mtiLrd L

v nppreTed by (v Adminisiraier.

Wt e Comreriven Weti fof ppm,

B Progucuien Tt umn Srrmined in strwd:
ey with & Sk huie] Wit sl e dmmi L ed

ool ppreviad by (v Adi e rilar.

(B) Thw reactsr opaning lom for which
an amission limit s prescribed in | 41 84
(8)(2) 8 t0 be determined. The numbe:
of teastors for which the determinauon

GENC
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ts W be made & W be cparifiad by the
Admintstrator {or sach individusl plast
at the time of the detarmination bassd
oo the plant’s operwillon. For a reacttor
that s also used as & stTippeT, the deter-
mination may be made immedistely fol-
lowing the stripping operation.

() (1) {1), and (B)(2), W) (5), (D) (&)
(), and (b) () (1) ¥

(b) The viny} chioride monitoring sys-
tem(s) used L0 meet the requirement o
paragraph (a) of this section 1a to be &
device which obtains air sampels fram
one Or more points on a continuous
i8] basis and analyzes the sampies

(1) Excapt as provided tn h
(@) (M) of this metion. the ul.ctor
Joas s to be determined uming

the following equation:

W {3.00) (10) (CD)
ﬂ'-—_....-.r:_
‘whars;
O 1 thiurtie eoniamiona/ky
'-E'm ot et e L 10 A,

..-Dll\léy [ nnrl chioride o\ eue alinaspliery and
"‘-Cnv:,m ot kv an wed by
e prrn m-nm chiirtde oy driarmi

Twn Mvthod g [ e hydroou o

o y
dutector which measures Irdmmu
with & semaltivity of ai least lo

¥uNogmber -l h\n- lnﬂ
EmA heride grodwsd
- '-‘:.:1.'..'.'&!‘ T Shirtes eyt
waa Last spuned e Le alan iy,

(A) I Method 108 18 used to deter-
mine the concentration of vinyl chloride
(Cb}, the sample & t0 be withdrawn at
a constant rats with & probe of sufficient
langth to reach the vessel bottom fram
the manhole. Bamples arvy to b taken
for § minutes within ¢ inches of the ves-

wtrwmcmnnholehwbemu
make the Ome

with gas chromotogruphy or, if the owner
or Opefnior assumes that all hydrocar-
bons measured are vinyl chioride, with
mirared spectrophotometry, flame ion
::L:cuqe. or_an nu.lln{l‘ni or alterna-

ing system used Lo meet the requirements
in § 61.65(h) (8) (1) may be used Lo mest
tha requirements of this section.

(c) A dally span check {5 to be con-
ducted for ench vinyl chloride menitor-
tng system used, Por all of the emnisxion
sources listed 1o parsgraph (a! of thia
saction, except the one for which an emis-
Mnumlthwmﬂbedmll!ﬂ(b) tha
daily span check i to be d d with

B (8, (DT, snd (D) (4) are bming
nplemented.

() (1) In the case of an existing
source or 4 ™MW source which hag ap
fritial atartup date preceding the effec-
tive date. the statement s W be submit-
tad within 90 days of the effective datle
unless & watver of compliance s granted
under § 61.11, slong with the informa-
tion required under § 61,10, If & watver
of compliance is granted, the statement
Ia t0 be submitted on a date scheduled
by the Adminutrator.

(2) In the case of & new source which
did not have an initial startup date pre-
cading the effective date, the statement
fs to be submitted within 90 days of the
initial startup date.

(¢} The statement is to contain the
following infarmation:

(1) A list of the squipment imatalled
for compliance,

(2} A description of the phyyical and

a concentration of vinyl chloride egual
0 10 ppin. Por the emision source for
which an amission lmit i preseribed in
1 81.82(b), the dally span check is to be

d with a ion of vinyl
chloride which 13 determined to be
eguivalent to the emismion Umit for that
soutroe basged on the emision test re-
quired by § 61.87, The calibration i W
be done with either:

(1) A calibration ga: mixture pre-
pared from the pnses specified 1o sections
§2.1 and 5.2.2 of Test Method 106 and
i accordance ;ﬂ-h section 7.1 of Twt
Mathod 106, or

(2) A ealibration gas cylinder stand-

ining the appropriate concan-

nmtvmbemdcﬂthmimch-olth!
VYumael bottam, one near the vessel canter
and one pear the veasal top. Measure-
ments are to be made at mch Jocation
until the reading iz stabilized. All hydro-
carbons measured are (o be assumed to
w» vinyl ehicride.

{C) ‘The production rets of palyvinyl
chilotide (Z) 15 to be determined by a
method submitied W and approved by uu
Adminiserator,

(1) A calculation based on the number
of evacuations, the vacuum involved, and
the volume of gas th the resctor is hereby
approved by the Administretor as s al-
Wornative method for determining ru.c
tar op loas for p
reactors in the manufacture of N.I.k
resins.

e 114 dmw Al A o smeceied
(41 QAL M4,

§61.68 Emlssion meniioring.

(a) A viny] chloride monitoring sys-
tom s t0 be used to monitor on A con-
tinyous basis the emimions from the
sources for which emision LUmits are pre-
scribed in § £1.62¢a) and (b), § §1.43(a),
and | $1.84(a) (1), (D), (&), and (), and

ard

tration of vinyl chloride. The gas com-
position of the calibration gas cylinder
mdlrdhtohnebeenuruned by the

tional characteristics of each plece
of equipment.

(3) A decription of the tmethods
which have been incorporated ints the
standard operating procedures for mens-
uring or calculating the emissjons for
which emission Umits are prescribed in
§ 61,65 (b)Y (1)(f) and (h) @) (D,

(4) A statament that aach piece of
#quimment 15 installed and that exch
piece of equipment and each procedurs
s baing used,

Glac. 114 of the
(W HAE Yoo, WP 4¥ 4% & smemde

$61.70 Semisnmwal report.

(a) The owner or operator af any
source to which this subpart applies shall

er. The turer must

to the Administrator oty Septem-

have r ded & ma shalf
Uty for such cylinder so that the concen-
tration does not change greater then
=5 percent from the certified value. The
date of gas cylinder preparation, certified
vinyl chloride ¢concentration and recom-~
mended mazimum shell life must have
beets affixed to the cylinder before ship-
ment from the manufasturer (o the
buyer. If a gas chromatograph s used &0
the vinyl chioride monitoring system.
thess gas mixtures may be directly used
10 prepare a chromatograph calibration
curve as described tn ssction 1.3 of Twt
Mathod 106, The fwquirements In sec-
tlons 5231 and 5232 of Tt Method
108 for certification of cylinder stand.
s and for establishment and verifica-
tion of calibration standards are to be
followsd 3

. 114 of the Al Ast = amamind
[[ 37 ¥ Nuuw

§ 6169 Inial repore.
(a) An owner or operstor of any

for any contrul system to which r

enisions are required o e ducted |
§ $1.84(a1 (D) or to which fugitive smis-
slong are required to be ducted tn § $1.88

source to whieh this subpart applies shall

bmit » statement in writing notitytng
the Administrator thst the equipment
and procedural specifications th § 8#1.45
(b1 (1), (D) (2D, (hI(D), (M L4, () (M),

A-10

ber 15 and March 15 of each year a report
in writing containing the information
required by this secticn, The Arst semi-
annual report i3 to be submitted follaw-
ing the Aryt full § month reporting p“tod
after the tnitial report |y submitted,

(b) (1) In the case of an existing source
or a new source which has an injtial
startup date preceding the effective date,
the first report & 0 be submitted within
180 days of the effective date, unless &
waiver of compliance s granted under
16111, I & walver of compliance i
sranted, the first rwport 4 to be sub-
mitted on a date stheduled by the Ad-
ministrawr,

(2) In the case of a aew pource which
d1d not have an initial startup date pre-
cading the efective date, the first report
s to be submitted within 180 days of the
tnitial startup date.

(t) Unless otherwise spectfied. the
owner of operator ahall use the Test
Methods tn Appenidix B t this part to
condyct emission Wsts ax required by
paragraphis (¢)(2) and (c}(3) of this
section. unjess an equivalent of 4n alter-
native method has been approved by the
Adminutrator. If the Administrator

ternative mathod, he may require the use

GENL 014643
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Administrator may potify

mribed 10 $§ 61.62(8) or (B}, § 61.830a),
any cootrol system to which resctor
rott i

w
@) (1) (), (B) (2), (D) {B), (B) () CY), o
{b? (9) (1) . The emissions are Lo be meas-
ured in accardance with § 61.68.

(1) In polyviny! chloride plants for
which a siripping operation s used to
atiainh the smission lrvel prescrived
§ $1.64(¢), the owDer of operater shall
taclude i the report a record of the
viny] chloride content in the polyvinyl
chloride resin. Test Method 107 i3 to be
wsed W determine viny) chloride content
as follows

(1) If batch stripping is used, one rep-
resentative sample of polyvinyl ehlotide
rwiiny i Lo be taken from sech batch of
each grade of resin tmumedistely follow-
g the complation of the stripping op-
arstian, and identified by resin type and
mdemm.uumumm-uuh
- leted. The corrup quan~
tity of material processed in sach strip-
Dar batch is 10 be recorded and ddenti-
Mbymmtypemdmdcudu\&
dats and time the batch i completed

() I contttuous stripping W used,
one representative sample of polyvinyl
ehloride resin 2 to be taken for each
grade of resin processed or at intervals
of # hours for each gTwde of resin which
s being procassed, whichever s more {1e-
quenit. The sample is to be taken as the
raain Sows out of the stripper and iden-

aamples T

quired in paragraphs (¢)(2) (1) and (c)
1) () of this section.
(v) The twport to the Administrator
by the owner or operator i o inelude
&omﬂwoﬂdommumu-:h

by pha (e} (D)
(nud(:)ﬂ)(l.l dthllhcun\.lm-
sqed svfmrutely for esch type of reain,
wver sarh calmdar day snd weighted
acearding w0 (e quantity of ench grade

of rain prosmsed by the stripper(s)
that calendar day, acomrding W the fol-
rering squation:

Ar,

2"”"-”’- _Po Mo+ P Mo+ - - - +Pe My,

Qs
whare:
A n MBI atiragy cmjorntration of typs,
T remin 8 ppm (dry weight buals).
@ xTotal production of type T fesin over
the M-hour pariod, in kg,
Fi=Type of rein: (=13 ... m wheru ™
s towal AuMbar of Tesn typas paoducsd
during the M-hour pariod.

(vl) The owner or operator shall re-
fain at the source and make available
for tnspection by the Administrater for
& minimum of 3 years records of all data
nesded t¢ furnish the information re-
quired by paragraph (c)(2)(v) of this
section: The records are t0 contain the
following information:

(A) The viny) chloride conutent found
n all the samples required in patagraphs
(e) (D () and (e} (2) (1) of this section,
sdemitified by the rexin type and grade
and the time and date of the aample, and

(B) The corTesponding quantity of
polyvinyl chloride reiin processed by the
stripper ), identified by the resin type
and grade and the tims and date it
represants.

(2) The cwner or operstor ahal] in-
clude tn the rwport a record of the enls-
slons from each reactor opening for
which an emission limit & prescribed in
§ 4164 (n) (2). Emisslons are L0 be deter=
mined in secardance with § #1.67(g) (5),
except that emisxions for each resctor
At o be detarmined, For & reactor that iy
aleo used as & Tipper, the determination
may be made immediately following the
stripping operatian,

W A Ast w wmended
(“ "-C. 'M“L

A-11

dr,

N =Consentration of viny) chloride b one
smnple of grads 3 o rein ino ppm.

P=Production of grade G fwin repre
santed by the sample. (0 b

O, mQrade of rein. 0g. O, @, and O,

nxTowl tumber of m- ot rﬂl&m-
duced duriog the MH-hour pariod.

$ 6171 Recordiarping.

{8) The owner or operator of any
source to which this subpart applies shall
retain the following Information at the
eourcs and make it avatlable for inspec-
tion by the Administrater for a mini-
o of two years;

(1) A record of the leaks detected by
the viny! chioride monitoring systen, as
muu!d by § 61.85¢(1) (§), tneluding the

trations of winyl chlonde
n-.mrod analyzed, and recorded by the
vinyl ehloride detector, the location of
shch messurement and the date snd ap-
proximate Ume of each messurement.

(2) A record of the leaks detacted dur-
ing routine monitoring with the portable

detecior and the action

faken 5 repair the leaks, ss required
by §61.85(h) (), fnchiding & brief state-
ment u:nmmm the location and cause
of ench leak detected with the portable
hydrocarbon detector, the date and time

of the lsak, mwuﬁmumu

e that leak.

(3) A record of emisal neasured

i sccordance with § 61.68
14) A daily operating record for each
palyvinyl chloride reactor, including
preasures and temperstores. n

Bac, 114 of tae b
(@ 0aC T WP 4% det v

}
38 FR 8826, 4/6/73 (1)

as aanded

A1 FR 48560, 10/21/76 (28}
41 Fx $3017, 127376 (30)
42 FR 29005, /7/17 (38)
42 FR 41424, 8/17/77 (40)
43 FR 800, M V/T8 (47)

e N
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A, Pellutent Emitted . !-ﬂnhﬁnmnm rnm suittad by the
%l. Tndcita A" ashesios, "$0° for beryll

2 1
RTTiat | 55 T TatTon llll'

L. m - h-wﬂ- 1 mcf d:shmn;:'of.mzﬂmu g2 i
L] marary or=4 [ ) ™ machine [ ]
Hu m :h). Use additional sheets 1f 1 Mateisary,

e [m]

fum, o MG" for mercury.

s _8)
nd w R oo

& Pollutant = Indicate the avebage wmight
ch antars tM procass 1a pounds per month (ke
'ﬂvlm tenlve months of operation),

1-18

¢
" type of pollution control devices, {f any, lnd to reduce

tw amtsgions fraw the process (e.g., vwntyr! bghouse, wet
£yclone) and the ertimted percent of the pollytant mica the device
rendves fraw the precess gas straas.

[M =n “!_ln BEYILE:

Wity Davica
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0. Miwy sy #
4. Wi or %Hﬁs_t_. Ooratrs or spereiors of savrces wable ta wperute in
omp [iance wit Ratfonal Emfsgien Standards for Hatirdogs Alr Pellvtants -
rier te #0 days aftar the offective date of any gtardards or papndesnts which H
auiry the submissien of cuch tnfertation may requeit o wiiver of complisnce }
Trom the Admintstrator of the U.5, favirgrewntal Pretection Agmcy for the H
tim parfod mecassary o (nstall approsriets control davices or make &

tmaificat{ans te achinve complisnce, The Aduinis
of compltance with the standerd for & mriod At sxceeding tuy

the affective date 8¢ th Mazardous pallutent stardards, 1 e Timdg that
th pariod 15 nac ry Tor tha {AstalTation of controbs end that stess
will b taken during the period of e wnfver t0 e1sure that U Mealth
ol parsams will e pratectad froa {mminent endengeraent.

or way grant & wmivr
yoars Trom

e

The repc=4 inforsation provided in Sectier J mat uwn{ this application,
Agplications shevld b 1ant ta the aaprtpriate [PA regtanal office.

1. Precesses Involend - Iaffcate tha preceii of processst mitting Madardiun
PRTTLEents 0 which arizzion ewatrnis are 1o b appVied,

. temly
2, Dmscribe the propored type of cantrel davice ta b addnd or
wdification te be mede ta the proced T rvduca the amizsiont

- . of mzardous pollvtants to aa sccaprable level. (Use additianal 2
sheets 17 macassary.) 3

b, Damcribs the mutures that wiTl b taken during the weiver pariod
o stiury taat the Maalth of perons will ke protectad from
{aminant endakgaerment, (Use addtttons) sheets 1f mecwasery.)

3 Pg_m_-ﬂi_g;_m « Spattfy tw dates iy vhich the follewing
ncromnts of prograss will be met.

« Date by which contracts for sissfen contro) systemy or yrocess
adifications will b matrded; or data by which orviers will be
R fsivad for U purchase of the tomponent parts to actemp)ith
amiszion contrel or procass wdification.

I*M

1

¢ 11 817
P ogu e %

» Bute of {nftlation of en-cits conftruction or fastallstion of
st ion cantro! squipmmt sr precess chingr,

m P

8 527
S 116 'IT_LTlnﬂ_""'Eﬂ_WWT'“TGII

» Date by which en-xita construction or Installation of emisiien cantrel
wquipment or procass mod!{ficaticn 13 ta m completad,

-1 0317
i W TN 5 B T RWR & B

« Data by which 7inal complisnce 15 to be achiaved.

1-14 g4
I 17 " OO0 % o T WO W W

B, WAIVIR OF DRISEION TESTS. A wnfver of smizsion tasting may b granted to
ety or oueratom of sewrces of Wryltim or e wallutsaty {1, da
thr Judgmnt of the Assinfstrater of the (nviroamenis] Protection Agency
the miistons from the seurce comply with the aparopriste stanosrd or
et uhir) OF SpevRtors of the seerce have vaquasted & waiver of cempliance
o Mve bovh greated & wmiver of complfance.”

.1

e

This application ihauld accampany the veport {nfermation pravided in
Section 1.

[

1. on = StAte the reatens for reqwriting & wnfver of snigsion tasting,
maien stated {1 tAAt the eltitions from the saurce ory within
the prescritmd 1imite, docwantation of tnil condition must be ettached,

Cv-«:-

Wie Wpatury of The wamar or epereter

| ~md

e, |uo¢unwuuum
- (a1 DAL Yelan,

AR - o

[ o
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My lﬂ—h!-.-:-.nm- - Yorm.

Freot tule—Typs § (or squivabent).
ded W B4 oL e that the

shlorkie 15 nitrogen cylinders) for which the

CwrLoaTSE Feom BT,
ITMRTCTDY
Parformancey of this meihod ahould net e

. & thary are miny deiatls that are

the soops of this presntation. Care

Mmust bt azsrelaed to prevent exporurs of
smpling parsonnel to vinyl chloride, & oar-

wtihogen.
1. Princtple snd Appuauu::r
1.1 AD \ntagrated Emg unpu of mx

fw fauW SAD ba regulsied pmpwﬂﬂm Tt
e stack gas velocity

432 BSemple recovery,

431 Tublng—Tufion,
diametar. W0 OORDWCT bag to gws chromato-
@raph mmple joop. A Dew UBUMG plece U
employsd for gach mrien of bag samples that
S0nILTUles AD TMIMIOE et and 18 (0 be dis-
sarded upaf conclusion of analyeis of thoms
gy,

43 Apalysis

431 Owm chromatagraph—With e
hm.nuon dcwnm potentiomeric  wirip
and 1.0 to 50 m] bestad sam-

s mtaiaiag vyl
» eubjecied o r.m'umwrwhlc ﬁum w—
tag s fame lonimtion detectat.

12 The method W applicable 1 the sk~
wamnant @ vinyl chloride In stack gasd Ires
wthylens diehiorids, vinyl chloride and paly-
wihyl chloride manufacturing prooasses, ok-
awpyt whare the vinyl chiorids s cofiteloasd 1n
parteulate martar,

2. Rabye and fensitivity.

The lower Lmit of detaction will vATY wi=
aording to the chromatogreph ussd, Vilom
raported include 1 X 10-' mg and 4 X 10~

“g. Interferinces Acwtaldebyde, which e
savar in some viLY! cRleiide mvyarems, will In-
Sartery Wwith the vinyl chloride peax from
e Chromasord 1037 salumn. Sed sections
483 sbod 64, If remiudon of the vinyt
ahloride peak 15 still nit mtlEastary for &
partizular mmply. then eUMUBALOITAPE Pa=
TamSters cad b further altaywd with prior
approval of 1Be Admitstrator. If altaration

pun( locp 1n luwmluc nupln n.l"

433 A
], 2 nx:: mm, mmmu n'mo b
Chromasord 102 A sscondary column of OR
P-4, 20 pafcent on 60/8) mesl AW Chroma-
sort P. stainiesy stael. 2 m v 3.2 mm or Fofue
pak T, 80/100 maah, stainies stael. | mx 33
tnin i3 required If aewtildetiyds ta presant. It
used. 3 secondary columa U placed ‘lur un

The

L Lat bwwn oeTiifed DY the
w The m 1{ musi hare
reoomenended 4 meximum shelf iife for sach
cylinder g0 that the conesntration daey not
eBAngy greatar than =3 parcent from the
oartified value The date of gas cylinder prep-
aretion, eertified vinyl ehloride coneertry-
ton and recommended maximum shelf Jifs
MUWR have beed afized Lo the cyLnder before
shipment froe the gas manufsciurer to the
Wuysr ‘Thess gas mixture standards may be
dirwctly Used 0 Prepare & CAIOmAOgTAD
aklibraUon CUrve AL descTibed (B section T3
$33.) Cyhnader standards certification
The copcentratizn of vinyl ehioride In nitro-
g 1o aach cyiinder must have been ceriified
by the manulacturer by s ditett atalvais of
sush eyitfder using an analytiesl procedure
that the mabulacturer had calibruted on the
day of cylinder analysis The calibration of
e a0AITLR] pr t aball, a8 8 .
have uillised & thres-point calibration curve

Chromasorb 102
folumns should then be oparated at 120° Cu
433 Yow metens (2)—Rotameter typw,

It e that the manulaciurer
maintain two calibration standards and us
s standards in the following way.

stion

8 to 100 m]‘min capacsity, with flow '}
alves,

434 CGas regulaton—Por required gua
¢rindery

435 Thormometr=-Actursts to one de-
tee cantigrade. to messury empersture of
heated sample loop at Wine of sampie Lok
Hou,

l.i # Baromatsr—Accurats to & mm Mg, to
maaIUrt AUmMoWpBeric prvmsuly Arouhd e

o he oy t falln
remive the vinyl ummu peak. then sup~
plamental confirmation of the viny) chiarkis
peak through an absolute ApAlyTias] teek-
mlyua, me%u mass spectmcpy, must ba
partorned.

4 Apparstus,

&1 Bampitag (Pygure lN—l)

41! Frow—Sainles sl FrTer s,
o TwDon tubing scoording t0 SUACK e per-
sture, ach squipped with & plass wool plug
& remore partioulate tna Tier.

gample line—TwAsn, §.4 mm oy trkle
atameter, of sulSlelent 0 SoRmect
probe o bag. A orw goused pleos L8 smployed
for euch series of bug sampis that constitutm
w5 amisaion teet.

413 Mae (3) ul female (7) wwainies
nnl quitk-connects. with ball checks (ons

Wuun nted n abeen 1o Pypary
1.1,

414 Twllar bags. 100 lter capacity—To
ssataln sample. Teflon bags At BOtU soowpis
abld, Alumsinieesd Mylar bage Gasy be ueesd,
provided that the SEDIGS Arv  ASelyms
within M heurs of collection,

414 Rigd bakproot containers for 4.4,
with oowering to protect ogtants from swe=-

hight.
414 Nesdls valve—To utjust sampht fow

e,

417 Pump—Llaak-fres. Minimum sapes=
Ry 1 liteys par minute,

@18 Chareem] tube—To prevnt admis-
ahve of vinyl chloride to atmorphare ta vicitie

framm 0.10 W 1.00 Iftar par minuts.
4110 Coanaitng tubing, Tvaon, 44

aph during eunple soalysls,

437 Pump~Leaf-fres, Minimum capas-
y 10 mi/min,

44 Calibretion.

441 Tublng—Tefay, 64 mm outdds
dismewr, prparate plces malted for each
eallbration toncwntration.

442 Tedar bagv—Rirtsn-ineh square
wisg, mparute bag marked for sach Calibra-
don eonoentration.

44.3 Syringe—0.5 ml. gas tight.

4. dyringe—~adul, gas ught.

445 Pow meter—Rotameter typs. 0 to
1000 inl/tnin rangs accurate o =1%, to
m\? Qitrogeh LA preparation of statiderd
£84 miztures,

440 Stop waith==0f knewn aceuracy, o
tire e 80w In preparstion of standard g

n-pnu It s pecsssary that all rea-
ehromalographic grada.

bign ¢

100 ppm) for preparation of » mmuuou
aurve by An approp

{2) & low copeRotration staddard (hﬂ.-nn
8 and 10 ppm) ‘ﬁ verificatlon of the dijuues
WehRIgUs used.

4233 EstabMahmant and verificatn of
owlibration stendards. The cancentration of
edch calibration wiandard must have been
dytablished by the fmanufacturer using
suliable  procedures  Additionally, esch
¢alibration standard must hartv béen werl-
Bed by the manufacturer by ene¢ of the

. and the agy

Between the intitally determined coneens
tration value and the Verfication concen-
tratlon valus must Be within = § parcent:
(1) wertifi ue de wd by foic-
paricm with s calibrated vinyl chioride
pefmeation tube, (3} verification value
detarmined by astaparison with & gas mix-
turs preparsd |5 accordance with the pro-
osdurs described {o esction 7.1 and using
888 percunt vinyle chloride, of {31 verif.
eation walue obtalned by bheving the
alibration standard afs) by the Na-
tional Bureau of Standerds. All ealibration
stapdards mrat be renewsd oD & tune
interval consistent with sbalf lfe of
the eylihder standards sold.

4. Prosedure.

4.1 Bampling, Amemble the sample train
& 18 Figure 106-1 Perform a bag leak check

[ BB mllum a o pitrogen [
e, for ehrmmw:zl;u nmmu g

513 Hydrogea e

513 Oxygeo gea, or Alr, &4 requiret by
the detactor:

#3 Calidration, Use one of the folipwing
opticna: sither S4.1 and 522, or [ 5K

$3.1 Vinyl chloride. 9§23+ pavcent. Fure
vinyl ¢hloride ul eartified by the manufses

to T4, Obstrve that all
nnections betwess the bag and the probe
are tight. Flace the end of the probe st the
smntrold of the statk and star! the pump
with the bDeedle valve adjustad to yieid &
Sow of 08 ipem. Aftar & period of titme suff-
dnnl ua purgy the line several timas has
the iine to the

h( and evecuate tha Bag untll the rotam.

turer to of 0P pe
vinyl ehloride !er use b the preparwtion of
standard gas miztures Lo Segilon 1.1, If the
a0 mapufscturer maistiing & bulk eyiinder
#upply of M8+ parcant vinyl chioride, the
ssriification abalysia may have bean pere
formed oA this supply ratber then on sach
s eylinder prpared from this bulk supply.
The date of gus cPlinder preparition and the
sertified AnAlysis must Bave beeG niixed W
the oyhnder before shipanent from the gas
manufscturer to the butwr.

633 Murogen gas. Zero grade. for prega-
retian of stacdard gas mixtures W

830 Cybindav ghandards (1). Ows WiE-
e sadderde (80, 10, s & ppm WIET!

ind} oo Sow, Then reposition the
unpn and vasuum lioes sod bagin the ace
tual sanpling, kesping Lhe rete proportions)
0 the stack weloetty Dirwct the gas exiting
the away from personnet
At the end of the sample pariged, abut off the
PUEp, dlaconhest the samiple Jine from the
Sag. and duconnect the vecuum Une from
the bag oontainer. Frotect the bag container
fross sunlignt.

83 Sampis siovage Bample bags must br
apt out of ditect wuplight When atr all
Pauniibie gnalysis 15 Lo be performed within
Hbﬂun.h“lll.uu“lmd'ﬂ
bowry of mmole milection

43 Sample revovery With o piecs of Tef.
bam tabing Mentiled far that bag aMinect o
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mmphe vaiTe Pwitsh G talve to vithdtaw
i Crom the wag Shrvugh Use sumple beop.
Mumb Ve sTUpmant © U esiopls s
o fromn the minple Talve W tha lank-(re
pump. and then %0 & ¢harcoal tube. followal
#7 & 0-100 tol/min rofainater wWith fow oon-
wol vaive,

€4 Analysis mat the mp

w 100* C, the drtacior tumpdrature o 140°
€, and W semple 100p mprraturs to 70 C.

i rats of 100 mi/min, then sctiveis the
sampie valve, Racord the iDjection tioe (the
tion of the pan on the ¢AATT at the time

ol sample tnjection ), the sabiple Dumber, the
mmpl loop tempetaturs, the aalumn sam-
T, GAITier gad Bow rats, chart spasd
sad tha attenvator setiing. Racord the lab-
gawory pressurs From the cRArt, sslect the
Baving the rewntion Hsw correspond-

tng to vinyl chloride, ad detsrmined in See-
won 73, Messury the peak ares, Aa. by um

& planitoeter.

oty

Compers the ratis of Ra W0 A for the vinyl
ehloride sunple with the same hytis for the
siandard peak Wwhich is clomest tn bheight A
a guideline, if thews ratios differ Dy mare
than 10%, the vinyl chloride peek pay Dot

Fouey
\ |
h-hll"lhh
[ 8 Y
-*M/ -
imt Bt

Thiuirs Libiel. Setapeasd Wy sowplisg wals.

m“dﬂm-mm--‘wu
L ) Ay .

in Swction 43, above. Bat sttanustar

sAamply bag i 1B Figld mowiner, plate &
n-lise b the bag and the

Chuou

to X | ponition. Fluah tha P aop
with mro baiium or nitrogen and activats
the sample valve. Record the injectlon ume,

pump inlet. Evacusts The bag. Pallure of the
FOLAIEtAr tO registar Siro Sow when the bag
appedrs to be ampty ifdicates & leax.

5. Calculations,

41 Dewurmine thd mmple prak aren w

18 jection tune tH the time ot whish the peak
sarimum oocury. This quantity, divided by
the chart speed. s defiaed as the retention
tne record.

14 Freparetion of ohrematograph osh-
ourps, MAKS & a8 chrumatographic

and the uma abould e sm-
ployed (see Section 421,
€5 Mewsure the

and
Arometric pramuly Baar the bag. (Assume
ihe melative bumidity w e 100 perount.)

Messuremwnt Of wch gad mixture gtapdard
(ameribed In section 533 or T.1) uaing con-
i with thoar |litad In sactions

From a weter ap p bl

71 Preperation of winyl chioride stond-
BEw L

[
wquary Tedlar bag that has pessed & leax
abeck (dascribed in Gection T.4) and poatar

4.3 snd 04, FIuAl the sampling kop tor 3
eseonds at the fata of 100 mMi/min Wwith each
swandard gas mixtare and activats the safa-
Mo vuive, Racord ., the concwntration of
viny] shioride ibjectad, the atlebustdr ast-

., carrief
w oW e, and retention tme. Record the
Calculats 4., Lhe paak

Y pr .
area -um;md by tha attenuslor metung.
Rapeat until two i jection areas ary within

-
x

then plot theaw points v, O, Whea

@ bag G, Afver sdch usr, make sure
not develop kaka & tollows. To HaX

il
g

& walsr and pros-
g to 4-10 cm RO (34 \n R0).
Any displ

1l

AmAA,
Equation 108-1

AraThs Muousuon facior,

42 Vinyl chlaride soncentraticns. Trom
the calibrstion curve descritaed in Secuian
732, shove, mlect the valus of C, that eor-
responda to A, the SAMpls peak area. Cal-
sulats C, ma follows:

CP.T.
ComFT. (=Bl

Wire: Equation 104-2
BevnThe wolar vaput dntubt of Ui bag sambie. w

r ad,
CowThi woaotratien of viwy) chiwide {2 e by
Wiy |3 M.
ComThe sanmentrution o viny| chiwide ujlastad ¥y
Ly yus chruMILETEDA, |8 ppED.
Pom'Tiv mirrvode DROBULE, the ROeralory Phalieny
TiwmThe mmpir K0P Spraiyry shasiwia
e ul 104 timet of analyns, “K.
Fon'The Wby Fremurm st wie of sralyly, mm

ﬂ-ﬁ"m ) , U mmply e
P LATY daning miruies, 'L

1. Rrows, D, W, Loy, X. W, and Buphen-
son. M. M. “Viayl Chiorida Monitaring Mear
the B. P. O [~ 1 C y i
Loutretils, Kantucky.”™ Ragion IV. U8, Envi.
ronmental Frowction Agency, Surwillaso

iywls I Abana, O Juos

o
M. IV
2. “Evaluatios of A and Analy-

Ovdar Ho. 1, IPA Nepori eX, Ti=VCL-1.

the
w stand for 10
to the

1 B
for Viayl CNH'IM."‘ by Mid.

bag W =10 am N0 or
S 18 BO amd wlow W L
A datawel g imdieetey & Mak.) Par such

wwt Ramenrch . EPA
B0, E—0b-1000, Teak Order No. 1.

(e 114 of U w Alr AL & Mimbpded
(41 DAC. Yelen.

GEMC D1644%
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Mfwriow 10T—DETORMTV A TR oF VoL CeLo-
P oF INvaockms WisTSwarm
Sasrimi, aNd VINTL CELOAIDE CONTENT OF
PolLrvisTL CHLOLIDE Rexiw, Sieuvaay, War
Caxs aw® LaTey Sasirits

PFertormanoe of this methed should et be
attampted by parsons unfamiliar with the
epersuon 0f A EAS CAroSsALOfTAPA, Bar bY
UsoMt Who MY unfapiliar with sampling, s
thete ate many detalls that are beyond the
=mpe of this presenuation Cafe fouat be
wmarcimd t0 PrVEDT aXposufe of aampling
parsonnel to vinyl ¢hloride. a arinoges.

1. Principle and Applieabllity.

1.1 The basu for this method raiates to
thve vapor squllibrium which b sstabiianed
twen RVCM, FVC, rein, water, and wof
in & cloded 3784, Jt Bas been demonsiTated
that the RVOM in » PYC resin will equill-
Wrats 1o & clomed vesasl quite rapidly, pro-
vided that the tamperature of the FVC resin
& walntined above the glam trensition
tnpperature of that specifie rwin.

13 This procedure 1s suitable for detars
sning the vioy! choride monomer (VOM)
e lent of joProces wastsawatsr samplas, and

the rmidual vinyl echioride monomer
(RVCM) content of polyviayl chlorde
(MVC; resins, wet cake, alurry, and latex

samplas It cARAOL Bd U fOf polymwr I
fused formd. Auch et shest OF cubss. I @
resolution of the vinyl chloride peak is Dot
mtafactory for a particular sample, thed
shromatogTaph parameters may be altered
provided that the precislon snd reproduci-
Wty of the noalynis of viny! chioride cylao-
dar wandards are oot lmpaired, If thety b
reason to believe that some other hydro-
-_mroon with an Mcnuul retantion time u
iy the then

|
mnfirthation of the vinyl ehloride pnl
through so sbheolute analytical technique.
uch SpICtTOMCOPY. should be pere
formed.

3, Mange and Sansitivity.

The lowsr Mt of d-ucunn nl' vinyl chlo-
ride wil] wvary ng
roph used. Valuss reporied laemd. 1%10-7
mg and 4 X 10-* Zig. With proper calibration,
the uppar Mealt fmay be xtended as neaded.

and K

F ty.

' Bid Mactrical Wpeoor  equivelMat, W
prevent jocssning of bottle tops.

43 Smmpls recovery.

IJJ Vials=~With saals and caps, Perkin-

nmer Corparstion No, J0&-0118, or equiva-

lant.

$.22 Analytéal balancs—iCapable of
weighlag to =0.001 gram.

$33. Syringe, 100 u—Praciaion  Serls
=A" No, 010023, or squivalent.

$3.4 Vial Sealer, Perpin-Elmer No. 104-
010¢ or squivalent.
ph—Pwrkin-Roe
Qorporation Model F-40 Béad-spice ADA-
lywmer, No. 104—0001. o1 squivalent.

$33 Chromatographic oolumn, Stalnlem
mal, 3 m x 33 pus. containing 0.4 peroent
Qurpowax 1300 on Cartopak A, Ferkin-Eimer
Corporation No 1050133, o equivalent.
Carbopak C can ba used 1 place af Carbapak
A I toethenol apd/or acetaldshyde {8 Prrwa-
snt in Lhe sample, & pur of Parvpak Q oole
umns in smries (1 m x 33 mmn {ollowed DY
2m x 3.2 mm) with provision for hackfuah
af the Arst céluma Bas been Bhown 10 Prog,

preparation of & calibfation curve by an ap-
Sroprista dijytion wesnique. (1) & low con-
wkhtratlen statdard (batwesh 8 aBd 0O
ppes) far ecution of the dilutien tech-
RiGue used.

#3103 EKntablishwment and oerification of
mHbratien siandards The conceniration of
sach calibration sapdard must have been
artablished by Hhe manufecturer using reli-
able procedurs, Additionsl]y. smch callbra.
ton stapdard muat have been verified by the
manufscturer by one of the following proca.
dures, sod ‘the sgTeament betwemn the Lni-
tially determined concentraiion valus and
the verification cOnCROLration va)ue must be
within =3 parcant: (1) Vertflextion value de.
termined by comparison with & gms mizture
tandard generht4d 12 & mUAr mAnner to

.
wrds using 09 9+ pareunt vinyl chioride. or
(2) verification velus obtalned by having the
calibration standard analysed by the Mation-
al Burwu of Standards. All calibmaiion stand-
ards must be twnewed oo & time lAwrral
conslstent v".unc ahalf 1ife af the cylinder

vids sdequata rp of vioy!

£33 Thermometer—0 to 100 C, aocuorata
w0 =0.1* C, Mokip-Kimar No. 106-0108 or
suivalent.

834. Bample tny thamsatat systam—
Perkin.Cleer No. 103-0103, oF squivalent

$33 Bapti==Bandwich Type, {00 AULoe
matic dosing, 13 s, Permin.Kimsr No. 108
1008, or equivalent.

836 Intgrator « reconder = Hewlstt -
Puckard Mode: 33804, or squivalent.

837 Fiter drier smasgbly (3)—Perkin.
Emer No. 2230117, or squivalant.

8313 8cap flm fowmeiar—Hewlett Puck-
ard No. 0101-0113, o squivalent.

54 Calibration.
4.1 BRaguistorn—{or required gas cylin-
Raagents.

ABalysis.
4.1.1 Rydfogen fas—taro grade.

413 Ninogen gas—amo grade.

413 Atr-—saro grads.

83 Calibrailon.

43.1 Cylinder standards (4), Gas misture
smndards (80, 500, 7.000, ang 4.000 ppm vinyl
ehloride 1n Bitrogen cPIBdeTs) for which the
i emmtwu has been certiied by tha

er. Lower dou  stand.

A.n l.nuﬂnbonmry won
sven laboratories of three resin samples,
each split into threw party, yielded a rtandard
daviation of 3.83% for a sample with a mean
of 2.00 ppm, 4.18% for & samply with a fnaan
of 108 ppea. and 5297 for & sampls with &
mann of £2.44 ppm.

4. Batety.

Do not releass vinyl chlotide w the labars-
fary aumosphers during preparstion of atand-
ards. Venting of purging with VOM/air mix-
Tures must be held W a minimum. Whan
they Ars required, the vapor muat be routed
@9 outaias M. Vioyl éhlorida, evwen at low
pPm levels, must never be vented Loside tha
laborutory. Aftar vials Bave besn analysed,
she pressurs within the vial oust be venud
prior to removal from the INFUTUANT tUrh=
table. Vials muat be ventsd into an scHvatad
sharconl tube usiog s hypodirmic Dewdle to

arda ahould h d I ower

tiona of viny! chlaride samples are sxpectad,
A the Lotent L 10 bracket the aample eon.
cantrations with siandards. The manufac-
furel miust have recommended & masimum
ahelf life for each cylinder a0 that the con.
mantratlon dousk tot chatige greater than =3
peremnt from the certified value. The date
of pas cylnder preparation, ewrtified vinyl
v by and

marimum shelf Ne must have heen affited
W Use eylinder wfore ahipment from the
manufacturer 4o the huyer 34

6211 Cylinder standards oertifcation,
The ion of vinyl in pitro.
£958 {0 each cylinder must have bead éafile
fad by the ma by & direct Iyet
of seth cylinder uking an Anaiytical proce.
dure that Lhe manufacturer had ealibraced
on tha fiay of cylindar anaiysis. The calibra-
tion of the uu.lnlul prunqm llnu TRy
oall.

prevent releass of vinyl chioride oty the
The

b eurn u '} mm that the
T twe Salibration

Liboratory ] mat
o eplaced pﬂw w viayl de Wwk-
wrough.

. Apparstux

6.1 sampling

511 Botuse—e0 mi (3 on), with wanml

Hned screw on tops, for FVC eamples.
513 Vial—i0 m) Nyprvials ' ssajed with

Teton facwd Tuf-Bat] dless for weiler shm-

| N

wtandards lnd use thess standaids io the
folowing way: (1) A high concentmiion
standard (between 4,000 and §.000 ppm) for

! Mootion of trads hamas &f spacific prod.
wrts G0 Bt donstilute endorsrment by the
Eaviroamentel Protection Agency.

A-17

da sold

1. Procedure.

7.1 Sampiing.

711 PVC smpling—Allaw the rwstn or
alurry to flow from & WP off the tank or ste
uRtll the tap line has Besn well purged. Ex-
trpd & 80 ml sample bottle under the tap, 811,
and immaedistely tightly eap the bottle. Wrap
tlectrical taps around the cap and battle to
prevent the wp from loosning. Face an
identitying label on each botus, and record
the dite, time. ADd mimple Jocation both on
thé bottles and 1o & log book.

713 Water mmpling—Prier 15 U, the
M ml vials (without the disce) must be
oApped with 1441 snd Med at
400°C for at ast oBe howr w destroy or
femoTy any Ofganic matiar that eould in.
tarfere with andiysis. At the mampling loca-
tian All the vialt bubble-frer. to overfiowing
80 that & conver HeRMEUs forms at the top.
Tha eicess water 13 displaced a3 the sealing
dise i sarefullv placed, Teflon tide down, co
the opening of the vial. Place the aluminum
sl over the disc the peck of ther vial
and crimp Into ¢. Afix a3 ldentifying
labe! on the Botile, and record the date, time,
and sample location Bath oo the vials and
in & log book All samples muat be kep? re-
frigerated until analyzed.

7.3 BSample recovery. Bamples must b run
within 24 hours

721 Rexsin samples—The weight of the
fuin ward must be batween 0.1 and 4.5 grams
Af exact weight must be obta:ned (0001
ram) fer sach aample. In the ¢use of suts
pensiof Tesing & vYolumwifid cup can be pre.
pared which will held the required amount
of sample. The sample bottle is openes, and
the cup volume of restn 18 Added W the tared
sample vial (including septym and alumi-
Butn cap). The vial 4 immedistalr sraled
and the exactr sample weignt {3 then obtained
Report this value on the data rhest as it 1s
required for calculation of RVCM In the
cuse of relatively dry resin sampies (watr
content <03 wwight T ), 100 ] of diutilied
water must be injected Into the vial after
waling and weighing, using a 100 .1 synage
In the ¢nse of di*perion revine. the cup
cARNGL By uwed. 'nu sample s inatesd
weighed app iy in an dish.
tranaferred to the tatwd vial and weighed
accurately In the vial The sample w thed
placed 1 the Perkin-Eimer head space ana-
lywr tor ~q ) and d for o
hour st W0+C.

Notr: Bowms slumisum vial cips bave &
-awr mmtigh whch must e fefsgoved prior
0 placifg lmto SAMDH LAY If nat removed.
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mmum-mmm

VJJ Suvpetision Fen alUTY And wet cake
mmpie—8iuwrTy must by Altared using &
mmall Buchner funnpe} with vacyum to ywid
Wit Gake. The AIITLDE Procwes MUt by c0n-
thued only s long a8 &4 FAAdY stiwam of
water 1 axiting from the fun—el Fxcrmive
Altrauon Wme could rewult 15 some loss of
YOM. The wat cake sample (0.10 to 4 5 grams)
M added to & tarwd via]l (inciuding seprum
™ ap) and Y wmaled.
Sumple wright Is then detarhifed o 3 deel-
mal placey The sample is then plated i the
Perxin-Elmer head rpace analymer (OF squiva-
ot) and conditioned for oo hour st #9°C.
A mmple of wet cake o ussi o determine
T8 (towal solidst. This ts required for oalew=
Msting the RVCM.

T23 Disparsion resin alurry aamples=—
This matarial abould not be Altared. Sampie
AT thuouchly nuﬁl Using a tared
wial (L) hp)
—id wprumuly [ ] lmpl (025 to O35
gema) of WUMT o lawE usifg & mwdieine
dropper. Thiz should be dobe Lmmediatsly
after mixing. Seal the vial as soon a4 posaible
Delarm;n® sample weight accurste Ww 0.001
grums Total sample wetght must Dot excesd
880 gram: Condition *he vial for one hour
At 80°C in the analysr. Deatarmine the TS
qb the slurry sample (Section 73.3),

724 Inprocess wastawater mmples—
Using & tared vial (ineluding seprum ahd
alumisum exp) quickly add approzimstely
1 o of water wilng s tedicine dropper Seal
the via] a3 roo 1 as powible Détérmine
mmple weight accirate o 000! ¢gram Coen-
dition the vial for two hours at #0°C tn the

mbareurat ASAITwms, Ip thems Glea U
analyiu (imd Must be adjusted to liminats
the (awrferencs. Af sulcmited Deckfiush
YV CRA Al Be Usrd 1o wolve this prob-

m,

¢. B—Flushing—Tha normal setting W 01
LD .

d. W—Stabiliastion rime, The normal mt.
Ung 14 0.7 mInULE »n

2 X—Ni of Y pear ple—The
nermal stting s 1.

733 Frepanation of sample turntable—ba-
fors placing any sample into turntable. b
curtain that the center section of the alu-
minum cap has twen removed The numbered
asmple umm mwld e placed 1D the cor-
in the twm-
table, Insert umplu 1n the following order:

PMositiona | & 3—0Old 2000 ppm standards
for conditloning. These 4t Becwasary oaly
after the analyzer has hot Been used for 24
baours or longer,

Position 3—40 ppm #andand, freanly pre-

PositioD 4500 ppm standard. freBiy pre-

Pesition $—32000 ppm standard, freshly

prvparvd
Position §~—=4000 ppm standard, freshly pre.

Pouition T—8ampla No. 7 (Thi is the first
supple af the day, but s glven 48 7 to ba cOR-
watant with the tarntable sid tbe 1nungTator
priotout.)

Aftar al) samples have bean positionsd. in-
uﬂmmdulotu.m 2000, and 4000
ppm stand.
aris must b- onditioned in the Sath of
90" € for | hout (not to exeswd b houry),

734 Bart aph P
When all ! dards. have
betn conditione¢ at #0° C for | hour. start
the analysis program decording to the manus

 and ¢on-
dition avernight at lso-c Do not connect the
kit end of the eolumn 1o the detscior while
sonditioning.

73311 HMow mte asdjurtmrnte—Adjust
Sow rates ax follows-

&. Mitrogen carrier regulator ob
cylinder to read 80 pxig. Bat regulator on
shrocmatogteph t 1.3 Kgrém'. Normal flowns
at thls pressure chould be 23 to 40 ce/minus.
Check with bubble flow metar

b. Burmier 4ir supply—2at requlstor on eyl-
imder to read 30 paig Set refulator ob
chramatsgraph to QUpPPIY air to burner at A
mts between 230 and 300 ce/minuts, Check
with bubble Aowmeter

¢, Mydrogen waply—lct fregulater on eyl
mdsr to read 30 peig. Set feguletor an

3 Instt Thes instr

tum be carefully follswed when starting
and atopping program W prywnt damage to
the domitig aarembly.

735 Dwtermination of total solids (T3).

For wet cake. WurTy, rein solution, sad
PYC latax samples, detetmite T3 for each
sampir By sccurately weighing approxim-
ataly 3 to 4 gramas of sampis 1o an aluminum
pan Before and after placing In & draft
oven {103 to 110" ). Samples must ba dried
& oonstant wright, Afur Anst weighing fee
turh the pan to the oven for & short pe-
riod of 1 and then reweigh to veridy <om-
plate dryvess, TS B then caleylated as the
final sample weight divided by initial sam-
pla weight.

4. Calibration.

& & to be parformed sach ¢lght-

chromategraph \o lupply PP
b oe hydrogen flow &
yid the mowt
without extioguishing the A Checx pow
with bubble meter and record this flovw
72132 Temparature ad Justune 0 te—-Bat
trnperatutes ad follows:
o Oven (chromatographic eslumn), 89

c.
b. Dewing line, J40° C.
e. l.nmm block, 140~ C
d waurt

"0 Cx10C.

73,13 IgnHion of fame fontration detecs
tor—Ignite the dewewwr ascording to the
manufactvrer's mmlhm

7414 Amp - the
o the (]

i .

fmarructions.

133 Proqr (1)

Hﬂﬂh the chromatograph as lnﬂvn
4, l=Danng time—The normal setting i
2 movods.

B, A—ARaiyeis USit—The narmal sstting
= § minutes, Cursalh typee of samples oon-
Shin Bigh Goiling atarsls WRich G Gl
interferencs with the vhey! ¢hiartule phal o8

pour pericd when the lnstrument is used
Each day, prist 5 fynning samples. the col-
wmn abould b4 copditioned BY running two
of the previous days 2000 ppom standards,
4.1 PFreparation of Standards,
Calibtation suandards are prepared by 011
tag the vialy with the vinyl chioride, nitro.
oo standards, rapidly sesting Lthe sptum
and seAling with the aluminum ¢ap. Use &
stainisis stewl hine from the eylinder to the
vial, Do Dot use Fubbet o tyyen tubing The

4,
Crum® (4.mx:o~-+

sample Une fram the cylinder mus b
Purged (ints hocd for weveral minyues price
to Blling vials Afte? purging. fvduce the fiow
e W aopronimataly $00-1000 ce/min Place
end of tybing Lnto vial (owsr botam, ana
aftar one minute slowly remave tubing Place
MPIUM In viAl as sOLB &3 powsible w0 mini-
izt mAXINg Air with saT.0le After the sana+
ard vials are sasjed, inject 100,01 of dustilies
waur,

8.2 Freparution of CAromAtoETAPD £alibrs-
tién curve

Prapare tw> &) ppm, two 300 ppm, twa 2000
ppm, and two 4000 ppin standard mmpla
Run the calibration samples to exactly the
Abme manner A4 MJUlAr sampln. Plot AL,
the {ALEETRLCT ATM COUNLS fOr ea:h standard
sample vy C,, the concentration of viny!
ehloride in sach stAndatd sample. Draw a
Hae of best At through the polnts.

. Calculations.

9] Rasponat factsy

From the calibration curve des-ribed io
Baction #2, sbove, select tae value of C.
that eorTesponds Lo A. for each sampls Com-
Pule the respanse Tacior, Ry, 137 eAch sample,
4 follows;

R,-% Equation 107-1

82 Residual viny! chior!de monomer eon
eafiration, or vinygl ehloride mononier wn-
centration.

Caleulate C,,, ar foltows:
nAPe MV
¢ ”ITI ( .'ﬁ +KT')
Equation 107-2
where:

C.rom= Coneentration of vinyl chloride
in the «ample, in ppm,
P.=Lahoratory atmicsphrre  prese

sure, mm Hg.
Ty Ronm temperatyre, K,
Af j= Muleeular weight of VOM
182.3).

¥ ,x=Volume of vapor phase (vial volume
leas simple volume .

m 1z Weight of sample, gramy.

KxOas 162,360 (cx 1
degress Kalvin) |

K =Henry a Lax conatant, For VCAl in PVC
AL 90 C. N=6352 x 10*=X, For VCAM1n
1 6% {APPTOXIMALE ) TS WALLT AINPLE &%
W C K=50> 104aK.

T .2 Equiibration wemperature 'K,

If the following conditions are met, Equa-

tion 107-2 ean be ximplifed o f0llows "

1.1 ,=22 Ci98 Ki

2. T=90 (M3 Ky

3. P.=T5 mm Hg.

4. V.’Vo——=2:.l—_

14 14
whers
¥ = Vial volume. ¢c (23.3)
§. Sample oontaina jess than 0.5 percent
whtar.

+

5.0‘8': m) Equatien 107-3

The following gyhetal squation can e used for any sample which cobtainy YOM, FVC and

APy M.V, e
Crmgfx [+ KT T K1 TIT: )

Equation 107-4

GENC 0146471

e — rm rm
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wipars
¥ =Tovwm] solid.

Motz K » MAUST Dy detarmined for mamples
with & vapor volums W Hewid wlume reue
wther that T2 w |. This Ttio can b OB
minsd by adjusting the asample wwigbt
Wrough givizg oonpiderstion W the twtal
modida and density of tae FYC,

A, [5.988%10
Conimy? [.——_“ +(z.ow<m-')]

srclatid maing 3q 1074

1 conOTDRHOT based on the ote

sample. T obtAln rwwite based on dry rvc
aontent, dinde by 15,

Por & 1-0C westrwster sample [{that M.
224 w 1 wapor volume to Jguid velums
w0}, X » W 55 x 10~ Thua. Erustion H 228
4 oan be Rmpitied W the following’

Equation 107~3

(Bem. 113 ANA 301 (a) of the CImE Al Act, €3 U S.C. 185%0-T sodt 18875 R

A0, Ralerences,

a Baxidual Vinyl Ghloride Monowér Cons
wmant of Folyvingl Chleride Naming and Wei
Omga ar Chamical Go
Btandard Tert Procwdurs No 1000-T. B. P.
Goodrien Twchnical Canter, AYoR Laks, Obio.
January ¥, 197§,

. Bereme, A. K., "“The Salubliity of Vinyt
Chlarikia in Polyvinyl Chloride,” ACE-DivI-
won of Polymer Casemutry. Folymer Fre-
prnt 15 (2): 197, 1974,

¢, Parens, A R.. “The Diftusiep of Vinyl
Chloride tn Polyvinyl Chloride” ACE-Divi-
mon of Folymar Chemuuy, Folymer Fre-
priats 15 (2): 23, 1974,

& Berems, . R. L, B. ¢nider, C. J. Toma-
pek afd ). M. Whitgey. ABalysia for Viayl
Chlaride (0 MVC Powders by Nead-Space Ous

Py to be p pol

ﬂl:ll‘ﬂtﬁiwu“nl-ﬂ“
(42 UAC, MLUL

A-19
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REGIONAL EPA AND INDUSTRIAL CONTACTS
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Table B-1.

REGIONAL EPA AND INDUSTRIAL CONTACTS

Region/Company/Division

Date of
meeting

Place

Contact

Purpose of
meeting

EPA/DSSE

Region I (Boston)

Region Il (MNew York)

Region IIl (Philadelphia)

6-19-80

8-13-80

8-12-80

9-16-80

Washington,DC

Boston

New York

Philadelphia

Rich Biondi

Cathy McNair

Michael Pucci

Jean Thompson

Obtain input from DSSE
personnel as to areas
of concern to be incor-
porated into the VC
Review Study

Biscuss the VC Review
Study and obtain input
from the Region to the
review study's areas
of concern.

Discuss the VC Review
Study and obtain input
from the Region to the
review study's areas
of concern.

Discuss the VC Review
Study and obtain input
from the Region to the
review study's areas
of concern,

{continued)




2-9

549910 IN3Y

Table B-1.

Continued

~Region/Company/Division

Date of
meeting

Place

Contact

Purpose of
meeting

Region 1¥ {Atlanta)

Region V (Chicago)

Region VI (Datlas)

South Coast Air Quality
Monitoring Division (SCAQMD)

Society of the Plastics
Industry

8-3-80

8-19-80

7-23-80
10-27-80

10-28-80

7-31-80

Atlanta

Chicago

Dallas

E1 Monte, CA

EPA, Durham, NC

Wayne Aronson

Bruce Varner

Martin Brittain

Doug Newton

Robert Laundrie

Discuss the VC Review
Study and obtain input
from the Region to the
review study's areas
of concern.

Discuss the VC Review
Study and obtain input
from the Region to the
review study's areas
of concern.

Discuss the VC Review
Study and obtain input
from the Region to the
review study's areas
of concern.

{Region IX has designated
authority to SCAQMD)
Discuss VC Review Study;
discuss SCAQMD's Rule
1005.1 which supercedes
the ¥C NESHAP,

Discuss the scope of the ’
VC Review Study.

! et

{continued}
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Table B-1. €ontinued

Date of Purpose of
Region/Company/Division meeting Place Contact meeting

Conoco Chemical Company 8-7-80 Lake Charles, LA Joseph Ledvina Become familiar with
new and existing air
pellution control
techniques currently
being used to control
VC emissions; discuss
plant processes.

Conoco Chemical Company 10-17-80 TRW, RTP Joseph Ledvina Become familiar with
new and existing air
pollution control
techniques currently
being used to control
VC emissions; discuss
containment devices.

Diamond Shamrock Corp. Deer Park, TX Alex Evins Become familiar with
new and existing air
pollution control
techniques currently
being used to control
VC emissions; discuss
plant processes.

(continued)
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. Table B-1. Continued

Date of Purpose of
Region/Company/Division meeting Place Contact meeting
Diamond Shamrock Corporation 8-6-80 Independence, TX Alex Evins Become familiar with

new and existing air
pollution control
techniques currently
being used to control
VC emissions: discuss
plant processes.

Dow Chemical Company 8-5-80 Oyster Creek, TX Robert fNubre Become familiar with
new and existing air
pollution control
techniques currently
being used to control
VC emissions; discuss
plant processes.

¥-g

Dow Chemical Company 9-11-80 Midiand, Ml Robert Ammons Become familiar with
new and existing air
pollution control
techniques currently
being used to control
VC emissions; discuss
plant processes.

General Tire & Rubber Co. 9-10-80 Astabula, OH Robert Laundrie Become familiar with
= new and existing air
pollution control
techniques currently
being used to control .
VC emissions: discuss ;
plant processes. i

{continued)
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Table B-1. Continued

L3

Region/Company/Division

Date of
meeting Place

Contact

Purpose of
meeting

B. F. Goodrich Chemical Div.

B. F. Goodrich Chemical Div.

B. F. Goodrich Chemical Div.

Great American Chemical Corp.

-

8-20-80 Henry, ILL.

9-17-80 Pedricktown, NJ

10-30-80 Cleveland, OH

8-13-80 Fitchburg, MASS

W. C. Holbrook Become familiar with

W. C. Holbrook

W. C. Holbrook

Russ Mercier

new and existing air
pollution control
techniques currently
being used to control
VC emissions; discuss
plant processes.

Become familiar with
new and existing air
pollution control
technigues currently
being used to control
VC emissions; discuss
plant processes.

Become familiar with
new and existing air
pollution control
techniques currently
being used to control
VC emissions: discuss
SCAQMD Rule 1005.1.

Become familiar with
new and existing air
pollution control
techniques currently
being uséd to control
VC emissions; discuss
ptant processes.

{continued}
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‘ Table B-1. Concluded
1

Date of

Purpose of
Region/Company/Division meeting Place

Contact meeting

Hooker Chemical Co. 9-15-80 Burlington, NJ Harold Dubec Become familiar with
new and existing air
pollution control
technigues currently
being used to control
VC emissions; discuss
plant processes.

Shintech, Inc.

8-5-80 Freeport, TX John Yonge Become familiar with

new and existina air

pollution control
b techniques currently
1 being used to control
b VC emissions; discuss
plant processes.
> :
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o
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OPERATING ETHYLENE DICHLORIDE/VINYL CHLORIDE PLANTS

Plant

Location

Process

IV
VI
Vi
VI
VI
VI
Vi
VI
¥I
VI
Vi
V1
VI
VI
VI
VI

IX -

B. F. Goodrich
Borden Chemical
Conoco Chemical
Diamond Shamrock
Diamond Shamrock
Dow Chemical

Dow Chemical

Dow Chemical
Ethyl Corporation
Georgia Pacific
ICI Americas
Monochem, Inc.
PPG Industries
Shell Chemical
Shell Chemical
Vulcan Materials
Stauffer Chemicals

Calvert City, Kentucky
Geismar, Louisiana
Hestlake, Louisiana
Deer Park, Texas*
LaPorte, Texas™
thmmhe,tmﬁﬁam*
Oyster Creek, Texas
Freeport, Texas

Baton Rouge, Louisiana
Plaquemine, Louisfana”
Baton Rouge, Louisiana
Geismar, Louisiana
Lake Charles, Louisiana
Norco, Louisiana

Deer Park, Texas
Geismar, Louisiana
Long Beach, California

EDC/VC
EDC/VC
EDC/YC
EBC/VC
EDC/VC
EDC/VC
EDC/VC
EDC/VC
EDC/VC
EDC/VC
EDC/VC
£EDC/VC
£EDC/VC
EDC/VC
EDC/VC
EDC only
EDC/VC

*Began operation since promulgation of the regulation {October, 1976).




OPERATING POLYVINYL CHLORIDE PLANTS

Region Plant Location Polymerization process

I Borden, Inc. Leominster, Mass. Suspension, latex
1 Great American Fitchburg, Mass. Suspension*
1 International Materials New Bedford, Mass. Suspension
11 B. F. Goodrich Pedricktown, N.J. Suspension, dispersion, bulk
11 Goodyear Tire & Rubber Niagara Falls, N.Y. Suspension, dispersion
11 Hooker Chemical Burlington, N. J. Bulk
I Pantasote Passaic, N. J. Suspension

o 11 Tenneco Burlington, N. J. Suspension, dispersion

R II Tenneco Flemington, N. J. Suspension
11 Tenneco Piscataway, N. J. Suspension, dispersion*
11 Union Carbide Sommerset, N. J. Latex
Il Diamond Shamrock Delaware City, Del. Suspension, dispersion
111 Firestone Perryville, Md. Suspension, dispersion
ITL Firestone Pottstown, Pa. Suspension, dispersion
111 Pantasote Point Pleasant, W. Va, Suspension
I1 Stauffer Delaware City, Del. Suspension, dispersion
v Air Products Calvert City, Ky. Suspension, latex
¥ Air Products Pensacola, Fla. Suspension
IV . B. F. Goodrich Louisville, Ky. Suspension, latex

8 v Conoco Aberdeen, Miss. Suspension
f v Union Carbide Tucker, Georgia Latex
% *Began operation since promulgation of the regulation (October, 1976).
I i."‘ eoFEoZyroret P pemt) B BERm Enmt P T A B g
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OPERATING POLYVINYL CHLORIDE PLANTS (Continued)

Plant

Location

Polymerization process

IX

Union Carbide

8. F. Goodrich
B. F. Goodrich
Borden
Dow
General Tire
B. F. Goodrich
Certainteed
Conoco
Conoco
Diamond Shamrock
Ethyl
Firestone
Georgia Pacific
Shintech
Tenneco
Union Carbide

B. F. Goodrich

Stauffer

Henry, 111,
Avon Lake, OH
IMliopolis, 111,
Midland, Mich.
Ashtabula, OH
Plaquemine, LA
Sulphur, LA
Ponca City, 0K
Oklahoma City, OK
Deer Park, TX.
Baton Rouge, LA
Addis, LA
Plaquemine, LA
Freeport, TX
Pasadena, TX
Texas City, TX
Long Beach, CA
Long Beach, CA

Torrance, CA

Suspension, dispersion

Suspension, dispersion, latex

Suspension, dispersion
Suspension, dispersion
Suspension

Butk

Bulk

Suspension *
Suspension

Suspension, dispersion
Suspension, dispersion
Suspension *

Suspension

Suspension

Suspension

Solution

Suspension

Suspension
Latex

*Began operation since promulgation of the reguiation (October, 1976).




