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Gentlemen:

Attached hereto is a letter from Harold Himmelman
at Beveridge, Fairbanks & Diamond written to cover the
Environmental Protection Agency's Draft Inspection Manual
for Vinyl Chloride.

Due to the technical nature and bulk of this docu-
ment, copies are being supplied at this time only to the
listed Voting Representatives and members of the Manufac-
turing Technology Committee.

Having received this document only late Monday
afternoon, we are sending it out without having an oppor-
tunity to review it. As always, if before we report to
you further about the Manual you have any questions, comments
or suggestions with regard to it, please do not hesitate
to let us know.

Cordially yours,
<:%%¢<u9axb Cg;\tgzééLdZézzr’/G;k{)QLen

cc: (Without copies of Manual)
Mr. William H. Bricker
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BY HAND

Joseph E. Hadley, Jr.

Keller & Heckman

Suite 1000

1150 Seventeenth Street, N.W.
Washington, D.C. 20036

Dear Joe:

I am enclosing herewith the vinyl chloride field in-
spection manual which EPA's Division on Stationary Source
Enforcement has asked me to distribute to the industry.

You will recall from my September 29, 1977 letter that the
field inspection manual was originally prepared in draft by
Research Triangle Institute. The manual, as you know, will
be used by EPA inspectors during on~site visits to VCM, PVC
and ethylene dichloride plants.

In addition to regional EPA offices and Research Tri-
angle Park, SPI is the only other party to have received a
copy of this draft as of this time. The Division of Sta-
tionary Source Enforcement wants all comments on the draft
submitted by January 6, 1978. Currently, the Division plans
no hearings on the manual and hopes none will be necessary.
However, should there be major areas in need of further dis-
cussion, there is some possibility that an informal hearing
or meeting might be held. EPA hopes to make the field
manual final, and to issue it, within two or three months.

Although I am sure that the entire manual will be of
extreme interest, I should report that SPI has been ‘especially
requested to review Chapters 2 and 3.

Sincerely yours,

had_

Harold Himmelman

HH:cl

Enclosure

cc: John R. Lawrence
Robert Laundrie
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1.0 INTRODUCTION

1.1 BACKGROUND

Pursuant to Section 112 of the Clean Air Act (42-U.S.C. 1857), the
Administrator of the U. S. Environmental Protection Agency (EPA) has
added vinyl chloride to the list of hazardous air pollutants (40 FR 59477)
and established a national emission standard (40 FR 59532) for facilities
which manufacture ethylene dichloride, vinyl chloride, and/or polyvinyl
chloride. The NESHAPS regulations are applicable to plants oroducing the
followina: ethylene dichloride by the reaction of oxygen and hydrogen
chioride with ethylene; vinyl chloride by any process; and one or more
polymers containing any fraction of polymerized vinyl chloride. The
requlations do not apply to equioment used in research and development
if the reactor used to polymerize the vinyl chloride processed in the
equipment has a capacity of no more than 0.19 m3 (50 gal). Research and
development facilities containing a polymerization reactor capacity greater
than 0.19 m° (50 gal) but no more than 4.07 m> (
all parts of the regulations except the 10 ppm limit. The proposed

1100 gal) are exemnt from

emission standards for existing and new plants were advanced in the
Federal Register, December 24, 1975 for vinyl chloride in plants manu-

facturing ethylene dichloride, vinyl chloride, and/or polyvinyl chloride.
Final standards (40 FRL 618-1) became effective October 21, 1976 and apply
to existing and new plants [1].

EPA decided to regulate vinyl chloride because it has been implicated
as the causal agent of angicsarcoma (a rare form of liver cancer) and
other serious disorders, both carcinogenic and non-carcinogenic, in people
subjected to occupational exposure and in laboratory animals exposed to
controlled concentrations of vinyl chloride [2]. Reasonable extrapolations
from these findings cause concern that vinyl chloride may cause or
contribute to the same or similar disorders at present ambient concentration
levels. The purpose of the standard is to set limits of vinyl chloride
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emissions from all known process and fugitive emission sources in ethylene
dichloride, vinyl chloride, and/or polyvinyl chloride plants to the level
which insures a clean, healthy environment. This will have the effect of
furthering the protection of public health by minimizing the health risks
to peonle Tiving in the vicinity of these plants and to any additional
people who are exposed as a result of new construction [3].

This Inspection Manual contains the guidelines for the benefit of
and the standardized procedures to be followed by EPA field inspectors
or their designated representatives. In conjunction with the operator's
testing and monitoring results and the required recording and record-
keeping of these results, the basic enforcement tools are readily available
to properly trained field inspectors. The degree to which this portion of
the NESHAPS program is successful depends critically on the effectiveness
and efficiency with which inspectors conduct field inspections.

1.2 AUTHORITY
Authority for promuigation of the NESHAPS standards and regulations

of Air pollutants is contained in Section 112 of the Clean Air Act

(42 U.S.C. 1857). It directs the Administrator of the U. S. Environmental
Protection Agency to establish emission standards and regulations for
hazardous air pollutants (40 FR 59477), to maintain a current listing of
these pollutants, and to publish in this listing those pollutants that
contribute to producing a hazardous condition to human 1ife and to the
environment.

1.3 APPLICABILITY

The applicability of the NESHAPS standards and regulations is specified
with respect to the function of the facility, product and process by which
the product is produced.

There are no exemptions to the NESHAPS vinyl chloride emission standards
and regulations for production pTants which employ reactors of any capacity
to produce one or more of the following: ethylene dichloride by reaction
of oxygen and hydrogen chloride with ethylene; vinyl chloride by any
process; and one or more polymers containing any fraction of polymerized
vinyl chloride [1].

Equipment employed in research and development of the polymerization
of vinyl chloride for which the reactor capacity is not greater than 0.19 m3

2

COLORITE 007295




(50 gal) is not subject in any way to the vinyl chloride emission standards
and regulations [1].

Equipment employed in research and development of the polymerization
of vinyl chloride for which the reactor capacity is greater than 0.19 m3
(50 gal) and less than 4.07 m3 (1100 gal) is subject only to the 10 ppm
vinyl chloride emission limit into the atmosphere from each reactor,
stripper, monomer recovery system, and mixing, weighing, and holding
containers [1].

1.4 DEFINITIONS

The definitions of terms used in this Inspection Manual are precise
and this precision is required to conduct inspections properly. The terms
requiring this precision are defined below [1].

(a) "Ethylene dichloride plant" includes any plant which produces

ethylene dichloride by reaction of oxygen and hydrogen chloride

with ethylene.
(b) "Vinyl chloride plant" includes any plant which produces vinyl

chloride by any process.
(c) "Polyvinyl chloride plant" includes any plant where vinyl
chloride alone or in combination with other materials is

' polymerized.

(d) "Slip gauge" means a gauge that has a probe that moves through
the gas/liquid interface in a storage or transfer vessel and
indicates the level of vinyl chloride in the vessel by the
physical state of the material the gauge discharges.

(e) "Type of resin" means the broad classification of resin

referring to the basic manufacturing process for producing
that resin, including, but not limited to, the suspension,
dispersion, latex, bulk, and solution processes.

(f) "Grade of resin" means the subdivision of resin classification

that describes it as a unique resin, i.e., the most exact
description of a resin with no further subdivision.

(g) "Dispersion resin" means a resin manufactured in such a way as
to form fluid dispersions when dispersed in a plasticizer or

plasticizer/diluent mixtures.
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"Latex resin" means a resin that is produced by a polymerization
process that initiates from free radical catalyst sites and is
sold undried.

“Bulk resin" means a resin which is produced by a polymerization

process in which no water is used.
"Inprocess wastewater" means any water which, during manufacturing

or processing, comes into direct contact with vinyl chloride

or polyvinyl chloride or results from the production or use of
any raw material, intermediate product, finished product,
by-product, or waste product containing vinyl chloride or
polyvinyl chloride but which has not been discharged to a
wastewater treatment process or discharged untreated as
wastewater.

"Wastewater treatment process" includes any process which
modifies characteristics such as BQO, COD, TSS, and pH, usually
for the purpose of meeting effluent guidelines and standards;

it does not include any process the purpose of which is to
remove vinyl chloride from water to meet requirements of this
subpart.

“In vinyl chloride service" means that a piece of equipment
contains or contacts either a liquid that is at least 10 percent
by weight vinyl chloride or a gas that is at least 10 percent

by volume vinyl chloride.

"Standard operating procedure" means a formal written procedure
officially adopted by the plant owner and/or operator and available
on a routine basis to those persons responsible for carrying out

the procedure.

"Run” means the net period of time during which an emission

sample is collected.

"Ethylene dichloride purification" includes any part of the process
of ethylene dichloride production that follows ethylene dichloride
formation and in which finished ethylene dichloride is produced.
"Vinyl chioride purification" includes any part of the process of
vinyl chloride production that follows vinyl chloride formation

and in which finished vinyl chloride is produced.

a
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"Reactor" includes any vessel in which vinyl chloride is partially

or totally polymerized into polyvinyl chloride.
"Reactor opening loss" means the emissions of vinyl chloride

occurring when a reactor is vented to the atmosphere for any
purpose other than an emergency relief discharge as defined in
§61.65(a).

"Stripper" includes any vessel in which residual vinyl chloride
is removed from polyvinyl chloride resin, except bulk resin, in
sTurry form by the use of heat and/or vacuum. In the case of
bulk resin, "stripper" includes any vessel which is used

to remove residual vinyl chloride from polyvinyl chloride

resin immediately following the polymerization step in

the plant process flow.
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2.0 EDC, VC AND PVC INDUSTRIES

Polyvinyl chloride is a polymer employed in the fabrication aof
lTiterally thousands of consumer and industrial products. The manuy-
facturers of these products purchase the polyvinyl chloride resin from
a relatively small number of producers. Polyvinyl chloride is polymerized
from the vinyl chloride monomer. In turn vinyl chloride is produced from
ethylene dichloride by cracking ethylene dichloride during dehydrochlorina-
tion or from the hydrochlorination of acetylene.

In the following brief presentation, the attributes of ethylene
dichloride, vinyl chloride, and polyvinyl chloride production facilities
are discussed with respect to those considerations that are pertinent
to plant inspections.

2.1 ETHYLENE DICHLORIDE (EDC)

The principal process for ethylene dichloride production in the U.S.
is oxychlorination which involves the reaction of oxygen and hydrogen
chloride with ethylene [4]. This process accounts for 92% of the pro-
duction in the U.S. [4]. In 1974, there were nine plants using this
process to produce 5.05 billion pounds of ethylene dichloride per year [6].
This accounts for 74% of the total used for vinyl chloride production and
approximately 77.5% of the 20.4 million pounds per year of vinyl chloride
emission [6].

While refined ethylene dichloride is sold for other industrial uses,
its major use. is for vinyl chloride monomer production. Typically the
economics of the industry dictates that an ethylene dichloride plant be
in close proximity to a vinyl chloride monomer plant in which case the
shipping cost of large, continuous flows of pure ethylene dichloride to
a vinyl chloride plant is minimal [4]. This has led to the concentraticn

of these plants in Texas, Louisiana and the northern states [4]. 1In most
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cases, the unconverted ethylene dichloride from the vinyl chloride plant
is recycled back with the crude ethylene dichloride [4].

Vinyl chloride emissions occur in an ethylene dichloride plant using
the oxychlorination process from three sources: side reactions in the
oxychlorination process and dissolved vinyl chloride in recycled hydrogen
chloride and in recycled unconverted ethylene dichloride. Physically,
the major vinyl chloride emission sources are the EDC reactor, EDC
refining and the fugitive emissions that may be present,

2.2 VINYL CHLORIDE (VC)

There are four processes to produce vinyl chloride monomer [6].
There are fifteen plants producing vinyl chloride having a production
capacity of 6.8 billion pounds per year [6]. Two plants use the hydro-
chlorination of acetylene, nine use the chlorination-oxychlorination of
ethylene (with oxygen from air) and dehydrochlorination, one uses the same
process, except that pure oxygen is used in place of air, and three plants
use the direct chlorination of ethylene and dehydrochlorination [6].

The main sources of vinyl chloride emissions in plants using the
hydrochlorination of acetylene are reactor condenser vent (continuous),
scrubber vent (continuous), heavy ends storage vent (intermittent), and
assorted fugitive sources [6].

The sources of emissions from the chlorination-oxychlorination of
ethylene and dehydrochlorination processes using oxygen from air or using
pure oxygen are the same. The main sources of emissions are those dis-
cussed in Section 2.1 and not repeated here, purification system vents
(continuous), scrubber vent (continuous). Toading area (intermittent),
and vinyl chloride emissions from the purification process; but the loss
per unit product produced is greater from the purification portion of
the plant.

The process using direct chlorination and dehydrochlorination is
used in vinyl chloride production when the manufacturing facility has
other uses for the hydrogen chloride by-product. This process also uses
ethylene dichloride in a dehydrochlorination process to produce vinyl
chloride from ethylene dichloride,
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2.3 POLYVINYL CHLORIDE (PVC)

Polyvinyl chloride is produced by a polymerization process from
the vinyl chloride monomer. There are five processes used to polymerize
the monomer: suspension polymerization is the most widely used and
accounts for 78% of the U.S. plant capacity; dispersion polymerization
(i.e., emulsion) accounts for 13%; bulk polymerization for 6% [4]. The
latex polyvinyl chloride is produced by dispersion polymerization
and is sold and transported in a water suspension; solution polymeri-
zation is adaptable to a continuous process for copolymers and is
used by one company in the U.S. [4].

Emissions may occur at any point of the processes, such as

storage, reactors, strippers, mixers, weighers, blenders, recovery
systems, inprocess wastewater, loading facilities, etc. [6].
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3.0 PROCESS FLOW DESCRIPTION AND EMISSION POINT IDENTIFICATION

The manufacturing processes covered in the vinyl chloride emissions
Final Standard are discussed in this chapter with the aid of process
flow diagrams. The emission points covered in the Standard are listed
and keyed on the corresponding flow diagrams for each process.

3.1 ETHYLENE DICHLORIDE--OXYCHLORINATION*

One of the major processes for ethylene dichloride (see Section 3.4)
production in the U.5. is oxychlorination which involves the reaction of
oxygen and hydrogen chloride with ethylene [4]. The oxygen may be introduced
into the process in concentrated form or by an air stream as shown in
Figures 3.1(a) and 3.1(b), respectively [6]. The two processes are similar
and will be discussed together since the emission sources are identical.
The generic reaction equation for the process is given by

CH2 = CH2 +1/2 O2 + 2HCL—-~-—————-——+C1CH2 - CH,CT1 + H20. (3-1)

2

This reaction takes place in the reactor, shown in Figures 3.1(a) and 3.1(b),
at elevated temperature. The oxychlorination process typically exhibits a 98%
conversion to ethylene dichloride per pass from the reaction represented in
Eq. (3-1) [6]. The raw materials (ethylene, hydrogen chloride and oxygen/air)
are made to pass through a catalyst. In the presence of oxygen, the catalyst
concentrates the ethylene and chlorine allowing for the reaction, Eq. (3-1),
to take place at a lower temperature. Because the reaction is highly
exothermic, a water flow over the reaction tube surface is required to control
the temperature in the reactor. The result is that steam evolves at the

exit port of the water jacket.

*While this process is usually identified as oxychlorination, it is more
precisely an oxyhydrochlorination process.
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Figure 3.1(b). Ethylene dichloride process flow diagram using oxychlorination which involves
the reaction of oxygen present in air and hydrogen chloride with ethylene.




Table 3.1: Most probable emission points identified by the
keys in Figures 3.1(a) and 3.1(b) in the oxy-
chlorination process for ethylene dichloride.

Position Name Key ; Frequency

!
Reactor Vent 1 Continuous
st Rervigeator :
fostevater fron ;
s teater S e :
Wash Water Stripper Vent 5 Continuous
giggag:tsgngtripper 6 Continuous
gig:aSQUSSHZroduct i 7 Intermittent
Liognds ot o —
Finishing Column Vent | 9 Continuous
tggzggECgitPurification E 10 Intermittent
?g:lnsgnEDc Storage 11 Intermittant
QS?X%;Engé Tar-Removed _ 12 Continuous
Heavy-Ends Storage Tank Vent 13 ; Intermittent
Tar Storage Tank Vent % 14 Intermittent
e | e |

12
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The gas stream that exits the reactor contains ethylene dichloride
in the form of a gas. In the process represented in Figure 3.1(a) this
stream also contains ethylene, hydrogen chloride and oxygen; while that
in Figure 3.1(b) is similar except that air rather than oxygen is present.
The stream is passed through a hot water wash column to remove impurities
from the ethylene dichloride, to maintain its gaseous state, and to
introduce water vapor. The ethylene dichloride gas and water vapor stream
are passed through a cold water condenser prior to entering the separation
tank. The separated, purified ethylene dichloride is then transported to
a storage tank [6].

The water from the hot water wash and from the separation tank is
passed through a stripping column to separate ethylene dichloride and
waste by-products. The separated ethylene dichloride is passed on to
the EDC storage tank, while the waste by-products are disposed.

The most probable emission points are listed in Table 3.1 and
identified by the keys shown in Figures 3.1(a) and 3.1(b). The emission
sources are 1isted to correspond with operational steps in the generalized
hydrochlorination process. Fugitive emission sources {pumps, pump main-
tenance valves, pressure relief valves, samplers, etc.) are not identified
because the locations of these sources are unique for each plant. The
emission from any point, whether listed or not, depends on the operating
condition (batch or continuous, reaction efficiency, etc.) of the plant
at the time of inspection and in some cases on the immediate past history
of operating conditions [6].

3.2 VINYL CHLORIDE
3.2.1 Hydrochliorination of acetylene
In this process vinyl chloride monomer is produced by the hydro-

chlorination of acetylene. The reaction occurs between hydrogen chloride
and acetylene at 85-141°C in the reactor shown in Figure 3.2, in the
presence of a catalyst, mercuric chloride on activated carbon [6]. The
reaction is governed by the equation

HC = CH + HCL ——— H,C = CHCL. (3-2)

13
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Figure 3.2. Vinyl chloride monomer process flow diagram using hydrochlorination
of acetylene.




The reaction typically exhibits a 90% conversion to vinyl chloride per

nass. As a result, acetylene and hydrogen chloride gases exit the

reactor as well as vinyl chloride. These gases are compressed, cooled

and pumped to a purification system consisting of a light-ends distillation
column and a heavy-ends distillation column. In the light ends distillation
column acetylene is separated and transported back into the reactor for
another pass. Other volatile gases are passed to the vent gas reactor

and vent condenser. Table 3.2 Tists the main products and their boiling
point temperatures. This shows that acetylene has the lowest boiling

point temperature and is separated easily from the other compounds.

Table 3.2: Hydrochlorination of acetylene product gases
and their boiling point temperatures.

Gas Symbo1 ' Boiling Point
, * Temperature
f 3 !
; Acetylene ; HC = CH E - 84°C
| |
. Hydrogen Chloride 1 HC1 ; + 110°¢C
| j i !
| i i ‘
| Vinyl Chloride | H,C = CHCI | - 13°C |
| | | |
| Ethylene Dichloride | CICH, - CH,CI ! + 83°C
1 ! i

The reaction represented in Eq. (3-2) is exothermic. Therefore,
the heavy-ends that are transported to the heavy-ends distillation

column from the light-ends distillation column will contain some poly-
merized material as well as vinyl chloride monumer. The vinyl chloride
is distilled, subsequently tiquefied and placed in a storage tank. The
heavy-ends are transported to a temporary storage tank and ultimately

incinerated.

15
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The most probable emission points are listed in Table 3.3 and
entified by the keys shown in Figure 3.2. The emission sources are
sted to correspond with operational steps in the generalized hydro-
lorination process. Fugitive emission sources (pumps, pump maintenance
Tves, pressure relief valves, samplers, etc.) are not identified
cause the locations of these sources are unique for each plant. The

emission from any point, whether 1isted or not, depends on the operating

conditions (batch or continuous, reaction efficiency, etc.) of the plant

at
of

the time of inspection and in some cases on the immediate past history
operating conditions.

Table 3.3: Most probable emission points identified by the
keys in Figure 3.2 in the hydrochlorination of
acetylene for vinyl chloride monomer.

. Position Name Key Frequency

'Reactor Condenser Vent Continuous

Scrubber Vent ' | Continuous

| !
VCM Condenser Vent : Continuous

VCM Storage Vent ; 5 Continuous

—_

Heavy-Ends Storage Vent ; Intermittent*

. VCM Loading Vent Intermittent

|
|
!

Fugitive

1
t Intermittent/
, Continuous

* ' .

Intermittent is used in the sense that if the rate of incineration is
greater than the rate of storage, emission is probably non-existent.
When the reverse is true, emission will be continuous.

16
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3.2.2 Dehydrochlorination of ethylene dichloride

The production of vinyl chloride monomer by dehydrochlorination
(removal of hydrogen chloride) involves the thermal dehydrochlorination
of dry ethylene dichloride. Thermal dehydrochlorination is sometimes
referred to as a cracking process. Vinyl chloride resuits when ethylene
dichloride is placed in a cracking furnace at approximately 510°C [4]. For
most efficient operation, the furnace is packed with a catalyst such
as pumice or charcoal. Typically, the conversion efficiency per pass
is 94 to 97%. '

The cracking of ethylene dichloride to obtain vinyl chlaride monomer
is used exclusively in those processes in which ethylene dichloride is
the intermediary crude. This includes the chliorination-oxychlorination
of ethylene process using concentrated oxygen or oxygen in air (described
in Section 3.1.1) and the direct chlorination of ethylene process (not
covered in the Standard). The cracking process is the same regardless
of the process used to obtain ethylene dichloride.

The reaction is represented by the equation

C1CH2 - CH2C1 —_ H2C = CHCY + HC1. (3-3)
In an integrated ethylene dichloride-vinyl chloride plant, where the
oxychlorination process is employed to produce ethylene dichloride, the
hydrogen chloride by-product in Eq. (3-3) is returned to the ethylene
dichloride reactor as an input crude shown in Eq. (3-1) [4,6].

Figure 3.3 shows the process flow diagram [6]. The ethylene dichloride
is transported as a liquid (boi]ing'point +83°C, see Table 3.2) and is
vaporized completely prior to entering the cracking furnace. The hydrogen
chloride is removed in the cracking furnace. The gas flow exiting the
cracking furnace consists of mainly vinyl chloride, but also present are
ethylene dichloride, hydrogen chloride and other hydrocarbons. The

17
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quenching column uses liquid ethylene dichloride to 1iquify the ethylene
dichloride and the hydrogen chloride while the gaseous vinyl chloride
passes on to the partial condenser and condenser., Hydrogen chloride gas
also flows along with the vinyl chloride since hydrogen chloride is not
very soluble in ethylene dichloride at the quenching temperature.

The Tiquid ethylene dichloride is transported to the washed crude
storage in the ethylene dichloride section of the plant and ultimately
transported hack to the cracking furnace for another pass.

The vinyl chloride and hydrogen chloride gases are cooled, compressed
and pumped to a purification system consisting of a light-ends distillation
column and a heavy-ends distillation column. In the light-ends column the
vinyl chloride is separated from the hydrogen chloride. The hydrogen
chloride is recycled to the ethylene dichloride reactor if the oxychlorina-
tion process is used. Other volatile by-products are passed to the vent
gas reactor,

The reaction represented in Eg. (3-3) is exothermic [6]. Therefore,
the heavy-ends and the light-ends distillation columns will contain some
polymerized material as well as vinyl chloride monomer. The vinyl chloride
is distilled, subsequently liquefied and placed in a storage tank. The
heavy ends are transported to a temporary storage tank and ultimately
incinerated.

The most probable emission points are listed in Table 3.4 and
identified by the keys shown in Figure 3.3. The emission sources are
listed to correspond with operational steps in the generalized dehydro-
chlorination process. Fugitive emission sources (pumps, pump maintenance
valves, pressure relief valves, samplers, etc.) are not identified because
the location of sources is unique for each plant. The emission from any
point, whether listed or not, depends on the operating conditions (batch
or continuous, reaction efficiency, etc.) of the plant at the time of
inspection and in some cases on the immediate past history of operating
conditions.

3.3 POLYVINYL CH._ORIDE
3.3.1 Suspension polymerization

The suspension polymerization process is the most common process for
polyvinyl chloride production [4]. The resin produced is sometimes referred
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Table 3.4: Most probable emission points identified by the
keys in Figure 3.3 in the dehydrochlorination
of ethylene dichloride for vinyl chloride
monomer.

" Position Name Key Frequency

Recycling of EDC to K
Washed Crude Storage Intermittent

" Light-ends Distillation ‘
Column Vent | Intermittent

Heavy-ends Distillation ;
Column Vent f Intermittent

Heavy-ends Storage Vent ‘ ‘ Intermittent

VCM Storage Vent ‘ ' Intermittent

Light-ends Column ‘ : .
Waste Water ‘ ; Continuous

"Quench Column Vent 3 ! Continuous

Intermittent/

Fugitive Continuous
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to as suspension resin. Polymerization of vinyl chloride requires the

mixing of weighed amounts of vinyl chloride (weighed amounts of a comonomer
where desired to change the polyvinyl chloride properties), catalyst,

water and suspending agents (soap) [4]. The raw materials are mixed in a clean
glass or stainless steel lined reactor. Air is removed from the reactor

by a steam jet or vacuum pump. Reaction temperature is controlled by either
cooling or heating, depending on the details of the process used. The
reaction is initiated by the catalyst. As the reaction proceeds, polyvinyl
chloride is produced in particle form. Agitation is employed to prevent

a slurry from agglomerating in the reactor and the suspending agent disperses
the vinyl chloride drop]ets The polymerization process is allowed to
continue until %5 to 90% of the vinyl chloride has polymerized; this requires
-appr0x1ﬁ;2e1y 6 hours [4]. At this time, the reaction is stopped because the
process is not as controllable. If allowed to continue beyond this point,
the product becomes increasingly less uniform with respect to molecular
weight and, therefore, the physical properties are less uniform. The vinyl
chloride residue is in vapor form in the reactor, dissolved in water, and/or
trapped in the polyvinyl chloride granules.

Figure 3.4 shows the process flow diagram for suspension polymerization [4].
Vinyl chloride is supplied to the weighing station from the vinyl chloride
source (plant or tank car) and from the recovery system. The comonomer
(if required) for a batch is weighed in its own weighing station. In
addition to the weighed quantities of vinyl chloride monomer and comonomer,
the initiator catalyst and suspending agent are transported to the reactor.
The po]ymer1zat1on takei.p1ace at elevated temperatures and at a pressure

in the range of 5 1 to 6. 8 atmospheres The-neslggsLi:;:‘thQ%‘_actor T
e, transferr tz’zggﬂgxnlpper ta:ﬁ,yberﬁ"tﬁgfxlnrf'ch10r1 is removed and -
tramsported te~the vinyl chloride recovery system. '
The contents of the reactor (polyvinyl chloride granules, gases, water

and initiator catalyst) are subjected to a stripping process to remove unreacted

vinyl chloride. The stripping process may take place in the reactor or the
contents may be transferred to a stripper vessel where stripping takes place.
Vinyl chloride is stripped by the application of heat alone or by the
application of the combination of heat and vacuum. The vinyl chloride and
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other volitized chemicals driven off are transferred to the recovery system.
The vinyl chloride is obtained from the distillation column and passed on to
the recovery system storage tank. The other gases are vented, and included
will be some vinyl chloride. The remaining slurry is transported to a slurry
blend tank where several batches are blended together to obtain a more
uniform product [4].

The blended slurry is then pumped to a centrifuge where most of the
water is removed. The wet polyvinyl chloride is then dried to remove
remaining water and vinyl chloride. The resin is then transferred to storage
or bagging stations.

Table 3.5 lists the most probable emission sources for the suspension
process with the key referred to Fiqure 3.4. The Keygj:Henotes the recovery
system vent through which the noncondensable gases are vented. The venting
may take place manually or automatically and may be intermittent or con-
tinuous depending on the system design and the pressures employed.

Keys{éxhnd(§:are the weighing stations for the vinyl chloride monomer
and comonoﬁgr ﬁ%gh pressure may build up at these stations. in which case
the emission will contain vinyl ch10r1de

The reactor emissions, Key: 4) may arise when a run-away condition
develops and due to residual vinyl chloride vapor will always arise when the
reactor manhole is opened for cleaning. A run-away condition typically
develops in the event of a power failure, equipment failure and/or operator
failure. When this occurs, the reaction for the batch may require a
temporary or a complete termination either by augggggy;_g;ggﬁuxg“yglye
release or by manual ventiqg_r4] —

Keys._) /gjgzifﬁﬁare all associated with the stripping, blending
and drying operations of the polyvinyl chloride slurry. In each of these
operations vinyl chloride emissions may occur [4]. Knys\;vand\a/are points
where emissions may occur in the storage and bagging of the resins, while
Key 16>1s the emission point from the waste water treatment process.

3.3.2 Emulsion (i.e., dispersion) polymerization

Th2 emulsion polymerization process uses equipment basically similar
to that of the suspension process described in Section 3.3.1 [4]. The resin
produced is sometimes called an emulsion resin. Emulsion resins can be
polymerized at lower temperatures and at a higher rate than suspension
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Table 3.5:

Most probable emission points identified by the keys

in Figure 3.4 in the suspension polymerization
process for polyvinyl chloride.

POSITION NAME KEY FREQUENCY
Vinyl Chloride 1 Intermittent/Continuous
Recovery Vent
Vinyl Chloride 2 Intermittent
Weighing Tank Vent
6g?gﬂ?ﬂngank Vent 3 Intermittent
g;gﬁ?g; ngg and 4 Intermittent
S;;lpper 5 Intermittent
?;ﬁ:rﬁeglend 6 Intermittent
Sggirifuge 7 Intermittent
sgg%uct Collection 8 Intermittent
3;;2 9 Continuous
ngzi 10 Continuous
o 1 Intermittent
Bulk 12 Intermittent
Loading ,

Fugitive gqglge Intermi ttent/Continuous

|
|
|
|
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resins. However, emulsion resins are also more sensitive to heat and shear
stresses. When subjected to either or a combination of heat and shear
stresses, the resultant chanqges in the resin's nhysical characteristics may
make it unsuitable for use. The resin obtained from the emulsion process is
of smaller particle size than obtained from the suspension process [4].

The emulsion process flow diagram is shown in Figure 3.5 and the cor-
responding keyed emission sources are presented in Table 3.6. A study of
Figures 3.4 and 3.5 show that the processes are identical in the following
ways: batch reactor process; water is used as the suspending medium to
suspend liquid vinyl chloride; all process equipment is identical except
for the dryer. In addition, the suspension process uses a centrifuge to
aid in drying while the emulsion process does not.

In the emulsion process soap and water are used as the emulsifier, "
The emulsion process differs from the suspension in the following ways: ‘
more soap is added to the slurry in the reactor which stablizes the . AAt :
monomer droplets and results in the absence of agglomerates; a spray dryer /%
is used because it does not produce excessive témperature or shear stresses
during the drying, while the rotary, flash, or fluidized bed dryer used
in the suspension process may produce these stresses [4].
3.3.3 Latex dispersion polymerization

Latex resins are produced by the emulsion process [4]. The latex

resin is polymerized vinyl chloride monomer suspended in water. It is sold
and transported in this solution form. The process is identical in almost
all ways to the suspension and emulsion processes. It differs in that
there is no drying process step and more soap is added in the reactor than
for the emulsion or suspension processes [4]. The result is a latex resin which
is a colloidal suspension of polyvinyl chloride. The process flow diagram
and most probable emission sources are shown in Figure 3.6 and Table 3.7,
respectively.
3.3.4 Bulk polymerization

The bulk polymerization process is a batch process and consists of
two polymerization steps [4]. In the pre-polymerization reactor there is
liquid vinyl chloride in the presence of a polymerization initiator. The
reactor is of a similar design to that used in the suspension process. The

conversion to polyvinyl chloride from vinyl chloride is in the range 7 to
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Table 3.6: Most probable emission points identified by the keys
in Figure 3.5 in theemulsion (i.e., dispersion)
polymerization process for polyvinyl chloride.

POSITION NAME KEY FREQUENCY
Vinyl Chloride ; ,
Recovery Vent ] Intermittent/Continuous
Vinyl Chloride .

Weighing Tank Vent 2 Intermittent
Comonomer ,
Weighing Tank Vent 3 |Intermittent
Reactor Vent and .
Opening Loss 4 Intermittent
Stripper \ .
Vent 5 Intermittent
Slurry Blend .
Tank Vent 6 Intermittent
Spray Dryer ,
Vent 7 Intermittent
Product Collection .
Vent 8 Intermittent
Silo 9 Continuous
Vent
| Process ’ .
L7Water 10 Intermittent
Bulk .
LLoading 11 iInterm1ttent
! Entire i
| Fugitive Plant Intermittent/Continuous
27
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Table 2.7: Most probable emission points identified by the keys
in Figure 3.6 in the emulsion (i.e. dispersion)
polymerization process for polyvinyl chloride latex.

POSITION NAME KEY FREQUENCY |
r I
X;ggleEBWSQQie 1 Intermittent/Continuous |
Lol Shorice, o | memittent |
MeTgh ng Tank Vent 3 Intermittent
SSZﬁgg; XSSE and 4 Intermittent
( sgglpper 5 Intermittent }
%;ﬁlrgeglend ! 6 1 Intermittent |
{ s£2guct Collection 7 Continuous
{ éggg:gg 8 Continuous
. 1 ‘
i Fugitive E?g;;e : Intermittent/Continuous |
29
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12% [4]. This suspended polyvinyl chioride in liquid vinyl chloride is

then transferred to a larger, high pressure, horizontal-type reactor.

To this is added more liquid vinyl chloride and initiator. This reactor,
sometimes called an autoclave, serves as the post polymerization reactor
resulting in a reaction efficiency of approximately 85 to 90% [4]. The post-
polymerization reactor is more rugged and the agitation more vigorous

than the pre-polymerization reactor [4].

The post-polymerization reactor must be cleaned after each batch;
less frequent cleaning is required for the pre-polymerization
reactor.

The bulk process is similar in most aspects to the suspension process.
Since there is no water or water vapor in the suspension, low temperature
(-35°C or -31°F as opposed to 7°C or 44.6°F in the suspension and dispersion)
condensers may be employed in the recovery system. Moreover, the drying
operation is not needed, and no in-process waste water system is present [4],

The remaining monomer in the post-polymerization vessel may be removed

by a number of processes. The monomer may be removed by vacuum alone.

Another method is to introduce steam into the autoclave and the steam and
released vinyl chloride are removed by vacuum. The steam-vacuum

procedure may be repeated as many times as required to meet the emission
standard. Those plants using the steam-vacuum process require wastewater
stripping to bring the wast water in compliance with the emission

standard. Whichever method is used, the recovered monomer is placed in

a temporary holding tank and recycled back to the pre-polymerization reactor
through a filter [4].

The process flow diagram and the most probable emission points are
given in Figure 3.7 and the kz2yed emission points listed in Table 3.8 [4].
3.3.5 Solvent polymerization

The solvent polymerization product is considered a speciality product
and is a small segment of the total PVC industry [5]. However, it serves a
large number of important needs that usually involve thin PVC coatinas,
such as for the food and beverage industries [5]. The early developed process
is shown in Figure 3.8 and the more recently develoned process is shown
in Figure 3.9 [5]. The processes are similar in mgst aspects, differing
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Table 3.8: Most probable emission points identified by the
keys in Figure 3.7 in the bulk Polymerization
process for polyvinyl chioride resin.

POSITION NAME

KEY

FREQUENCY

Pre-Polymerization
Reactor Vent

Intermittent

Post-Polymerization
Reactor Vent

Continuous

Monomer Holding
Tank Vent

Continuous

Recycle Condenser
Vent

Continuous

Pressure Reducer
Vent

Continuous

First Bag House
Vent

Continuous

Second Bag House
Vent

Continuous

Reject Vent

Continuous

Fugitive

Intermittent/
Continuous
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more in the technological developments of recent years than in the basic
process operations. The early process is described below followed by
the points of difference.

The early process flow diagram is shown in Figure 3.8 and the cor-
responding source emission points listed in Table 3.9. The emission
points in Table 3.10 correspond to the process flow diagram shown in
Figure 3.9. The comonomers, initiators and solvents are continuously
introduced into the reactor.

The process flow shows that the VCM, comonomer and initiator are
introduced into the reactor along with the solvent, usually n-butane [4].
The comonomer is almost always vinyl acetate. The continuous process
provides a degree of turbulence among the constituents in the reactor
that results in a copolymer conversion efficiency approaching 100%. A
continuous copolymer stream is drawn off from the reactor and filtered.
The filter cake is passed on to a flash evaporator where it is dried
and the monomers recycled. The solvent is drained from the filter and
recycled back into the reactor along with the recovered monomers. During
any one pass of the solvent stream, some solvent is lost to the process;
therefore a solvent make-up stream is alsc required [4].

Vinyl chloride emissions from the reactor area in a continuous

process are relatively lower than from batch processes [4]. There is some
evidence to suggest that the vinyl chloride is more easily removed
from the resin than in other polymerization processes.

The most important difference between the processes is that the
earlier process produced a slurry as a result of polymerization while the
later process produces a solution. The stripping operation from solution
gives a Tower VCM concentration and typically produces less emissions.
Moreover, inprocess water comes into contact with the polymerized material
after the stripping operation. This avoids the requirement of an inprocess
water stripper, and the inprocess water storage and treatment equipment
should not give any emissions. Finally, drying is accomplished by means
of hot air rather than flash evaporator.
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Table 3.9: Most probable emission points identified by the
keys in Figure 3.8 in the s olvent p olymerization
process for polyvinyl chloride and copolymers,

POSITION NAME KEY FREQUENCY
Regeiving Tank Vent 1 Continuous
VCM Storage Vent 2 Continuous
Reactor Vent 3 Continuous
Flash Evaporator (Stripper) 4 Continuous
322;32:yand Monomer 5 Continuous
Bag Filter 6 Continuous
Bag Filter-Screen 7 Continuous
Grinder Filter 8 Continuous
Grinder Filter-Screen 9 Continuous
Storage Silo 10; 1" Continuous
Bulk Loading 12, 13 Intermittent
o | e
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Table 3.10: Most probable emission points identified by the
keys in Figure 3.9 in the solvent polymerization
process for polyvinyl chloride and copolymers.

POSITION NAME

KEY

FREQUENCY

Reactor

Continuous

Monomer Condensor

Continuous

Resin Drying

Continuous

Silo

Continuous

Solvent and Vinyl
Acetate Condensor

Continuous

Fugitive

Intermittent/
Continuous
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3.4 CLARIFYING NOTE ON THE BALANCED OXYCHLORINATION - DEHYDROCHLORINATIOM
PROCESS

Oxychlorination and direct chlorination are the two major processes
used for ethylene dichloride production [4]. EDC plants operate a balanced
process which consists of a vinyl chloride plant and a direct chlorination
nlant operated adjacent to and in coordination with the oxychlorination
plant [4]. The Standard covers the oxychlorination, but not the direct
chlorination process. However, this strict interpretation is not the
intent of the Standard [4]. The Standard promulgated on October 21, 1976
covers any and all portions of any process that receives, transports or
processes recovered ethylene dichloride from the oxychlorination plant,
even though these processes may also be used for materials from the direct

chlorination process.

A block diagram of the balanced process is shown in Figure 3.10.
Typically ethylene dichloride refining is common to both the direct chlori-
nation and to the oxychlorination plants. Therefore, the ethylene dichloride
crudes are refined through the same equipments. In Figure 3.10 the EDC
refining equipment is shown to be part of the EDC oxychlorination plant. The
¢rude oroduced from the oxychlorination plant may contain vinyl chloride

monomer. Therefore, the common receiving point of the monomer and all down-
stream parts of the direct chlorination plant are subject to the Standard.

That the crude from the oxychlorination plant may contain vinyl chloride
arises because of recycled ethylene dichloride and because the recycled hydrogen
chloride used is a by-product of the monomer cracking. In Figure 3.10 this
is shown by the flow of HC1 and EDC from the dehydrochlorination to the
oxychlorination reactors and EDC refining, respectively.

While the vinyl chloride monomer is present in small concentrations in
HCT after having been subjected to a stripping process and to even lower
concentrations if the ethylene dichloride crude is also stripped of the
monomer, equipment malfunctions may give rise to significant monomer concen-
trations in the crude produced in the oxychlorination plant. In the absence
of equipment malfunctions, the monomer is easily stripped during the HC1 and
EDC stripping operations. This is true because the monomer boiling point is
-13°C while it is +110°C and +83°C for HC1 and EDC, respectively (Table 3.2).
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EDC OXYCHLORINATION
PLANT

EDC OXYCHLORINATION
REACTORS

* EDC CRUDE

EDC REFINNING

UNREFINED REFINED

EDOC

EDC

v

VCM
DEHYDROCHLORINATION
PLANT

EDC DIRECT
CHLORINATION
PLANT

Figure 3.10: Block diagram of a balanced oxychlorination-
dehydrochlorination process.
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The economics of the PVC industry demands that large producers of EDC
employ the balanced oxychlorination - dehydrochlorination type plants [4].
From Eq. (3-3) it is seen that for each vinyl chloride molecule produced
in the cracking of EDC, one HCl molecule evolves as a by-product. This
forms the HC1 stream in Figure 3.10. However,‘in fhe oxychlorination
reaction, governed by Eq. (3-1), two HC1 molecules are required for
each EDC molecule produced. The HCl1 by-product provides at a maximum
one-half the EDC required by the cracking furnace. Therefore, the
direct chlorination process must supply at least one-~half of the EDC
required in a balance type plant. Presently, 95% of the EDC annual
production rate is produced in balance type plants.

3.5 PHOTOGRAPHS OF EQUIPMENT

The technology employed in the EDC, VC and PVC industries is of a
relatively higher technical level than Inspectors normally encounter in
other plant inspections subject to the Clean Air Act. In addition, specific
processes differ for the same general product class from plant to plant. In
many cases, if not in most, the equipments used were constructed according
to unique specifications. The operation of the equipments may be different,
in which case the materials, size, shape and their placement in the plant
may also be different. Typically, the Inspector is not able to draw from
experiences gained of previous inspections to the degree that is commonly
done in other industries.

To assist the Inspector in conducting complete and efficient plant
inspections, photographs of equipments are shown in Figures 3.11 to 3.40
from which VC emissions are more 1ikely to occur. From photographs of
general types of equipment such as reactors, strippers, storage vessels,
etc., it will be less difficult to determine the function of more specialized
equipment types. No attempt has been made to present photographs of dif-
ferent types and sizes of equipments because this would require in excess
of 200 photographs. Table 3.11 gives the figure numbers and the equipment
category of those selected for reproduction in this Manual.
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Table 3.11: Figure number of photographs and corresponding
equipment category.

Figure Number Equipment Category

.11 to 3.15 Reactors

.16 to 3.18 Strippers

.19 to 3.24 Storage Vessels

.25 and 3.26 Dryers

.27 to 3.32 Distillation Vessels
.33 and 3.34 RD/SRV

.35 Double Mechanical Seal

.36 and 3.37 Railroad tank car loading and
untoading

.38 to 3.40 Incinerators
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Figure 3.11 Large capacity VC
reactor using the oxychlori-
nation process is located in
the tall vessel. The oxy-
chlorination manual vent is
the open ended pipe, rising
above the top of the reactor
on the left side,

Figure 3.12 The tops of medium capacity, side-by-side PVC reactors using the
emulsion process may be seen. Individual RD/SRV and manual vents
may also be seen mounted on top of each reactor.
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Figure 3.13 Small size PVC reactor with cover removed Figure 3.14 Medium capacity side-by-side PVC
to clean reactor in preparation for next polymerization reactors using solvent process. Individual
run. Prior te removing cover the PYC and water solu- RD/SRY and manual vents connected to vinyl
tion were removed and transferred to stripper. chloride recovery system may also be seen.
"Elephant trunk” is placed through the opening to vent Lower portion of reactors comprise the heating
vinyl chloride gas through "trunk" to the recovery elements to raise the contents to the tem-
system in order to be in compliance with emissions perature requived for polymerization.
standard reactor opening loss. This type reactor is
used in the suspension, emulsion and latex polymeri-
zation processes.
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Figure 3.15 The top of medium capacity, side-by-side PVC reactors using solvent
process. Foreground shows a motor valve for emergency venting
through to the VC monomer recovery system.

Figure 3.16 The top of a small capacity PVC stripper vessel used in the
suspension, emulsion and latex processes. The RD/SRV vent is
connected to the recovery system.
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Figure 3.17 A stripper column is shown that removes
VC from a PVC-varnish solution resulting from the
solvent polymerization process.
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Figure 3.18 A typical wastewater stripper column
is shown that may be found in EDC, VC and PVC
plants.




Figure 3.19 The top of an EDC storage tank is shown with its vent.

Figure 3.20 Cylindrical, side-by-side, above ground VC storage tanks are
shown. RD/SRV vents may be seen on pipe rack above tanks.
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Figure 3.21 Spherical, above
ground vinyl chloride storaae
tanks. RD/SRV vents may be
seen perched on top of sphere.

HIHL

E

Figure 3.22 Underground YC monomer storage tank area is shown.
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Figure 3.23 Wash water stripper storage tank with its vent mounted at the top
of the tank in an EDC-VC plant.

Figure 3.24 Upper portion of tar storage tank shown with its vent connected to
recovery system in an EDC plant.
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Figure 3.25 PVC suspension resin rotary dryer and dust collector. Orying is
accomplished by the application of heat and rotary action.

Figure 3.26 PVC emulsion resin spray drying takes place in the cylindrical
building. Large diameter feed pipe, seen at the left of the dryer,
carries resin to the too of the dryer. Dust collector is perched
at top of dryer.
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Figure 3.28 An EDC heavy ends
distillation column is shown.
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Figure 3.29 The top‘of an EDC light ends column con- Figure 3.30 1In the foreground the light ends dryer
denser showing the RB/SRV vent. regeneration vessel is shown in balanced EDC-VC
plant.
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Figure 3.31 An EDC finishing column with the RD/SRV and Figure 3.32 Foreground shows the insulated piping
its vent mounted on the top. (In some installations connected to the reactor refrigerator condenser
the finishing column performs the function of the vessel in a balanced EDC oxychlorination plant.
1ight ends distillation column while in others it
encompasses the functions of both the light and heavy
ends columns. )
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Figure 3.33 Typical RD/SRV assembly with the vents from Figure 3.34 Dual RD/SRY vents mounted at top of
each connected to a manifold of the recovery system. spherical vinyl chloride storage tank.
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diameter flexible hose in the foreground

Fiqure 3.36 Top connections on railroad tank car shown
to recovery system.

35 Typical pump and double mechanical seal.
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Figure 3.37 Railroad tank car loading platform shown with pipe rack support for
flexible hose VC feed and recovery system in VC plant.

Figure 3.38 Incinerator and
scrubber stack showing the
steam exhaust stream in an
EDC-VC plant.
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Figure 3.39 Incinerator and
stacks of a PVC plant showing
the platform (center stack) on
which stack samples are taken
to determine VC emission con-
centration.

Figure 3.40 Typical incinerator in a VC and PVC plant with bottom portion of
stack shown at the right.
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4.0 LEAK DETECTION MONITORING INSTRUMENTATION, RECORDS, AND REPORTS

A reauirement of the Standard is that an EPA approved leak detection
and elimination program be operational. This requirement includes an
installed continuous leak detection monitoring system, routine leak
detection monitoring with a portable hydrocarbon detector and a leak

elimination olan,

The Standard also requires recordkeeping (recording and retention
for at least two years) of data relating to leaks detected by one of
several ways.

Conducting a meaningful inspection for the determination of com-
pliance of vinyl chloride emissions in typical EDC-VCM-PVC plants
presents a number of unique challenges. The first is that the technology
used requires a relatively high degree of expertise. The second is that
the plant area, from raw materials to finished product shipping, is
measured in acres rather than in square feet and may extend from below
ground level to several hundred feet above ground. Added to these is
the difficulty in making a definitive determination of some equipments
with respect to the specific process(es) or function(s) they serve.
Therefore, the NESHAPS Inspector needs to resort to complementary methods,
in addition to normal inspection procedures, to make a determination of
compliance.

To circumvent these unique challanges, a NESHAPS inspection, of
necessity, will need to rely on the in-nlant continuous monitoring
instrumentation and the records obtained therefrom. In this chapter,
the typical continuous monitoring system, the resultant records and
reports are described and discussed. A1l are required to be in compliance.
4.1 LEAK DETECTION MONITORING INSTRUMENTATION

The standard promulgated on October 21, 1976 requires that continuous
monitoring detection and measurement instrumentation be permanently installed
in a plant in which vinyl chloride may be emitted to the atmosphere.
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Typically, the instrumentation consists of a vinyl chloride or hydrocarbon
measurement instrument, mini-computer, computer program for data acquisition
and data reduction, data terminal and assorted 1/4" stainless steel tubing,
solenoid valves, vacuum pump$, etc. The measurement instrument may be a

gas chromatograph or, if the owner/operator assumes that all hydrocarbons
measured are vinyl chloride, an infrared spectrometer or flame ion detector

or an equivalent or alternative method.
The monitoring instrumentation is based on area (i.e., volume)
sampling. However, some plants will also monitor fugitive emission

sources such as pump seals, agitator seals, couplings, etc. The typical
instrumentation system uses one measurement instrument with a system of
tubing that serves to draw air samples from an area of the plant into
the detector air sample chamber where a measurement of vinyl chloride
concentration is made. The concentration value is then transmitted

to the computer memory to be printed out on the computer terminal at

a later time. The time interval between measurements is 1 to 3 minutes.
Usually, each monitoring point is measured in sequeﬁce éﬁd‘the sequence
e gnchangiﬁg. When all points associated with a measurement instrument
have been measured for vinyl chloride emissions and transmitted to the
computer memory, the computer program provides for each measurement to
be printed in tabular form. Each measurement is identified with respect
to the time of the measurement and location within the plant. Depending
on the computer program, average vinyl chloride emissions for each point
on the basis of shift, day, week and month may also be printed out and
hecome a part of the record. In some instances, the data terminal does
not print any measurement made unless the vinyl chloride concentration
is greater than some defined level, such as 5 ppm. Plants that employ
this system will record each measurement for each point on the measurement
instrument's printer. It too becomes a part of the required recordkeeping.
Usually the concentration is measured at each point at least every 25
minutes. Each plant sets its own threshold level for the purpose of
defining a leak. In most cases, two consecutive measurements from the

COLORITE 007351




same monitoring point equal to or greater than the concentration threshold
value are used in the definition of a leak. The concentration threshold
level is the definition of a leak for the leak detection monitoring system.
This definition requires the approval of the EPA Administrator and it is
set at a level compared with the vinyl chloride background concentration.

When two consecutive measurements at a point indicate a leak, plant
personnel assigned to the "Leak Detection Patrol" investigate with a
portable instrument the region of the plant in which the monitoring point
is located.

The monitoring system is required to be calibrated daily by one of
two methods, described in 61.68(c). Some plants reserve one of the
points in the sequence of point measurements for calibration. Thus, the
instrument is calibrated in each sequence of measurement.

Some plants may use more than one measurement instrument when a
jarge number of points are being monitored. The number of points under ‘
observation by an instrument ranges from 9 to 19, while the total number 44§f({</f
in a plant ranges from 9 to 76 However, EPA approval is required with # s
respect to the position and minimuﬁ“;hmber of points.

A schematic of a monitoring system is shown in Figure 4.1 for which
there are n-air sample inlets. When a solenoid valve is activated, it
allows an air sample to be drawn by a vacuum pump from a point in the
plant into the detector air sample chamber. The pump operates continuously,
evacuating the manifold of the previous air sample so as not to influence
the vinyl chloride concentration measurement of the next air sample. In
addition, the volume of the air sample drawn prior to actual measurement
is sufficient to effectively purge the detector air sample chamber of any

residue from previous air samples.

The switching of the so]eﬁoid valves may be accomplished by one of
two method$: a mechanical or electronic timer where the sequence is
unchanging; a computer-controlled system where the sequence may be changed
according to a program. Those installations using timers usually activate

one solenoid at any one time. Computer-controlled systems may have
sophisticated programs where one or more solenoids may be operated to more
quickly assess the emission(s) in one or more plant areas.
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Figure 4.1: Schematic diagram of continuous monitoring system
for vinyl chloride emissions.

COLORITE 007353




4.2 LEAK DETECTION MONITORING RECORDKEEPING

The owner/operator is required to record data, retain the records
on location for a minimum of two years and to make available, upon reguest
of an EPA representative, those records obtained from the continuous Jeade
deteceton monitoring system. —

Specific data of the detected leaks will be recorded and retained
which pertain to the Tocation within the plant, vinyl chloride concen-
tration and the date and approximate time of measurement.

4.3 ROUTINE LEAK DETECTION AND RELIEF DISCHARGE RECORDKEEPING

The owner/operator is also required to record data, retain the
records on Tocation for a minimum of two years and to make available,
upon request of an EPA representative, records obtained of leaks detected
during routine monitoring with a portable hydrocarbon detector and for
relief discharges from reactors.

Specific data of each leak detected during routine monitoring will
be recorded and retained which relate to location within the plant, vinyl
chloride concentration, date and time of measurement, cause of each leak,
and the action taken to repair or eliminate each leak.

Specific data of each relief discharge from reactors will be recorded
and retained which pertain to the source, nature and cause of the discharge,
the date and time of the discharge, the approximate total vinyl chloride
loss during the discharge, the method used for determining the vinyl
chioride loss, the action that was taken to prevent the discharge, and
the measures adopted to prevent future discharges. In addition, a daily
operating record for each reactor, including pressures and temperatures,
will be recorded and retained.
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5.0 INSPECTION PROCEDURES AND INSPECTION FORMS

The plant's compliance with the Standard will be determined through
periodic inspections by an EPA representative, in addition to data required
in the semi-annual reports on stripping and reactor opening loss and on
emission tests. The inspection entails a physical inspection as well as a
review and assessment of the plant's records.

In the following presentation, a number of forms have been developed
for the purpose of aiding the inspector to make a definitive inspection
in the most efficient and expeditious manner. If the forms are used
properly, all major facets in the Standard will be covered. In fact,
the questions and statements that make up the forms mirror the major
facets of the Standard. Moreover, the questions and statements have been
couched s0 that answers and responses may elucidate or reveal non-
compliance conditions. Ideally, all questions and statements on all forms
will be answered completely during the regular or periodic inspections.
However, some plants may excel in complying with one or more sections
of the Standard. An inspector having become aware of this fact may elect
not to pursue questions and statements relating to that portion of the
Standard.

The frequency of the inspections is not recommended in this document,
because this is a function of personnel being available on a regular basis.
Besides, experienced inspectors are the best judge of the required inspection
frequency.

The forms described below are self explanatory and provide a sequence
that an inspector may choose to follow during an inspection.

5.1 SUMMARY OF COMPLIANCE STATUS

This form serves to summarize on one page the status of the plant with
respect to the major facets of the Standard. The questions and statements
serve to determine where emissions occur and at what levels, the emission
control devices used for each emission source and the waivers that have
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been issued. This form will be most useful to personnel of the Enforcement
Division having responsibility to make a determination of compliance.
5.2 CHECKLIST

This form contains 29 question and statements requiring responses.
They are grouped under the following categories: General, Leak Detection
Monitoring System, Stack Emission Monitoring System, Portable Instrument,
Leak Detection and Elimination, Discharges to the Atmosphere, Fugitive
Emissions, Reactors and Furnaces, Control Devices, Stack Emissions,
Inprocess Wastewater and Reactor Opening Loss. The responses require the
inspector, in most cases, to actually view and verify. In the case of
instrumentation, there is provision for the inspector to determine the
accuracy of the instrumentation and/or system calibration, It is strongly
recormended that a calibration be performed on one or more monitoring
points of the leak detection monitoring system. In doing so, the inspector
automatically checks the integrity of those monitoring points.

It may be more practical for the p1ant's\personne1 to provide the
responses to No. 23 rather than the inspector. However, the inspector
should be present during the time the sample is being prepared and data
obtained,

It is strongly recommended that the inspector observe in its entirety
the plant's procedure to determine the reactor opening loss.

5.3 ON REVIEW QOF RECORDS
Due to the maturity of the PVC industry and the economic environment

that results, EDC, VCM and PVC are typically large capacity plants. One
plant may cover many acresand extend up to 100 to 200 feet above ground
level as well as below ground level. It may be physically impossible for

an inspector to inspect all parts of a plant in person. It is strongly
recomended that the central point of the inspector's focus be placed on

the records that the plant is required to maintain, and particularly

the leak detection monitoring system. Therefore, the review and assessment
of the plant's records is an important aspect of every inspection. The

items in the form provided for the review of records is designed to elucidate
compliance at the major or most probable emission points.
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5.4 PRE-TEST EQUIPMENT CHECKLIST FOR STACK EMISSION TEST

The stack emission test required in the Standard, Test Method 106,
is very clear and precise on the equipment and apparatus to perform
the test. This form is designed to ensure that both inspector and
plant personnel are reminded of the entire equipment and apparatus list
required. It also serves to document alternative or equivalent

equipment or procedures.
5.5 EQUIPMENT CHECKLIST FOR VINYL CHLORIDE CONCENTRATION IN INPROCESS
WASTEWATER, RESIN, SLURRY, WET CAKE AND LATEX SAMPLES
Test Method 107 is also clear and precise on the equipment and
apparatus required to analyze samples in a head space analyzer. This
form is designed to aid the inspector and plant personnel in conducting
analytical tests that conform with the Standard.
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T Itlettic, sate s ‘
Inspector's Name

JUMLaR. 0F COu2Ll.aNLL S AT
(scs)

Firm's Name
NESHAPS INSPECTION FOR VINYL CHLORIDE EMISSIONS COMPLIANCE Firm's Address
PARAMETER OR ITEM EMISSION SOURCE STATUS

Emission Source

1 | Where ducted?
Atmosphere or Control Device

2 | Emission Control Device
Description

In Existence
Date to be Installed

3 | Frequency of Emissions
Cont./Intermit./Emergency

4 | Applicable Regulations

69

5 | Emission Standard

ppm by vol. or ppm by wt.
or gn. per Kg.

6 | Estimated Emissions

ppm by vol. or ppm by wt.
or gm. per Kg.

7 |} Monitoring Requirements

8 {Waiver Applications

8GEL00 ILIVOTIOD

9 | Date Waiver Issued

10 | Remarks on Compliance
Emissions & Emission Tests

Waivers

Recordkeeping




CHECKLIST

NESHAPS INSPECTION FOR VINYL CHLORIDE EMISSIONS COMPLIANCE

Inspection Date

Inspector's Name

Firm's name

Firm's address

Process designation/product identification (check one or more):
EDC: [ oxychlorination O balanced O N.A.
VCM: [ hydrochlorination [J dehydrochlorination [J] N.A.

PVC: [J suspension O dispersion  [J latex O N.A.
O bulk O solution O copolymer

Rated and average annual reactor/cracking capacity

EDC: Design ; Normal Max. ; Actual

VCM: Design ; Normal Max. ;3 Actual

PVC: Design ; Normal Max. ; Actual

LEAK DETECTION MONITORING SYSTEM

5. Permanent leak detection monitoring system [61.65(8)(1)]
a) Total number of points monitored:

b) Number of measuring instruments: ; Type(s)

¢) Time interval to cycle all points:

d) Definition of a Leak:

e) Lower detection limit (LDL) of instrument

f) Measurement sequence: ] unchanging [J program controlled
g) Data reduction (check one or more)

O none 3 hourly [J shift [Q daily [ weekly [J monthly
O other (specify)
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6. Calibration of leak detection monitoring system [61.65(8)(iii)]:

a) List instruments and data from monitor points which
were tested for calibration. (Attach sheets if more
space is required,)

i
Location Instrum. | Cal. VCM | Instrum. VCM | Percent Action

in Plant Iden. Concen. Concen, Deviation | Required

b) Calibration method used (check one or more)
3 None : ‘
{O Paragraph 61.65(8)(iii)(A) - Test Method 106 - 5.2.1, 5.2.3
[J paragraph 61.65(8)(i11)(B)
O oOther

STACK EMISSION MONITORING SYSTEM

7. Emission (i.e., stack) monitoring system /

a) List emission (i.e., stack) sources

Location Continuous Number of
in Ducted or Sampling, Monitoring
Plant Processes Other Points

b) Lower Detection Limit (LDL) of instrument
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8. Calbration of emission monitoring system:

a) List instruments and data from monitor points which were
tested for calibration.

Location Instrum. | Cal. VCM | Instrum. VCM { Percent Action
in Plant Iden. Concen. Concen. Deviation | Required

PORTABLE INSTRUMENT

9. Calibration of portable hydrocarbon detector(s):

a) List instrument(s) which were tested for calibration

Location Instrum. | Cal. VCM | Instrum. VCM { Percent Action
in Flant Iden. Concen. Concen. Deviation | Required

b) Calibration method used (check one or more)
J None
O Paragraph 61.65(7)(iii)(A) - Test Method 106-5.2.1, 5.2.3
O Paragraph 61.65(7)(iii)(B)
0O other
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LEAK DETECTION AND ELIMINATION
10. Leak detection and elimination process [61.65(8)]
a) What is the frequency of the "Leak Detection Patrol"?

b) Check typical points and equipment which are required to be routinely
checked for leaks by the "Leak Detection Patrol” in the following:

O reactor [0 storage - heavy O control devices
O cracking O storage - water O pumps
furnace O 1ight ends col. O compressors
O stripper [0 heavy ends col. [J agitator(s)
(O EDC purification ] wastewater col.. 0 Toading
[ recovery system [0 water wash col. O unloading
8 mixing [0 water quench col. [ flanges
O weighing ] wash water O valves
[J holding tank stripper [ filter strainers
[J separation tank O dryer O centrifuges
(0 blending tank ] condensers O holding bins
[0 storage - raw [J RD/SRV 0 silos

[0 storage - finished

‘ O others:

c) What is the average elasped time between the determination of a
leak by personnel of the "Leak Detection Patrol"” and the plant's
personnel taking corrective action for the purpose of eliminating
the Teak?

Small Teaks:
Large leaks:

d) What is the average elapsed time between the monitoring system
alarm becoming activated and the plant's personnel taking
corrective action for the purpose of eliminating the leak?

Small leaks:
Large leaks:

DISCHARGES TO THE ATMOSPHERE

11, Safety relief valves (SRV) and other emergency type (i.e., manual, vents,
are: (check on2 more)

(] connected to the recovery system through a common header
(i.e., manifold)

O vented to the atmosphere
O is manual vent ducted to recovery system
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If a pressure gage is located between rupture disc (RD) and safety relief
valve (SRV), list points in the plant where the gage indicates a higher than
normal pressure, typically O to 5 psig. (Note: While in common use in plants,
a pressure gage between RD and SRV is not 2 requirement of the Standard.)
Identify those RD/SRV points which are in PVC plants by check (v} in column 3.

RD/SRY Location PVC Inspector's
Identification In Plant Service Comments

List vents, other than emergency types, which are vented to the atmosphere
and not connected to a recovery system, and which are suspected of having

had short and/or long periods of emissions exceeding the limits specified

in Sections 61.62, 61.63, 61.64 and 61.65. .

Vent Location Location of Nearest
Identification In Plant Monitoring Point(s)

FUGITIVE EMISSIONS

14, Investigate and witness the plant's standard operating procedure [61.65(c)]
for fugitive emission sources [61.65(b)(1), (b)(2), (b)(5), (b)(6) and
(b)(7)% and 11st any possible deficiencies.

Pertinent Fugitive Location Possible
Emission Source In Plant Deficiency
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Are plant personne] following the established standard operating procedures?
O Yes [J No
If the response to the above is "NO", list pertinent fugitive emission

source, location in plant and action required where the established standard
operating procedure is not being followed.

Pertinent Fugitive Location Action _]
Emission Source In Plant Required

List equipment, location in plant, identification in the process of any
pump, compressor and agitator which is not equipped as seal-Tess or with

a double mechanical seal or which does not duct emissions through a control
system.

Location Identification Inspector’s

Equipment In Plant In Process Comments

18. Incoming raw material received by:

O pipeline O Truck J Rrail

19. Finished product material shipped by:
O ripeline O Truck O Rail
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REACTORS AND FURNACES

20. Give the number of reactors for each capacity.

EDC: Capacity Number

PVC: Capacity Number

VCM (Hydrochlorination):

Capacity Numbey

21. Give the number of cracking furnaces.

VCM(dehydrochlorination): Capacity Number

CONTROL DEVICES

22. List control devices, location in plant, major entering streams, major
exiting streams, vent location.

Control Location Major Major Vent
Nevice In Plant Entering Streams Exiting Streams Location
72
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STACK _EMISSIONS

23. List plant's performance specifications of stack emission continuous
monitoring instrumentation:

a) Stack identification :

b) Mean value, , calculated from a series of absolute
measurements made by using the equipment specifications and
procedure of reference Test Method 106 (see APPENDIX A);

¢) Number of measurements used to calculate the mean value

d) Accuracy, percent of the mean value;

Calibration error, percent of each calibration
gas mixture value;

Zero drift (2 hr.), percent of calibration span;

Zero drift (24 hr.), percent of calibration span;

Calibration drift (2 hr.), percent of calibration span;

Calibration drift (24 hr.), percent of calibration span:

Response time, (Time required from the insertion
of a known vinyl chloride concentration gas sample into the

stack and the stack instrument indicating a value 95% of the
known vinyl chloride concentration).

1f more than one stack was tested, and if the other test data were
significantly different from the above data, use attach sheets to provide
the information obtained from other stack tests.

Were the stack emission tests made under conditions of maximum production
rate?

0 Yes ] No

If the response is No, give the percent of maximum production rate under
which the stack emission tests were made: percent.

Were all stack samples analyzed within 24 hours? [J Yes [J No

If the response is No, give elapsed time, to the nearest hour, from
taking sample to its being analyzed: hours.
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27. List deviations or substitutes from reference Test Method 106 equipments
materials and procedures which are required in conducting the stack
emission tests.

Equipments/Materials/Procedure Deviation or Substitutes Inspector's
Identification From Test Method 106 Comments

INPROCESS WASTEWATER

28. Identify any inprocess wastewater stream and location in plant which is
mixed with another water stream prior to the reduction of vinyl chloride
concentration to 10 ppm or less.

Inprocess Wastewater Location Identification Inspector's
Stream Identification In Plant of Process Step Comments

REACTOR OPENING LOSS

29. Briefly describe the plant's procedure to determine the emission due to
opening the reactor.
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ON REVIEW OF RECORDS

NESHAPS INSPECTION FOR VINYL CHLORIDE EMISSIONS COMPLIANCE

Review Date

Reviewer's Name

Firm's Name

Firm's Address

EMISSION (STACK)

1. Review of hourly Clyes Olno average from continuous stack emission.

2. Number of stack emissions (continuous emissions for 1 hour or more) which
exceeded 1imits specified in Sections 61.62, 61.63 and 61.64:

Were each of these emissions properly and accurately reported in the
appropriate Semi-annual Report?

O Yes [JNo

If the response to No. 3 is No, Tist date, time, emission point location,
duration, estimated integrated emission, and the cause or causes of
emission. (Attach sheets if more space is required.)

Location
In Plant

Est. Integrated Cause or

Durati A
uration Emission Causes

LEAK DETECTION SYSTEM

5. Review of (check one or more) [Thourly [Oshift Qdaily O weekly
O monthly average from leak detection system.
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Number of times one or more monitoring points indicated emission levels
exceeded the value for the leak definition (See CHECKLIST 5 (d):

List date, time, monitoring point location, duration, estimated integrated
emission and the cause or causes of emission of those leaks in No. 6.
(Attach sheets if more space is required.)

Est. Integrated Cause or Action
Emission Causes Taken

Location

In Plant Duration

ATMOSPHERIC DISCHARGES

Number of emergency discharges to the atmosphere:

Were each of those emergency atmospheric discharges properly and accurately
reported?

0 Yes O No

Were adequate preventative and/or maintenance procedures taken to prevent
and minimize emergency atmospheric discharges?

Oves QONo

If the response to either or both No. 9 and No. 10 is No, list date, time,
emission point location, duration, estimated integrated emission, and the
cause or causes of the improperly and/or inaccurate reporting and the
inadequate preventative and/or maintenance procedures relating to the
emergency atmospheric discharges. (Attach sheets if more space is required.)

Date & |{Llocation
Time in Plant

Est. Integrated | Cause or | Inspector's

Duration e
Emission Causes Comments
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Determine from plant records whether temperature, pressure, flow

rate(s) and/or other process variables and/or if equipment failures

(i.e., reduced flow rate of cooling water, defective temperature

controller, etc.) gave rise to the necessity of the emergency discharge(s)
from PVC reactors. List the date, time, location in plant and the con-
dition(s) which appear to have produced the need for an emergency discharge(s).

Date & Location

Time In Plant Conditions

13. List the dates and time when similar or equivalent conditions existed
as in No. 12 and for which an emergency discharge was not reported.

Date & Location i
Time In Plant Conditions
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14. Review the leak detection records of those monitoring points nearest
the location(s) and down stream in No. 13 on those dates and times
where conditions existed which appear to give rise to the necessity
of emergency discharge. List date, time, Tocation in plant and the
emission levels of the nearest monitoring points.

Date & Location Emis

Time In Plant sion Level of Monitoring Points

15. List the date, time, location in plant from the tabulation in No. 14
where the owner/operator appears not to be in compliance with the
NESHAPS vinyl chloride standard and its amendments.

Date & Location ' t
Time In Plant Inspector's Comments
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REACTOR OPENING LOSS

16. Review analytical records of vinyl chloride concentration in polyvinyl
chioride to determine "reactor opening loss" of reactors (and stripper
where applicable), prepolymerization and post polymerization vessels.
List date, vessel identification, and batch identification where

emissions exceeded standard,

Vessel Batch 1
Date | rgentification | Identification Inspector's Comments

RESIN, SLURRY, WET CAKE AND LATEX SAMPLING

17. Review analytical records of vinyl chloride concentration in polyvinyl
chloride resin, slurry, wet cake and latex to determine the weighed
average residual vinyl chloride concentration in all grades of poly-
vinyl chloride resin processed through the stripping operation on each
calendar day. List date, vessel identification, and batch identifi-
cation where emissions exceeded standard.

Vessel Batch \
Date Identification | Identification Inspector’s Comments
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RECORDKEEPING

18. Review and assess the recordkeeping as required in the standard in
the listing below, and comment on each with respect to completeness,
form and ease of reference.

Record Inspector's Comments

Stack emission monitoring

Leak detection monitoring

Leaks detected by "Leak
Detection Patrol”

Stack emission tests

Reactor opening emissions

Inprocess waste water
emissions

Resin, slurry, wet cake
and latex emissions
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PRE-TEST

EQUIPMENT CHECKLIST FOR STACK EMISSION TEST

(TEST METHOD 106)
NESHAPS INSPECTION FOR VINYL CHLORIDE EMISSIONS COMPLIANCE
Pre-Test Meeting Date

Inspector's Name

Firm's Name

Firm's Address

1. Probe

a) Is probe made of stainless steel, pyrex glass, or teflon tubing?

b) What is temperature of stack?

¢) Does probe have glass wool plug? [J Yes O No
2. Sample 1ine
a) Is sample line made of teflon? O Yes O No
b) Is a new unused piece used for each series of bag samples? [ Yes [J No
3. Quick connects
a) Are 2 male and 2 female connects used? [J Yes [J No
b) Are they made of stainless steel? [ Yes (J No
c) Does the pair for the bag have ball checks? [J Yes [J No
d) Are they assembled as required? ([ Yes [J No
4. Rigid contatner
a) Is container leak proof? [ Yes [J No [ Unknown
b) Does it have a cover to protect contents from sunlight? {3 Yes [J No
5. Sampling bags
a) What material are bags made of?

b) Are bags of 100 liter capacity? [J Yes [J No ([T Unknown
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Needle valve

Will needle valve allow proper adjustment of sample flow? [J Yes [] No
Vacuum pump

a) Is pump of the leak-free type? [J Yes [J No

b) Does pump have a minimum capacity of 2 Titers per minute? [J Yes [J No
Charcoal tube

Does a charcoal tube follow pump to prevent admission of vinyl chloride
to atmosphere? [J Yes [J No

Flow meter

Does the flow meter have a capability of measuring flow range from 0.10
to 1.00 liter per minute? [J Yes (O No

Pitot tube and manometer

a) What type of pitot tube is used?

b) Is pitot tube attached to probe? [{J Yes [ No
c) Will an inclined manometer be used? [J Yes [J No

List substitutes for equipments and materials required in Test Method 106 in
conducting stack emission tests.

Equipment/Materials '
Identification Substitute Inspector's Comments
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12, 1s plant in compliance with Test Method 1067 [J Yes O No

13. If the response is No, Tist action iteins which must be completed prior
to Test date in order to conduct stack emission tests:

Action Item 1:
2:
3

14. Test Date:
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EQUIPMENT CHECKLIST FOR VINYL
CHLORIDE IN INPROCESS WASTEWATER,
RESIN, SLURRY, WET CAKE AND LATEX SAMPLES

(TEST METHOD 107)

NESHAPS INSPECTION FOR VINYL CHLORIDE EMISSIONS COMPLIANCE

Inspection Date
Inspector's Name

Firm's Name

Firm's Address

1. Sample bottles
a) Are the sample bottles of 60 ml (20z) capacity?

O vYes [ No
b) Do the bottles have waxed lined screw on top?
OvYes O No

¢) Do the bottles have electrical tape or equivalent to prevent
laosening of bottle tops?

Oves 0O No
2. Vials
a) Are vials of 50 ml capacity?
OvYes O %

b) Are they equipped with sealed Teflon faced Tuf-Bond discs for
water samples?

Oves [ No

c) Are they equipped with seals and caps, Perkin-Elmer Corporation
No. 105-0118 or equivalent?

O Yes ([ No [ Unknown
3. Analytical balance

a) Is it capable of weighing reproducibility to + 0.001 gram?
Oves O no O Unknown
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b) What is the weighing span in the region of weight that is used
in Test Method 107?

4. Syringe
a) Is its capacity 1b0 ut? [0 Yes [ N [J Unknown
b) Is the model Precision Series "A" No. 010025 or equivalent?
O Yes [J No [ Unknown
5. Vial Sealer
a) Is the Model, Perkin-Elmer No. 105-0106 or equivalent?
O Yes [OJ No [Q Unknown
6. Gas Chromatograph

a) Is the Model, Perkin-Elmer Model F-40 head space analyzer
No. 104-0001 or equivalent?

0 Yes [O No [O Unknown
. b) List substitutes used for the following:

2mx 3.2 mm staintess steel column;

contains 0.4% carbowax on carbopak A (or Carbopak B)
Perkin-Elmer No. 105-0133 or equivalent:

7. Thermometer

a) Range 0 to 100°C, with accuracy + 0.1°C, Perkin-Elmer No. 105-0109
or equivalent.

O Yes [J No
8. Sample Tray Thermostat System
a) Perkin-Elmer No. 105-0103 or equivalent.
OvYes O No

9. Septa

a) Sandwich type, for avtomatic dosing, 13 mm, Perkin-Elmer No. 105-1008
or equivalent,

[JYes [J No
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10. Integrator - Recorder

a) Hewlett-Packard Model 3380A or equivalent. O Yes[J No

11. Filter dryer assembly
a) Perkin-Elmer No. 2230117 or equivalent. [J Yes[J No
12. Soap Film Flowmeter

a) Hewlett-Packard No. 0101-0113 or equivalent.
O Yes O No
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APPENDIX A: MEAN VALUE CALCULATION

The mean value calculated from the reference method (Test Method 106)
test data measurements is used as a norm to assess the stack emission
continuous monitoring instrumentation.

The mean value of the data set is calculated according to the
following expression

n
x=_.. X
"o T

where

x1 = The izh-absolute measurement obtained from reference Test
Method 106,

n

2. = Sum of the n- absolute measurements,
i=1

n = Number of absolute measurements,

X = Mean value.
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APPENDIX B

NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR

POLLUTANTS

Standard For Vinyl Chloride

COLORITE 007381




\ | . - ot - - . . .
. . - e Laod .sﬁg-~n~ S ‘ - 144
- - T RN
- ap
- x i ¥

‘;.munsnAv OCTOBER 21 1976

NATIONAL EMISSION
. STANDARDS FOR
" HAZARDOUS Aqgw_
 POLLUTANTS :-

COLORITE 007382




16560

Ti!a 40=—Protection of Erwironment -

CHAPFTER b= gNVIRONMENTAL..
PROTECTION AGENCY

SUBCHAFTER C-—AIR PROGRAMS- -
[PRL 618-1] :
PART 81-—=NATIONAL EMISSION STAND-
ARDS FOR HAZARDOUS AIR POLLUTANTS
Standard for Vinyl Chioride g T
On December 24, 1973, under section
112 of the Clean Air Act, as amended (43
7.1.C. 1857), the Environmental Protec-
tion Agency (EPA) added vinyl chioride

to the lst of hazardous alr pollutabts. .

{i0 FR 50477) apd propossd o natlonal

emission standard for it (40 FR 59532,

The standard covers plants which manu«
ethylens - - dichioride,

EPA decided to regulats vinyl chiloride
becauss it has been implirated aa the
causal agent of angicsarcoms and other
perious disorders, both carcinoguwnis and
goncarcinogenic, {n people with occupa-
tionsl exposure

vizyl chioride and polyvinyl
plants to the level attainable with besk

avaflable control technology. Thix will -

have the effect of furthering tite Droteo-

tion of publle health by minimizing the

hLealth risks to the people living in the
vicinity of these plants and to any addi-
tional Deople who are exposed as » result
of now cotstructon, ’
Interested partise participated in the

rulemaking by sending comments to EPA.

The comments have been carefully con=
sidered, and where detarmined by the
Administrator to be appropriate, changes
hive been made ta the regulation as pro=
mulguted. '

SUMMARY OF THE SEANDARD

In ethylene dishloride-rinyk chloride
plants, the standard ltmits vinyl chlorids
emissions from the ethylens dichloride
and viny! chloride formation and puri-
fication processes to 10 prea. For the ox-
ychlortmation process, vyl chloride
emissions ars Jimitad to 0.3 g/kg of
e Sl P

In polyviny! 0
ard limits vinyl chioride erpissions from
equinment Dreceding and including the
stripper in the plant process flow to 10
ppm. Emissions from equipment follows
ing the stripper are to be controlled by
stoipping dispersion resins to 2000 ppm
and other resins to 400 ppm. or by using
equi7alent conttuls., Vinyl chioride emis-
siona from reactor opening are to be re=
duced to 0.02 g/kg polyvinyl chloride
product.

In bhoth ethylene dichloride-vinyl
ehicride and polyvinyl chioride plants,
rellat valve discharges and manual vent-
ing of gases are prohibited except under
emergency conditions. Fugitive emissions
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 HEALTE AwD ENVIMOWMENTAL, IMPACTS

- EPA prepared a document entitled the
Quantitative Risk Assessment for Com=
munity Ezposurs to Vinyl Chlorids which
estimates the risk from viuyl chioride
exposure to populations living in the vi=
cinity of vinyl chloride-emitting plants
before and implementation of cons
trols to meet the standard, There are i
doss-responize’ data for the concentra-
tions of vinyl chloride found in the am-

iae . . et _-"
and in animals with ex- - = 45 The potantial sscondary envimn.mm-“.-

the
asround plants bafare instaj-

posure
Iation of eonirulx to meet the standard

-ia 1T parts per billion. The exposure
lavela for

wide range i3 an indication of the oo
certaintiss in extrapolation to low doses. -
Due to the long latency time ohserved i
cancer cases resuiting from vinyl chioride

-xposure, incresases initinted by exposure

this year will not be diagnosed until the-
1900°s or later. Vinyl chloride i3 also ea~-
timated to produce an equal number of
cancers at other sitea, for s total

between less than one and
tweniy casen of calicer Dor year of &x-.
posure among reaidents around plants. -
The number of these effects is expected
to ba reduced at least in proportiqn to the
reduction in the ambient annual averags
iyl chloride concentration, which s
expected to be 5 percent of the uncot-
trolled levels after the standard is i~

Changms in the standard since pro-
posal do not affect the level of control
required. Thus, the environmenta] im-
pact of the promulgated standard {x,
with onx exception, the same as that
deecribed in Chapter 6 of Volume Y of
the Standard Support gnd Environmens
tual Impact Statenent. According to data.
submitted by tha Bociety of Plastics In-

dustry, Inc: (SPD, the impact on water -

consumption in the draft environmental
impact statement was overstated. In es=
timating the tmpact on water consump-
tion, EPA based ft3 estimates on worsk
case conditiona, That is, EPA assumed
that thoss control systems with the

not be used geners iu
by the industry and economic fac-.

I md:;}.ﬂ&- emnlssion, -

Ot A i A X

resdy emitted by proceas equipment at -7

wilrylene dichloride~vinyl chioride plants .

aned by other petrochemical plants in the -

hydrogen chloride emissions.

chloride emissions. resulting

frumy esntzol of vinyl chioride emissions

are @xpected to be controlled for the
S TeRIOL

clexk seribber (98 percent conirol) were

used to conitrol the hydrogen chloride

If even 8 moderately eft- -

emissions resulting from incineration of ‘_:

siryt ehiorids emissions, the increase in
hydrogen chloride emissions from a typ-
ical sthrylens dichloride-vinyl chlorids
plant dus to the standard would be re-
duced to 38 percent, However, EPA plans
to further evaluats the need to control
hydrogen chioride amissions, since dif-
fiton: model regults indicata that undar
“worst-casa” meteorvlogical conditions,
the hydrogen chloride emissions from
the (rocess squidment and the incinera-

" tor combined would causs maximusm am-

blent concentrations of hydrogen chlo-
ride i the vicinity of ethylena dichlo-
tide-viny} chioride plants to be in the
same ranges or somewhat higher than

‘existing foreign standards and National

Academy of Sciences (NA3) guidelin
{or public exposure. . .
Economic Iapacet
™n accordance with Executive Order

1182k and OMB circular A-107, EPA
carefully evaluated the economic and -

infationary itmpact of the proposed °

standard and alternative control levels
and certified this in the preamble to the
proposed standaxd, These impacts are
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. .. 77 . RULES AND-REGULATIONS .

. discussed tn Chapter T of Valumae T of . Act, & public hesring was hald on the

ths Standaerd Support and Bnvironmen- proposed standard on February 3, 1978,
tal Impact Statsment, Comments on the in Washington, D.C. Presentations wers
proposed standard have resultad in only made by the Environmenta] Defense
one major changa in the economic im- ' Pund, the Soclety of the Plastics Indus=
pact analysis. EPA estimated that thers {ry, Inc., Dow Chamical Company. Dia-
would be four plant.closures as & result mond Shamrock Corporation, and Afr
of the protnulgated standard, Of the four Products and Chamicals, Ine, Copies of
plants identitled as possihle closure can- the comimuent letters recsived, the public
diates, one has given notice thet {t no hearing record. snd a summary of the

. 46561

the possible exposurs patternms, thase
cases cannot be ignored in the evaluation
of the potential public health problems,
With regard to the allsged overstated
emission ' levels, the uncontrolled emis.
sion levels reported by EPA were based
on 1974 data. This qualification .was
stated wherever emission dats were pre-

sented. EPA recognizes that emissions

have been reduced since that time, and

C amaa v mgree———

longer produces polyvinyl chloride and comments with EPA'R responses are
the other three have indicstsd thai they available for publis Inspection and copy-
do not intand to closs az a resulk of the ing at the EPA Public Information Raf- gsther more recept. data on emisaion
- standard, - - - N ‘ arence Unit, Roam 2923 (EPA Librury); Ievels, because thess emission lavels are
. Ths economlie impacts of the pramul- 401 M 8W. Washington, D.C. In. expectad to changs, and gathertng the
‘ gated standard may be sunmarized as addition. copies of ths comment sum-. data would take considerabls titme botlr . -
i follows: The total capital cost for axiyt~- mary and Agency responses may be ob- on the part of EPA and on the part of
-~ Ing plants to meet tha standard i3 estl- tainad. upon writtan . request from the . mm.smcemopmomotthem-_ .
matad to be $158 milllon, of which. $15 Public Information Center . (PM-~315), . Ard is to minimize emisyionsy, thess mors -
- millians is for ethylene dichloride-vinyl Environmental Protection. Agency, 40L°, current data would not affect the stand- - - §;
‘ “chiorids plants and $183 million iz fof M Street, SW., Washington, D.C. 20460 ard itself. The 1974 emission levels werwr . -~ f
polyvinyl chloride plants. EPA estimates . (specify d. Support and Znoiron- . Also used in diffusion modeling to project -
that thess. plants will have to spend $70°. mental I t Emisyion - maximom smblent alr concentrations . =~ -
- emiad%:c Ic{r::.u;u lddlﬂm?' the total, Jor Vinal -7 In-;m'ikmonmg:ddg Ee;:omb{; —
. -t . e e i coteen na wo
capital cost for existing plants to meet." STRITANT COMTNTS Urh- CEANGES 20 by jower if 1976 emission levels wero used,
the EPA's 1583 waler sftusnt guideline - -« - e vae e e T L This would redtice the relattve impact -
i3 expectad to be $53 million.- * (1) Decidon to Hst vinyl'chlorids as & of the standard below that described i1 - --
and the total annualized operstion ¢ost ' Aazcrdous afr pollufant. In genaral, the the Standard Support and Environmen- .

stated this in the presmble to ths pro-
poted standard, EPA decided not to

i

5
5
E
E
;
E
F
!
:
:
:
a
;
E
§
%
é

regulations is $37 - chlorids from tha list of hazsrdous air
millon and the annusiized cost Is $33 palutants only if Information weare pre-
million, . . . .-, % semted to EPA that.ahows that vinyl
Tha standard ia not expectsd to deter. chlorids is clsarly noé & hasardous
dichloride~ . pollutant. As discussed

aredeveioped. o
In the preamble to the proposed stand.
ard EPA specified its reasons for not set-
. Ung & rero emission limit for vinyl
chloride, as follows: (1) There arw bene-
ficial uses of vinyl chlorids products for
which deairable subatifutes are not resd-
fly available; (2) there are potentially
adverse health and enviromzmental im-
pects from substitutes which have not

the commanters

chioride plants conclusive avidencs thal vinyl
type of polyvinyl chloride piant (dixper-. chierids is not a hazardoas air pollutant.
sion process) that renresents 17 parcent which csuses or contributes to desth ar
of ths industry production, the standard  sericus illness, nor did thay coriclusively
would significantly, deter the construne - prove. that the heslth risk. factors em-
tion of smaller plants. . .- ;" phaxised by EPA ware insignificant,

It iy estimated that the price of paly-. . Saversl other commenters sgread
vinyl chloride resiny will Tise by approxi- KPA's deeision to liss vinyl chloride ae a Dumber of
mately 7.3 percent in order to maintain hasardous air pollutant, but argusd thas ;
precontrol profitability and also to re— EPA had overstated the heslth problem, come at least temporsrily unemployed: 'l
cover the total annualized control costs tha emission levels, and the projected —and (4) control techuology is availavle |
Recessitated by the standard at ethylms ambint air concentrations around un- Which i3 capable of substantially reduc-
dichloride-viny! chlorids plants and poly- - controlled plants. With regard to the al- int emtszions of vinyl chloride into the
vinyl chloride plants. This increase 18 leged oversiated health problerms, the atmosphers,
estimated to transiats ints & maximom . commanters stated, {or exampis, that the EPA agrees that subatitutes do exist or
consumer price increage i goods fabri- .8, worker EPA discussed ss baving could be msnnfactiured for most poly~ i
cated from polyviiyl eiloriite resins of been exposedtvinyl chloride levels low- vinyl chloride uses. However, in- general, ;

- approximately 3.5 perosnt. Recovery of er than those ususlly emcountered in - thate substitutes do not have some of the h
efuent annualized costs plus mainte= polyvinyl chloride productiod has been more desirable chsractaristics of poly- |
nance of Drecontrol profitabfity is estl« dropped from the National Institute of vinyl chloride, such as nonflammability, i
mated to add approximatsly 2 pereant to  Occupational Safsty and Health's listing If vinyl chloride and polyvinyl chloride L X
polyvinyl chloride resin prices and result of workers with anglosarcoma. EFA  were banned, other substitutes with
in an additional maximum consumer agrees that there are quastions concern~ thess more desirable characteristics k

|
{
f

e

mery b

price {ncremss of 1 percent, ing the level of exposurs and in some would likely be developed There is a risc J

Pustic Parrrcor cases the pathology of these cases not ithat these substitutes would also have !

N ATION {nvolved directly in polyvinyl chloride advarse health or environmental effects,

During the public comment period, 50 and vinyl-chlaride production, Thess un~ Sioce control messures are avallable

comment letters on the proposed stand- certainties are stated int the appropriats * which can reduce vinyl chloride emig-

ard were received. There were 24 from footnotes of the Scientific and Technical sions by 90 percent or tore, !t does not t

industry: 3 {rom environmental gToups; Assessment Report on Vinvl Chioride gnd  seem Drudent to reduce emissions by the ;

15 from Federal, State, and local agen~ Polyrinyl Chlorids (STAR) where the remaining percentage and take the risk i

cies; and B from individual citizans. As. angiosarcoma cases are listed Howsver, of introducing new untested chemicals
required by section 112(h) (1) (B) of the in spits of these uncertainties, in view of into the environment.

!
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Another approach suggested hy the
enters was to bass the standard for
sh mdividual emisdon polnt on cost
rsus beneflt, Several of the fugitive
~ilssion sources were named specifically
as ones {or which the cosis of control
f-re substantiglly higher than the bene-
3, Although EPA did determine & cost-
i nefit ratio for the controls required
1or & number of emission Dpoints, EPA
does not baliave such s ratio is an appro-
Iate basis on which to sat a standard
¢ ¢tion 111 of the Clzan Alr Act provides
! r the development of standards besed-
vo best control technology (considering
cosis). Even under section 111, however,
{ wndards are not based on s fine bal..
] cing of costs versus benefita. Instead,
. 3ts are conaidered in terms of the af-.
fordability of thae control techoology re--
red to achigve & given emiszsion level
d the economic impact of possibile.
wndards on the Industty M. ques-,

woll. Unlike section 111, section 1132 does -

not exnlicitly provids for conalderstion.

costs, 50 1t would clearly-be lnappros
I late to consider costa to & greater ex-.
{ 1t under section -l11.than- would be-
cone under ssction 111, As discussed in .
the preambls to the propossd standard
-r vinyl chloride, EPA balisves costs
" ay be considered under ssction 1132, but

lz7 to s very limitad extent; le..to

assure that the cosis of control WCBAGl \e) Emisrion Hmits.-The only majer
Detwesn

ogy are not grossly daproportionats to.

_nission potnts, the costs of controlling -
the fugittve emiagion sources mentionsd .
vy the commantars are relattvely small
opared with the amount of emission

v,

RULES AND-REGULATIONS

capacity of no more than 0.19 m* (50
gal) . Reactors in this size range can gen~
erally be Iound in s labaratory, whereas
the Iarger resctors are typicmlly pilot
scala facilities, Emissions from laboratory
scals equipment are relativaly small, and
application of the controls required by
the standard would be expenaive and tm=
practical. EPA Al decided to exempt ree
search and develobment facilities con-
taining reactors.greatar than 0.19 m* (50
gal) and no more than 407 m* (1100 gaD
in capacity from al) parts of the staundard
except the 10 ppm Umit for reactors,
strippers, monomer recovery syatems, and

mixing, weighing and holding containera. -

EPA decided not to require these facili-
ten to mest other parta of the standard
becsuse of the tachnical problems M-

wolved im- doing-so. " Por example, the -

standard for reactor opening is based in
part on reducing the frequency of open~
ing the reactor,” Research and develop-
ment resctors have to-be opsned after
every batch for thorough cleaning. Also,
atripping technology -indeveloped indi-

vidually for esch resin in research and’

development equipment-Therefore, at-
tainment of the stripping limitations in

the research and development equipment

would not always be poasible. The 4.07
m’ (1100 gal) fAigure was selected as an
upper cut-off point bacause there are no
reactors smaller than this, - -

mmm.‘mm

venting will be permijtted as & last yesort -7
before the relief valve opens. The sama
notifieation procedures are required for e
manual venting to the atmosphere as are =3 o3
required for relief diacharges, ; o
Thers are several changes in the nu-
merical emission lUmits in the promul-
gatad standard, Except for the standard ~
for reactar opening loss, these changes
simply tsvolve conversion to the Interna-
tional System of Units (SI). There was -
an errar involved in the original calcula~ .
tion used td derive the atandard for reac~ -
tor opening, Correcting this error dou. '
bles the allowsbls emissions. It is em.
phasized that-the change in this stand- -
ard i a correction, and not s change i ~
the intent for the degree of control re-- -
St g .v__‘--.-:'t'x1w‘ i —
The proposed “standard Fequired tha
Installation of & rupture disc beneath -
each relief valve to prevent Jeakage from '
the relief valve.-'A provision-has been ~
added to the promulgated: standard-so
that a rupture disc is not” required ff -

operating ‘procedure, -

Several commenters pointed out that the -~
use of the word “no* would make this . .-
regulation tmprasctical to enfores, There- -~ .
fore, the promulgatad standard specifies - -

venting-of . vinyl chlorids from resctals - {hg Gperating procedurs which EPA orig- -..:“"‘

to the atmosphere.-The propossd stand-
ard prohibited all manual venting to the

startup and shutdown st ethylens di-
" 1loridevinyl chioride plants. We do not chloride- which has to.bs removad to
slieve plants should be allowed to emis ~briug the reactar under control, Manual
venting can be dops A% & lower pressure

and development

where the emissions of vinyl chloride are the control of an operator and can be

wsignificaitt and covering these facilities closed. A rellef valve may becoma clogged
:der mmm would be unn with resin and not close, The result
and Inappropriate. However, EPA did not would be loas of all the reactor contents,
have suficient Information available to - ‘Thecontants of s reactor can be man-

. “learly define which facilitles should be -ually vented to a gasholder or other hold-

xcluded from the standard, and
ncouraged interestsed parties to submit
such infsrmation during the comment
period. Based on the information sub-
altted, EPA decided to exempt poly-
inyl chloride reactors and associated
equipment Irom applicability of all parts
of the standard if the reactors are used
a research and development and have a
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ing veassl, However, In some cases, such

as during severe weather conditions, sev-__spectrophotometry, flama lon detection,

eral reactors may be out of control at
one tima Thers. would be insufictent
holding capacity under these conditions
to manually vent the contents of all the
Teactors to s gasholder. Therefore, whan
all other measures to prevent relief valve
discharges have heen exhausted, manual

92

inaily mtended to be used to conirol i
this source. This revision is oniy s changs ©
in wording and does not represent a4 - - -
change in the level of the standard, -~
.The reguiation for taking samples has -
also been revised to apply only to sam-

" ples containing at least 10 percent by -
weight vinyl chloride. This is censistent
with the other parts of the standard
which apply t0 squipment “in vinyl
chiloride service.” “In vinyl chioride serv- .
jea” . distinguishes between sifuations
where vinyl chloride is clearly involved

.and situations where vinyl chloride is a
minar component or contaminant, and
a3 defined In promulgated §61.61(1) .
means thai n plece of equipment con- ™ B
taing or contacts-either a liquid that &s . -
at least 10 percent by weight vinyl chlo~
ride or & gas that is at least 10 pervent . - .-
by volume vinyl chloride: L

Tha propoeed standard requiredavinyl —~ .
chloride monitoring system for continu~ = -
ously mensuring vinyl chloride levely both .
within the plant (for leak detection) and TLL N
within stacics, The proposed standard Hd - - ..
not outline required specifications for the | 2
monitoring system, except that it waas to
analyzs the samples with gas chromatog-
raphy, or if all hydrocarbons were as-
sumed to be vinyl chiloride, with infrared

or equivalent It required that each plant
submit a dewcription of {tz monitoring
system to EPA, so that EPA could deter-
mine whether it was acceptable or not.
Comments wers received indicating a-
need for EPA t0 specify some criteria for
Judging the acceptabflity of monitoring
eystems. The accwacy of ths monitor-

COLORITE 007385



ing systam would be related to the fre-
‘guency of calibration. Therefore, EPA
has included In the promulgated stand-
ard requiraments for the {requancy of
calibration and procedures to be carried
out in the calibration of the monitoring

instruments. ) )

Tha portabls hydrocarbon detsctor re-
quired by tha proposed standard was re-
quired to have a sensitivity of 5 ppm.

Commentix ware received {ndicating that

* wastowater streams.

‘D trested (Le, those

than 10 ppm vinyl chloride) ¢can be com- -
treatad, Eowever,

[RULES AND: REGULATIONS
(® B AD, and SL70(e i 30 that

messurement of the-vinyl chioride lavals
in the resins is to be made immediately

after siripping is completed rather than-

mads the sama 3 for othar rexins and
others requested that they be made less
stringent, EPA decided not to maka the
standard for stripping dispersion resins
the samse as for other resins becauss there
13 sufficient evidence to indicats that
thess resins are more difficult to sirip
than other resins. With regard to mak-
_ing the stripping lavels for dispersion
resins less stringent, only one of the eight
manufacturers of disperaion reainsy spe-
cifically commentad that the dispersion
reain standard abould be mads less
stringent. Only two of several grades of
dlspersion resins made by this company
cannot meet the 1,000 ppm Umit, The

sveraging among
A8) Tasting, 't

containing. greater

e

. - Onme commaenter requested that the

valency
lgation date if the alternative control  f0re

method is intended as the initial mesns

valancy be
quest for waiver of conpliance poryusnt

I.I?n)ecﬂon 112(0) (1) (Y (1) of the Ast.
o

requast for s walver for compliance

tion for opening of equipman
ment that has met the opsning o
equipment regulation can contain
than 10 ppm vinyl chloride and would be
in violation of the standard ( this
statsment were not included.

The requirements for stripping poly-
vinyl chloride resins to specified lavels

. PUmpS. COMPressors,
moved becansg the

s0aed to meet the

kasping. Thers ware. saveral relatively
wasts= minnr changes

in the testing, reporting.

and recordkeeping Tequirements A pro-

: en contant and moisture contant be
specified for the 10 ppm concentration

17 standards. 'The proposed standard speci-

saveral flad that the vinyl chioride concentration

single ssals currently
used on this equipmsent have amall emis-

~ aging time for the 10 ppm Limit iy at least

thres hours. Increasing the averaging
tims t0 30 days for any of the emission
limits would permit higher peak emis.
aion levels, EPA has determined that this
is neither desirabls nOoT DeCesMIY.
Some commentery requested that the

is to be corrected to 10 parcent oxygen
(wet basis) if combustion i3 used as the

(U
. A providon hay been added to the
promulgated standard which states that
i a reactor s also used ag A stripper, the
. Teactor opsning emissions may be deter-
minad immadiately following the strip-
ping operation. If a reactor is also used

requirtng continupus moni-
g of stack emissions has been added
to the promulgated standard. The con-
tinuous monitoring of stack emissions
was fequired In the proposed standard,
The addition of & speciflc paragraph for
emission monitaring setves only o
clarity the requirement. - .
The standard has been revisad so that
the initial report requires a “description”
rather than a *“detailed deseription” of
the equipment used to control fugitive
emissions, Several commenters pointad
out that a detailed description would
contain proprietary information, EPA

have been revised in §§ 61.64(e), 61.87 stripping levels for dispersion tesing be agrees that a detalled description in the
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tnitial report iz umnnecessary, I! addi-
tional information iz needed, EPA can
50tain 1t under section 114 of the Act and
the plant can request canfidential treat-
ment o accordance with 40 CPR Part 2
for Mnformation it bellsves to be
proprietary. -

The proposed standard required that
a semiannual Teport be submitted every
130 days. The promulgated standard
specifies dates for the submittal of the

semiannual repott does Dot have
submitted until at least six months 4

rtnats the requirenent to record

of any leak detected by the viny]
ride detactor, the action taken

- ~RULES D- REGULATIONS
- It :

- Int pection 6.4 of Test Method 108 the

requirement for an sutomatic integratar

haa been repiaced with & requirement for

& disc integrator or planimetar for meas-

uring pesk. ares. This change is i re=

sponse Lo & comment which states that

utomatic integrators are unnecessarily

borate and expenstve,

section 6.5 has heen added to

108 which requires deter

.of the water vapor content of

pling bag by messuring thwxin-

persture and pressure near the

vinyl chlaride concentration of

Srovision 10F Sy the ry

on for the rigid

container for leaks has béen scded to
saction 74 of Test Method 106, -

.- . Tha only change iri Test Method 107 1a

provision n Section 5.3.2 for use of

and/or 3
(3) One or more palymers comaining

(2) Vinyl chloride-by any process, .

ﬁfmﬂcnormbmgﬂudmlchh- :
e - . .7

(b) This-subpart does not apply to
equipment tsed in research and develop=

ment If the reactor used o polymerize ~ 23}

the vinyl chiloride processed in the equip-
ment has a capacity of no more than
0.19m* (50 . - e

(c) Sections of this sybpart other than
§ 61.84(n) (1), (D), (e), ADd (d) do not -
Apply to equibment used in research and
development if the reactor used to po-
lymerizs the vinyl chlorida processed in

the equibtmert haa a capacity of greater

_— ek L e

AT O RD. ,  — cs o
§61.61 Difinitions. 5. xomm Ss 2os

- than 0.19 m* (50 gal) and no more than - <3

C as-well 33 Carbopak A. " . Terms fised in this subpart are defined ~ .
AvTEORTIT: Seotion 113 of the Clesn Alr in the Act, it subpart A of this part, or ;
A4 mdded by o 4(s) of Pub. L. 91-804, in this section as followa: .o = ==:. .- _ . ;
dean Se Aston tioy Secina 114 . (a) - “Ethylene dichloride- plant™ in. . - <

8¢ Btax. cludes any plant which produces ethyle -« -4
ane dichloride by reaction of oxygen and
hydrogen chloride with ethylene. - - =~ -

- (b) - “Vinyl chloride plant* inchudes
any plant which produces vinyl chloride J
-Dyafiy procesa. -~~~ L rralr ..
A8 ‘Pc:lyrll:n:l.chlorlldonhnt" includes -
STt PPty - -, Dy plant where vinyl chloride alone or
T e ey T e AR St E S .;’ 8 combination with other materials is -
mail EPA has not adopted efther of thess ' G R : e : s s o
resommendations. A source is supposed _ Fart 61 of Chapler 1, Title 40 of the- . (4) “Slip gsuge” means a gauge which .
to be I compliance with the standard Code-of Federal Regulations is amended 1S 8 probe that movea through the gay/
within 90 days of the promulgation of A% follows: The table of sections for Part Lquid interface in & storage or transfer -
for new Suobpart- P and Part o1 is chloride in the vessel by the physical - 7
30 amanded by adding-s new Subpari P state of the material the gauge dis- ‘

ollows: -3- e LT
. TeAding as X .o . (a) "Type of resin” means the broad -
' classtfication of resin referring to the .
+= * _basic manufagturing proceas for produc-
- w277 " ing that resin, Meluding, but not limited
P the suspension; dispersion, latex, bulk,

5

g3qRAL

casiat s IR Rl Sl T

e
siandand for ethylens
plantm-

Py division of resin classification which de-
. mn . e
acataldshyds msy 0164 Emimion standard fov scribes it as a unique resin, Le., the most
tnterfere with the viny} chloride Deak. T exact description of & resin with no fur-
o188 - . .
When a mample i3 expectad to centain U :
acetaldehyde, & secondary columnn as des - - ta,
scribed in section 4.3.2 must be employed. 6148 Bquivalens equipment and procedures,
AMass -or another sheohrie 61.67 Emason tests. | )
technique is required to conw 6168
firm the vizyl chloride pp;k ob‘}unod :i‘-‘}',,
with the gas chromatograph, only if peak o -0 . ‘
resolution with the secondary column is on ""“"""“"-1-'“ . e
P et u:'u.nmnndwwhu Ach o sded By e, A(8) o Pub. 1, 91008, | ’ : :
ean be mg:,,g,,;,d for Tedlar bags. EPA, 38 Stat. 1688 (43 US.0. 13870~7); seatiom 114 () “Bulk resin’ 'means a resin which
Sow s data. 10 allow this robestation, % 24 Ges0 4 4ot 54ed b7 s 1(3) 18 Droduced by 4 polmnerization process
provided that the samples are lnlb'!ld by Pub. L. 93-319, 460, 6(a) (li. 88 Stat. 380 __ (§) “Inprocess wastewater” means any
within 24 hours of collectiom. - (42 UA.Q. 18570-9); section 301(a) of te ymisr which, during manufacturing or
In section 5.1.3 of Test Method 108 (lean Alr Acs, as amended by mec. 15(c)(2) processing, comes into direct contact -
the rerglrx;!lx;cu:dmt to use -oxy:::: d?:"lr h:: :rug;l(l“?. 91-604, B4 ‘am. 1713 (42 UB0.- o m{.‘ god&. ;mml chloﬂd?
been with “‘oxygen ' ° - or resul m the on or use o
required by the detector.” Several com-  Subpart F-—National Emission Standard  any raw matardal, intermediate product,
mentors stated that most gas hromatos for Vinyl Chloride finished product, by-product, or waste
g §6160_Aspliablly. produst containing Yl chionds o

polyviny] but which has not
in this way, they are capable of detect- () This subpart applies to plants pionde bt

heen discharged to a wastewater treat-
ing 0.5 ppm vinyl chloride in alr. This IS which produce: ment proeess or discharged untreated as
sensittve encugh for monmitoring the 10

(1) Ethylens dichloride by reaction of wastewater,
ppm emission limits stipulated in the oxygen and hydrogen chloride with (k) “Wastewater treatment process™
standard. . sthylene, . includes any process which modlﬂga

manufactured in such away as to form
figid dispernions when dispersed in a
ammﬁciar_ or __p],asf-ldzar/dﬂuent. mix-

(b) “Latex resin” means a resin which
i3 produced by a polymerization process
which initiatas from free radical catalyst
zites and is sold undried.

et s il i

. '
’
-

Rl
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characteristics such a3 BOD, COD, 7S3,
and pH, usually for the purpose of meset-
icg efuent guidelines and standards; it
does not include any procass the purpose
of which (s to remove vinyl chloride from
water to meet requiramenta of this
suopa:t

(1) “In vinyl chloride servics” means
that a piece of equipment contains or
contacts either a Nquid that is at least
10 percent by weight vinyl chloride or a
gas that is at least 10 percant by volume
vinyl chloride,

(m) “Standard operating nroceduro
means a formal writien procedure offi-
cially adopted by the plant owner or
operator and available on & routine basia
to those persons responsible Im' curytn.
out the procedurs.. . ..

(n) “Run” means the mc period o!
time during wmch an em.tai.on sunpln is
collected. St

() “Ethylme d.lc.marlde puriﬂmtian"
includes any part of the process of ethyl-
esre dichloride production which follows
ethylene dichloride formation and In
which finished ethy!enn d!l:hlorlds s

produced. ’ T

(p) *Vinyl chloride purification™ in-
cludes any part of the process of vinyl
chloride production which follows vinyl

chloride formation and in which finished .

vinyl chloride is produced. .

(q'\ “Reactor” includes any vessel in
which viny! chloride is partially or totally
polymerized into polyvinyl chloride. -

(r) “Reactor opening loss” means the
emissions of vinyl chloride occurring
when a resctor is vented to the atmos~
pilere for any purpose other than an
emergency relief discharge as defined i.n
3 61.65(a). ™~

(s) “Stripper" includes any vessel m
which residual vinyl chloride is removed
from polyvinyl chloride resin, except
bulx resin, in the slurry form by ths use
ot heat and/or vacuum. In the case of
bulk resin, stripper includes any vessel
which is used to remove residual vinyl
chloride from polyvinyl chloride resin
immediately following the polymeriza-
tion step in the plant process flow.

% 61.62 Emission standurd for ethylene
divhloride plants.

An owner or operator of ax ethyleno
dichloride plant shall comply with the
requirements of this sectian and § 81.48.

«a) Ethylene dichloride purification:
The concentration of vinyk chioride in
all axhaust gases discharged to the at-
mosphere from any equipment used in
sthylene dichloride purtfiestion s not
to excesd 10 Ppm, except as provided in
% 61.65(a). This requirement dows Dot
apply to equipment that has been
opened. is out of operation, and met the
requirement in § 61.65(h) before being
opened.

(h) Oxychlorination reactor: Except
as provided in § 61.85(a), emissions of
viny! chloride to the atmosphere from
each oxychlorination reactor are not to
exceed 0.2 g/kg the 100 percent ethylane
Gichloride product from the oxychlori-
ration process. :

RULES AND REGULATIONS

§ 61.63  Enission .
chloride plants,

An owner or operator of a vinyl chio-
ride plant shall comply with the require-
ments of this section and § 61.85,

(a) Vinyl chloride formation and purl-
fication: The concentration of vinyl
chloride in all exhaust gases discharged
to the atmosphere from any equipment
used in vinyl chloride formation and/or
purification is not to exceed 10 ppm, ex-
cept as provided in § 61.63(a). This re=
quirement does not apply to equipment
that has beens opened, 1y cut of operation,
and met the requirement in j 61.65(b)
(8) (1) before being opened, -

§ 61.64 Emiwion sandard for’ polwinyl
chloride plants.. ", 0. .0 ..

An owner or operator-of & polyvmyl
chloride plant shall comply with the re-

standard for vinyl

- quirements of this section and § 61.65.

-.(a) Reactor: The {ollowing require-
ments apply Lo resctors: L+sil o
- (1x The concentration of vinyl chio~
ride in all axhaust gases discharged to
the atmosphere from each reactor is not
to excesd 10 ppmn; except as provided in
paragraph (a) (2k: o.t um ucuon lnd
§ 51.65(a). [

(2) The reactor openl.ns lou fmm mh
resctor is nok to exceed 0.02 g vinyl
chloride/Kg (0.00002 1b vinyl chloride/
1by of polyvinyl chloride product. with
the product determined on a.dry solids
basis. This requirement applies to any
vessel' which is used as a reactor or as
both .2 resctor angd s stripper. In the
Jbulk process, the product means the
gross product of prepolymcrlzauon and

.

" postpolymerization. - .

., (3) Manual vent valve duchn'ge' Ex=
cept for an emergency manusl vent valve

, there is to he no dischargs to
the stmoaphere from any manual vent
valve on a polyvinyt chioride reactor in

.vinyl chioride service. An emergency

mangal vent valve discharge means a
discharge to the atmosphere which could
not have been avoided by taking mess-
ures to prevent the discharge. Within 10
days ol-any discharge to the atmosphere
from any manual vent valve, the owner
or operator of the source {rom which the
discharge occurs shall submit to the Ad-
ministrator a fsport in writing contain-
ing information on the source, hature
and cause of the discharge, the date and
tims of the discharge, the approximate
total vinyl chloride loss during the dis.
charge, the method used for determining

“the vinyl chloride loss, the action that

was taken to prevent the dischiarge, and
measures adopted to prevent future dis-
charges.

(h) Stripper: The concentration of
vinyl chloride in all exhaust gases dis-
charged to the atmosphers from each
stripper is not to exceed 10 Ppm, except
as pravided in ¢ 61.85(a). This require-
ment does not apply to equipment that
has been opened, is out of operation, and
met the requirement in § 81 85(h) (6 1)
before being opened. -

(¢) Mixing, weighing, and holding
containers: The concentration of vinyl
chloride in all exhaust gases discharged
to the atmosphers from esch mixing,
weighing, or holding container in vinyl
chloride service which precedes the

LLLULY

stripper (or the reactor if the plant has
no stripper) in the plant process flow is
not to exceed 10 ppm, except as provided
in } 61.65(a). This requirement does not
apply to equipment that has been
opened, is out of operation, and met the
requirement in § 61.65(h) <s)m
being opened,

- (d) Monomer recovery system. The
concentration of vinyl chioride wn all ex-
haust gases discharged to the atmos-
phere from each monomer recovary sys-
tem is not to exceed 10 ppm, except as
provided In § 61.65(a). This requirement
does not apply to equipment that has
been opened, 1s out of operation, and met
the requirement in § 81.85(b) (8) 1) be-
fore heing opened.

(e) Sources following the stripper(s):
The following requirements
emissions of vinyl chloride to the at-
mosphere from the combination of-all
sources following the stripper(s) {or the
reactor(s) if the plant has no strip-
per(s)] In tha plant process flow in-
cluding but not Umited to, centrifuges,
concentratory, blend tanks, fiters, dry-
ers, conveyor air discharges, baggers,

storage containers, and inprocess waste="

water: [ -
(1) In polyvinyl chloride plants using
stripping technology to control vinyl
chloride emissiona, the weighted average
reaidual vinyl chloride concentration in
all grades of polyvinyl chloride resin
processed through the siripping opera-
tion on each calendar day, measured

immediataly after t.hc stripping opera-

tion is completed, miy not exceed: .

(9 2000 ppm for polyvinyl chloride
dispersion resins, exciuding latex resins;.
+ (i) 400 ppm for all other polyvinyl
chloride resins, including latex resins,
:nvemed sepantabr tor ea.ch type of Tes-~

(2) In polyvlnyl cmor!de plant.a con-
trolling vinyl chloride emissions with
technology other than stripping of in
addition to stripping. emissions of vinyl
chloride to the a:moaphcre may not

exceed:

)2 gskg (0.002 lb/lb) product from
the stripper(a) (or reactor(s) if the
plant has no stripper(s)} for dispersion
polyvinyl chloride resins, excluding latex
resins, with the product determined on a
dry solids basis; -

) 0.4 g/kg (0. OOO-I Ib/1by product .

from the strippers {or resctor(s) if the
plant has no stripper(s)] for all other
polyvinyl chloride resins, including latex
resing, with the product determined on
a dry solids baais,

§ 61.65 Eminsion standard for vlln‘h ne
dichloride, vinsl chloride and poh-
vinyl chloride plunia.

An owner or operator of an ethylene
dichloride, vinyl chloride, and/or poly-
vinyl chloride plant shall comply with
the requiremsnts of this section.

(8) Relief valve discharge: Except for
an emergency relief discharge, thers 1s
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 which
could not have been avoided by taking
measures to prevent the discharge. With-
in 10 days of any relief valve discharge,
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the ownrer or operator of the source {rom
whith the relis{ valve discharge occurs
shall submit to the Adminisixator a re=
port in writing contaiving information
on the source, nature and causes of the
discharge, the date and time of tha dig-
charge, the approsimate total vinyl chlo-
ride loss during the discharge, the methe
od used for determining the vinyl chlo-
ride loas, the action that was taken to
prevent the discharge, and measurss
adoptad to prevent future discharges,

(b) Pugitive emission sources:

(1) Loading and unloading lines: Vinyl
thloride emissions from loading and un-
Ieediuunu which are opened to the
atmosphers after each loading or w-
loading operation are to bo nunlmhed
as follows:

(1) After each loading or unlouunl

._operation and befors opening a loading

oT unleading lins to the atmosphere, the
juantity of vinyl chloride iz all parts of

" each loading or unlosding line that are

to he opened to the atmosphers is to be

~veduced so that the parts combined con-

tain no greater than 0.0038 m* (0.13 £t9
of vinyl chioride, at standard tempen—
ture and pressure; and

1) Any vinyl cb.loﬂdo removed from

- -2 loading or unioading line in accord-

ance with paragraph (D) €1)({) of this
;ection is to be ducted through a control
systemn from which the voncentration of
v!nylchloridcinthocxhaust gases does
‘nos excesd 10 ppm, or equivalent as pro-
vided in § 61.66.

(2) Slip gauges: During loading or un-
loading operations, the vinyl chloride

r_,emi.vm:m from each slip gauge in-vinyl
| chioride sarvice sre to be minimized by

ducting any vinyl chloride discharged
from the slip gauge through a control
systetn from which the concentration of

~-vinyl chioride in tha exhaust gases does

rot excesd 10 ppum, or equivalent as pro-
vided in § 61.68. .

(3) Leakage from pump. COmpressor,
and agitator seals:

(1) Fotating p\mnr Vinyl chloride
emissions from seals on all rotating
pumps in viny! chioride service are to be
minimized by installing sealless pumps,
pumps with double machlnical

” equivalent . as provided in

double mechanical seals are
chloride emission from the
be minimized by maintaining
sure between the two seals so
leak that occurs ls into_the

ride in the exhaust gases does not ex-
ceed 10 ppm; or equivalent as provided
in § 61.68.

(1) Reciprocating pumps: Vinyl chlo-
ride emissiops from seals on all recipro-
cating pumps in vinyl chloride service
are to be minimized by installing douhle
outhoard seals, or equivalent as provided
in §61.68. If double outboard seals are

 used, vinyl chloride emissions Irom the

seals are to be minimized by maintaining
the pressure between the two seals so
that any leak that occurs is into the

__pump; by ducting eny vinyl chioride be-

tween the two seals through a control

RULES AND REGULATIONS -
system from which the cancentration of
vinyl chioride in the exhaust gases does
not exceed 10 ppm; or equivalent as
provided in § 61.64. .

(iii) Rotatipg compressor: Vinyl
chloride emissions from seals on all ro-
tating compressors In vinyl chloride
service are t0 be minimized by installing
compressors with douhle mechanical
seals, or equivalent ax provided In § 61.66.
If doubls mechanical seals are used, vinyl
chieride emissions from tha seals are to
be minimized by the pres~
sure between the two seals so that any
leak that occurs is into the compressor:
by ducting any vinyl chloride between
the two seals through s control system
from which the concentration of vinyl

chiorids in the exhaust guses does not

gc’e:d 10 ppm; or equivalent as providod
1. .

Ve ekt

w) RMW COMPressors: vinvl :

chlaoride emisaions from sesals on all re-
ciprocating compressors in vinyl chloride
service are to be minjmized by inatalling
double outbossd seals. or equivalent as
provided in 4 61.68. I£ double outbosrd

maintaining the pressure between the
two seals so0 that any leak that ocgurs is
to- the compresaor; by ducting any

from seals on all agitators in vinyl chio-
ride service are to be minimised by In-
stalling agitators with double mechani.
cal seals, or equivalent as provided in
§81.88. I¥ double mechanical seals are
used, viny} chloride emissions from the

pressure

that amy leak that occtirs is into the agl-
tated vessel; by ducting any vinyl chiow
ride between the two seals through a
control system from which the concen-
tration of vinyl chloride in the exhaus
guses does not exceed 10 ppm; or equiva-
lent as provided in § 61.68.-

(4) Leakage from reifef vi.lvas mel'

chloride emissions due to leakage from
each relief valve on equipment in vinyl
chloride servics are to be minimized by
installing a& rupture disk between the
equipment and the rellef valve, by con-
necting the rellef valve discharge to a
process line or recovery syatem, or equIV-
alent as provided in § 81.88. .

(3) Manusl venting of gases: Except
as provided in § 61.84(2)(3), all guses
which are manually vented from equip-
ment in vinyl chlorids service are to be
ducted through a control system from
which the concentration of vinyl chloride
in the exhaust gases does not exceed 10
pbm; or equivalent as provided in § §1.48,

(8) Opening of equipment: Vinyl
chioride emissions from opening of
squipment (including loading or unload-
ing lines that are not opened to the at.
mosphere after each loading or unload-
ing operation) are to be minimized u
follows:

{1) Before opening any squipment for
any reason, the quantity of vinyl chlo-

ride is to be reduced s0 that the equip-

ment cuntaing no more than 3.0 percent
by volume vinyl chloride or 0.0850 m* (25
gal) of vinyl chloride, whichever is

larger, at standard temperature and - <%

pressure; and

(i) Any vinyl chloride removed from

the equipment in accordance with pars-
graph (b) (6) (1 of. thiz section is to be
ducted through a control system from
which the coneentration of vinyl chlo-
ride in the exhaust guses does not exceed
:06 Ppm, or equivalent as pmvtded in

(%3] Sunnler Unused pornom of sam-
ples containing at lesst 10 percent by

weight viny} chioride are to be returned --

to the procesa, and sampling techniques
are to be such that sample containers in

viny} chloride service are pu.rged into a _‘-

closad process xystem.
¢8) Leak detection and enmmauon

Vinyl chloride emissions due.to leaks.
frum equipment in vinyl chloride service
are to be mintmized by Instituting and
implementing a formal leak detection
and elimination program. The owner or
operator xhall submit a description of
the program to the Administrator for
approval The progran i{s to be sub.
mitted within 45 dayy of the effective
- date of thesa reguintions, unless a watver
of compliance is granted under ¥ §1.11.
If a waivey of compliance {3 granted, the
program iz to be-submitted on a date
scheduled by the Administrator, Ap-
proval of & program will be granted by
the Administzator provided he Ainds:

< (1) It inchyles & reiiable and accurate
vinyl chioride monitoring system for de-
tection of major leaks and identification
of the general ares of the plant whera a
leak islocated. A vinyl chioride monitor~
ing system means a device which obtains

air cumples from ane or rpore points on -

a continoous sequential basis and ana-
lyres tha samples with gaa chromatog-
raphy or, i the owner or operator as-
sumes that sll hydrocarbons measured
are vinyl chloride, with infrared spectro-
Photometry fiame ion detection., or- an
equivalent or slternative method.

(i) It tncludes s relinhle and accurats
portahle hydrocarban detector to be used
routinely to find small leaks and to pin-
point the major leaks indicated by the
vinyl chloride monitoring system. A

portable hydrocarbon detector means a.

device which measurss hydrocarbons
with a sepsitivity af at lsast 10 ppm
and is of such design and size that it can
be usad to measure emisdom from local-
ized

(iii) It provides foran acceptable cali~
bration and maintenance schiedule for
the vinyl chloride monitoring system and
portshle hydrocarbon detector. For the
vinyl chloride monitoring systam, a datly
span check is to be conducted with a
concentration of vinyl chioride equal to
the concentration defined as a leak ac-
cording to paragraph (b) (8) (vi) of this
section. The calibration ix to be done
with either:

tA) A calibratlon gas mixture pre-
pared from the gases specified in sections
5.2.1 and 5.2.3 of Test Method 1086, or
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(B A calibration gas cylinder contain-
{ng the appropriats concentration of
vingl chloride. If a callbration gas cyline
der is used, the analysis must be trace-
able to the National Bureau of Stand-
ards or to a gravimetrically calibrated
vinsl chloride permeation tube.

v The location and number of points
to be monitored and the frequency of
monitoring provided for in the program
are acceptable when they are compared
with the number of pieces of equipment
in vinyl chloride service and the sizs and
piysicai Iayout of the plant,

(¥) It contains an acceptable plan of
action to be taken when s leak is de-
tected. e

(vi> It contains = definition of lesk
which is acceptable when compared with -
the background concentrations of vinyl
chloride in the areas of the plant to be
monitored by the vinyl chloride monitor-
ing system. Measurements of background
concentrations of vinyl chloride in the.
areas of the plant to be monitored by the
vinyl chloride monitoring system are to
be included with the description of the
program. The definition of leak for a
given plant may vary among the differ-
#nt areas within the plant and is also to -
change over time a5 background con-
centrations in the plant are reducsd.

(9) -Inprocess wastewater: Vinyl chlo-
ride emissions to the atmosphers from
inprocess wastswater ars to be reduced
as follows: - : . .

) The concentration of vinyl chlo-
ride in each inprocess wastawaisr stream
containing greater than 10 ppm vinyl -
chloride messured Immediatsly as it
leaves a piece of equipment and before
being mixed with any other inprocess
wastewater stream 13 to be reduced to no
more than 10 ppm by weight befors being-
mixed-with any other inprocess wastews- .
ter stream which dontains less than 10-
ppm vinyl chloride; before being exposed
to the atmosphere, before being dis»
charged to a wastawatsr treatinent proc-
ess; or before being discharged untreated
as % wastewatey, The parsgraph does
apply to water which is used to displace
vinyl chloride from equipment belore it
is opened to the atmosphere in accord-
ance with § 81.64(a)(2) or paragraph.- .
(b2 (63 of this section, but doas not apply
to water which is used to wash out equip-
ment after’the equipment has -already
been opened to the al in ac-
cordance with § 61.64(a)(3) or pars-
sraph th) (8) of this asction,.

(i) Any vinyl chloride removed from
the inprocess wastewatsr in accordance
with paragraph (b (9) (1) of thig section
is to be ductad through s control system
from wtich the concentration of vinyl
chloride in the exhaust grses doea not
exceed 10 ppm, or equivalent ag provided
in § 61.48.

{cy The requirements in paragraphs
(b (1), th) (D), (D) (B, (B)(B), (B (D
and (b)(8) of this section nre to be in-
corzorated into a standard operating
proeedure, anr made available upon re-
quest for inspection by the Administra-
tor. The standard operating procedure is
to include provisions for measuring the

RULES AND REGULATI NS

vinyl chloride In equipment =4.75 m*®
01250 gal in volume for which an mis-
sion lmit is prescribed in § 61.83(b) (&)
() prior to obening tha equipment and
using Tes¢t Method 106, a portable hydro-
carbon detector, or an equivalent or al-
ternative method. The method of meas-
urement is to meet the requirements in
§ 81.67(g) (5) (1) (A) or () ((5) () (B).

§ 61.66 Equivalent equipment and pro-

cedures.

Upon written appltcation from an own-
er or operator, the Administrator may
approve uss of equipment or procedures
which have besn demonstrated to his

46567

of emission test results and other data
neaded to determina emissions,

(g} Uniesz otherwise specified, the
owner or operator shall use test Test
Methods in Appendix B to this part for
each test as required by paragraphs
W@, (@@, @), @)W, and
(g) (5) af this section, unless an equiva-

lent method or an alternative method °

has been approved by the Administrator,

- If the Administrator finds reasonable

grounds to dispute the resuils obtained
by an equivalent or altarnative method,
he may require the use of & reference
method. If the results of the referance
and equivalent or aiternative methods
do not agres, the results obtained by the

_reforence method prevail, and the Ad-

satisfaction to be equivalant in terms of ministrator may notify the owner or-

reducing vinyl chioride emissions to the
atmosphere to those prescribed for com-
pliance with a specific paragraph of this
subpart. For an existing source, any re-
quest for using an equivalent method a3
the initial ‘measure .of control is to be
submitted to the Administrator within

.30 days of the sfective date. For a new

source, any requast far using an equiva--
lent method is to be submitted to the
Administrator with the application for
approval of construction or modification
required by § 8107, - ~-°
et el S
§61.67 Emismionteste. -, & . R
* (a) Unless a waiver of emission testing
13 obtained under-§ 81.13, the ownar or
operator of & sourve to which this sube
part applies shail test emisgions from
the source, Thme Tl e L e -
(1) Within 90 days of the effective date
in the case of an existing source or &
new source which has an iuitial startup.
dats preceding the effective date, or

(2) Within 90 days of startup in the
casa of & new source, initial startup of
which occurs after the effective date.

-(b) Tha ownier or operator shall pro-
vide the Administrator at least 30 dayy
prior notice of an emisylon test to affora
the Administrator the opportunity
have an observer present during the test.

. (@) Any emission test ix to be con-
ducted while the equipment. being tested
is operating at the maximum production
rate at which the equipment will be op-.
ersted and under other relevant condl-
tions a3 may be specified by the Adminis.
trator based on representative perform-
ance of the source,

(d) Each emixsion test is to consist
of three runs. For the purpose of deter=
mining emissions, the average of resulls
of all runs is to apply. The avernge i1 to
ba computed on a time weighted basis,

(&) All samples are to be analyzed
within 24 hours, and vinyl chloride emis.
sions are to be determined within 30 days
after the emission test. The owner or
operator shall report the determinations
to the Administrator by a registered
letter dispatched befora the close of the
next business day following the deter-
mination. -

(f) The owner or operator shall retain
at the piant and make available, upon
requast. for inspection by the Adminis-
trator, for a minimum of 2 years records

* (DY (8) (W), or (b)Y (B (H). -~

operator that approval of the method
previously considered to be equivalent or
altsrnative i3 withdrawn, . ol
(1) Teat Method 106 i to be used to
daterming the vinyl chloride emissions
from any source for which an emjssion
limit is prescribed in ¥4 61.62(a). or (1)
§ 81.83(a), or §§ 81.64(n) (1), (b), (e), Or
(d). or {rom any control systam to which
reactor emissions are required to be
ducted in § 81.84(a) (2) or ta which fugi-
tive emissions are required to be ducted
in $48183MMLYUD, D)D), (3,

(1) For each run, one sample is to be’
collectad. The sampling site is to be at
least two stack or duct dinmeters down-
sitearn and one hall diameter upstream
from any flow disturbance such as a
bend, expansion. contraction, or visible
flams. For & rectangular cross section an
equivalent diametsr is to be determined
from the following equation:~ .

c1en;th)"(w«cizh)
. length+width -

. - -
The sampling point in. the duct is to
be at the centroid of the cross section.
The sample iz to be extractad at a rate
proportional to the gas velocity at the
sampling point. The sample {3 ta be
taken over a minimum of one hour, and
i to contain & miniroum volume of 50.
liters corrected to standerd conditions.

(1) Por gas streams containing more
than 10 percent oxygen, the concentra-
tion of vinyle chloride as determined by
‘Test Method 108 is to be corrected to 10
percent oxygen for getermination of
:ﬁlﬂlom by using the following equa=

n: LT

equivatent diameterw?2

10.9
Coteormna=Cs 30.9—percent O,
wheen:

Ch eorree =The ¢oncentration of vinyl chiortde in
¢ ted) the sxbang gases, corrwetad Lo 10 pere

t 0

Cim concantraiion of vinyl chloride na
mesmired by Temt dethod 10§,

m—hm-;‘:;nm ‘é‘ the ambient air at

stond conditions.
100w Percent Otygva in the ambient air ot
nmdn:ﬂ mdﬂ::m.mngnm the 10
peroent osyru to which the correc

tion s being w ude,

Poreent OgwPervent oxygen ia the eshaust gas ns
meamred by Relerence Method 3 (n
. Appatdix A of Past 80 of this chapter.

(i) For thoss emission sources where
the emission Ymit is prescribed in terms
of mass rather than concentration, mass
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emissions in kg/100 kg product are to
bte detsrmined by using the following
eguation:

Crx=

[Cs (2.80) @ 10-4) {100}
Fi

_whers:

Cn-k; vinyl ebhﬂmm g pmdmh
u-Txu concantrecion of vinyl chlorids as rosssured
7 Teart Method 108
"w-Dm.lé.yolﬂnﬂahlmdnummmN

2°C in kg/m4,
Q=Voimmetdc flow rate in mi/Mr «8 detarmined by
R mu}l“hdﬁolAppuﬂxAhme

of this chrur
10-1m Conversion [sctar o ppm.
Z = Production rapé Og/hr).

(2) Test Method 107 1 to be used to
CGetermine the concentration of vinyl

" chloride in each inprocess wastawster

stream for which an emission ltmit is
prescribed in § 61.65(b) (9) (D, :
(3) Whers a siripping operation s

.. sed to attain the emission Hmit in § 81.-

Il

o

64(e), emissions are to be determined

using Te.st Method 107 as followa: .
(1) The number of strippers and sam=

ples and the types and grades of resin to

~— be sampled ars to be determinad by the

!

Administrator for each individual plant
at theum.-olthat.esf.bmdonthe
plant's operation.

(i) Each sample is to be taken mme-

- diately following the strippittg operation.

(i) The corresponding quantity of
material processed by each stripper is to
be determined on a dry solids basis and

by a method submitted to and approved

by the Administrator. )

(Iv) At the prior request of t.ho Ad-~
mipistrator, the owner or operator shall
provide duplicates of the samples re-

- quired in paragraph (g (3)(1) of -this

section. .

(4) Where coutml technology othlr
than or in addition to a stripping opera-
tion iz used to attain the smission limit

~in § 61.84(e), emissions are to be deter-

|

- ¢hloride in

mined as follows:

(1) Test Method 108 iz to be uaad to
determine atmospheric emissions from
ail of the process equipmant simultane-
ously. 'The requirements of paragraph.
(g) (1) of this section are to ba met.

(1) Test Method 107 is to be usd to
determine the copcentration of vinyl
each inprocess wastewaiar
stream subject to the emission lmit pre=
scribed inn § 61.64(8). The mass of vinyl
chloride in kg/100 kg product in each
in process wastewatar stream is to be de-
termined by using the following equa-

von:
[CaR Y 1
x-
where: '

Cax=xg vinyl chlorde 100 kg product,
z::m'omuln ’o‘lv?nyteh.landnumm

Cy

toe for oy
Z-Prodlut!on rm Chllhr) detarmined in accord-
B & method which has besn mbmmod

dministeator.

- lnd lpm‘ond by the A

(5) The reactor opening loss for which

“an emission limit is prescribed in § 61.64

{a) (2) is to be determined. The number
of reactors for which the determination
is to be made is to be specifed by the
Administrator for each individual plant
at the time of tke determination based
on the plant’s operation. For a reactor

FEDERAL REGISTER, VOL, 41,
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that is also vsed as a stripper, the deter-
minaiion may he made immediately fol-
lowing ths siTipping operation. -

() Exeept as provided in paragraph
(@)(8) (1) of this seetion, the reactor
opening loss 11 to be determined using

-, the following equation:

Cm

14 (2.50&10—0) (Cb)

‘where:
C=X| 1chloride
s
- i Al
> Ot s e

104w Convarsion aator Ym.
a-m b! whm. vy} ebloride & dnmmlmd by

,L wad

!
of at least 10
nn resotor was

o z-A H&.&i‘.‘.‘" h;uhum‘uhlunum

e wnhluvl-lhﬂ-m

(A) It Method” mus used to detar-
mine the concentration of vinyl chloride
(CDH) . the. sample 15-to be withdrawn at
a consnnt rata witlx a nrobe of sufficient
length to reach the vessel bottom from
the manhole Samples are to be taken .

- for 5 minutes within 4 Inches of the ves~

sel bottom. 5 minutes pesr the
center, and 5 minutes near the vessel top.

(B) If s portable hydrocarbon detec-
tor is used to determine the concentra-
tion of viny! chiloride (Ch), s probe of
sufficient length to reach the vessel bot-
tom from the manhole is ta be uzed to
make the measuramants, One medjure-
ment will be made within 8 inches of the
vessal bottom, one near the vessel center
and one near the vessel top. Measure-
ments are to0 be made at each location
until the reading is stabilized. All hydro=
carbons mensured sre to be assumed to
be vinyl chloride.

-(C) The production rate of polrvinﬂ
chloride (Z) iz to be determined by a
method submitted to and approved by the
Administrater.

() A ealculation Based on the number
of evacuations, the vacuum involved, and
the volume of gus n the reactor {3 hereby
approved by the Administrator as an al-
ternative method for determining reasw
tor opening loss for posipolymerization
r:-ﬁrs in the mnmfmmre of bulk
r

§ 63.63 Emmhﬂn mlmnorm;.

(a) A vinyle chloride monitoring sys-
tem iz to be uzed to monitor on a con-
tinuous basis the. emissions from the
sources for which emission limits are pre~-
scribed i § 61.62(s) and (b), § 61.63(s),
and § 81.64(a) (1), (bY, (), and (d), apd
for any control system to which reactor
emission are to ba ducted In
§ 81.65(b)(1) (i), and (h)(2), (bH)(H),
(h) (8) ¢i1), and (b) (9 (i),

{b) Tke vinyl chloride monitoring sys-
tem(s) used to meet the requirement in
paragraph a) of this section is to be a
device which obtains air sampels from
one or more points on a continuous
sequential basis and analyzes the samples

with gas chiromotography or, if the owner
or operator assumes that all hydrocar-
bons measured are vinyl chloride, with
{nfrayed spe-trophotometry, flame ion

ot
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detection, or an equivalent or alterna-
tive method. The vinyl chiorids monmitor-
ing system used to meet the requirements
in § 61.65(1) (8) (1) may be used to meet
the requirements of this section.

(e) A daily span check is to be con-
ducted for each vinyle chloride monitor-
ing system nsed. For all of the emission
sources listed In paragraph (a) of this
section, except the one for which an emis-
sion limit is pressribed i1 § 61.62(b), the
daliy span check is to be conducted with
a concentration of vinyl chloride equal
to 10 ppm. For the emission source for
whiclht an emission limit is prescribed in
§ 61.62(b), the daily span check s to be

' conducted with a concentration of vinyl

chioride which i3 determined to be
determined to be equivalent to the emis-
sion limit for that source based on the
emission test required by § 67.67. The
calibration is to he done with eithers
T (1) A calibration ges. mixture pre-
pared from the gases specified in sectons
5.2.1 and 3.23 of Test Method 106, or -
(2) A calibraiion gax cylinder con~
taining the appropriate concentration of
vinyl - chloride. If a. callbration gas
¢ylinder is used, the analysis must be
traceable to the National. Bureau of
Standards or to a gravimetrically cali.-
brated vinyl c.hlortda permesnon tube..

§ 6169 [nm.nlrepon. . ° -

- (a) An - owner or opent.or ot any

source to which this subpart applies shall
submit & statement in writing notitying
the- Adminiagator that the equipment
and procedural specifieations in §§ 61.65
(D) €1), (BX (2 (B (B), (B (4), (B)(5),

(b) (6), (B (T}, and (h)(a) ara being
implemented.

() In the mc of an exlst.i.nl
source Of a Dew source which has an
initia} startup date preceding the effec-
tive date, the statement is to be submit-
ted within 90 days of the effective date,
unleas & waiver of compllance is granted
under §61.11, along with. the informa-
tion required under § 61.10. If a waiver
of compliance 15 granted, the statement
1s mbembmmedonldateschedmed
by the Administrator:

(2) In the caze of a new source which
did not have an initial startup date pre-
ceding the effective date, the statement
is to be submitted within 90 days of the
inftial startup date,

(c) The statement is fo contain the
foilowing information:

(1) A lst of the equipment installed
for compliance,

(2) A description of the physical and

functionat cmmtemﬁu of each plece
of equipment.
. (3) A dexcription of the methods
which have been incorporated into the
standard operating procedures for meas-
uring or calculating the emissions for
which emission lmits are prescribed in
§4 6165 (b) (L)) and (M (B W),

(4) A statement that each piece of
equipment is installed and that each
piece of equipment ard each procedure
is being used,

§ 61.70  Scmiannual report.

(a) (2) {5 to be determined, The number
source to which this subpart applies shall
submit to the Admmistrator on Septem-
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her 15 and Mazch 18 of each year a report
in writing contsining the information
required by this section. The first semi-
annual report is to be submitted follow~
ing the first {ull 8§ month reporting period
after the initial report is sybmitted,

(b (1) In the case of an existing source
or a new source which has an initial
startup date precading the efective date,
the first report is to be submitted within
180 days of the effective date unless a
waiver of compliance I8 granted under
§61.11. I! a waiver of compliance is
granted, the first report is to be sub-
mitted on a date scheduled by the Ad-
ministrator. -

(2) In the case of lnewsourcewh.lch
did not have an initial atartup date pre-
ceding the efective data, the first repart
is to be submitted within 180 days of the
initial startup date. . . . .

(c) Unless otherwiss - spocdﬂad. fho
owner or oDerator shall use the Test
Methods {1 Appendix B to this part to
conduct emission tesis as requirad by
paragrapha (¢)(2) ‘and (¢)(3) of this
section, unless an equivalent or an alter-
native method has been approved by the
Administrator. If the Administrator
finds reasonable grounds to dispute the
results obtained by an equivalent or al-
ternative method, e may require the use
of a reference method, If the resulis of
the reference and equivelent or altsrma-
tive methods do not agree, the results
obtained by the reference method pro-
7ail, and ‘the Adminigtrator may notify
the owner or operatar that abpproval of
the method previously considered to be
equivalent or altarnative is withdrawn.

(1) The owner or oparstor shall in-
clude in the report a racord of any emis-
sions which averaged over any hour
period (commencing on the hour) are
in excess of the amission. limits pre-
scribed in §% 81.62(a) or (b), § 61.83(w),

or 1§ 61.84(a) (1), (b), (e), or (d), or for’

any control system to which reactor
emissions are required to be ducted in
§ 81.84(a) (2) or to which fugitive emis.
sions are required to he ductad in § 61.83
(bY (1) (1D, (b) (2), (B) (B), (D) (&) (1D, ar
(b) (9) (i1), The
ured in aceordance with § 81.68,

(2) In polyvinyl chloride planix for
which a siripping operstion is used to
attain the emisison leval prescribed in
7 61.64(e), the owner or opsrator shall
include in the report a record of the
vinyl chloride contsnt iz the polyvinyl
chioride resin. Test Mothodt 10T i3 to be
used to determine vinyl chloride contant
as follows:

(1) If batch stripping is vsed, cne rep-
chioride

resentative sample of polyvinyl
resin is to be taken from esch batch of
each grade of resin immediataly follow-
ing the completion of the stripping,
and grade and the date and time the
batch is completed. 'The corresponding
quantity of material processed in each
stripper batch is to be recorded and iden-
tified by resin type and grade and the
date and time the batch ix completed.
fiiy 1f continuous stripping is used,
one representative sampls of polyvinyl
chloride resin is to be taken for each
arade of resin processed or at intervals
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of 3 hours for each grade of resia which
is being processed, whichever i3 more fre-
quent. The sample 13 to be taken as the
resin flows out of the stripper and iden-
tifled by resin type and grade and the
date and tims the sample was taken.
The correaponding quantity of material
processed by each stﬂppnr over the time
period represented by the sampie during
the eight hour period, is to be recorded
and identified by resin type and grade
and the dates and time it represents. -

(1i1) The quantity of material proc-
essed by the stripper i3 to be determined
on & dry solids basis and by a method
submitted to md approvod by the Ad-
ministrator.

(i) At the prlar reques. of the Ad-

ministrator, the owner or cperator shn.u .

provide duplicates of the samples

. quired in paragraphs (c) (2) (1) and (c)
sectian,

(2) () of. this

(v) The report to the Admlmamwr by
the owner or operator is to include the
vinyl chioride content found in all the
samples required: in ‘paragraphs (c) (2)
(1) and (c)(2) (1) of this section, aver~
aged separately for each type of resin,
over each calandar day and weighted ac~
cording to the quantity of emch grade of
resin processed by the stripper(s) that
calendar day, lccord!nl to t.hl tollom
equatlon : L .

Ar,
. -,_ Pa,ﬂc,-‘*?g,”a,‘i' ATEN +P¢.Ha.
R
A-H;hwrlwmmutyp‘t.mh
. Q-mmuwnmoumm

- in kg.
,ﬂ-dem 12, ...m when m is tobal
l‘mmn:u-&mu

- h
- N-cbm%lﬁﬂ o(u:h!‘l ehiorida 1n oms sample of
.P-Pmlmﬂn“ummulnun—uhrm

sapla, ia kg,
O=
i gndndmﬂf..dud:‘ndﬂs
the 2ehoar period,

(vl) The owner or operator shall res
tain at the source and maks available

. for inapection by the Administrator for

& minimum of 2 years records of all data’
needed to furnish the information re-
quired by paragraph () (2)(v) of this
section: The records are to contain the
following information:

(A) The vinyl chloride contant found
in all the samples required in paragraphs
{e) () (1) and (¢) (2 (H) of this section,
identified by the resin type and grade
and the time and date of the sampls, and
* (B) The corresponding quantity of
polyvinyl chloride resin processed by the

- stripper(a), identified by the resin type

and grade and the time and dats it
represents,

(3) Tha owner or operator zhall in-
clude in the report a record of the emis~
sions Irom each reactor opening for
which an emission limit is prescribed in
§ 61.64(a) (2). Emjssions are to be deter-
mined in accordance with § 61.67(g) (),
except that emissions for each reactor
are to be determined. For a reactor that is
also used as a stripper, the determination
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may he made immediataly following the
stripping operation, )

§61.71 Rmrdkeepms.

(a) The owner or operator of any
source to which this subpart applies shall
retain the following information at the
source and make it available for inspec-
tionn by the Administrator for a mim-
mum of two years;

(1) A record of the leaks detected by
the vinyl chloride monitoring system, as
required by § 61.85(h) (8), including the
concentrations of vlnyl chloride a3
feasured, analyzed, and recorded by the
vinyl chloride detector, the location of
each measurement and the date and ap-
proximate time of each messyrement.

(2) A record of the leaks detected
during routine monitoring with the
portable hydrocarbon detsctor and the

action taken to repair the leals, as.re-

quired by $61.65(b)(8), Including a
brief statement expmmn: the location
and cause of each leak detected with
the portable hydrocarbon detector, the
date and time of the leak and any agtion
taken to eliminata that leak mea.sured in
accordance with § 81.68. -.

(3) For the relief di:chnrges ft.)m
reactors subject_to the provisions of
§ 61.85(a), & daily operating record lor
eah ruct.or. includ.tnz pmsu.res md.
temparatures.

2, Appendix B u amended by adding
‘Test Methods 108 and 107 as follows:

' METHO® 108—DETIaMINATION OF VINTL
CHLOMDE FROM STATIONARY SOURCES

INTRODUCTION

* Pyrformance of this msthod should not be
attampted by persons unfamilar with the
oparation of a gas chromatoqraph. nor by
thoss who are unfamilisr with source sam-
pling, as there ars many details that are
beyond the scops of this presentation. Care
must be sxercised to prevent exposurs of
sampling personnel to vinyl uhloﬂdo. & car-
eloogen.

1. Principls and Applicabllty.

‘1.1 An integrated bag sample of stank g-n—
contalning vinyl chlartde {(chiorosthylsae)
is subjected to chrumatographic analysis,
using a Same ionization detestor.

1.2 The method is applicable to the meas~
urement of vinyl chloride in stack guaes from
sthylenes dichloride, vinyl chloride and poly-
vinyl chioride manufacturing processes, ex-
cept where the vinyl cnlondo iz contained in
particulats matter,

2. Range and Sensitivity.

The lower limit of detection will vary ac-
cording to the chromatograph used. Vajues
reported include 1 x 10" mg and 4 X 10-7

mg. -—

2. Interferences.

Acetsldehyde, which ‘ocan ocour in some
vinyl chloride sources, will interfers with the
vinyl chloride peak from the Chromosorb 102
column. See ssctions 4.3.2 and 6.4, If Tesolu-
tion of the vinyl chloride peak is atill nos
satisfactory for a particular sample, then
chromatograph parameters can be further
altered with prior approval of the Admin-
istrator. If alteratlon of the chromatograph
parametars fails to resolve the vinyl chioride
peak, then supplemental confirmation of the
vinyl chloride Deak through an absolute
anaiytical technique. such as maas spectro«
scopy, must be performed,

4. Apparstus.

4.1 Sampling (Figurel).

4.1.1 Probs—Stainiess stesl, PyTex glass,
or Teflon tubing according to stack tempers
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ature, ¢acn #QUupped with a glass wool plug
I} remove particilate master.

4132 Sample Lne-—=Tetdon, 4.4 mm outside
diameter, of suficiymé length to connsch
probe to bag. A new unusad plece s amployed
for each sertes of bayg samples that constitutes
an emission test.

4.1.3 Male (2) and female (2) stainiess
steel quick-connects, with ball checks (coe
palr without) located as sbown i Figure 1.

4.1.4 Tedlar bags, 100 liter capacity—=To
contain sample. Toflon Dags are ROt accept-
sble. Aluminized Aylar bags may be uaed,
stovided that the samples Are analyzsd
within 24 hours of collsction. -

415 Rigld leskproof containers for 4.1.4,
with covering to protact contents from sun-
kght,

414
rate.

417 Pump—Laak-fres. Minimum capade
1ty 2 litars per minute.

MNeadle valve—To adjust sample flow

RULES AND REGULATIONS

445 Flow meter—Rotametsr type, 0 to
1000 ml/min mn acurste to 1%, to
meter Ditrogen 1o proparation of standard
s mixtures,

44.8 Stop watch—Of known acouracy, to
tine gas flow in pnpmmn of standard s
miztuces.

ﬁ.m.mu.hunmmnmm-
gonts be of chromatographic grade. - .

5.1 Analysis

5.1.1 Helium gas ar nitrogen gas—Zaro
grade, for chromatographic carTier gas.

512 HEydrogen gas—Zero grade,

5.1.3 gas, or Alr, ss requtred by
the detector—Zero rade,

532 Calihration.

331 Vinyl chlaride,- 999+ %-—!’or pnp.
aration. of standard gas mixtures

323 Calibration ¢ylinders (3). optional—
One sach of 50, 10 and & ppm vinyl chloride
in nitrogen with certifled analysis. Analysis
must be tracesble to NES (National Buresu
of Standards) or to & gravimetrically call-

418 Charcosl tube-—To pmnt dmi
sion of vinyl chlocide to ltnmphm in vicine
ity of samplers.

4190 Pow meter——Tor ohurﬂ.ng nmph

bratad vinyl chlorids psrmeation tube, .-

833 Nlm E—Zaro :ndt for pm-
Pr l'll
8. A

facw rate; clp‘hho:mmurm'lm aAng
from 0.10 to 1.00 litar per minuts.

4110 Couneciing tuhing—Teflon, M m
putside dismetar, to sssemble nmph Tain
{Pigure 1).

4.1.13  Pitot mbc—'n'p- ) (or oqu.lnunt),
attacisd to the probe so that the umplln.
flow rats can be regulated propomonn
the stack gas valocity, .

42 Sampie recovery. -

431 Tuobing—Teson, 64 mm mm
fMlametar, t0 connect bag to gus chromato-
aph sample joop. A new untsed place is
ercployed for each sertes of bag thas
constitutes an emission test, and is 0 be dis-
carded upon oonc.h.umn of mﬂm of those
bags. .

4.3 Analyus.

431 Gas chmmnompn—mm fame
jonization detector, potansicEnetTic sWip
ch&nmrﬂwnﬂl.ﬂwanmhnud-m-
pling locp in automsatic sampls valve

423 Chromatographic colwnn—E&tainles
stesl, 10 ¢ 3.2 mm, containing 80/100 mesh
Chromesord 102. A secondary columr of GR
SP-56, 20% on 60780 mesh AW Chromosord
P, stAlniess steel, 20 m X 33 wam, will be
required if acetaldenyde is present. If used,
the SP-06 column is placed after the Chromo=
sorh 102 column, The combined oolumns
abould then be opersted as 110°C.

433 PFow metars (1)—Rotanater type,
0 to 100 ml, min capacity, with me
valvex

434 Gua ngu.utmu-—-rw required m
eylinders,

4.3 5 ‘Thermometar—-Accurats to one de-
gree mdmdl to medsure tymperature of
reated sammple loop st time of ssmple njee=
tion.

+.2.4 Barometer--Accurate 10 3 m Hyg, to
measys atmospheria prasare Around ges
chromatograph during sample

, 43.7 Pump-—Leak-free. Muu capag~
ity 100 mi/min.

4.4 Calibration.

4.41 Tubing—Teflon, &4 nn outaide
diameter, separats pleces marked for each
callbratlon concsntsstion.

443 Tedlar b Xteen~inel  SqUAr®
size, separate bag moarked for esch calibra-
tlon concentration.

4.43 Syritge—0.5 ml, gas tight.

+4.4 SyTinge—30al, gas tight

: Mention of wacde names on specific prod-
ncts does not constitute endorsement by the
frurircnmental Protection Agency.

ax Mpu.nc. A.lumhh the lmpu trun
a3 in Figure 108-1. Perform » hag leak chack
according to Section- T.& Obsarve that all
connectiony between the bag and the probe

are tighs. Plsce the end of the probe at the .

centroid of ther stagk and start the pump
with - the needie valve adjusted to [y

bag and svacuate the bag until the rotam-
stor indicates no flow. Then reposition the
sample and yacuum linss and begin the ac-
tusl sampling, kesping the Iate pro)

to the stack velocity. Direct the gas exiting
the rotameter AWaY from sampling personnel
At the snd of the sample pariod, ahut off the
pump, disconnect the sample line from the
bag, and disconnees the vacuum lne from
the bag conrainer. Frotect the bug eoncunor
Iyom sunlight. -

82 Sampla STtOrage. smpu hm n\ut-bo
Eapt gut of direct sunlight. When at all pos=
aibiy, ADalyxis is to be performed within 24
hours of mmple collection.

6.3 Sample recovery, With s pilece of Tef-
lon tubing identified for shat bag, connect &
Tag nlet valve to the gas chromasograph
sample valve. Switch the valve to withdraw
gas from the bag through the sampls 10op.,
Flumb the squipment 50 the zsmpls gas
passay from the sample valve to the lesk-fres
puep, &Rd then to & charcoal tube, followed
by » 0=100 mi/rain rotameter with flow cone--
ol velve.

44 Analysis. Set the column temperature
0 100® C the detectar teinperature to 150°
C, and the sample loop tarmperature to 70 'C.
Whan optimum hydrogen and oxygen fSow
rates have Daent determinsd verily and maine
tain thess flow rates during all chromato-
graph operations. Using zero hallum or
nitrogen as the carrier gas, establish & flow
rate.in the range consistent with the manpu-
facturer's rwquirements for stixfactory de-
tector operstion. A flow rate of approxi-
mately 40 mi/min ahonld produce adequats
saparstiany, Observe the base line periodis
cally and determins that the noise lavel has
stabilized ard that base line drift has censed,

the sample loop for thirty seconds st
the Tate of 100 mil/min, then activate the
sample yalve, Record the injection tune (tae
position of the pen on the chart at the time
of sample injection), the sample number, the
sample loop temperatiye, the column tems
perature, carrier gas flow Tate, chart speed

and the sttenuator setting. Racord the laba
Oratory preasure. From the chart, select the
peak having ths retention time correspond-
ing to vinyl chloride, s detarmined ipn Sec-
tion T4 Menzure the pesk sres, As, DY use
of Ha, and » ¢iao integrator or o planimeatar.
Messiire the peak Neight, Ha. Hecord Am and
the retantion tims. Repeat the Injection at
least two times or unill two consecutive vinyl
chloride peaks do not vary in area mors thao
5%. The avernge value far thase two Areas
:lhl:ll be- wsed w0 computs the bag concentra-

.,

Compare the ratio of B.. to Aa for the Tingl
chlaride sample with the zazne ratio for the
standard prak which s closest in height As
& guideline, if these ratios differ by more
than 10%, the viny! chioride peak may not
be pure (posatbly acstaldehyds 13 prasent)
and the secondary column should be em-
ployed (sew Baction 43.32)., -

6.5 Mwswe the ambisnt temperature and

barometric pressure nasz the bag. (Assume .
the ‘relative humidity to be 100 percent.)

Froo-s water saturation vap table,

or presmure _
detarmins the- reenvd ADG water npor con-

hn:otmbq RIS PO L -
mmﬁmam T A

-1, 1 Prepanstion af vinyl chlorida ln.ndud. '

nn migtures. Evacnata & sixtesn-inch square
Tedlar bag that has pamel & leak check
(descTibed m Section 7.4) and metsr in 50
Uters of nitrogen. While the dag is 2lling, use
the 0.5 ral syringe to inject 250al of 99.6-+ %
vinyl ¢hlaride through the wall of the bag.
Upon withdrawing the syringe Deedls, im-
madistely cover tha resulting hole with a
pisce of acdhesive tApe. This gives a concens
tratian of 50 ppm of vinyl chlaride. In a Uica
manner o theé olller syringe (0 prepars dilu-
tions having 10 and 8 ppm vinyl chloride
concentrations, Place eachi bag on & smooth
surface and alternatsly depress opposite
sidew of the u‘ 50 umu- to mrthor mizx n:o
gusen, .

T2 Dem.ﬂnn af ﬂnyl cmortdo Ie-
tention trme. This section csn be performed
llmu).t-lﬂlﬂﬂl!y‘ with Ssction 7.3, Establizh
chromatograph conditions Idantical with
those in Section 8.8, above. Set attspuator
to' X 1 position. Fluszh the sampling loop
with mro hellum or nitrogen and activats

‘the sampie valve, Record the tnjection time,

the sampls loop temperature, the column

tha. carriar ga8 Sow rate, the
chart speed and the attenuator satting.
Raverd pesks and detector responsss that
oecur i the absemee of viny! chloride. Main-
taln conditions. With the equipment plumb-
ing arranged Mentically to Section 4.3, flush
the sample Joop for 30 seoonds at the rte of
100 ml/min with ane of tha vinyl chloride
£alibration mixtnres and activate the sample
valve, Racord the injection time. Sslect the
pask thas coyreponds to vinyl chloride.
Mensure the dfFtance om the chart from the
injection timw to the thne at which the peak
marimum occurs. This quantity, divided by
the chaxt apeed, i3 defined as the retention
time. Record.

7.3 Preparatiort of chromatograpbh cali-
bration curve. Make s gus chromatographle
mesgurenont of each standard gas mixturs
(described L0 Sectiom 7.1) using conditions
tdantical with those llsted in Section 83
above, Flush the sammpling loop for 30 seconds
at the rate of 100 ml/min with each standard
gas mixture and sctivates the sample valve,
Racord C,, the concentrations of vinyl chlo=
ride tnjected, ihe attenuator satting, chart
speed, pesk ares, sampls loop temnperaturs,
column temperature, carrier gas flow rate,
and retention Hme. Record the laboratory
pressure. Calculate A, the peak ares muiti-
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Bou=The watsr Yapes sotect of the nn-hb.-
ConTin commpiraton of vinyl shipride (e the bag-

9. References. K R .
1. Brown, D. W, Loy, X, W, and Stepben«
son, M. K, "Viayt Qhloxtde Near
the B. F. Goodrich Campany o
Loutsyills, Kettucky.” Regiah IV, U4, Envi.
Surveillsnoe

2. “Evaluation. of A Collwriion sxvl Analy-
tleal Procedure for VInyt Chloride in Aty,™
by G. D. Clayton and Lmsociates, December
13, 1974. EPA Contract No. 68-02-1404, Twk
Orcer No, 3, EPA Raport oif. TS-VCL~L. .

3. *Standardisation of Stapbary Sourew
Emission Mathod for Viny! Chleride,™ by Mid-
west Pasearch Institnts, 1976. EPA Contract
No. 83-02-1008, Task Ordar No. 7.

2 - 5 M 1
Equation 108~1 . xom  Comemwr oo

. .y \‘. -
- - "-.‘:-;.5}'{:1

ar Vowes, Cmo= mg and 4X 10~ mg. With propar calfbration,
Drraociss Wastswarzn, (e upper limic may be sttendad as hended.
3. asam, an® VINTL CRLOSIDE OONTRWY? OGO

; +CANE, AMB LutST Samrrme.

AT Y
.09 ppm, 4.18% for & sample with & mesn
58 ppa, and 529%- for v sampls With &

. mrmme.hmnwmhmud
Y [T— method’ © e outside alr. yt chioride, even at low
gh:'r “::.mwm ™ .:::m ppoa levela, must never be- wated Mmside the
Between RVOM, PVC, And ate Iaboratory. Aftar viale have e aAnAlyzed, -
in a elosed sywter, It the prumpure within the vis)l must be veoted

pling., DT e
811 BDottias=80 m) {3 o8), with waxed
Uted screw on tops, for PYC samples.
513 Vialg=i0 mi Eypo=vialst senled with
Teflon faced Tul-Botwdt dipcy for water sadie
- plaa. .

8§13 Kaectricel' tape—or equivelent, to
prevent loomening of bottle topa,
83 Bampls recovery,
431 Vial—With senls and caps, Perkin.
xl.x:rr Corporation No. 108<0118, or squivas
8337 Analytical balance—Capable of
weighing to =0.001 gram, .
823, Syringe, 100 al—Prectsion
"A" No. 010028, o equivalent, -
2. Range and Sensitivity.
The lower limis of detagtion of vinyl chlo= t Mention of trade namse on o prode
ride will vary accordim; to the cfadnato- mdmnwmmmm.p.ﬁbrﬁh
graph used. Values reportsd inslude 1X10 Envirorumental Protection Agency. .

~
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52.4 Vil Sealer, Pe.rhn-llm No. 108-=
01068 of aquivalent.

53 Analysis,

831 Quas chromatograpb-——Perkin.Elmag
Corporation Modal P40 Read-fDade ADA~
Iyzer, Ko, 104=0001, or equivalent.

533 Chromawosraphie  columd-—Staline
Jess stes], 3 mx312 mm, cantalning 04%
Carbowax 1500 an Carbopak A, Pertim.Elmer
Corparation No, 108-0133, or squivalent,
Carbopak O can be wasd in place of Carbopak
A .

533 ‘Thermometar-—0 to 100* C, socurate
to 201" C, Perkin-Elmar No. 106-01“ or
equivalant
' 534 Sample tray thermosiat systam—
Perpin-EKmer No. 1030103, or s{uivalent

53.5 Sspra——Sanagwich type, far a0
atlo doaing, 13 mm, Peron-Elmer No. 105~
1008, ar equivelent.

53,8 INtGIRtOr = TeCOTder — Hmm
Pacxard Model 33504, ar equivalent .

53.7 Pilter drier amembly (3)—Berkine
Rmer Na, 2230117, ar squivalant,
| 838 Sosp An Aowoietar—Hawlett M
p‘d Na. 0101-0113, ar equivalant. z

Calibratian, Lt A
5.4.1. Bnuhm—-tor nqmnd a8 ey!n-
BV NG LS W
:_\:.1 g @Y .

'0.!0

it

Perisre with anatysix As the
Hon A1l the vials bubble=fres, to
30 ‘hat & convex meniscus forms s

label on the bottle, And recora
and sample location both o the
Ao & log book. All samnples must be
rizeratad until anslyzed.
. 12 Sampls recovery, uunpl-m
within 24 howma

721 Resin zamples—The weight d the.
resin uzed must be between 0.1 and 4.5
AR exact weight roust be obtained ( o.oox
gam) for each sampls, In the cam
pension resins & volumetrio cup can be pn-
pared which will hold the required smount
of sample. The sample bottle 19 opened, And
the cup volums of reain is addad to the

jample vidl (lmelnding ssptum and alttnle |

anm cap). The wial is immediately sealed

enze of I«latlvely dry reain samnples (WAter
eontant <03 weight %), 100 5l of distilled
water must b injected into the vial, after
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e
be
prd

]
s}

. RuLEs aND n'éuunous,‘-

1yzar (or equivalent) -nd condisionsd far 0oe
hour at dovC,

Nom: Some llmnu.n vial caps have &
cantar section which muss be removed prior
%o plscing Lato sample tay. If not removed,
mmnmmmthnnmnn

e

mmmm(oxomum)

hmn-mm (ineluding septtm

sod alwninwn cap) sod tmmedistely sealed.
:::m.wmlh:hmmnuamt-

Emer
hnt) and conditionsd for-one hour at 900,
A mmple of wet cake s used to detarmine

waigh¥.
m'rom mnpla wetght must pot excesd
grama, CoRdition the vial for ane howr
unooa in tha

m—tmu the detectar o the
manufacturers irrernction m
7414 Amplfier bunm-_nun.nu the
amplifier according to the manufscturers

tructions, B

732 Programming the chroma
Prigram the chiromatograph aa follows:

A I—Dosing ﬁm.-v'!'ho Dormal setting is

2 seconda.
A—ADAlywis time—The normu setting
is 8 micutss. Certain

mmmhmwmnt&hmh- .
q.n-nmmg-mnmutmuu ’

[ A L

mminutas,
-5 w—mnhmnﬂnn ﬁxm-—m nomal sete
s
dmﬂylll
hormal setsing s 1.~ . .
.733 Preparstion of nnph tnrnhbh—-ﬂo—
fore placing apy sample into- tamtabla, be:
cartaln that the cantsr section-of the alu=

TRINWm ok has been removed. The sumbered

hours or

ths—wppanypn- .

KUY

pu-d- '____h
Pmﬂqt—&ﬂppmmduu.mrypn. s
Posttinn s-mo ppn lundnd. Mr._.

prepared. -
rumo—ooooppmmndm rndnypn-

m’l
aample af the day, bot is given aa 7 ta be con-
sixtagt with the mrnublo u:d the mumwr
prmiout.) - -

-, 90* Q.for 1 Bour (not to eXowed 5 hours).
B

Eet reguiator on
to 13 cmy?, Naormal fows
wuum«owmuu.

Check with bubbls Sow meter,
b. Burtiar air supply—Set regulator on oyl=
inder to 3ot regulator oo
mﬂywwmnn

300 ce/minute. chnl

m-—. -
supply=—_f4¢t reguistor on cyl=

Inder to read 30 peig. Se¢ regulator on
chromatographh to supply approximataly
88«45 co/minute. Optimise hydrogsn flow to
yiald the moet sensitive detector response
withous sxtinguishing the fans, Chek fiow
with bubble metar and record this flow

7313 Texmperature’ - djvstments-—Set
temperatures As follows:

& Oren (cnmlwmphu column), 500
-8

b. Doalng Une, 140° .

. Injection block, 140= CT

4 -Sample chamber, water tamparature,
80 C=1.0* C.

74.1.3 Ignition of Same fonizetion deted

102

734 Burs  chromstograp) TIOGTAI—
‘Whan all samples, including standards; have
conadlty

735 Determination af total lol.ld.l (TS).

For wet oake, siurry, rekin selution, and
PVC 1atex samplea, deiermine T3 for each
sample by aocuritsly weighing approdim-
, aly 3 to 4 grams of sampls o al aluminum
pmbo!mmdummnmginadrdt
oven (103 to 110" C). Ssiples must be dried
10 conatant weight. After frst weighing re-
twrn the pan to the oven for & shaft po—

. riod of time and then rewsigh $0 verity som-

pwmnuthnmmht-dum

lmphnishtdhmndbylmtulum-

Calibration s to be performed each eight~
hour pariod when the instrument iz used,
Each day, pricr to ruoning samples, the col-
umn ahstuid be conaditioned by running two
of the pravious days 2000 ppm standards,

81 Preparation of Standards,

Calibration stancuards are prepared by fil-
ing the viala with the vimyl chloride/nltro-
gen standards, raplidly sesting the septum
and sealing with the aluminum cap, Uste &
stainless stael Mnoe from the cylinder to the
vial. Do not use rabber or tygon tubing, The
sample lne from the eylmdor mu.st ve
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L ’ RULES AND REGULAT!ON5

punummMMHWumummumm-??‘ Im
to Alling viala After purging, roduce the fiow - & V""f'ti"’"‘"'
Iate th Approximataly 500-1000 ¢o/taln, Flace .= Whew o
end of tubing (0to vial ‘(near bottom) and - - .VeeVial voloma, o (2h5):
After one minuts slowly remove tubing, Place - .k Sample cvatalns lum than 0.5% water;
upmnlnvl:‘.t'umupmmhmmh .
miss ixing air with sample. After the stand- -~ 5.988 % 10—
-mmuu- STe maled. inject 100l of disilied c"’"?’ (4 197x m"""""_ )
- :
no’na rr?mmmumwm ollbra- ‘T - . Equation 107-3

Prepare two 50 ppe. two 500 PP, two 2000 - The tallewtog gvoers caa be awd lor say
Ppm. snd two 4000 ppm standard samples. .. “’h'm““mvc » BV nadiar wa
Run the calibration samples in exactly the . -* T A Pem
SAmS MANDAr a8 YeguIAr samples, Plos A., . _ -
the tategratar ares counts for ssch standard -

wharet

mmuuwwnmdmm Total sotide
mummmommuc..ﬁv.‘mr“hm .
. mnhtmuﬂmplo.oon-q. i - -
puuﬂumm m.xnrmm .2t ﬁ.“.l-ulum using !qunln 1074

aa followms . .- RN __’_‘ Wmmmﬂm“mmw

- g - - mnmmwm«:wno )

doontaak divide by TR .. . - - T

"Pore 1
m&%ﬂmumm -

4—‘! """- -

mevmnMomwom-'
k‘mtummncmmmmwn

. S Btandard- Toet Procadure No. 1008-T. B. P, -
. a-ﬂ&n—m&mmuh“.ﬂ Mmmmmcum.Amm;om
. - e Japuary 30, 1978,
. 2, Barena, A. R, “The Solubility o2 Vinyt

pﬂ.nh 15 (3): 197, 1974
a.n.mg;s.-m-mmnotmn

-_ston mnmﬂ.wm

- R Ces oenstant ¥ -
: x-x comtant tw V! 3
e BE PR I T B
b T ey P ; prints 1§ (2): X8, 1974, -
n.mm tam paraiare, X0 -:-_g,nm;&l.l.crﬂﬂ.c.}.ﬂmm- .
nmmwu-ﬁlmm < pek end J, M. Whituey, Analysia for Vlayl - -

B s ;= Chlaride in FVO Powders by Head-Space Gas
T X ;‘:58{'& I o * Chromatography.” to be publiahed, -
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Figure 1. An Alaskan flare that provides smokeless burning without using

smoke suppressants.

PLANT LOSS PREVENTION

Environmental Factors

Vs. Flare Application

People living near a plant often view a flare as a tremendous waste of
their irreplaceable energy resources rather than as the safety device

it actually is.

R.Schwartz and M. Keller, John Zink Co., Tulsa, Okla.

Prior to the development of the first successful smokeless
flare in the 1950s, (1) the people who designed this equip-
ment were mostly concerned with obtaining positive igni-
tion, and gave little or no thought to the results of the
ensuing combustion. That first smokeless design, as re-
markable a technical breakthrough as it was for its time,
now pales in comparison to the equipment used to meet
current environmental regulations.

Today’s flare system designer must not only cope with
4 Circle Data Service Card No. 68

EP September 1977

smokeless requirements, but must also investigate the
total environmental impact including thermal radiation,
noise production, ground level concentration of combus-
tion products, visible light, and in some instances the
aesthetics of the design. Meeting the increasingly stringent
environmental requirements has necessitated large re-
search and development expenditures by the John Zink Co.

The flare system’s most dramatic impact on the en-
vironment is its potential for production of very large
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flames and enormous ¢louds of smoke. Such emissions
can be seen from many miles and can quickly attract the
attention of newghbors, public authorities, and environ-
mentalists. Current environmental requirements force the
plant designer to route more of the vented gases into the
flare system, resulting in larger flare sizes even though the
capacity of the attached plant may be the same as previous
designs. In addition, the use of larger components in plant
design has increased the amount of gas that must be
handled smokelessly by the flare,

Normally, the flare designer’s first environmental con-
sideration is whether the waste gas will produce smoke.
Considerable research into this question indicates the
weight ratio of hydrogen to carbon of the waste gas is one
of the key factors. (2) However, it has been found that
identical H/C ratios will in one case produce smoke, and
in another burn without smoke production. Careful in-
vestigation of the data has shown that instantaneous H/C
ratios in the combustion zone may greatly exceed the
average, due to the lack of mixing of waste gases. This ob-
servation is supported by flow studies which show tur-

pretts cm

A
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Figure 2. An air-assisted flare in-
stallation in the Midwest.
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bulent flow, with Reynolds numbers as high as 50,000,
failed to promote mixing of gases. (3, 4)

Presence of the liquid phase of hydrocarbons in the re-
lief vapor can also render H/C ratio predictions invalid.
Liquid droplets as small as 15 microns can negate smoke-
less equipment operation, with larger particles producing
even greater consequences in the form f fallout of burning
liquid particles in addition to unwar:anted smoke pro-
duction. Careful consideration must be given to knock-out
drum design and location,

The traditional approach to smaoke suppression is the in-
jection of steam into the combustion zone. However, there
is not total agreement as to the chemistry or physical
phenomnenon associated with this injection. Since black
smoke is clearly an indication of unburned carbon escap-
ing from the combustion zone, the carbon must be com-
pletely burned or chemically combined to prevent its
escape. Steam injection leads to two endothermic reac-
tions that offset the desired end; the water gas shift
(C + Hy0 = CO + H,), and steam refortning chemistry
(C,H, + H,0 = XCO + ZH,). Regardless of which reac-
tion dominates, the end result is the elimination of smoke.

QOther factors that also lead to the success of steam in-
jection allow the use of smoke suppressants other than
steam. These factors include the eduction of air into the
combustion zone, and turbulent mixing, which increases
reaction rates and elevates reaction temperatures. These
two factors make possible the use of high pressure gas, air,
or other smoke suppressants, but with overall lower ef.
ficiencies in terms of pounds of suppressant to pounds of
hydrocarbons as a result of the loss of the aforementioned
chemical reactions.

Another apparent factor is the total kinetic energy in the
combustion zone, exclusive of chemical energy release
from the combustion process. Such energy levels can be
created from high velocity discharge and/or from adding
additional energy from a secondary source. The total
energy required is a function of gas composition, burner
design, quantity of gas being burned and other factors. Ex-
tensive experience is required with gases of similar com-
position to accurately predict the required energy level.

While most smokeless designs use some suppressant to
obtain smokeless burning it is possible to achieve smoke-
less burning without a suppressant as long as a satisfactory
energy level can be produced. Pioneer work in the Zink
test facilities has produced a proprietary method for main-
taining energy levels under virtually infinite turndown
ratios. Designs obtaining smokeless burning without sup-
pressants are operationally successful in capacities up to
several million lb./hr., Figure 1.

Where a secondary energy source is required, the most
common choice is low pressure air. When properly
utilized, the low-pressure air can boost kinetic energy tr
the smokeless burning level, as well as provide primary
to the combustion process. Additional advantages of
type of flare, Figure 2, dozens of which are in succ
operation, are their lower overall installation and
operating costs.

Smoke suppressant control

Respanse time lag in application of sir
a problem that plagues flares old and
application of a smoke suppressant
was a strictly manual operation, Th
operation leads to at least thr
1) smoking prior to gperator re
over steaming of the flare v
noise that occurs before op
reduction; and 3) waste of stea..
to gas flow cessation,
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Figure 3. Shell Development’s
smoke suppressant control system.

AT
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Numerous attempts have been made to automate the ap-
plication of smoke suppressant. Some of the problems in
automatic control design have been:

. Sensitivity to low velocities.

. Ability to withstand high velocities and impact loads.

. High maintenance due to fouling.

. Reaction to varying cormnbustion characteristics,

. Lagtime.

. Ability to install and maintain the device during flare
operation,

A remarkable breakthrough in the design of smoke sup-
pressant control has been made by the Shell Development
Co. (5) This entirely new concept utilizes a grade-level
optical sensor to detect, in a sense, a combined measure of
flow, composition and suppressant effectiveness. Burning
characteristic changes such as variations in H/C ratio
that cannot be effectively detected by velocity and/or
density measurement are readily recognized by this new
system, Figure 3. The new system eliminates all of the
design problems listed above.

Accurate prediction of thermal radiation is becoming
increasingly important with larger plants and correspond-
ingly larger flare relief loads. Ever increasing “‘emergency”’
vent rates, and economically unfeasible flare heights, have
made it more important that cooperative studies between
the user and manufacturer be employed to determine flare
height.

Several methods have been proposed for calculating flare
heights. The overriding consensus of the authors of these
methods is that flares, like any combustion process, cannot
simply be scaled up from correspondingly small tests.
Numerous large-scale tests have been used to develop a
proprietary computer program for radiation prediction.
Among the factors that are considered are quantity of gas
to be burned, composition, smoke suppression method,
flare burner design, and ambient conditions.

The question of what constitutes an sacceptable radia-
tion level is equally important in determining flare heights.
The John Zink research facilities have been used to de-
termine the physiological limits of a person wearing nor-

Figure 4. A combination low level and
elevated flare system.
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mal plant clothing, i.e., hard hat, long-sleeve shirts, and
gloves.

This “human testing’ has disclosed that radiant impact
levels of 1,500 B.t.u./hr./sq. ft. can be tolerated for an in-
definite period of time by an active worker. An impact
level of 1,650 B.t.u /hr./sq. ft. requires limiting of ex-
posure time to five m'nutes or less or the use of additional
clothing. Impact levels as high as 3,000 B.t.u./hr./sq. ft.
were tested. Limited over-exposure resulted in skin reac-
tion similar to a mild sunburn.

Many neighbor complaints are caused by flaring noise.
Noise control is a social as well as a legal responsihility.
Flaring noise can be attributed mainly to two sources—
smoke suppressant injection and combustion. Careful
orifice design (6) can greatly reduce the suppressant in-
jection noise on steam flares. However, in practice the
minimum size of suppressant orifices is limited due to
plugging by line scale, etc. Additional gains in suppressant
noise reduction have been made by improving the ef-
ficiency of suppressant usage and by the use of the highly
responsive optical smoke suppressant contro! previously
discussed.

Combustion noise is related to energy release. Smokeless
burning results in an obvious increase in the energy re-
leased and the potential for greater combustion noise
generation. Therefore, it is inevitable that open smokeless
flaring will result in sume combustion noise,

In chemical plant applications, where gases other than
hydrocarbons are being flared, careful considerations must
be given to design. In this case there is no substitute for
experience with a similar application. Open burning is
dependent on the combustion process being sufficiently
exothermic to maintain ignition. Flares burning in the
open air transfer a tremendous amount of heat away from
the flame and ag the temperature levels depress the com-
bustion process can cease.

The amount of energy—Low Heating Value (LHV)—
necessary to maintain ignition varies. There is no fixed
value for the minimum level required, however, experience
allows prediction of the minimum LHV. In cases where
the waste gas does not contain sufficient energy to support
combustion, it is necessary to make use of special endo-
thermic flare designs.

Flaring of gases such as chlorinated hydrocarbons, phos-
gene, and sulfur compounds require additional considera-
tion. Burning of chlorine containing compounds will result
in production of HCl, and sulfur compounds produce S0,
and $0O,, all of which have legal threshold concentration
limits. Flares, unlike oxidizers and furnaces, do not adapt
themselves to post combustion removal of these con-
taminants; therefore, the approach has been to design suf-
ficient stack heights to provide an allowable ground level
concentration.

Ground level concentration

The prediction of ground level concentration is a de-
veloping area with several approaches available. Dis-
persion models such as the Pasquill-Gifford (7, 8) method
and plume riser models such as Briggs method (9) seem to
lend thernselves to flare applications, providing one
recognizes the exothermic characteristics of the flare.
However, also to be noted is the fact that Briggs method is
based on measurements from stacks, not flares. A modi-
fied approach has been offered by Peters. (10) If Peters
method is used, one must remember to reduce the heat re-
lease by an appropriate level due to radiation transfer
from the flame, and if appropriate, due to smoke.

Visible light and noise from an elevated flare can be an
extremely sensitive problem with the neighbors of a
process plant. Although elimination of light is not a legal
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responsibility in many areas of the U.8. at this time, it is in
several foreign countries. The light of an elevated flare
focuses attention on the process plant, leading to many
complaints that might otherwise go unregistered. In addi-
tion, with today’s energy conscious environment, neighbors
often view the flare as a tremendous waste of their ir-
replaceable energy resources rather than as the safety de-
vice it actually is, Plants have the responsibility of limiting
flaring activity by tightening operating procedures and
practices, However, this tightening of procedures cannot
completely eliminate some day to day flaring. The alterna-
tive to visible flaring is a low-level enclosed burning
system. In addition to providing a hidden flame, there is
the equally important henefit of noise reduction. Full load
noise levels of less than 70 dBA adjacent to the flare have
been obtained.

For most plants it is desirable to use a flare system that
combines a low level flare with an elevated flare, Figure 4,
Day-to-day and startup flaring loads are burned in the low
level flare while infrequent high volume emergency loads
are handled by both low level and elevated flares. When
properly designed such combined systems can prevent
visible flaring for virtually all of the plant's operating
time. Elimination of light and noise as a focal point is a
proven public relations asset to the plant operator, (11)

Today’s designer of flaring systems is faced with increased
public awareness of the flare’s impact on the environment.
Equipment selection and system design require careful
consideration of safety and environmental aspects. Im-
proved communication and early cooperation between
flare manufacturer and plant designer is essential to suc-
cessful flare system design. #
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D PLANT LOSS PREVENTION

A Survey of Vapor Cloud Incidents

Trends toward plants with larger capacities, and higher pressures and operating

temperatures make understanding how to prevent vapor cloud explosions im-
perative,

J. A. Davenport
Industrial Risk Insurers
Hartford, Conn.

ra__'_-* T e g
Table 1. Valuation factors for
petroleum equipment.
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Year Factor
1976......ue...n. 1.00
1975 i, 1.06
1974 ..ccvvennenn. 1.18
1973, 1.38
19720 1.44
1971, .iieeins.s 1.49
1970 .ccicvvnnnn... 1.60
1969....ccnnnnnn. 1.71
1968.............. 1.79
1967 ....covun.n..n 1.87
1966.............. 1.95
1965.............. 2.01
1964.............. 2.04
1963.............. 2.06
1962.............. 2.07
1961......0ivee... 2.10
1960.............. 2.10
1959, ............ 2.13

Year Factor
1958...cnninnnen. 2.16
1957 ccveiiinnnnn.. 2.22
1956, . iiieeenas, 2.40
1985......veeeee 2.62
1954.............. 2.70
1953...cceeennns 2.74
1952, ..eiinnn. .. 2.78
1961..ccinnnennn. 2.78
1950.ccnennanan... 2.97
1949.............. 3.06
1948.......cc.e... 3.06
1947............. 3.35
1946.............. 4.05
1945.......ennnne. 4.89
1944.............. 4.93
1943..ccinvicnnnn. 5.10
1942, iiiiannn, 5.18
1941, 0cciennnnns 5.59
1940, .. coviiinnns 598

Vapor cloud explosions have in recent years been the pre-
dominant cause of the largest losses in the chemical and
petrochemical industry. Because of trends toward plants of
larger capacity, higher pressures, higher temperatures and
greater inventory holdup, these losses have been increas-
ing both in frequency and severity.

Obviously, as a major insurer of chemical and petro-
chemical properties, our company has a great interest in
vapor cloud losses. We have been gathering data on vapor
cloud incidents for about two years in order that methods
may be developed for:

1. Reducing the number and severity of these losses.

2. Estimation of loss potential from incidents of this
type.

3. Analysis of the cause of these logses to aid in educat-
ing our own engineers and our insureds.

In an earlier work (1) concerned with vapor cloud in-
cidents, no differentiation was attempted between the fol-
lowing types of incidents involving large releases of flam-
mable materials:

1. Confined explosions.

2. Boiling liquid expanding vapor explosions (BLEVE’s).

Table 2. Type of facility for
incidents where overpressures
were created.

Number T
Industrial.....cooennveinn. .. 32, e 75
Transportation ............... - TP 18
L10]7,7-) SO OR b P 7

Total.c..vvvvrersienaiinnann, 43, e, 100
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Table 3. Type of industrial plant for incidents
where overpressures were created.

N
Total Number
of Incident:

Incidents with
$ Data Available

Corrected
Property Damage
Loss

umber Average

Corrected
Loss,

i Petrochemical
£\ Refinery

v

Table 4.

Total
Number

Source of M

Spill Material

-

From Process Equipment . ...
From Storage Tanks
From Transportation

Vehicles within Plants ..... 3

AN gAY Wt

3. Open-air, unconfined vapor cloud explosions.

The survey by Industrial Risk Insurers was concerned
with only the third category. We were careful to exclude a
number of notable losses (for example, the several poly-
vinyl chloride plant explosions) which were in the other
two categories.

Also included in the survey were incidents involving
large clouds that upon ignition did not create noticeable
overpressures and incidents where large clouds did not ig-
nite. (See Appendices A, B, and C.) Since large-cloud fires
that do not create overpressures and large clouds that do
not ignite do not receive the same degree of publicity that
the vapor cloud explosions receive, these lists are not con-
sidered to be as complete as the listing of vapor cloud
explosions.

For a number of years Industrial Risk Insurers has been
using a calculation method to estimate the potential for
probable loss in plants where a vapor cloud hazard exists
that uses the following criteria:

1. The maximum credible spill is equal to the contents
of the largest process vessel or train of vessels not readily
isolated. Storage vessels and major supply or fuel pipe-
lines are not considered.

2. The amount of material vaporized for hot flashing
liquids is equal to a ratio of the superheat of the material
(Cp_x’I‘) to the heat of vaporization (AH,). Materials with
a boiling point below 70°F are assumed to vaporize 100%.

3. The explosive yield is equal to 2% of the theoretical
heat of combustion potential in the cloud and is expressed
as an equivalent quantity of TNT using a heat of combus-
tion of 2,000 B.t.u./lb. for TNT.

4. A maximum peak overptessure from the explosion is
51b./sq. in.

CEF &optember 1977

%o

%o
704........... 285.3........... 60.9

$ million $ million

100.0........... 468.7........... 100.0

Source of spill material for industrial incidents where
overpressures were created.

Number
Incidents with
$ Data

Available ~

%

Corrected
Property Damage
Loss

Average
Corrected
Loss,
$ million

$ million %

5. Damage to the plant is estimated from published data
sources. (2, 3)

While we realize that this is a simplistic approach, we
feel it is necessary because factors such as wind velocity
and direction, weather conditions, degree of confinement,
spill rate, and operator response are unknown prior to the
incident. Our calculation method, therefore, assumes con-
ditions approaching those encountered with explosively
dispersed clouds.

Data sources

Information on the incidents surveved were gathered
from published sources and from private communications.
The latter include internal Industrial Risk Insurers loss
reports and information supplied by numerous individuals
in industry and insurance organizations.

Published sources many times do not contain sufficient
data to analyze adequately the cause and etfect of a vapor
cloud incident. Many of these published sources appeared
many years ago, before the possibility of an open air
fireball explosion was considered. In addition. they were
often written to explain the cause of the incident and do
not include information on explosion effects and size of
spill. Private communication sources at times gave addi-
tional information to supplement published sources.

The information in this survey is the best available to
Industrial Risk Insurers at this time. Some of this infor-
mation is only a best estimate, If other organizations or
individuals have additional or more complete or correct in-
formation, we would be happy to receive it. We intend to
update this survey on a regular basis.
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Table 5. Mode of release for incidents where overpressures were created.
) Industrial Transportation Other
Maode of All Incidents Incidents Incidents Incidents
Release No. %o No. %o No. % No. %
Vessel Failures.......... 13.le. 30.2.......... N 219 ... TR 62.5........... } PO 33.3
Piping, Valves,
or Fittings
Failures................ 26 .......... 60.5.......... 23 719.......... . S 375, L) F 0
Release from
Venting
Facilities .............. E: IR 7.0........., 1o, 3.1 e [ {1 I p SR 67.7
Unknown ................ | SO 23 | TR 31 ... [ RN 0 e (1 N 0
Total .coooviiennena.... L 100.0.......... 2. 100.0.......... 8..... . 100.0........... K. Y 100.0

The incident tabulations contained in the vapor cloud
survey in the appendices are in three parts: 1) overpres-
sures created; 2) ignition—no overpressures; and 3) no
ignition.

Each tabulation is arranged chronologically. As the in-
cidents were gathered, a random number was assigned
which is shown as the code number. This number is re-
tained for ease in future updating of the survey, This num-
ber is also used as a key to the data sources listing that fol-
lows the tabulations.

The loss figures are for property damage only. The
actual amoaunt of the loss at the time of incident and the
amount of the loss if it had occurred in 1976 are given,
Valuation factors used are given in Table 1. These are
standard factors used by Industrial Risk Insurers for
petroleum and petrochemical plant equipment.

In the “available data” column of the appendices are
given, where possible, information on the following: 1) cause
of the incident, 2) spill source, 3) amount of material

spilled, 4) size of cloud, 5) lncation and nature of ignition
source, 6) wind conditions, 7) equivalent quantity of TNT,
and 8) explosive yield or efficiency factor.

The amount of the material spilled was in some cases
given by the data source and in other cases was calculated
from spill source data (size of opening, pressure, and time)
or cloud size using previously published calculation
methods, (4,5) The TNT equivalent was, in some cases,
given by the data source. In others it was calculated from
information on the explosive effects by previously pub-
lished calculation methods and data sources. (2, 3)

Where both the amount of material spilled and the TNT
equivalent could be determined, a yield or efficiency factor
was calculated utilizing a ratio of the heat of combustion
of the matenal to the heat of combustion of TNT,

Glass breakage data usually is a poor indicator of over-

pressures from vapor cloud explosions since this damage
occurs in a range of 0.5 to 1 1b./sq. in. and the correlation

Table 6. Selected industrial incidents.

Agtual Corrected
Code AH, Weight of Material Total Loss, Loss to 1976,
No. Year Material B.ta./lb. in Cloud, lb. B.tu.’s $ million $ million

Acrolein Ll 11,830 ..... - 40,000 L 473 x 100 ..., 2 ...l ;
3..... 1961....Cyclohexane  ..... 18,676 ..... 8,500 ... 1.9 x 10% ... 0.7  eerieens 1.47
76..... 1962....Ethylene Oxide ..... 11,482 ..... 38,000 ... 4.36 x 108 ..., 8 e 16.56
4 x 108
18..... 1964....Ethylene ... 20,276 ..... 200 to 500 to } 3.2 6.5
1 x 107
4..... 1965....Ethyl Chloride ..... B,246 ..... 38,000 3.13 x 108 ... 09 ......... 1.8
62 ..... 1966....Methane ..., 21,502 ..... 600 s 1.2 107 ... 4.8 ......... 9.4
17..... 1966....Butadiene ..... 19,200 ..... 850 vee. 1.6 107 ... 0.016......... 0.03
B..o.- 1967....Isobutylene ..., 19,367 ..... 20,000 e 387 x 108 ... 17.5 ...l 32.7
1.9 x 10°
13..... 1968....<C, ... 19,000 ..... 100,000 to 200,000.... to  f.... 28 L. 50
3.8 x 10°
40..... 1969....Naphtha + H, .....19,000..... 50,000 e 9.5 x 10% ... 35 ... 6
77 ... 1870...>Cye + H, ..., 15,000 ..... 250,000 s 475 x 10% ..., 30 ...l 48
19..... 1971....Ethylene ..., 20,276 ..... 8,000 s 162 x 108 ..., 26 ... 3.9
32..... 1971....Ethylene ..., 20,276 ..... 1,000 e 20 x 107 ... 6.1 ... 9.1
22..... 1971....Butadiene  ..... 19,200 ..... 27,000 ...- 518 x 108 ..... 0.245 _........ 0.365
9..... 1974....Cyclohexane  ..... 18,676 ..... 120,000 e 2.2 % 107 ... 70 .. 82.6
8..... 1974....5C;
{(Unsaturated) ..... 19,000 ..... 16,800 230192 x 108 L 13.2 ......... 15.6
60.....1975... Ethylene ... 20,276 ..... 12,000 ... 2.4 x 10%...40 ... 42.8
T4..... 1975..., ... 51,571 ..... 665 e 34 x 107 ... 275 ......... 2.91
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Figure 1. Amount of loss as a function of cloud energy content explosively dis-

persed vs. drifting clouds.

to TNT explosive effects is less accurate at low overpres-
sures. (6) Where glass breakage was used to calculate the
TNT equivalent, this fact is indicated.

Overpressure incidents

Since the incidents where overpressures were created
are of more immediate concern and most likely are more
complete, the conclusions that follow are only from that
tabulation. The other two tabulations are presented for in-
formation only.

Type of facility. Table 2 is a breakdown of the type of
facility involved in the incidents where overpressures were
created (industrial, transportation and others). Where the
incident invelved transportation vehicles but occurred
within an industrial plant, the incident is included in the

CEP September 1977

industrial category.

Type of industrial plant. Table 3 indicates the type of
industrial plant where the 32 industrial losses occurred
(petrochemical or refinery) and an average corrected loss
amount where loss amount data is available. Note that
while only 25% of the losses occurred in refineries. the
average property damage loss was $22.92 million, com-
pared to $15.02 million in petrochemical plants.

Source of spill. Table 4 shows the source of the spilled
material in industrial plants. While 755 of the incidents
and 70% of the corrected loss amount were due to spilis
from process vessels, the average corrected loss amount
was only $15.7 million compared to $32.3 million for in-
cidents caused by spills from storage tanks. Because of the
greater quantities of materials usually found i swrage
tanks compared to process equipment, a greater average

COLORITE 007406




Estimated losses using Industrial Risk Insurers’
calculation method.

Material
Spilled

Propylene & Propane
Benzene

Ethylene Oxide
Propylene

Ethylene

Vinyl Chloride
Ethyl Chloride
Ethylene Oxide
Cyclo-hexane

Vinyl Chloride
Vinyl Chloride
Vinyl Chloride
Monochlorobenzene

loss amount is expected.

Mode of release. The mode of the release leading to in-
cidents where overpressures were created is summarized
in Table 5. For industrial plants, the largest number of
incidents were caused by failure of piping, valves, or
fittings. As would be expected, the largest number of
transportation incidents were due to vessel failure, retlect-
ing the number of tank car derailments with consequent
puncture of the container.

Loss amount and heat content of cloud. Table 6 is a list-
ing of 18 selected industrial incidents where overpres-
sures were developed. Included in this list are incidents
where both loss amount and spill quantity information
were available. The heat of combustion for the material
spilled is used to obtain a total heat content of the cloud.

The data from Table 6 is presented in Figure I, in
which clouds produced by catastrophic vesse] failure (ex-
plosive dispersal) are compared to drifting clouds. Note
that there is reasonable correlation for the explosively dis-
persed clouds, but a wide variance for the drifting clouds.
This is to be expected since esplosively dispersed clouds
would be less affected by partial confinement, winds,
ambient temperature, humidity, and topographic features.

Note that nine of the drifting cloud incidents fall above
and five fall below the line drawn through the explosively
dispersed cloud points. This would suggest that explosively
dispersed clouds do not represent the most severe con-
dition.

The various factors affecting drifting clouds would tend
to cause them to be more severe or less severe than the ex-
plosively dispersed clouds. For example, incident code
numbers 18 and 32 were small leaks in polyethylene plants
where surrounding buildings gave a degree of confinement
to the explosion. Therefore, a small leak was able to pro-
duce a loss of significant magnitude. Incident code number
9 was a large spiil from a large pipe with almost im-
mediate ignition. Dispersion of this cloud would approach
explosive dispersion, but because of the congestion in the
plant there was a degree of confinement.

Lass potential. Table 7 is a listing of 17 probable maxi-
mum loss estimates for plants where a vapor cloud hazard
exists insured by Industrial Risk Insurers. These represent

58

Property
Damage

Weight of Loss
Material
Spilled, Ib.

Total
B.tu.'s

Estimate,
$ million

10°
10°
108
108
10°
10°
10%
108
108
107
10?
10%
108
108
108
108
107

IR A A S S AN S S G S S S G G A 4

a random sampling of our chemical and petrochemical
risks, The estimates were made using the calculation
method previously-summarized.

The points from Table 7 are plotted in Figure 1, Note
that these points show less deviation from the “explosive
dispersal line” than do the drifting cloud points. This cor-
relation would indicate that the calculation method de-
scribed predicts the explosively dispersed vapor cloud
which, in turn, is not the “worst case,” but approximates
an average condition.

While it is conceded that the spread of points in Figure 1
indicates a data deviation that makes questionable any
conclusions reached, the data is the best available, at
least ta the author. The conclusions are at best generalities
and should be viewed as such. [t is only through thorough
analysis of each incident, both large and small, that an
understanding of the factors affecting the probability that
a vapor cloud explosion will occur and that it will be
severe if it does occur can be determined.

I urge those who have information on additional in-
cidents and additional information on incidents included
in this survey to forward it to the author. Confidentiality
of the source will be strictly observed.

Data submissions should include, if possible, the fol-
lowing:

. Date and location of incident.

. The type of process.

. Material spilled.

. Size, height, and shape of cloud.

Amount of material spilled.

. Source of spill.

. Size of spill opening.

. Pressure and temperature of materials in process.

. Weather conditions (wind, temperature, humidity).

10. Overpressure effects (description of damage, prefer-
ably with photographs).

11. Amount of property damage loss.

00 N1 O U s QOO

In conclusion

There are many factors that affect the development of a
vapor cloud and the explosive forces, if an explosion oc-
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curs. The data presented in this article are insufficient to
reach any firm conclusions concerning these factors. Gen-
erally, it may be shown that explosively dispersed vapor
cloud explosions produce property damage that is a func-
tion of the amount of material dispersed. Drifting-cloud
vapor-cloud explosions do not show any consistency. The
vapor cloud loss estimation material used by Industrial
Risk Insurers predicts an explosively dispersed cloud and
is reasonably consistent with the actual incidents in the
study. The explosively dispersed cloud is not the mast
severe nor, for that matter, the least severe incident, but is
rather an average incident.
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Appendix A. Vapor cloud survey, overpressures created.

Actual

Property

Loss

Property Corrected

Material Losa,
$ million

Location Released

to 1976,
$ million

Kitled/_
Injured

Avaulable Data

..England Hydrogen

..Germany ..Dimethylether

. .West Virginia .Acrolein

. Portland, Qre.

. .California . -Gasoline Plant

..New York . .Polyethylene  ..Ethylens

. .Okiahoma . .Refinery . .Propane

..Georgia . — ..LPG

. Texss . .Cyclohexane

Oxidation

. Cyclohexane

..Kentucky ..Ethyl Amines . Ethylene Oxide

New York

. .Propane

..Methane or
Ethylene

..Lowmsiana ..Ethylene

. .Nevada ..Hydrogen

. Texns ..Polyethylene . .Ethylene

. Lowsiana . Ethylene . .Propane

CEP September 1977

. 1/7 . Break-up of Dirigible ZR-2 over Hull, England re-
leased hydrogen which ignited. Windows broken
within 2 mi. Blast heard 5 m1. Tremors {elt 50 mi.

..Rail car filled “bubble-full.” Car overheated tn sun.
No relief valves. Car rupture explosively dis-
persed car contents forming vapor cloud which
exploded.

. 6,000 gal. of acrolein explosively dizperzed into a
vapor cloud when tank car ruptured. Acrolein
was contaminated causing polymerization which
overtaxed car relief vent.

. 400 ft. diameter cloud formed from broken safety
relief valve stem on tank car Two storage tanks
60 ft. away distorted indicating 3.5 to 7 [b., sq. .
overpressure.

. Rupture of 6 in. line at 500 tb.;sq. 1n. in 2 gasoline
plant led to explosion and fire that destroyed all
outside processing equipment including towers,
pressure vessels and piping.

. .40,000 cu. ft. at STP released from polvethylene re-
actor vent at 20,000 lb./sq. 1n. Aenal explosion
created 1/2 1b./8q. in. overpressures.

..Flexible coupling failure. Igmnon at boiler Blew
employee inta ditch.

. .Train wreck punctured tank car. Rural area. NFPA
report states there was an explosion.

. Valve failed at reactor bottom releasing 6,000 gat.
spill. Cloud contained 8 500 |b of vapor. Control
room failed, Estimate overpressureof 21b =q in.
at 100 ft. from peint of spall.

. Day tank contsining 6.500 gal. of ethylene oxide be-
came contaminated with ammonia. Tank rup-
tured, explosively dispersing ethylene oxide into
air. Cloud immediately ignited creating explosive
forces equivalent to 18 tons of TNT as evidenced
by damage.

. .Truck accident ruptured 6,876 gal. tank. Cloud 400
to 600 ft. in diameter, B0 ft high exploded. Low
overpressures created.

. .Sight glass or metering station failure. Explosion of
cloud resulted in 1 ton TNT equivalent. Ensuing
fire of long duration.

..Venting experiment accidently resuited 1 1irmuion
of 200 Ib. of hydrogen. Explosive force esnmated
to be 601b. of TNT.

. .Failure of 3/8 in. compression fitting on 1.0 to
2,500 1b./sq 1n. ethylene hine in pipe trench re-
sulted 1 spll of 200 to 500 1b. Explosion equaled
0.12 t0 0.30 tons of TNT. Explosion in couttvard
between buildings mving parnal confinement.

. Vented cold hquid into carbon sieel flare header.

Continurd nn pase 60

59
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Appendix A. Vapor'cloud survey, overpressures created. (continued)

Code

Year

4 ,..1965 . .Louisiana

62 .

..1966 . West Germany

..1966 . Louigiana

.. 1967 . Louisiana

..1968 . The Netherlands . .Refinery

..1969 . England

.. 1970 . Missouri

...1970 . New Jereey

..1971 . Louisiana

..1971 | Tesas

. 1971 . Texas

..1972 . Iinois

..1972 . Brazil

.-1973 | Japan

..1973 . Japan

..1974 . Florida

..1974 . England

..1974 . _lilinois

..1974 , Missizsipps

Laocation

Matenal
Released

Type of
Procesa

Property
Actual Lozss
Property Corrected
Lasss, to 1976,
$ million  $ million

-.Ethylene Hy- . Ethyl Chloride
drochlorina-
tion

..Ethylene . .Methane

. Bynthetic . Butadiene

Rubber

. .Refinery-
Alkylation
91,113

Isobutylene

..Cyor lighter
Hydrocarbona

. .Refinery-Cyclic

Naptha +H,
Hydroformer

- -.Propane

. .Refinery, H-ail ..>CgHydro-
Umt carbona +H,

. .Ethylene ..Ethylene

. .Polyethylene . .Ethylene

..Butadiens . Butadiene

. LPG 94%
Propylene

. .Refinery . .Butane

. Ethylene . .Ethylene
.VCM ..Vinyl Chloride

..Propane

..Cycl h,
Oxidation

. .Cycloh

. Isobutane

1.8

Killed/

Injured

Available Data

. Rupture of recycle line on reactor led to spill of
6,000 gal prior to ignition. Explosive force of 0.15
ta 0 20 tons of TNT was estimated.

9.4 .. 3/83 . .Igmtion occurred within seconds after pipe failure.

0.03

.32

77

Logieal soutce of sgnition 200 ft. from leak. 600
ib. of methane released. Explosion equivalent to
two to three tons of TNT.

..Valve on reactor bottom openad accidentally on air
fatlure. lgnution sodrce 50 ft. from point of eptll.
Spill about 200 gal. prior to ignition, Overpres-
sures 0.5 to 1 §b_/sq. in. were estimated.

. .Faiure of 10 in, gate valve bonnet on line led to re-
lease of about 20,000 1b. of isobutylene, Explosive
force of 12 tons of TNT estimated from glass
breakage which would give 8 10% yield.

.. 2/75 . Breaking of water-oil emuision i slop-oil tank

caused tank froth-over and failure. 50 to 100 tons
of hydrocarbons formed huge cloud.

- .Fmlure of 16 in. vapor line at 250 Ib./sq. in. led to
formation of large cloud with ignition within 10
sec. Estimate 50,000 Ib. spilled.

-.122,000 lbs. at 942 Ib./sq. in. spill from a pipeline
rupture. Cloud 1500 ft. long, and 10 to 20 ft. high
detonated {accotding ta U.S. Bureau of Mines)
with a force equivalent to 50 to 75 tons of TNT.

..Fatlure of reactor operating at 2500 ib./aq. in. due
to localized overhesting caused large cloud of
about 250,000 1b. which, upon ignition, created
widespread explosion damage and fires. Over-
pressures were highly directional. Peripheral
damage indicates an explosive yield of up to 50
tons of TNT. A yield factor of about 4% is indi-
cated.

. .[Failure of truck tanker with frozen relief valve at
about 400 1b./sq. in. released about 8,000 1b. of
ethylene. The equivalent of about 1/2 ton of TNT
did widespread damage to light construction
components,

. .Release of about 1,000 1b. of ethylene from 1/2 in.
pipe connection to larger pipe. Three explosiona
occurred. Some confinement from building walls
around an alleyway,

. .Failure of pump. 12 mi./hr. wind caused cloud to
dnft 600 ft. before ignition from unknown source
8-10 mun, after release. Estimate a spill of 27,000
lb. Explosion damage consisted of broken win-
dows, displaced cooling tower internals and c2-
ment asbestos siding.

.. 0/230..118,000 1b. of propylene relased when rail cars

..37/53

I VA

.. 1723

.. 00

collided in humping operation in switchyard.
Rolling car creatad an elongated vapor cloud cov-
ering about 5 acres. Two explosion centers were
identified. U.5. Dept. of Transportation states
that the explosion may have been a detonation,

. Frozen open water draw-off valve on bottom of
storage sphere resulted in cloud which exploded.

. .Excessive pressure and temperature {from process
upset cansed valve flange to fail,

. .Broken valve yoke caused 1,100 ton spill creating
53,000 cu. ft. cloud.

..Hose from 9,000 gal. tanker failed causing 40 ft.
high vapor cloud. Explosion destroyed two ware-
houses, crushed cars and broke windows in four
block area.

..28/100 . Poorly constructed and installed 20 in_ temporary

. 17356

pipe failed releasing 60 tona of matenials at 311°F.
and 136 1b./=sq. in. Igpution in 25 to 35 sec. created
20 to 30 Ib./8q. in. overpressures. Explosive force
estimated to be equivalent to 15 tons of TNT.

..Accident created 22 in. x 26 in. bole in end of
30,000 gal. ra1] car releasing contents. Ignition of
the 1/2 % 3/4 mi. cloud was 8 to 10 mun. after
the collision. Based on damage, the apparent
yield of the explosion waa between 200 and 400
tons of TNT. An unususlly high conversion factor
(25 to 50%) 15 indicated,

.. 0724 . Overfilling of sait dome storage well created a cloud

1.25 my. in di . Two expl occurred.
The second was 800 to 1,000 ft. above grade and

CEP September 1977
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1n.

70 .

74

79

5t

2 g o 0 mtwr gy W et

Code

20 ..

36 ..

26 .

43 .

46 .,

45

50 ..

Code

m...

...1974

...1974

..1874

..1975 .

...1978

..1975

...1975

ar

Year

..England

..Texas

.Texas

.Belgium

..Holland

..Germany

..Calif,

...1975 . .Czechoslovakia

1976

Year

.1943 .

1945 .

L1954 .

.-1957 .

1958 .

L1958 .

1965 .

...1976 . . Texas

Location

.Calfornix

New Jersey

.Tena,

.Quebec, Canada .,

Michigan

California

“Texas

..France

"~ CEP September 1977

Location

i,

Type of
Process

Material
Released

Property
Actual Loss
Property Corrected
Losa, to 1976,
$million  § million

ettt e el st RGN
Appendix A. Vapor cloud survey, overpressures created. (continued)

Killed/
Injured .

Avalab'e Data

. .Polyethylene

. lsoprene Unit

. .Polyethylene

Plant

..Ethylene

. .Refinery-Cyclic
Hydroformer

..Hydrogen

. .Ethylene

. .Ethyl Alechol

. .Ethylene

..Propylene

. .Ethylene

. .Butadiene

..»Cg Hydro-

carbons

. Naptha +Hg ‘.

. Hydrogen ..

..Light Hydro-

carbons

Ethylene

. 133

. 13.2

.. 26.5

.. 40

.18

.02

. 2/9

281 . 6/13

428

1 A A | - 04

291 .. 0/2

? o1 ..1447

18 . 115

..14/104 .

wias the most severe. Glass breskage w 7 my,
houses damaged to 900 feet.

..Leak from flange joint or broken thermowell in high
pressure piping causad spill of 2,000 to 6,000 b,
in about 30 min. Windows broken in 200 yd. ra-
dws. Roofs snd ceilings in four buiidings dam-
aged. Electrical breakers tripped in process
areas and boiler house. Part of gas confined in
open top harricaded area.

1/235 . .Humping aceident in railyard resulted in puncture

of 34,000 gal. tank car. Amount of spillin 2 o 3
min, before igmition not known. Ignition by lo-
comotive 600 ft. away. Estimate 2 to 3 (b./sq. in.
overpressure at 1,000 {t, from point of rupture.

..Piping falure led to spll of 16,800 lb. Explosion
knocked out deluge systems and electrical feed w0
{ire puraps. Most damage from ensuing fire.
Maximurn overpressure estimated from damage
was 3.5 1b./sq. in. at 120 ft. Explosive equivalent
of 1 ton of TNT was estimated giving a yeld fac.
tor of 1%.

. Fatigue fajlure of a vent connection on a compressor
suction line tet ethylene escape which formed a
gas cloud in an open area that 1gnited from an un-
known source. Highly directional pressure waves
caused widespread structusal demage.

Failure of level controller on colurnn caused cold
finnd to pass out of relief valve and into carbon
steel flare header which cracked. Cloud of 12,000
Ib. igmited at furnace 150 ft. away.

- .Failure of carbon steel line due to hvdrogen atrack.
Shght area explosion after release of hydrocar-
bons in eyclic hydroformer.

..Crack in tank caused tank fmlure reieasing 665 b,
of gaseous hydrogen to atmosphere. Cloud ex-
ploded with an apparent center 30 ft. above
grade and an energy release equivalent of 20 to 40
Ib. of TNT.

. .Extensive damage. No other details available.

..Line failure at 2,000 Jb./¢q. in. led 1o ethylene re-
lease with subsequent vapor cloud explosion.

Appendix B. Vapor cloud survey, no pressures.

Type of
Process

Material
Released

Property

Actual Lons

Property Corrected

Losa,

$ million

to 1976,
$ million

Killed/
Injured .

Available Data

. .Refinery

. .Pesticides

. .Refinery

. .Refinery

. .Refinesy

..Butane
. .Crude 01}

. Jsopropyl Alcohol . .

..Butane

. Butane .

..(n} Froth

. .Butane

..C3 Hydro-

carbons

. 57
. 0/2

0.25 063 .. 7

32 11 .17

0.5 11 . y?

9 .. 194 .. 2718

. 4577

. .Bottom connection on 4,300 gal. tank failed creating
1/4 mi. diameter cloud.

. .Failure of cast iron valve on 31.000 bbl. tank
created cloud which was ignited at highway 209
ft. away.

. .Vapor cioud formed from unknown leak source.
Vinyl chloride cylindees ruptured from overheat-
ing creating loud noises.

. .Overfilling of storage sphere created 1,200 ft. diam-
eter cloud. Storage spheres subsequently rup-
tured causing some explosion damage.

. Overpressure of 21,000 gal. tank caused failure of
tank, Cloud ignited 350 ft from source.

. .Water in 50,000 bbl. oil tank caused frothing and
tank overflow. Amount of vapor farmation from
froth not known.

..Removal of wrong blind flange led ta spill of un-
known quantity which was ignited by heater 60 ft.
from spill peint.

. .Frozen open water draw-off valve on bottom of
storage sphere resulted in cloud w hich was 1gnied
by vehicle 300 ft. away. Sphere subsequently
ruptured.

Conttnued on pace 62

61
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Appendix B. Vapor cloud survey, no overpressures. (continued)

Cole Year Location

Type of
Process

41 ...1966 . Pennsylvania

72 ...1968 . .Texas

27 ...1968 . Lousiana

58 ...1969 . .England

..Montana

..Louisiana

..Texas

..Puerto Rico

Code Year Location

..1951 . .Illinois
..1967 . .Tezas

..1970 . .Louisiana

..1971 . Florida

..Delaware
..Louiniana

..Louisiana

..Refinery

. .Isoprapyl

Alcohol

..VCM Plant

. Cyclohexane

Oxidation

. .Alkylation

. .Ethylene

Property
Actual Losa
Property Corrected
Loss, to 1976,
$miilion  $ million

Matenal

Killed/
Released

Injured

..Cumene,
Benzene,
Propane

..C3 Hydrocarbons . .
& acid mixture

..Vinyl Chloride

..None

- 172

. .Cyclohexane

..Crude Qil

. .Butane

. .Propylene

. .Natural
Gas Liquids
..Cs Hydro-
carbons

Available Data

..Materials discharged at 500 1b./sq n. from rupture

of 6 1, pump discharge pipe. Cloud was wind
affected,

-.Cloud formed when 10 in. spoal piece split longi-

tudinally was ignited at furnace 180 ft. away.

..Casing Joint or seal failure on pump created cloud

which was ignited at furnace 100 ft. from point of
failure. Cloud less than 3 ft high in most areas.

.A low cloud formed from 4 tons, which was released
at 100 Ib./sq. 1n. and 300°F. from an improperly
blinded pipe. Ignition was by a diesel engine
which overspeeded located 100 ft. from spill
point. Cloud covered an ares 250 ft. x 150 ft.

-.3plitin 6 in. pipeline ran for 4-1/2 hr. befare igni-

tion. Scorched area 1,800 ft. long. About 332,000
gal. of matenial contained 98% Cg or hghter hy-
drocarbons at 530 Ib /sq. in. gauge was released.

-.Leak from partly open 6 in. flange was 1gmited at

furnace 100 ft. away. Resulting fire caused vessel
to rupture which created minor overpressures,

. Power failure led to failure of expansion joint re-

leasing about 10,000 gal. prior to ignition at
furnaces. One deluge system between spill point
and ignition source tripped by steam leak prior to
igmition.

. .Cross country pipeline failure led to cloud which

ignited and destroyed farmhouse.

. Tank overpressure led to release of vapor or mist

which was 10 to 25 ft. high. Ignition was at a fur-
nace 450 ft. from the tank. Scorched area was

Appendix C. Vapor cloud survey, no ignition.

Type of
Process

?

..VCM Plant

- .Cycloh

Property
Actual Loss
Property Corrected
Loes, to 1976,
$million  $ million

Matenal
Released

Killed/
Injured

Avalable Data

. .Butane

..Ethylene

..Vinyl Chlonde & ..
Ethylene Di-
chloride

Cycloh

lOudn.inn

_PVC flamt

..Synthetic

Rubber

..Vinyl Chioride

. .Butadiene

..Propane

about 800 ft. diameter. Cloud was consumed in
10 to 30 sec.

..9,500 gal. of butane released from ruptured bottom

discharge pipe on tank due to freezing of col-
lected water. Excess flow valve failed to operate.

. Pilot on 16 in. flare failed allowing release of 4,000

Ib. 1n a 100 ft. deep cloud. Wind was 12-15 mu./hr.

..Cloud of 150 ft diameter formed when packing on

ball valve blew out. Waterspray manually ac-
tuated. Wind blew cloud away from possible
igmtion sources.

.. Failure of a 4 1n. weld connection to an 8 1n. pipe

released 75,000 \b. of material. Cloud was 2,000
{t. long, 1,200 ft. wide and 100 ft. high. Matenal
reached and burned in boilers but did not gnite.
A number of other possmible ignition sources were
passed without 1gnition. Numerous waterspray
systems were actuated manually.

. Failure of 3 in. gasket on reactor top released

1,800 gal. Waterspray was actuated by vapor de-
tectors.

.. Approximately 1,000 gal. of rnaterial discharged as

a gas from & hole in 2 in. nozzle on the top of a
storage tank. Waterspray tripped manually.

. .Overpressure caused split in & in. underground line

from storage well releasing 600,000 1b. Cloud was
30 to 40 ft. high and vapor was noted 1 mi. down-
wind.

Literture cited in Appendices, “Loss Prevention,” Vol. 1, pp. 70-74, a CEP Technical Manual,
AIChE, New York (1967).
Private Communication.

. Saia, 5. A, “Vaper Clouds and Fires in a Light Hydrocarbon Plant,”
Chem Eng Prog 7% (11) 56-61 (1976).

. Pnvate Communication.

Code
No.

1. Adcock, C. T. and J. D. Weldon, “Vapor Relegee and Explosion,” i

o CEP September 1977

COLORITE 007411




. Klock, John €., Fire in Ethy! Chlo‘ride Reactor at Baton Rouge Plant

of Kthyl Corporatinn,” American Petroleum Institute Meeting, Phila-
delphia (Octuber 1965).

. Private Communication,
. National Fire Protection Association Fire Records Dept., Fire J,, 62

{3) 8(1968).
Private Commun cation.

. Kewil,C. G, “Flare Line Rupture in an Ethylene Plant,” in “Safety in

Airand Ammoma Plants,” Vel. 9, a CEP Technical Manual, AIChE,
MNew York (1967).

. Private Communication.
. Chemucal Marketing Reports, (Qctober 4, 1976).

Dafter, Ray, “Flixborough— A Failure of Safety Management,” The
Financtal Ttmes (May 13, 1975).

Dafter, Ray, “Nypro Must Take Some of Blame,” (Flixborough
Disaster Report) The Financial Times, pp. 14-16 (May 13, 1975).
Dafter, Ray, ""The Process Industries,” The Financial Times, p. 20,
(Apnl 30, 1975).

Dafter, Ray, “Touchstones for Chemical Plant Safety,” The Financial
Tirmes, p. 24 (February 13, 1975).

Dept. of Employment, “The Flixborough Disaster —Report of the
Court of Inquiry,” Her Majesty's Stationary Office, London (1975).
“Experts Ihffer on Possible Cause of Flixborough Explosion,” Fire
Internatwnal, 45, pp. 18-23,

Kletz, T. A., “The Flixborough Cyclohexane Disaster,” in ‘‘Loss Pre-
vention,” Vol. 9, pp. 106-113, a CEP Techmcal Manual, AIChE, New
York (1975).

McDonald, J.. "Nypro Errors Csused Factory Blast, Union QC
Claims,"” The Financiwal Times (February 19, 1975).

“A Review of the Flixborough Disaster and its Implications to the
Insurance and Hemnsurance Market,” The Mercantile and General
Reinsurance Co., Ltd., London,

Tayler, H. 1), “Flixborough, The Implications for Management,”
Keith Shipten Developments Ltd., London (1975).

Tucker, ). M., “The Explosion and Fire at Nypro (UK) Lud,, Flix-
borough, on 1 June 1974, paper presented at Interfire, London
(July 30, 1975).

Warner, F., “Flixborough Disaster,” Chem. Eng. Prog., 71 (9) 77-84,
(1975).

Private Communication.

. 'Design Deficiency?,” National Safety Council Safety Newsletter,

Chemical Section (June, 1975).
Private Communication.

. Private Communication.
. Mimistry of Social Affairs and Public Health, “Report on the Cause of

the Explosion at Shell Permus,” State Publishing House, The Hague,
The Netherlands (1968).

**Shell Refinery Fire,” Fired., 62, (5) 110-112 (1968),

. Private Communication.
. Private Communication.
. Private Communication,

Private Communication.

. Private Communication.
. Private Communication.
. *LP Gas Fires and Explosions,” NFPA Quarterly, 46, (1) (July, 1952).
. Private Communication.
. Furlow, W., “Fire, Explosion at Chemical Company Injure Six

Workers,” The Houston Post (September 16, 1971).

Private Communication,

**Hazardous Materials Railroad Accident in the Alton and Southern
Gateway Yard in East St Louis, [llinois, Jan. 22, 1972," Railroad
Accident Report NTSB-RAR-73-1, National Transportation Safety
Board, Washington, D.C. (1973).

. Burgess, D. 5. and M. G. Zebetakis, “Detonation of a Flammable

Cloud Following a Propane Pipeline Break—The December 9, 1970,
Explomion in Port Hudson, Me.,” U. 8. Bureau of Mines, Report of
Investigations 7752, Pittsburgh (1973).

. Official reports of the International Investigation Committee on the

cause of the July 28, 1948, tank car explosion at BASF, Ludwigshafen,
West Germany.

. Allan, R., “Fire, Explosion Rake Chemical Plant Here” The Com-

mercual Appeal, pp. 1-2, Memphis, Tenn, (February 3, 1954),
Private Communication.

2. Private Communication,
. Private Communcation.

“LP Gas Fires and Explosions,” NFPA Quarterly, 46 (1) (July 1952).

. "Pipeline Accident Report — Exxon Pipe Line Company Crude Qil Ex-

plosion, St. Hearne, Texas, May 14, 1972 National Transportation
Safety Board, Report No. NTSB-PAR-73-2, Washington, D.C. (1973).
Rugbee, P., *'Fire Protection Developments in 1945, NFPA Quarterly,
39, (3) 148 (January, 1946).

. “Railroad and Ship Fires,” NFPA Quarterly, 48 (3) 315 (.lan. 1955).
38. “Bi-monthly Fire Record,” Fire J., 69 (1) 54 (January, 1973),

40.

“(Corrosion Causes Multimillion Dollar Refinery Fire,”* National Safety
Counci Newsletter, Chemical Section,

CEP September 1977

Private Communication,

. McCarty, J. J.; “Petrochemical Fire Threatens Giant Retinerv.” Fire

Engineering, pp. 103-104 (August, 1966).

. ““Largest Industrial Fire Losses of 1955, NFPA Quarterly. 49 (4) 309

. “LP Gas Fires and Explosions,” NFPA Quarterly, 55 (2)

- “LP Gas Fires and Explosions,” NFPA Quarterlv, 55 (2)

(Apnil, 1956).
“LP Gas Fires and Explosions,” NFPA Quarterly, 55 (2)
tober, 1961),

186 (Oc-

186
(October, 1961).

187 (Qe-
tober, 1961).

Woodworth, Miles, “0il Froth Fire at Signal Hil! Refinery” NFPA
Quarterly, 52, (2) 8598 (QOctober, 1958).

. “‘Large Loss Fires of 1958, NFPA Quarterly, 52 (4) 320 (April,

1959).

. “'Large Loss of Life Fires in 1959, NFPA Quarterly, 54 (1) 35-36

(July, 1960).

. Walls, W., "LP-Gas Tank Truck Accident and Fire, Berlin, N.Y..”

NFPA Quarterly, 57,(1) 9-14 (July, 1963).

. Private Communication.
. Private Coromunication,
. Private Communication,
. Pnivate Cormmunication.
. “Railroad Accident Report— Hazardous Matenals Accident at the

Southern Pacific Transportation Company’s Englewood Yard,
Houston, Texas, September 21, 1974," National Transportation Safety
Board, Report No. NTSB-RAR-75-7, Washington, D.C, (1975).

Private Communication.

. Private Commumcation,
. a. “Wilton Explosion —Diesel Engine Danger,” Chemistry in Britain,

p. 3(1970)
b. “Diesel Engine Dangers,” Chem Age, p. 40 (December 12, 1969)
¢. “More Dangerous Diesel,” Chem. Age, p. 11 (January 7, 1970).
“Coordinated Attack Limits Post-Blast Damage,” Fire Command, 42
(7) 14-17 (July, 1975).
“Railroad Accident Report— Hazardous Matenials Accident in the
Railroad Yard of the Norfolk and Western Railway at Decatur,
1llinois, July 19, 1974, National Transportation Safety Board, Report
No. NTSB-RAR-75-4, Washington, D.C. (1975).
Private Communication.

. Private Communication.

Private Communication.

. “‘Accidents in the Hydrocarbon Processing Industry,” Schaden

Spiegel, December, 1969,

Bradford, W. J. and T. L. Culbertson, “Design of Control Houses to
Withstand Explosive Forces,” in *Loss Prevention,” 1, 28-30, a CEP
Technical Manual, AICHE, New York (1967).

Private Communication.

. Reider, R., H. J. Otway, and H. T. Knight, “An Unconfined, Large-

Volume Hydrogen/Air Explosion,” Pyrodynamucs. 2, 249-261
(1965); paper presented at 53rd National Meeting of American Insa-
tute of Chemical Engineers, Pittsburgh, May 1364,

. “Mapco Pipeline Bursts in Texas, Killing One,” Wall Street J.,

February 27, 1976.
Toland, J., “Shipsin the Sky,” Holy, New York, {1957). pp. 63-76.

. Private Communication.
. “Propane Gas Explosion Raties Flonda Town,” Houston Post,

January 5, 1974.

. Private Communication.
. Private Communication.
. Private Communication.
. Private Communication.
. Private Communication.
. Private Communication.
. Troyan, J. E. and R. Y. Levine, “Ethylene Oxide Explosion at Doe

77,
79.

Run,” in “Loes Prevention,” Vol 2, pp. 125-130, a CEP Technical
Manual, AIChE, New York (1968),

Private Communication,

Private Communication.

Private Communication.

J. A. Davenport, who earned his B35 Ch E trom
Virgimia Polytechnic Institute, joined the Factory
Insurance Assn. in 1963 as an inspector 1 the
Philadelphia area. [n 1971, he wa- promnted o
chemical engineering supervisor and mo ed to the
Eastern regonal office n Hartfnrd, Conn. His
present duties tnclude research n chemmical
processes, the fire hazards ot plastics, and related
subjects.

COLORITE 007412




